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Preface

Early development and approval of generic drug products was associated
with issues concerning safety, efficacy and therapeutic equivalence of such
products compared to the innovator or brand-name drug product. Current
development of generic drug products is based on sound scientific principles
and processes to ensure that these drug products satisfy accepted standards
for quality, safety and efficacy prior to obtaining marketing approval. How-
ever, the generic pharmaceutical industry is still challenged by legislative,
regulatory and scientific issues that must be addressed to allow for the man-
ufacture, approval and marketing of generic drug products.

The objectives of this textbook are to describe, from concept to market
approval, the development of high quality, safe and efficacious solid oral
generic drug products and to give a comprehensive account of the temporal
and legal=regulatory considerations and associated processes from project
initiation to marketing approval. The emphasis of this textbook is on the
development of solid oral generic drug products. However, much of the
material contained in this book may be applied to the development of other
generic drug products.

Drug product development for the generic drug industry is different
than that for the brand-name pharmaceutical industry. Generic drug pro-
duct manufacturers must formulate a drug product that will have the same
therapeutic efficacy and clinical performance as their brand-name counter-
part. Moreover, generic drug product formulators have certain restraints
in generic drug product development as well as regulatory and legal
challenges that differ from those relating to the development of innovator
or brand-name products.

The book initially explains the economic importance for developing
therapeutic equivalent drug products and the various legislative and

iii
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regulatory issues surrounding the approval process. The reader is guided
through the drug development process starting with a discussion on active
pharmaceutical ingredients (API’s), including their chemistry, patent
issues, sourcing and requisite quality specifications and requirements
followed by a comprehensive account of analytical method development
and validation procedures. Later chapters provide a description of the for-
mulation development process, scale-up, process validation, technology
transfer and stability requirements. Quality control and quality assurance
requirements for drug products are described along with the importance
and utility of in vitro characterization and in vivo performance of solid
oral dosage forms.

A comprehensive account of the Abbreviated New Drug Application
(ANDA) approval process is discussed, including the organization of the
U.S. Food and Drug Administration and ANDA review process. Bioequiva-
lence is discussed in two separate chapters from both a regulatory and
statistical perspective, respectively. A brief section of the bioequivalence
requirements for generic drug products in Canada, Japan and the European
Union is also included.

After market approval, the reader is exposed to issues on scale-up,
post-approval changes and post-marketing surveillance. Since most bioequi-
valence studies are out-sourced, the book gives an account of the services
provided by Contract Research Organizations (CRO’s) including selection
of a CRO, time and cost considerations, project management and the
conduct of bioequivalence trials.

Finally, the book discusses legal and legislative hurdles to generic drug
development, approval and marketing with an explanation of citizen peti-
tions, exclusivity issues, suitability petitions and other legal matters.

The audiences for this book include undergraduate and graduate phar-
macy students, pharmacy faculty, drug manufacturers and regulators in the
pharmaceutical industry who are interested in generic drug development and
need more information concerning drug product initiation, drug product
formulation, biopharmaceutics, drug delivery, bioequivalence, regulatory
and legislative issues. Emphasis is on practical information for the develop-
ment of generic drug products. The text assumes that the reader has basic
knowledge in pharmaceutical sciences and is interested in generic drug pro-
duct development and manufacture.

Leon Shargel, Ph.D.

Vice President, Biopharmaceutics
Eon Labs Inc.

Wilson, NC, U.S.A.
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Introduction to Generic Drug Product
Development

Leon Shargel

Biopharmaceutics, Eon Labs, Inc.,Wilson, North Carolina, and
University of Maryland, Baltimore, Maryland, U.S.A.

Izzy Kanfer

Faculty of Pharmacy, Rhodes University, Grahamstown, South Africa

A generic drug product, also referred to as a multisource pharmaceutical
product, is considered to be ‘‘essentially similar’’ (1) or bioequivalent (2)
to an innovator (brand name) product. Bioequivalence implies that a
generic drug product is essentially identical to the brand name (reference)
drug product in terms of active ingredient(s), strength, dosage form, route
of administration, quality, safety, e⁄cacy, performance characteristics,
and therapeutic indication. Generic drug products are typically sold at
substantial discounts from their brand name counterparts.

The 2002 sales of prescription drug products in the United States has
been reported to be approximately $192 billion (3). Approximately 47% of
all prescription drugs sold in the United States are generic drug products

expenditure for prescription drugs.The demand for lower cost generic drug
products is an increasing trend worldwide. Individuals, particularly the
elderly who are on a ¢xed income, health maintenance organizations
(HMOs), health insurance programs, federal and state government health
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(Fig. 1) (4).Generic drug products account for about 10% of the total dollar



programs such as Medicaid, hospitals, and other institutions are creating
a demand for generic drug products as a means to slow the rising cost of
healthcare expenditures. In the next few years, as patents and exclusivities
for many important brand name drug products expire (Fig. 2) (4), the value
of sales of generic drug products is likely to exceed $10 billion (5).

FIGURE 1 U.S. generic share of prescription units (%). Source: MS Health, Bank of
American Securities LLCEstimates (4).

FIGURE 2 Sales of branded drug products vulnerable to generic competition, by year.
Source: FDAOrange Book and Bankof America Securities (4,10).
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The manufacture of generic drug products must make provision for
market competition and lower prices for the consumer, thereby making
medicines more a¡ordable and more accessible to the wider population.
Generic drug product availability almost certainly in£uences the innovator
drug product manufacturer to develop new drug products that have
improved e⁄cacy and=or safety features.

Generic drug product development uses a di¡erent approach and
strategy compared to that used to develop a brand name drug product con-
taining a new chemical entity. Generic drug product manufacturers must
formulate a drug product that will have the same therapeutic e⁄cacy, safety,
and performance characteristics as its brand name counterpart. In order to
gain market approval, a generic drug product cannot be ‘‘superior’’ or
‘‘better’’ than the brand name drug product.The key factor is that the generic
drug product should meet all the necessary criteria to be therapeutically
equivalent and bioequivalent to the brand name (reference) drug product.

The manufacturer of a generic drug product has certain constraints in
formulation development that di¡er from the formulation development of a
brand name drug product. For example, a generic drug manufacturer may
have to use the same or similar inactive ingredients or excipients as in the
brand formulation. Generic drug manufacturers also face a variety of legal
challenges from the brand name (innovator) pharmaceutical industry.Many
of these issues will be discussed in subsequent chapters.

1. SELECTION OF A GENERIC DRUG PRODUCT FOR
MANUFACTURE

Themaindriving force for theselectionofgenericdrugproducts formanufac-
ture is the estimated sales volume for the branded product and the potential
market share that the ¢rm expects to have once the generic drug product is

In addition to the expiration date of the patent for the active ingredient, the
generic ¢rmmust consider any other patent claims and exclusivities that the
innovator ¢rm has ¢led. The generic drug manufacturer needs to consider
the lead time that is needed tomake the product and submission of anAbbre-
viated NewDrug Application (ANDA) to the U.S. Food and Drug Adminis-
tration(FDA) for approval. Moreover, there is a ¢nancial incentive to
being the ¢rst generic drug product ¢led and approved by FDA. The
Hatch^Waxman Act, as explained below, provides a 180-day exclusivity,
under certain conditions, for the generic manufacturer who is ¢rst to ¢le.

The availability of technology and the cost of acquiring technology to
manufacture the product will also impact on the choice of generic drug. For
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manufactured and approved for marketing (Table1).Patent and legal consid-
erations are also very important and are discussed more fully in Chapter 14.



example, if the technology requires a £uidized bed coater, roller compactor,
or any other special equipment, then the ¢rm must consider whether this
equipment is available or must be acquired. Formulation considerations
include the availability of raw materials, chemical purity, polymorphic
form, and particle size of the active pharmaceutical ingredient and any
patents that the innovator company has ¢led, including patents for the
synthesis of the active pharmaceutical ingredient and composition of the
dosage form. Experience with certain drug products will also a¡ect the
choice of generic drug product development. For example, some generic
drug manufacturers may make a wide variety of dosage forms as well as
solid and liquid oral dosage forms including immediate and modi¢ed
release products. Other generic ¢rms may make specialty drug products
such as transdermal or inhalation drug products.Niche drug products, such
as transdermal drug products, may be di⁄cult to make and also riskier, but
may have a greater ¢nancial reward due to less competition from other
generic drug ¢rms.

The decision to proceed with the development of a generic drug
product should therefore be based on well-researched data that primarily
indicate market value together with a sound knowledge of patent expiry
dates, predicted market share, and growth rate for the product, amongst
others. Government spending trends on medicines, which, in some coun-
tries, may be in the region of 40% or even more of the total market, should
not be overlooked. The predicted pro¢tability of the new generic product
will require strategic planning for the subsequent launch timing,whichmust
take into account the expected generic price and knowledge of anticipated
competitors, such as who they are and when they are expected.

2. LEGISLATIVE AND REGULATORY ISSUES

The U.S. Food and Drug Administration was established in 1906 by the
Federal Food, Drug, and Cosmetic Act (the ‘‘Wiley Act’’) to prevent the

TABLE 1 Considerations in the Selection of a Generic Drug Product forManufacture

Sales and potential market share
Patent expiration and exclusivity issues
Availability of active pharmaceutical ingredient
Timing
Technology
Formulation
Experience
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manufacture, sale, or transportation of adulterated or misbranded or
poisonous or deleterious foods, drugs, medicines, and liquors, and for
regulating tra⁄c therein, amongst others. In 1938, the Act was amended to
require drug manufacturers to ¢le a New Drug Application (NDA) for each
newly introduced drug and to provide data to establish the safety of the drug
product. In 1962, the Kefauver^Harris Amendments to the Act required all
drug manufacturers to establish that their products were e¡ective for their
claimed indication(s), in addition to adhering to the safety requirements.
Consequently, the FDA contracted with the National Academy of
Sciences=National Research Council in 1968 to evaluate those drugs ¢rst
introduced between 1938 and 1962 for e¡ectiveness. This review program
was called the Drug E⁄cacy Study Implementation (DESI) review, and
drugs for which e¡ectiveness was determined through the DESI review
could be marketed with approval of an NDA. For drugs approved through
the DESI review process, manufacturers of brand name products submitted
data as a supplement to the existing NDAs, con¢rming the safety and
e¡ectiveness of their products. During the implementation of the DESI
review program, more than 3400 products and related generics were
reviewed and approximately 900 drug products were removed from the
market. Many other products were reformulated or relabeled to limit their
uses to selected indications only. One e¡ect of the DESI study was the
development of the ANDA in 1970 for reviewed marketed products that
required changes in existing labeling to be in compliance. However,
manufacturers of any new drug product (brand name or generic) marketed
after 1962 were required to prove both the safety and e⁄cacy of such
products. The 1962 legislation provided an exemption from the NDA
approval process for drugs that had been marketed before 1938, based on
the assumption that they were generally recognized as safe and e¡ective�
the so-called ‘‘grandfather’’ provision. Manufacturers continued to conduct
clinical e⁄cacy and safety studies until 1978, when a dispensation was
granted to manufacturers whereby the citation of published reports of trials
documenting safety and e⁄cacy would su⁄ce (7,8).

In1984, the Drug Price Competition and Patent Term Restoration Act
(Waxman^Hatch Act) extended the ANDA process to generic versions of

that generic drug manufacturers duplicate expensive, time-consuming
clinical and nonclinical studies to demonstrate safety and e⁄cacy. Further-
more, this Act expedites the availability of generic drug products provided
that the generic drugmanufacturer shows that no patent infringement would
occur.TheWaxman^HatchAct also compensated the innovator drugmanu-
facturer for perceived losses due to competition from the generic drug
products by extending the patent terms of some brand name drug products
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drugs marketed after 1962 (Table 2). This Act eliminated the requirement



for up to an additional 5 years to make up for time lost while their products
were going through FDA’s approval process.

The Drug Price Competition and Patent Term Restoration Act was
subsequently amended to make provision for a pharmaceutical manufac-
turer (sponsor) to seek approval from the FDA to market a generic drug
before the expiration of a patent relating to the brand name drug upon which
the generic is based. This amendment, known as the ‘‘Bolar amendment’’,
allowed theANDAapproval process to begin before the patent on the brand
name drug expired. As part of the ANDA, submission the sponsor must
consider the pertinent patents and provide a certification that, in the opinion
of the sponsor and to thebest of the sponsor’s knowledgewith respect to each
patent that claims the listed drug, the patent is invalid or is not infringed by
the generic product (6,7).

The current FDA Federal Food, Drug, and Cosmetic Act, with its
subsequent amendments, is the basic food and drug law of the USA

assure consumers that foods are pure and wholesome, safe to eat, and
produced under sanitary conditions; that drugs and devices are safe and
e¡ective for their intended uses; that cosmetics are safe and made from
appropriate ingredients; and that all labeling and packaging is truthful,
informative, and not deceptive. The mission of the FDA is to enforce laws
enacted by the U.S. Congress and regulations established by the Agency to
protect the consumer’s health, safety, and pocketbook.

The Federal Register publishes a daily record of proposed rules, ¢nal
rules, meeting notices, etc. The ¢nal
regulations are collected in the Code of Federal Regulations, CFR

ing broad areas subject to Federal regulations. The FDA’s portion of the
CFR interprets the Federal Food, Drug, and Cosmetic Act and related
statutes. Section 21 of the CFR contains most of the regulations pertaining
to food and drugs. The regulations document most actions of all drug
sponsors that are required under Federal law.

TABLE 2 Drug Price Competition andTerm Restoration Act of1984
(Waxman^Hatch Act)

Created a framework for patent term extensions and nonpatent exclusivity periods for
brand name drug products

Established for the first time an Abbreviated NewDrug Application (ANDA) approval
process specifically for generic manufacturers

Provided for prepatent expiration testing (Bolarprovision) and generic drug exclusivity
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(http:==www.fda.gov=opacom=laws=fdcact=fdctoc.htm) and is intended to

(http:==www.access.gpo.gov=).

(http:==www.access.gpo.gov=).The CFR is divided into 50 titles represent-
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3. GENERIC DRUG APPROVAL

The FDA’s O⁄ce of Generic Drugs is responsible for reviewing the ANDA
and approving the drug product for marketing. The FDA’s O⁄ce of Generic

information formanufacturers of generic drug products that includes an inter-

describes howFDAdetermines the quality, safety, and e⁄cacy of generic drug
products prior to approval for marketing.Generic drug application reviewers
focus on bioequivalence data, chemistry and manufacture quality, microbio-
logydatawhere relevant, requests for plant inspection,anddrug labeling infor-
mation. The FDA website is designed for individuals from pharmaceutical
companies, government agencies, academic institutions, private organiza-
tions, or other organizations interested in bringing a generic drug to market.

The ANDA is based on bioequivalence to the brand name product,
appropriate chemistry and manufacturing information, and appropriate
labeling.Generic drug sponsors do not have to duplicate the nonclinical ani-
mal toxicity studies or expensive clinical e⁄cacy and safety studies that are
included in the new drug application, NDA,which is submitted to the FDA
for market approval of the brand name drug product. The ANDA contains
data, which, when submitted to FDA’s Center for Drug Evaluation and
Research, O⁄ce of Generic Drugs, provide for the review and ultimate
approval for marketing a generic drug product.

FDAapproved generic drugsmustmeet the same rigid standards as the
innovator drug.To obtain FDA approval, a generic drug product must:

� Contain the same active ingredients as an approved reference
listed drug product� (generally, the innovator drug � the inactive
ingredients may vary);

� be identical in strength, dosage form, and route of administration;
� have the same use indications;
� be bioequivalent;
� meet the same batch requirements for identity, strength, purity, and

quality;
� be manufactured under the same strict standards of FDA’s good

manufacturing practice regulations as required for innovator
products.

�The reference listed drug (RLD) may be found in the most current copy of FDA’s publication,
Approved Drug Products with Therapeutic Equivalence Evaluations(‘‘OrangeBook’’).TheOrange
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Drugs has a website, http:==www.fda.gov=cder=ogd=, that provides additional

Book is published on the internet at http:==www.fda.gov=cder=ob=default.htm

active £ow chart presentation of the ANDA review process (Fig. 3), and

Details of the FDA review and approval process are discussed in Chapter 9.

Administrator
文本高亮工具
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FIGURE 3 Generic drug (ANDA) review process.

8 Shargel and Kanfer

5460-3 Shargel Ch01 R2 101104

Copyright © 2005 by Marcel Dekker, Inc.



An FDA approved generic drug product is considered a therapeutic
equivalent to the innovator or brand name drug product in terms of quality
and performance characteristics and is expected to have the same safety
and e⁄cacy. An ANDA checklist for completeness and acceptability of an
application is available on the FDA website at

3.1. Approved Drug Products with Therapeutic Equivalence
Evaluations (Orange Book)

The FDA’s Approved Drug Products with Therapeutic Equivalence Evalua-
tions (Orange Book) lists all approved products, both innovator and
generic (10). The Orange Book is available on the internet at

peutic equivalence or inequivalence for prescription products is deter-
mined on the basis of the therapeutic equivalence codes provided within

equivalence evaluations is constructed to allow users to determine
quickly whether the FDA has evaluated a particular approved product as
therapeutically equivalent to other pharmaceutically equivalent products
(¢rst letter) and to provide additional information on the basis of FDA’s
evaluations (second letter).

4. PATENTS

New drugs, like most other new products, are developed under patent
protection.The patent protects the investment in the drug’s development by
giving the company the sole right to sell the drug while the patent is in
e¡ect. Patents are granted by the U.S. Patent and Trademark O⁄ce anytime
in the ‘‘life’’ of the drug. A patent expires 20 years from the date of ¢ling.
When patents or other periods of exclusivity expire, manufacturers can
apply to the FDA to sell generic versions.

The Orange Book provides patent and exclusivity information in an
Addendum. This Addendum identi¢es drugs that qualify under the Drug
Price Competition and Patent Term Restoration Act (1984 Amendments)
for periods of exclusivity, during which ANDAs and applications described
in Section 505(b)(2) of the Federal Food, Drug, and Cosmetic Act (the Act)
for those drug products may, in some instances, not be submitted or made
e¡ective, and provides patent information concerning the listed drug pro-
ducts.Those drugs that have quali¢ed for OrphanDrug Exclusivity pursuant
to Section 527 of the Act and those drugs that have quali¢ed for Pediatric
Exclusivity pursuant to Section 505A are also included in this Addendum.
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http:==www.fda.gov=
cder=ogd=anda checklist.doc.

http:==www.fda.gov=cder=ob=default.htm and is updated monthly. Thera-

that speci¢c dosage form (Table 3). The coding system for therapeutic
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Exclusivity prevents the submission or e¡ective approval of ANDAs or
applications described in Section 505(b)(2) of theAct.

Patents that are listed in theOrange Book include:

� Patents that claim the active ingredients or ingredients.
� Drug product patents which include formulation=composition

patents.
� Use patents for a particular approved indication or method of using

the product.

TheBolar amendment to theDrug Price Competition and PatentTerm
Restoration Act allows a pharmaceutical manufacturer (sponsor) to seek
approval from FDA to market a generic drug before the expiration of
a patent relating to the brand name drug upon which the generic is based.

TABLE 3 Orange BookCodes

A Drug products that are considered to be therapeutically equivalent to other
pharmaceutically equivalent products.‘‘A’’products are those for which actual
or potential bioequivalence problems have been resolvedwith adequate
in vivo and=or in vitro evidence supporting bioequivalence

AA Drug products in conventional dosage forms not presenting bioequivalence
problems

AB Drug products meeting necessary bioequivalence requirements
AN Solutions and powders for aerosolization
AO Injectable oil solutions
AP Injectable aqueous solutions and, in certain cases, intravenous non^aqueous

solutions
AT Topical products
B Drug products that FDA, at this time, considers not to be therapeutically

equivalent to other pharmaceutically equivalent products
B� Drug products requiring further FDA investigation and review to determine

therapeutic equivalence
BC Extended-release dosage forms (capsules, injectables, and tablets)
BD Active ingredients and dosage formswith documented bioequivalence problems
BE Delayed-release oral dosage forms
BN Products in aerosol-nebulizer drug delivery systems
BP Active ingredients and dosage formswith potential bioequivalence problems
BR Suppositories or enemas that deliver drugs for systemic absorption
BS Products associated with drug standard deficiencies
BT Topical drug products with bioequivalence issues
BX Drug products for which the data are insufficient to determine therapeutic

equivalence
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As part of the ANDA, the sponsor must consider the pertinent patents
and provide the results to the FDA. The Act requires patent information
to be ¢led with all newly submitted Section 505 drug applications and
that no NDA may be approved after September 24, 1984, without the
submission of pertinent patent information to the FDA. The ANDA
sponsor must provide a certification that, in the opinion of the sponsor
and to the best of the sponsor’s knowledge with respect to each patent
that claims the listed drug, some or all of the following certi¢cation may
be submitted:

Paragraph I: that such patent information has not been ¢led;
Paragraph II: that such patent has expired;
Paragraph III: of the date on which such patent will expire, or
Paragraph IV: that such patent is invalid or will not be infringed by the

manufacture, use, or sale of the new drug for which the
application is submitted.

A certi¢cation under Paragraph I or II permits the ANDA to be
approved immediately, if it is otherwise eligible. A certi¢cation under
Paragraph III indicates that the ANDA may be approved on the patent
expiration date.

If theOrange Book lists one or more unexpired patents, the sponsor of
theANDAwho seeks e¡ective approval prior to the patent’s expirationmust
either:

� Challenge the listing of the patent (e.g., ¢le a Paragraph IV
Certi¢cation that the patent is invalid or will not be infringed by
the manufacture, use, or sale of the drug product).

� File a statement that the application for use is not claimed in the
listed patent.

4.1. Exclusivity

The generic applicant must notify the patent holder of the submission of
the ANDA. Since the patent holder can immediately sue the ¢rst generic
sponsor company who submits an ANDAwith a Paragraph IV statement,
a 180-day period of market exclusivity is provided to that generic appli-
cant. This special dispensation is considered as a reward to the generic
manufacturer who took a risk in challenging the patent. If the patent holder
¢les an infringement suit against the generic applicant within 45 days of
the ANDA noti¢cation, FDA approval to market the generic drug is auto-
matically postponed for 30 months, unless, before that time, the patent
expires or is judged to be invalid or not infringed. This 30-month
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postponement gives the patent holder time to assert its patent rights in
court before a generic competitor is permitted to enter the market. Only
an application containing a Paragraph IV certi¢cation may be eligible for
exclusivity, and to earn the period of exclusivity, the ANDA applicant must

Under certain circumstances, the patent holder may obtain exclusivity
for a branded drug product that essentially extends the time on the market
without competition from the generic drug product. Exclusivity works
similar to patents and is granted by the FDA if statutory provisions are met.
Types of exclusivity are listed inTable 4.

5. RESOURCES FOR ANDA SUBMISSIONS

FDA’s Center for Drug Evaluation and Research, CDER
and the O⁄ce of Generic Drugs, OGD

TABLE 4 Types of Exclusivity

Exclusivity Time for exclusivity Exclusivity criteria

Orphan drug
exclusivity
(ODE)

7 years Upon approval of designated
orphan drug�Office of Orphan
Products issues letter when
exclusivity granted�separate
from other types of exclusivity

New chemical
entity (NCE)

5 years Upon first time approval of new
chemical entity

‘‘Other’’exclusivity 3 years for a
‘‘significant
change’’
if criteria
are met

For certain ‘‘significant changes’’
approved on an NDA or supplement
if new clinical studies essential for
approval, conducted or sponsored
by applicant, have been done

‘‘Changes’’may include (but are not
limited to): new ester=salt, new dosage
form, new route, new indication, new
strength, new dosing schedule

Pediatric
exclusivity
(PED)

6months added
to existing
patents or
exclusivity

A period of 6 months’exclusivity is
added to any existing exclusivity or
patents on all applications held by
the sponsor for that active moiety
pediatric exclusivity does not
stand alone

12 Shargel and Kanfer

5460-3 Shargel Ch01 R2 101104

Copyright © 2005 by Marcel Dekker, Inc.

(http:==www.fda.gov=cder=),

14 for more details).
be sued by the patent holder and successfully defend the suit (see Chapter
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ANDA to meet the legal and regulatory requirements of an application.
FDA provides assistance through its website and publications, guidances,
internal ANDA review principles, policies, and procedures.

5.1. Guidance Documents for ANDAs

Guidance documents represent the Agency’s current thinking on a parti-
cular subject These
documents are prepared for FDA review sta¡ and applicants=sponsors to
provide guidelines to the processing, content, and evaluation=approval of
applications and also to the design, production, manufacturing, and test-
ing of regulated products. They also establish policies intended to achieve
consistency in the Agency’s regulatory approach and establish inspection
and enforcement procedures. Because guidances are not regulations or
laws, they are not enforceable, either through administrative actions or
through the courts. An alternative approach may be used if such an
approach satis¢es the requirements of the applicable statute, regulations,
or both. The FDA has numerous guidances for industry that relate to
ANDA content and format issues (11).

5.2. Manual of Policies and Procedures

Manuals of Policies and Procedures (MaPPs) provide o⁄cial instructions for
internal practices and procedures followed by CDER sta¡ to help standar-
dize the drug review process and other activities, both internal and external
(12). MaPPs de¢ne external activities as well. All MAPPs are available for
the public to review to get a better understanding of o⁄ce policies,
de¢nitions, sta¡ responsibilities, and procedures. MaPP documents to help
prepare ANDAs are listed together on CDER’s Manual of Policies and

5.3. Freedom of Information (FOI)

The 1996 amendments to the Freedom of Information Act, FOIA, mandate
publicly accessible ‘‘electronic reading rooms’’ with FDA FOIA response
materials and other information routinely available to the public with
electronic search and indexing features. Before submitting an FOIA
request, the sponsor should check to see if the information is already

a search engine to help ¢nd information (13).
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(http:==www.fda.gov=cder=ogd=), provide assistance to the sponsor of an

(http:==www.fda.gov=cder=regulatory=default.htm).

Procedures web page (http:==www.fda.gov=cder=mapp.htm).

available on FDA’s website (http:==www.fda.gov=foi=foia2.htm). There is
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5.4. Additional Resources Regarding Drug Development

FDA provides additional resources regarding drug development on its web-

These resources are summarized inTable 5.

5.5. Drug Master File

TheDrugMaster File (DMF) is a submission to the FDAthatmay be used to
provide con¢dential detailed information about facilities, processes, or arti-
cles used in the manufacturing, processing, packaging, and storing of one or
more human drug substances. The submission of a DMF is not required by
law or FDA regulation. Further information regarding DMFs is available in
the CDERGuidance Document on DrugMaster Files or 21CFR 314.420.

5.6. United States Pharmacopeia

establishing and disseminating o⁄cially recognized standards of quality
and authoritative information for the use of medicines and other healthcare
technologies by health professionals, patients, and consumers. USP works
closely with the FDA, the pharmaceutical industry, and the health
professions to establish authoritative drug standards. These standards are
enforceable by the FDA and the governments of more than 35 other
countries, and are recognized worldwide as a hallmark of quality.More than
3700 standardsmonographs are published in the USPandNational Formula
(NF), the o⁄cial drug standards compendia. USP also provides more than

TABLE 5 General Information Regarding Drug Development

General FDA Information
ResourcesWithin FDA
External Resources�General
External Resources�Education
ReviewJurisdiction of Drug Product Classes within ODE IV
Items of General Interest
CDERGuidance Documents=MaPPs
Federal Register
Title 21Code of Federal Regulations
FDAForms Distribution Page
International Conference on Harmonisation Documents
IND=NDA Jackets=Submission Covers
DrugMaster File (DMF) Information
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site:http:==www.fda.gov=cder=ode4=preind=Gen Additional Resources.htm.

The U.S. Pharmacopeia, USP (www.usp.org), promotes public health by

http://www.fda.gov
http://www.usp.org


1600 premier chemical Reference Standards to carry out the tests speci¢ed
in USP^NF (14).

5.7. International Conference on Harmonisation

The International Conference on Harmonisation of Technical Require-
ments for Registration of Pharmaceuticals for Human Use (ICH) is
composed of the regulatory authorities of Europe, Japan, and the United
States and experts from the pharmaceutical industry in the three regions
to discuss scienti¢c and technical aspects of product registration

The purpose of ICH is to make recommendations on ways to achieve
greater harmonisation in the interpretation and application of technical
guidelines and requirements for product registration in order to reduce or
obviate the need to duplicate the testing carried out during the research
and development of new medicines. The objective of such harmonisation
is a more economical use of human, animal, and material resources, and
the elimination of unnecessary delay in the global development and avail-
ability of new medicines whilst maintaining safeguards on quality, safety,
and e⁄cacy, and regulatory obligations to protect public health (15).

6. SUMMARY

The market for generic drug products will increase rapidly in the next
decade due to the expiration of patents and exclusivities for major brand
name drug products and due to the demand by consumers and govern-
ments for less expensive generic alternatives. From a scienti¢c perspective,
generic drug product manufacturers must formulate a drug product that
will have the same quality, therapeutic e⁄cacy, safety, and performance
as its brand name counterpart. Formulation development of an innovator
drug product has minimal constraints with respect to choice of excipients,
manufacturing methods, and performance characteristics. In contrast,
generic drug manufacturers must demonstrate that their formulation is a
pharmaceutical equivalent, is bioequivalent, and has the same quality and
performance characteristics as the brand name counterpart. Moreover,
the generic drug manufacturer will continue to face a variety of legal,
regulatory, and patent challenges from the brand name pharmaceutical
industry that may delay the entry of the generic drug in the marketplace.
The availability of generic drug products will, nevertheless, continue
to play an important role, both nationally and internationally, by pro-
viding cost-e¡ective medicines to the wider public, which will bring
great bene¢ts to consumers as well as to health authorities in nations
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around the world in their quest to make medicines more available and
a¡ordable.
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1. INTRODUCTION

Active Pharmaceutical Ingredients are also known in regulatory and phar-
macopeial parlance as ‘‘Drug Substances’’. Additional terms frequently
employed in commerce and the literature are Bulk Pharmaceutical Com-
pound (BPC), Bulk Actives, and ‘‘active ingredient’’. All terms relate to the
same ‘‘article’’. New chemical entities (NCE), also termed new molecular
entities (NME) refer to drug substances that are ¢rst to enter the drug regu-
latory arena under the banner of a NewDrug Application (NDA) .The term
‘‘o⁄cial substance’’�‘‘is de¢ned in the USP as an active or inactive ingredi-
ent (frequently termed an excipient), a nutrient, a dietary supplement ingre-
dient, and=or a pharmaceutical ingredient, or a component of an o⁄cial
device’’ (1). O⁄cial substances are the subject of formal monographs in the
USP or NF. Drug substance (API) monographs grace the USP exclusively.
The other o⁄cial articles noted are in other sections of the compendia. Not
surprisingly, the end use of the API is to produce a drug product, which

�Current affiliation: EMCConsulting Services, Newtown,Connecticut,U.S.A.
yDeceased
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is the ¢nal form of the drug substance administered to patients. Drug
products are the subjects of companion monographs in the USP. The
ultimate safety and e⁄cacy of the ¢nally administered drug product are
dependent on the assurance of the consistency of the physical and chemical
properties of the API. This chapter will focus on the plethora of issues
involved with theAPI,which must be considered when developing a generic
drug product. In particular, the point of establishing speci¢cations for criti-
cal quality attributes of the API that will assure that the generic drug
product, employing the API material, will have consistent in vitro=in vivo
characteristics, batch after batch. As part of the routine evaluation of the
compendial status of an API, in addition to the USP, the EP, JP, BP, IP, and
other ‘‘recognized’’ compendia should be checked to verify the presence or
absence of published ‘‘o⁄cial monographs’’ for theAPI.

A recently published overviewof the regulatory oversight for both drug
substances and drug products provides an excellent starting point for the
particular issues that a ¢rm faces when attempting to ¢le an ANDA for an
API (2). The reference provides detailed accounting of all relevant Food
and Drug Administration (FDA) documents and guidances covering the
areas of concern. Finally, this chapter will not cover ex-USA regulatory
issues concerning APIs.

2. SOURCES OF ACTIVE PHARMACEUTICAL INGREDIENTS

The three most commonly recognized categories of APIs are synthetic,
semi-synthetic, and natural.The latter category, natural, refers to the source
of the API as being derived directly or extracted from natural sources. The
category of semi-synthetic indicates that a starting ‘‘intermediate’’ for the
preparation of the API was derived from natural sources. The ‘‘isolated’’
intermediate is then converted synthetically to the ¢nal API .Synthetic APIs
are obtained directly by chemical conversion of intermediates. It is not
uncommon to see the market introduction of an API pioneer compound as
a natural product,which is subsequently produced by a semi-synthetic pro-
cedure.A recent example of the transitioning of an importantAPI from‘‘nat-
ural sourcing’’ initially to semi-synthetic sourcing is paclitaxel (3,4). In the
arena of synthetic APIs, the transitioning that frequently occurs is that the
initial drug product launch by the pioneer drug ¢rm employed the API
produced by a de¢ned synthetic process. Subsequently, the pioneer product
producer changes the API synthetic process. There is no requirement that
the speci¢c synthetic pathway be identi¢ed for the API as the product
matures in the marketplace.

Recently, the USP has classi¢ed a category of drug substances as
‘‘complex actives’’ (5). This grouping of compounds includes biological and
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biotechnological drug substances, complex natural source drug substances.
The traditional APIs are referred to as ‘‘Non-Complex Actives’’ (6).

This chapter will only focus on non-complex actives.

3. PATENT RESTRICTIONS AND EXCLUSIVITY GRANTED
TO AN NDA SPONSOR

The ¢ling of an NDAwith the FDA for a drug product made with a NCE
results in the listing of ‘‘relevant’’ patents and periods of ‘‘Exclusivity’’ for
the approved drug product (frequently identi¢ed as the ‘‘listed drug’’) .This
listing occurs in the FDA ‘‘Approved Drug Products with Therapeutic
Equivalence Evaluations’’, and is referred to as the ‘‘Orange Book’’. The
FDA now provides all of this information online at their website (fda.gov=
cder). For an API supplier, the listed patents in the electronic Orange Book
normally provides only those patents, which protect the NCE (compound
andmethodof use) aswell as formulationpatents (presumably those relevant
to the ¢led drug product) . Current issues concerning the listing of patents

not a required listing in the Orange Book are process patents for the manu-
facture of the API or critical intermediates for the API, beyond the original
patent(s) governing the NCE itself. This point is covered by a section of the
Food Drug and Cosmetic Act, which authorizes an API supplier or an
authorized party=agent for the API supplier to write to an NDA sponsor
and request a listing of all relevant process patents which cover the ¢led
NCE (7).This is a fee for service request,with a maximum allowed charge of
$500 for the service. The relevant USC information concerning patent
infringements and penalties for infringement cited in Ref. (7) can be found
on the internet website for the USC.

With this list of process patents, the API supplier must now review all
patents cited, as well as to conduct independent patent searches for all
patents relevant to the NCE,which issued or were applied for in and outside
the United States.This search should include not just the NDA sponsor but
also any issued patent concerning the drug substance or any pivotal inter-
mediate involved in the synthesis of the ¢nal drug substance.Speci¢c aspects
of the NCE that may be covered by process patents, and other non-listed
patents in the Orange Book include particle size=surface area, morphic
forms (polymorphs, hydrates, solvates), and impurity=purity characteris-
tics.The objective of the patent search is to determine what synthetic route
to exploit for the manufacture of the target API, which will be non-
infringing, cost e¡ective, and will yield ¢nished API of appropriate quality
and physical attributes suitable for formulation of the material into the tar-
geteddrugproduct for ¢linganAbbreviatedNewDrugApplication (ANDA).
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Finally, with respect to ‘‘Exclusivity’’ for the ¢ling of an NDA, incor-
porating an NCE, the current regulations allow for a 5-year period of exclu-
sivity before an ANDAcan be ¢led incorporating the sameAPI as the NCE.
A di¡erent period of exclusivity is provided for the ¢ling of formal
supplements to NDAs, which is based on providing clinical data as part of

4. COMPARISON WITH INNOVATOR API

The challenge that theAPIsupplier=manufacturer faces in entering themar-
ket place is to assure the user of the material that theAPIwill be comparable
to the innovator or pioneer drug substance, which is employed in an
approved NDA drug product. Current FDA requirements regarding the ¢l-
ing of an ANDA for a single component listed drug product is that the API
must be the same chemical entity,which is contained, in the listed drug.The
critical aspects of sameness or comparability for the ‘‘generic’’API vs. the
innovatorAPI include three critical realms:

4.1. Chemical Structure

Same chemical entity including;

salt or free base=acid form,
isomeric composition,

4.2. Impurity Profile

Establish the total impurity pro¢le for replicate batches of the ¢nal process
material.

identi¢ed as well as unidenti¢ed impurities,
determine if there are impurities in the generic API,which are not pre-

sent in the innovatorAPI, and the relative level of such impurities.

The FDAGuidance,‘‘ANDAs: Impurities in Drug Substances’’: Issued
November 1999 (8), is the current benchmark for categorizing, quantifying,
specifying, qualifying, and reporting on impurities in generic APIs.There is
a very detailed ‘‘Impurities Decision Tree’’ in the guidance, which needs to
be reviewed in depth when an issue arises about unknown impurities, or
impurities whose safety pro¢le cannot be gleaned from the literature and,
more importantly, that impurity does not appear to be present in the innova-
tor drug substance.Based on the Guidance above, the critical aspect of deal-
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hydrate, solvate, or polymorphic form (see section below on Physical
Form for more details about the allowed latitude for variances).



ing with‘‘impurities’’,which includes Organic Impurities (Process andDrug
Related), Inorganic Impurities, and Residual Solvents, appears to focus on
the issue of relating the levels found in the API to established pharmaco-
poeial standards or known safety data.Acritical cut-o¡ point for the organic
impurities appears tobe a level of 0.1%.TheAPImanufacturer is encouraged
to try and reduce the level of detected, individual impurities to levels of less
than 0.1%. As far as impurity speci¢cations are concerned, the issue is to
have in place validated assay procedures than can assure a level of detection
and a level of quantitation for all impurities.Maintaining individual impuri-
ties below 0.1% and assuring that the total of all speci¢ed and unspeci¢ed,
identi¢ed and unidenti¢ed impurities at a level of 1% is likely to satisfy
FDAconcerns about the impurity pro¢le for an API.On an individual basis,
levels can be speci¢ed for individual impurities based on the process chemis-
try and stability history for the drug substance. The speci¢cation level has
to meet benchmark issues of safety for use in the ¢nished dosage form. The
‘‘ANDAs: Impurities in Drug Substances’’ guidance noted above goes into
great detail about qualifying impurities and developing speci¢cations for
the impurities inAPIs.Finally, theFDAadvises in theGuidance (see Section
L3b) that one should compare the impurity pro¢le of the generic drug sub-
stance with the process impurity pro¢les found in the innovator’s marketed
drug product (looking at three or more di¡erent lots of the innovator’s pro-
duct). A ¢nal comment about this point is that today’s innovator product
may bemade with the drug substance synthesized by a di¡erent process than
the originally launched innovator product.The generic API may be synthe-
sized with an expired patented process of the innovator resulting in an
impurity pro¢le which may be di¡erent from that found in today’s innovator
drug product.There is no benchmark ‘‘¢ngerprint’’of the original innovator
drug substance to make any comparisons of the original impurity pro¢le
with the current impurity pro¢le of the innovator.An interesting issue is that
if there was a USP monograph for the ‘‘innovator drug in place, prior to the
point in time of submitting anANDA for the drug product, a public standard
would be available to establish ‘‘objective’’ boundaries for critical quality
attributes for the drug substance’’. Subsequent changes in the pioneer impur-
ity pro¢le might require update of the USP monograph.However, the initial
impurity pro¢le testing requirements were presumably part of the original
USP monograph testing requirements, and as such would still be available
for comparative testing.Today’s newer analytical technologies such as Near
IR will permit more incisive analysis of the innovator drug product so that
even in the absence of aUSPmonograph,the ability to carry out a ¢ngerprint
of the innovator product (search for the impurity pro¢le of the drug
substance therein) is within technical boundaries for getting reliable
information.
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4.3. Physical Form

Another critical aspect of the API comparability to the innovator API is the
physical form. This generally falls in the domain of the ‘‘morphic form’’
including particle size distribution. The term ‘‘morphic form’’ includes
variances in crystal form (amorphous vs. crystalline), polymorphism,
solvates, and hydrates. Current precedents indicate that variants of the
morphic form of the pioneer NCE can be incorporated into ANDAs, if the
ultimate test for demonstration of the bioequivalence of the ANDA drug
product to the pioneer listed drug product is successful.

Related aspects of the physical formof theAPI,such asparticle sizedis-
tribution, are important with respect to the in vitro dissolution performance
of the ¢nished dosage form. As noted above, the ¢nal dosage form developed
by the ANDA sponsor must meet the FDAO⁄ce of Generic Drugs bench-
mark of ‘‘bioequivalence’’,which frequently is related to the in vitro dissolu-
tion performance of the dosage form.Thus, the physical form characteristics
of the API discussed need to be controlled such that once bioequivalence is
demonstrated vs. the innovator product, subsequent batches of the APIwill
provide the same performance characteristics to the ¢nal dosage form.

Developing ¢nal speci¢cations for theAPI is based on establishing the
desired chemical and physical pro¢le of the API. The API suppliers fre-
quently develop particle size ‘‘grades’’ for individual customers of the same
API. It is very important to have similar, preferably identical, test methods
at the API source and the API user laboratory to avoid any confusing test
results over time. An interesting practice that can serve the purpose of con-
¢rming the consistency of the physical form of the API is to employ optical
microscopy as a routine inspectional test for individual batches of the API.
The key in such a test is to assure that representative samples of the API
batch must be examined in using the test to con¢rm the comparability of
the product, batch after batch.

5. SPECIFICATIONS

The speci¢cations developed for a new generic API must meet all USP
monograph requirements, if an USP monograph exists for the API, as well
as to satisfy all the current FDA=ICH guidance’s concerning impurities,
residual solvents, and other speci¢ed attributes.The scope of speci¢cations
for an APIwill typically include:

Identity testing

active moiety (IR preferred as well as speci¢c chromatographic
procedures),

identi¢cation of speci¢c counter ions if API is a salt.
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Impurity testing (includes degradants formed post-manufacture of the
material)

speci¢ed identi¢ed and speci¢ed but unidenti¢ed,
individual and total,
residual solvents (including USPorganic volatile impurities),
heavy metals and=or other speci¢c elements.

Other specified tests

morphic form including particle size,
others (such as water, pH, assay)

The USP has recently posted on its website a guideline for describing
the content of a typical USP monograph. The terminology in the guideline
is consistent with all current ICH practices and descriptors (9).

All test procedures should be validated in accordance with standard
practices. It is important to note that in the absence of any waiver, all speci¢-
cations must be met through the designated shelf life or expiry dating or re-
test date for the material. Part of the development of ¢nal speci¢cations are
the conduct of stability studies for the material in the ¢nal container closure
system inwhich the material is sold to theAPIconsumer. An important part
of the API process is to establish user friendly ‘‘Certi¢cates of Analysis’’. To
the extent possible, all test results should be reported with actual ¢ndings
and not left to the end point of ‘‘Complies’’.The testmethod employed should
be easily identi¢ed if compendial methods are used, that is, specify the exact
test method used. A critical factor in developing speci¢cations is to
have available well-de¢ned reference standards for all tests that require a
standard. In the absence of a USP monograph (or any other major com-
pendia, such as the EP, BP, JP), which typically de¢nes which tests need a
reference standard, the API supplier needs to follow established practices
to develop and provide to the drug product developer=manufacturer
appropriate reference standards for the conduct of those tests requiring
such standards.

6. DRUG MASTER FILE (DMF)

‘‘ADrugMaster File (DMF) ’’ is a submission to the FDAthatmay be used to
provide con¢dential detailed information about facilities, processes, or arti-
cles used in the manufacturing, processing, packaging, and storage of one or
more human drugs. See the FDA website,

DMF, the FDA assigns a number to the DMF. The number entry becomes
part of the DMFdatabase.
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One can search the DMFdatabase and obtain information such as the
name of the article included in theDMF,the name and address of the sponsor
or holder of the DMFand date of original submission.The ¢ledDMF is typi-
cally used in the generic drug environment to support the ¢ling of anANDA.
A DMF holder provides letters of authorization to the FDA and the ANDA
sponsor indicating that the FDAcan refer to information in theDMFto sup-
port the ¢led ANDA,which utilizes the API for the drug product, which is
the subject of the ¢led ANDA. There are ¢ve types of DMF’s. The Type II
DMF is limited to the Drug Substance or Drug Substance Intermediate and
the materials used in their preparation. A drug product can also be the sub-
ject of aType II DMF. The FDA does not approve DMFs, but can question
the content and hold up a ¢led ANDA, which employs the particular API,
which is the subject of the DMF, until satisfactory responses are received.
The DMF sponsor is required to update the ¢led DMF annually with infor-
mation concerning any changes that weremade in themanufacturing or con-
trols employed for the production of the API, including speci¢cations and
test methods. As part of the procedure and practice of making any changes
to a ¢led DMF for an API, the DMF holder is requested to notify all ‘‘custo-
mers’’ who purchase that API, and who have referenced the particular
DMF in their ANDA, of such changes. The ANDA holder then is obligated
to incorporate the information into its ¢led ANDA. Such incorporation
may range from including the information in the Annual Report for the
ANDA, ¢le a Supplementary Changes Being E¡ected Supplement to the
¢led ANDA (CBE), or ¢le a Prior Approval Supplement (PAS) with the
FDA for the ¢led ANDA.

An important aspect of developing APIs is to have a complete under-
standing of the chemical class of the drug substance being produced and
identifying at an early stage what special handling issues may be needed for
the particular API at issue.These include APIs in the category of controlled
substances (follow mandates and dictates of the Drug Enforcement Agency
(DEA) for control and containment). Additional categories requiring spe-
cial considerations are certain types of hormonal products and cytotoxic
compounds. These handling precautions normally would get entered into
batch manufacturing records, Material Safety Data Sheets (MSDSs), and
on Analytical Test Methods. The required handling precautions should fol-
low the trail of movement of the API all the way to the ¢nal user.There are a
number of websites, including the USP where MSDSs can be reviewed for
the terminology and handling precautions cited for compounds in all risk
categories. An interesting approach is to ‘‘browse’’ the USP where a
large number of monographs, both for the API and dosage forms, contain
cautionary statements. The need for cautionary statements really falls into
three sectors at the dosage form development site:
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laboratory and quality assurance personnel who handle the compound
for ‘‘testing’’;

drug product development personnel;
¢nished dosage form manufacturing, quality control, stability testing
personnel.

Finally, there are consulting services that can provide counsel on environ-
mental handling issues for the API and the drug product incorporating the
API related to OSHA, EPA, and cleaning validation.

7. REGULATORY OVERSIGHT OF API MANUFACTURERS

For a new manufacturer or a newAPI manufactured at an established site
previously registered in ¢led DMFs, the FDA normally requires that a suc-
cessful pre-approval inspection occurs before the agency would grant
approval to the ¢led ANDA, which incorporated the particular API. Typi-
cally, such inspections tend to be vigorous and cover both cGMP as well as
scienti¢c, technological, and related matters such as environmental,OSHA,
compliance with DOT, and the like. Avery detailed FDA guidance has been
issued regarding ‘‘GoodManufacturing Practice Guidance forActive Phar-
maceutical Ingredients (Q7A, August 2001)’’. This guidance covers every
aspect of the API manufacturing operation, from start to ¢nish, including
documentation at all stages as well as distribution and recalls.

8. BACPAC (BULK ACTIVE CHEMICAL, POST APPROVAL
CHANGES)

BACPAC I: Intermediates in Drug Substance Synthesis Formal
Guidance, current update is February 2001

BACPAC II: Final Intermediate to Drug Substance PQRI ¢nal draft,
representing consensual industry input will be provided to FDA for crafting
a ‘‘Draft Guidance’’.

The BACPAC guidances concern post-approval changes to the API or
bulk active ingredient, divided into the two sectors noted above. The infor-
mation pools in the guidances cover all aspects of the API process ranging
from manufacturing, ingredient sourcing, site changes, speci¢cations, and
test methods. In reviewing the guidance content, the two focal points that
emerge are what impact does the change or changes have on the impurity
pro¢le and physical properties of the material as it relates to the end use of
the API ¢nal intermediate or the ¢nal API. As far as the API manufacturer
is concerned, any change will become incorporated into the Annual DMF
report.With respect to the user of the API, the issue is how to report certain
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types of changes (Annual Report, Supplement Changes Being E¡ected, or a
Prior Approval Supplement). As previously noted, the DMF holder has
a legal obligation to notify an ANDA sponsor of changes that have been
implemented in the ‘‘manufacture, processing, or controls of theAPI’’.

The critical point in the BACPAC guidance is that the API manufac-
turer is expected to obtain comparison data of the material, which under-
went the change with the prior process material. Typically, a comparison of
the pre- and post-material at the level of multiple batches is requested (10).
Both theAPI-DMFholder and theANDAholders need tohave clear consen-
sual views of what changes have been made and how to deal with the changes
in a very consistent manner. The BACPAC concept came at the heels of the
SUPAC concept for the ¢nished dosage form. The simple fact is that some
changes can be made, and based on the comparison data, may fall into the
category of Annual Report in today’s climate.This is a saving of time, energy,
and resources for all parties concerned; DMF Holder, Approved ANDA
holder, and the FDA.

9. TECHNICAL PARTNERSHIP BETWEEN THE API
MANUFACTURER AND THE DRUG PRODUCT
MANUFACTURER

A strong interactive working relationship between the API source and the
API consumer is important to assure that there is harmony and consensus
in the ¢ling of ANDA speci¢cations for the drug substance with the ¢led
DMFof theAPI supplier.This relates in particular to speci¢cations and test
methods. The auditing of the API source by the API consumer should be
based on mutual respect and understanding of di¡erences. Such a relation-
shipwill lead to timely resolution of technical issues.Further with the imple-
mentation of BACPAC I and BACPAC II, it is even more critical that each
side understand the issues and practices of the other side.An initial site audit
of an API supplier is common practice when working with a new source of
anAPI.This audit should be followed upon some periodic basis, particularly
if some issues were discovered during the initial audit. As the FDA
inspectional history for an API supplier evolves, some determination can
be made about the need and frequency for follow-up audits.

10. IDENTIFYING AND QUALIFYING API SOURCES

TheDMF track record and FDA inspectional history are typically a starting
point for establishing the quali¢cations for an API source. As previously
noted one can goonline to theFDAweb site for a listing of allDMFs for a par-
ticular API. The FDA inspectional history can be obtained under Freedom
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of Information from various search engine services for any given API manu-
facturer. One needs to know the particular site of manufacture for the API
supplier for the particularAPIof interest, if theAPImanufacturer hasmulti-
ple sites. The FDA inspectional history includes FDA ‘‘483s’’ and ‘‘EIRs’’.
The FDA ‘‘483’’ is the inspection report listing ‘‘observations’’ issued to a
¢rm immediately following a site inspection. The FDA ‘‘EIR’’ (Estab-
lishment Inspection Report) is the FDA’s internal report about the
inspection ¢ndings. For both types of documents, the FDA dockets
management branch issues ‘‘purged’’ documents which excludes certain
‘‘con¢dential information’’.

A number of search engine services can provide detailed information
about current manufacturers=marketers of speci¢c APIs.The input require-
ments to get the search started are the CAS number, and any recogni-
zed=o⁄cial names for the API. By pooling the information from the DMF
database, FDA inspectional history, listings of identi¢ed suppliers (which
often includes some marketing statistics for the ¢rm and API), one can very
quickly identify the pool of suppliers for just about anyAPI. Following the
identi¢cation of a primary source for an API, it is often common practice
to establish alternate sources in case of an unexpected event, which might
block the primary source from serving the needs of the ANDAdrug product
developer.

A critical factor in moving ahead with an alternate source of the raw
material (frequently referred to as ‘‘ASRM’’) is to have established and well-
de¢ned speci¢cations for all critical quality control attributes to minimize
any adverse e¡ect on the ANDAdrug product formulation and manufactur-
ing process. These speci¢cations are provided to the potential ASRM and
basedon the response informationprovided, aswell as the evaluation of sam-
ples of the API can provide the basis for determining whether the ASRM
material will ¢t the ‘‘boundaries for the ¢led ANDA’’. Here the issue of com-
parability, previously discussed in the context of the primary source of the
API vs. the ‘‘innovator’’ now becomes the comparability of the primaryAPI
source vs. the ASRM (10). The timing to complete the quali¢cation of an
ASRMtypically can vary from 6months to12 months, if the testing includes
manufacture and accelerated stability studies of test batches of the drug
product.The completion of quali¢cation would then be followed by ¢ling an
amendment to the ¢led ANDA.

A frequent issue for identifying an API source for an NCE is that at the
early stages of the NCE history, there may not be any listed source for the
API. Further, there may not be any solicitation for the compound. Here,
the best approach is to understand the chemistry of the NCE and identify
API sources that have been involved with that chemistry before. Alterna-
tively, look for API sources that typically stay on the forefront of NCEs. A
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strategy that may be worth pursuing is to start the API sourcing process
immediately after an NCE enters the marketplace, and when it is clear that
the NCEwill achieve an attractive market share.

11. CONCLUSION

The successful development of a generic drug product starts with theAPI. It
is critical to understand the basic science underlying the targeted listed drug
API as well as the intellectual property which ‘‘limits’’ the horizons for the
synthesis and speci¢cations for the generic API. Further, companion chal-
lenges that confront both the API supplier, and the generic drug product
developer, are the evolving milieu of regulatory and compendial forces that
provide acceptance boundaries for the purity, safety, e⁄cacy for the API.
Additionally, the regulatory milieu covering cGMP, including manual and
electronic documentation, must be respected and enforced at both the site
of production of the API and at the site of manufacture of the ¢nal dosage
form targeted for marketing.On a going forward basis, the API supplier will
be held accountable for the consistency of the chemical and physical proper-
ties of the material being produced on a routine basis. Good science and
mutual respect for the technical issues must prevail in the relationship
between theAPImanufacturer and generic drug product developer to assure
the continued production of generic drug product which stays within the
performance boundaries of the originally ¢led exhibit batch(s) in the ¢led
ANDA.
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1. INTRODUCTION

Development of oral pharmaceutical drug products presentsmany technical
and regulatory challenges. Speci¢cally, these include proper characteriza-
tion of active pharmaceutical ingredient (API), assurance of compatibility
of inactive ingredients with the active components over the shelf life of the
product,processing andmanufacturing andquality controls and compliance
with current federal regulations and draft Federal Regulations under the
CFR provisions for comments and approval process at the Food and Drug
Administration.

Current Federal Regulations mandate that any generic drug product
intended for humanusemust be approved by theAgency formarketing a gen-
eric drug product and its multi-strengths in the United States.These current
Federal Regulations provide assurances to the consumer that these generic
drug products are safe, therapeutically equivalent and e¡ective in the same
manner as the innovator or branded drug products approved previously as
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New Drug Applications (NDAs) by the Food and Drug Administration.
Additionally, the quality control information presented by a generic product
manufacturer or sponsor in the Abbreviated New Drug Applications
(ANDAs) documents the evidence that the API used in the dosage form�
may it be a parenteral, oral solid dosage, topical, implant, or a specialized
delivery system form�is rigorously tested to comply with the regulatory
mandates of acceptable limits of compendial or regulatory speci¢cations
mutually agreed upon by the sponsor and the O⁄ce of Generic Drugs
Division of the Food and Drug Administration. The reader is referred
to numerous Current Federal Regulations and Guidance issues on this
topic (1^8).

1.2. Method Development and its Importance

Development of a generic drug product begins with full analytical testing
and reproducible characterization of the API for which there is a Drug
Master File (DMF) registered with the Agency. The DMF provided by the
API manufacturer contains details of the synthetic process, assurance of
cGMP compliance, and information on the drug substance form and purity,
along with identity of impurities listed in theAPI speci¢cations.

Analytical method development and its validation play a very vital role
in this process of API selection for generic dosage form development.

Typically, the analytical chemist utilizes numerous literature sources
such as Summary of Basis of Approval (SBA) for the innovator drug product
NDA and technical literature in numerousmedicinal chemistry and analyti-
cal chemistry journals, as well as Internet web sites dedicated to publication
of original articles on pharmaceutical entities and pharmaceutical drug pro-
duct development. Frequently, the API supplier provides a starting point
for a review of Material Safety Data Sheet (MSDS), a current analytical
method used by the APImanufacturer, such as an HPLCmethod to identify
and quantify the active drug and presence of known and unknown impuri-
ties. This helps the method development chemist to get a head start in com-
pletion of preliminary method development work and establish preliminary
API speci¢cations for release of the API and support the formulation
pharmacist in developing the dosage form for an ANDA ¢ling.

Once theAPImethod is developed,the analytical chemist canbegin the
methoddevelopment for thedosage form.Typically,placebosofdosage forms
such as tablets or capsules are utilized to assure that the inactive ingredients
do not interfere in the process of a speci¢c method in development for the
drug. Establishment of method speci¢city, sensitivity, linearity, reproduci-
bility, precision, and accuracy for quanti¢cation of the drug in a dosage form
ispursued toassure that themethodcanbeused for evaluationofdosage form
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stability and in vitro performance by such methods as dissolution pro¢les in
physiological pH media. More frequently, speci¢c methods for detection
andquanti¢cationof traceamountsof impurities aredeveloped toassure that
theproduct complieswith compendial (USP,BP,EP,etc.) or non-compendial
speci¢cations for organic and inorganic impurities to assure proper identity,
purity, and safety of the drug product during the product shelf life, typically
aminimumof two years from the date of itsmanufacture.

While scale-up of the new generic oral dosage form in one or more
strengths is ongoing to prepare clinical supplies for pilot bioequivalence
studies, in-process testing and methods for such testing are developed to
assure proper control of the process and the quality of the drug product.
Generally, test methods for ¢nished dosage forms are stability indicating
and the information generated from accelerated stability test results of the
drug product in the ¢nal packaging intended for commercialization are used
by the product development team of scientists and regulatory sta¡ to
determine the drug product speci¢cations not speci¢ed by the compendia.
The prime objective of the analytical chemist is to assure that the generic
drug product in a ¢nal commercial packaging is in compliance with
compendial standards of identity, potency, content uniformity, dissolution,
and acceptable limits on impurities and related substances.

In this chapter,we have placed a strong emphasis on the importance of
robust method development, in-process control methods, and validation
approaches taken to ¢nalize such methodologies for development. Also
emphasized is the importance of documentation of dissolution and ¢nished
drug product speci¢cations for theAPI and the drug product for submission
in the Chemistry, Manufacturing, and Controls (CMC) sections of the
ANDA. The reader is referred to several literature sources and CDER
Guidances available on this topic (2^8).

2. METHOD DEVELOPMENT

Analytical test methods are used to generate data to establish the identity,
potency, purity, and overall quality of the drug substance and drug product.
Awell-developed test method can control not only the quality of the product
but also speed the development process by shortening the development time
for raw material vendor selection, quali¢cation and formulation screening.
Further, a well-developed test method can enhance the e⁄ciency for the
down stream product launch and routine release tests. Analytical test meth-
ods are the stakeholders of product development by providing accurate and
reliable data to support formulation, packaging, process development, char-
acterization and process controls, stability and release, pharmacokinetics
and bioequivalency, and regulatory ¢ling.
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The time and e¡ort spent in developing a good test method are well
worth it for the down stream method users such as laboratory technicians
and chemists in the QC labs of the generic drug manufacturer. A test method
with shorter run time and less use of solvents can save much labor and cost
for the QC labs for years of future production.

The performance of a test method is determined primarily by the
quality of the procedure itself. Timing is critical for method development
since ¢rst to approve means substantially high pro¢t vs. the latecomers.

Before developing a test method,onemust a priori de¢ne the scope and
requirements for the test method. The objectives for the test method will
ultimately de¢ne the extent of the development and optimization. The
requirements for the test method include the following issues to be
addressed: (1) regulatory compliance; (2) technical requirements; (3) practi-
cal requirements; (4) validation requirements; (5) transfer requirements.
Once these requirements have been addressed, the method development
can start with a literature search and information gathering. A plan can be
developed with clear objectives for the method, such as requirements for
the separation of known compounds, chromatographic procedures, and a
targeted timeline. Adequate resources should be allocated for method
development prior to initiating the bench-work. Typical sample solution
and standard solution can be used to evaluate di¡erent chromatographic
conditions. It is suggested that one should fully utilize the ICH guidelines
(9^11) regarding the reporting threshold, identi¢cation threshold, and quali-
¢cation threshold. The ICH de¢ned residual solvent classes and allowable
limits can be used for method development and release speci¢cation.When
the main objectives are met, the test method can be further optimized to
make it more economical and user friendly. Once the optimization
is completed, the method is challenged to see if it can be validated. For
chromatographic procedures, the challenges are often method sensitivity
and method selectivity. These method pre-validation evaluations can
determine if the method is ready for validation.

The following are the commonly needed test methods in the develop-
ment and manufacturing of generic pharmaceutical solid oral dosage forms.

2.1. API Test Methods

The objectives for the development of theAPI testmethods are for rawmate-
rial vendor selection and raw material release.Where multiple vendors of an
API are available, test methods are needed to characterize each lot of API
and evaluate the raw material quality.The quality and characteristics of the
APIs can often in£uence the formulation development concerning the
dissolution pro¢le and stability of the ¢nal dosage form in development.
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Typical test methods for the API release include identi¢cation, assay,
chromatographic purity, organic volatile impurities, residual solvents,
particle size measurement, and polymorph determination in addition to
commonly required compendial tests such as water content (loss on drying
or Karl Fisher test), residue on ignition, melting point and range, speci¢c
rotation, crystallinity, heavy metals, pH, sul¢de, etc.

Very often, the assay and chromatographic purity tests are conducted
using HPLC procedures. Most of these HPLC procedures are based on
reversed phase chromatography. The knowledge, skill, and experience of
the method developer in chromatography are critical for developing an
accurate,precise, speci¢c, rugged and robust testmethodwith good linearity
and range. The development of a chromatographic purity test method is
often more challenging than the assay, since it is necessary to have the
desired selectivity and sensitivity for separating all impurities at about
0.05% level. In particular, separating structurally similar isomers of the
actives such as double bond shifts on a carbon ring structure or optical iso-
mers (chiral molecules) poses challenges for the method developer. Figure 1
is a typical chromatogram for the chromatographic purity test of a
pharmaceutical raw material.

FIGURE 1 Typical chromatogramfor the chromatographicpurity testofa pharmaceuti-
cal rawmaterial.
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Sometimes, semi-quantitativeTLC test methods are needed for testing
of impurities in the API.The development of such test methods requires the
selection of the appropriate TLC plate and optimization of the developing
solvents. Due to the semi-quantitative nature of the TLC test method, an
HPLCmethod is often used to quantitate the impurities.

The residual solvent test methods are often based on gas chromatogra-
phy (12). Either headspace or direct injection mode can be used for the resi-
dual solvent test method. Since gas chromatography is a very mature ¢eld,
separating residual solvents can often be resolved with limited development
time due to the high selectivity of the modern capillary GC columns.Often,
it is desirable to ¢nd a GC compatible solvent that can dissolve both the
API and the target analytes of the residual solvents. Figure 2 is a typical
headspace residual solvent test method where commonly used organic
solvents are fully separated by gas chromatography.

FIGURE 2 Typical headspace residual solvent test method chromatogram.
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2.1.1. In-ProcessTest Methods

The objective of an in-process test method for oral solid dosage forms is to
obtain information in order to control the pharmaceutical manufacturing
process. Typical in-process test methods include loss on drying or use of
Karl Fischer for water determination (to control the moisture content in
the drying process), residual solvent (to control the residual solvent in the
blend granules), and blend uniformity testing. The loss on drying (or Karl
Fisher) test method is straightforward and usually does not require method
development. The residual solvent test method and blend uniformity test
method would require method development. Often, the blend uniformity
(for granules), content uniformity (for ¢nished dosage form), and assay
(¢nished dosage form) share the same chromatographic conditions with
separate sample preparation procedures. Therefore, method development
is often conducted concurrently for these three tests (assay, content
uniformity, and blend uniformity).

2.2. Finished Dosage Form Test Methods

The objectives for the development of the ¢nished solid oral dosage form test
methods include formulation identity, in vitro dissolution screening for
acceptable performance within tolerance limits, and dosage form release.
Very often, the dissolution test method is needed ¢rst for the in vitro charac-
terization of the innovator’s reference product vs. the in-house formulation.
The screening dissolution test method is not necessarily the same as the
dissolution test method for product release. The in vitro dissolution test
method needs to be discriminative for di¡erent formulations and yet meet
compendial requirements (13) for U.S.P.=NF listed dosage forms. In
particular, the selection of the dissolution medium and test conditions
such as the type of apparatus and the rotational speed of either the paddle
or the basket are critical for the success of the test method.

For a stable solid oral dosage form development, matching the in vitro
dissolution pro¢lewith the innovator’s or reference product is often themain
concern for the formulator. Formulation support activity is then focused
on the dissolution tests. When dosage form stability is also a concern for
drug product development, assay and chromatographic purity test methods
are often needed in addition to the dissolution test method. When
possible, the use of the same chromatographic conditions for the assay and
chromatographic purity tests can often save method development and
method validation time.

Typical test methods for ¢nished dosage forms include identi¢cation,
assay, content uniformity, chromatographic purity, dissolution=
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disintegration, and hardness=friability. Additional test methods needed to
support the product development are cleaning test methods for the
equipment release, con¢rmation methods for the absence of actives in the
placebo tablets, etc.

Method development has the following deliverables:

1. Speci¢city, i.e., the method has to be able to separate the target
analyte fromother components and themethod can quantitate this
analyte without ambiguity.

2. Linearity, i.e., the method should operate in the linear
response range of the detector. Although, linearity is usually
obtainable, occasionally the linearity cannot be met due to
the nature of the detector used. In such cases, a multiple-
point calibration curve should be established and used for
quantitation.

3. The method is optimized, i.e., the analyte can be fully extracted
from the samplematrix, and the separation conditions are optimal.

4. Sensitivity, i.e., the test method can quantitate the target analyte at
the required reporting threshold.

5. System suitability, i.e., all target analytes can be resolved, the
requirements for the column performance is well-established, the
instrument characteristics such as sensitivity and precision are
established, and system reproducibility is established.

High performance liquid chromatography (HPLC) is commonly
used for the assay and chromatographic purity determinations, since
HPLC test methods can provide required accuracy, precision, linearity,
sensitivity, ruggedness, and robustness. Many references have been
published for HPLC method development and validation (14^18). The
method development should consider the choice of columns for normal
phase, reverse phase, or ion chromatography. The mobile phase selection
and operational conditions should be optimized through the method devel-
opment such as £ow rate, column temperature, pH bu¡er, and use of ion-
pairing agent. The detector used should have adequate sensitivity and
dynamic response range.Where possible, an isocratic elution mode is pre-
ferred to a gradient elution mode.

The sample preparation, seemingly simple but very critical, is usually
the ¢rst step of a test method. The solvent used for the extraction of target
analytes should be studied to obtain the maximum performance. Without
adequate extraction, it does not matter how good a chromatographic
procedure is, the method would not be able to deliver reliable results.
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For chromatographic purity methods, obtaining the required sensi-
tivity and selectivity of the method is usually a challenge. The quantitation
limit should guarantee that the test method can quantify components at the
required reporting threshold concentration level.When the product strength
is low, the method sensitivity will become more critical and challenging
for method development. Hormonal oral solid dosage forms, such as oral
contraceptives, is one of the examples of a low strength drug product.
The strength of these products can be as low as a few micrograms per tablet.
The test method should also have adequate speci¢city, particularly for
stability-indicating capability. Forced degradation studies under thermal,
acid, base, oxidation, and photo-degradation conditions should be
conducted to verify that the test method can reliably quantify degradation
products. Typical experimental conditions for the forced degradation
studies are: storing solutions in a UVchamber, adding equal volume of 1M
phosphoric acid orHCl aq., adding 0.5Msodiumhydroxide solution, adding
2% hydrogen peroxide, or water, and heating to about 100�C for about 15 h.
The recommended level of degradation is about 10^30%. The conditions
should be adjusted depending on the stability of the actives. E¡orts should
be made to correlate the amount of active degradation vs. the amount of
degradation products formed, even though it may not be possible to account
for 100% of degradation products by the observed loss in actives. The
method speci¢city becomes more challenging when the product
contains multiple actives and the strength of these actives di¡ers in orders
of magnitude.

In developing a dissolution method, one should consider that the
medium used for the test should meet the sink condition for the in vitro test.
For water-insoluble compounds, the dissolution medium may contain
surfactants or organic solvents, although the latter should be avoided if
possible. The assay for the drug release method can be a chromatographic
procedure such as HPLC, a spectrophotometric procedure such as UV,
or other suitable procedures. Shorter run times for chromatographic
procedures are necessary due to the large number of samples to be analyzed
for dissolution pro¢ling studies.

3. METHOD VALIDATION

Method validation is the process of demonstrating that the analytical
method is suitable for its intended use. The validation process establishes
documented evidence that provides a high degree of assurance that the test
methodwill consistently provide accurate test results that evaluate a product
against its de¢ned speci¢cation and quality attributes.
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3.1. Objectives of Method Validation

Validation of analytical methodologies is considered as an important task,
occurring after method development and before method utilization, and is
required in support of product registration applications.

3.2. Method Validation Requirements

3.2.1. Compendial Analytical Procedures

The validationof a testmethod normally depends onwhether the testmethod
is a compendial method or a non-compendial method. The validation of
compendialmethods is described inUSP h1225i.Users of analyticalmethods
described in the USP and the NF are not required to validate accuracy and
reliability of these methods but to merely verify suitability under actual
conditions of use. The methods provided in o⁄cial monographs have been
validated by the laboratory submitting the monograph and may have also
been veri¢ed by other laboratories designated by the USP. For chromato-
graphic purity methods, method sensitivity and selectivity under the actual
conditions of use should also be demonstrated.

For active ingredient (API) test methods, the compendial methods can
be readily adopted for use with limited suitability veri¢cation. For ¢nished
dosage form product test methods, the suitability of the test methods to the
speci¢c formulation needs to be demonstrated through a validation proce-
dure. Validation of compendial test methods for the ¢nished product may
include, where applicable, speci¢city, linearity, accuracy, precision, and
solution stability. However, it should be noted that the compendial methods
are not necessarily stability-indicating. When the compendial method is
used for such purpose, forced degradation studies are needed to demonstrate
method speci¢city.

One should keep in mind that USP monograph procedures are regu-
latory procedures. A regulatory analytical procedure is the analytical
procedure used to evaluate a de¢ned characteristic of the drug substance or
drug product.The analytical procedures in theUS Pharmacopoeia=National
Formulary (USP=NF) are those legally recognized under section 501(b) of
the Food, Drug, and Cosmetic Act (the Act) as the regulatory analytical
procedures for compendial items. For purposes of determining compliance
with theAct, the regulatory analytical procedure is used.

3.2.2. Non-compendial Methods

For the validation of non-compendial test methods, one should follow
USP, FDA, and ICH guidelines. Four categories of analytical methods are
classi¢ed in the USP h1225i.
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Category I: Analytical methods for quantitation of major components
of bulk drug substances or active ingredients (including preservatives) in
¢nished pharmaceutical products fall under category I.

Category II: Analytical methods for determination of impurities in
bulk drug substances or degradation compounds in ¢nished pharmaceutical
products are in category II. These methods include quantitative assays and
limit tests.

Category III: Analytical methods for determination of performance
characteristics (dissolution, drug release) are considered category III.

Category IV: Analytical test method for identi¢cation purpose.
In addition, there are tests classi¢ed as speci¢c tests such as particle

size analysis, droplet distribution, spray pattern, dissolution (excludes
measurement), optical rotation, and methodologies such as DSC, XRD,
and Raman spectroscopy.

The elements recommended for validation for each category of the test

Since the validation of a test method is a matter of establishing docu-
mented evidence that provides a high degree of assurance of the suitability
of the test method for its intended use, the documentation process usually
includes a validation protocol, test data, and a validation report.

One should keep in mind that even though a non-compendial
procedure has been validated, when a compendial procedure exists, an
equivalency study is needed for the regulatory submission in order to demon-
strate that the non-compendial procedure is equivalent to the compendial
procedure. The method equivalency study is discussed in Section 3.6.
When a legal dispute occurs, the compendial procedure will be used to judge
the product quality and compliance with the regulations.

3.3. Development of a Validation Protocol

The development of a method validation protocol should be based on the
requirements of the product speci¢cation and regulatory guidelines. A
protocol should include the target method to be validated, pre-approved
validation elements, and acceptance criteria. It should also describe the
requirements for protocol execution, experimental design, a plan or
procedure when acceptance criteria are not met, and reporting items.

Typical validation characteristics are:

� accuracy,
� precision (repeatability and intermediate precision),
� speci¢city,
� detection limit,
� quantitation limit,
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TABLE 1 RecommendedValidation Characteristics of theVariousTypes ofTests

Testing for impurities Assay dissolution
(measurement only),
content=potency

Specific
testsType of tests=characteristics Identification Quantitative Limit

Accuracy � þ � þ þa

Precision-repeatability � þ � þ þa

Precision-intermediate
Precisionb

� þc � þc þa

Specificity þd þ þ þe þa

Detection limit � �f þ � �
Quantitation limit � þ � � �
Linearity � þ � þ �
Range � þ � þ �
Robustness � þ �f þ þa

Note: see draft guidance for analytical procedures andmethods validation of FDA (August 2000).
� Signifies that this characteristic is not normally evaluated.
þ Signifies that this characteristic is normally evaluated.
aMay not be needed in some cases.
bRuggedness is considered as intermediate precision.
cIn cases where reproducibility has been performed, intermediate precision is not needed.
dLack of specificity for an analytical procedure may be compensated for by the addition of a second analytical procedure.
eLack of specificity for an assay for release may be compensated for by impurities testing.
fMay be needed in some cases.
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� linearity,
� range,
� robustness,
� solution stability,
� ¢lter interference (where applicable).

System suitability evaluated during the method validation should be
summarized in the method validation report and the ¢nalized parameters
for system suitability should be put in the test method. For example, the
validation data indicate that the %RSD of six injections of the analyte in
theworking standard is close tobut notmore than 2.0,the resolutionbetween
two closely eluting standards is close to but not more than 2.0, the tailing
factor for the analyte in the working standard is not more than 1.2, and the
theoretical plate number of the analyte in the working standard is about
10,000. Then, the above mentioned parameters can be set as the system
suitability requirements since the validation results have indicated that these
parameters can provide assurance of the separation quality and repeatability
of the test method.

Establishment of the acceptance criteria is based on the category of the
test method. The typical validation elements and acceptance criteria for

Typical validation elements and acceptance criteria for Category II

Typical validation elements and acceptance criteria for the Category

The Category IVvalidation element is speci¢city and the identi¢cation
test procedure can be infrared spectrometry,TLC,wet chemistry, UV=VIS
spectrophotometry, etc.

The protocol can also de¢ne the procedure for handling situations
where one or more validation elements fail to meet the acceptance criteria
during the method validation. When such a situation occurs, the study
director with the assistance of the chemist executing the protocol can assess
the situation and determine with management approval:

� Whether the results can still be accepted with justi¢cation.
� Whether a limitation to the method application can be set so that

the failure of the method can be excluded outside of the method
application range.

� Whether the failing results need to be con¢rmed and an
investigation may be needed.

� Whether themethod has a defect and needs to bemodi¢ed and then
re-validated.
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Category I methods of ¢nished dosage forms are given inTable 2.

method (chromatographic purity) are listed inTable 3:

III test methods are listed inTable 4.



TABLE 2 Validation Elements and Acceptance Criteria: Category I

Validation element Acceptance criteria

Precision The RSDof six determinations (injections) of each analyte must
be NMT 2.0%

Accuracy The average recovery for each analyte must be NLT 98.0% and
NMT102.0% for triplicate determinations at analyte concentrations
of 80%,100%, and120% of the target concentration

Specificity 1. No peak interference in the diluent and placebo injections at the
retention time of the target analyte

2.The target analyte peak is resolved from adjacent peaks
3.The target analyte peak is pure by PDA analysis for forced

degradation conditions
Method linearity These acceptance criteria must bemet for a five point

concentration range of at least 80% to120% of the target
concentration

1.The correlation coefficient (r) is NLT 0.995
2.The percent bias of y-intercept is NLT�5.0% and NMT 5.0%

Range The precision, accuracy, and linearity criteria must bemet from at
least 80% to about120% of the sample concentration. If the
range is larger, report the largest range over which the
acceptance criteria are met

Ruggedness
(intermediate
precision)

1.The RSDof the spiked sample preparations from a second
analyst, on a 2nd instrument, and on a different day using a
different columnmust be NMT 2.0%

2.The RSDof the spiked sample preparations from both analyst
one and analyst twomust be NMT 5.0%

Filter interference The assay of a filtered samplemust be NLT 98.0% and NMT
102.0% relative to the same sample prepared by centrifugation

Solution stability
(ambient or
refrigerated
temperature)

1.The assay of the sample preparationmust not change by more
than 2.0% in a specified time period

2.The assay of the working standard must not change by more
than 2.0% in a specified time period

Robustness System suitability criteria are met for the followingmethod
variations:
variation of organic component in the mobile phase

�5% (relative)
variation of ion-paring concentration of �10%,

when applicable
variation ofMobile Phase pHof �0.1pHunits,

when applicable
variation of flow rate about �10%
variation of wavelength �2nm
variation of column temperature about �5�C (where applicable)
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TABLE 3 Validation Elements and Acceptance Criteria: Category II

Validation elements Acceptance criteria

Precision RSD is NMT10.0%
Accuracy Recovery for target analyte is between 90% and110% for spiked

placebo samples for themethod range
Linearity 1.The correlation coefficient (r) is NLT 0.99 for the method range

2.The 95% confidence interval of the intercept includes the origin.
If not, the intercept is NMT100 � 10% of the response of
the standard concentration (at the specification level)

Range The concentration at which the precision, accuracy, and linearity
criteria are met.This range should be from the LOQ to150% of
the specification level

Quantitation
limit

The concentration at which the S=N ratio is about10.
The quantitation limit should be NMT the reporting
threshold defined in ICHQ3B

Detection
limit

The concentration at which the S=N ratio is about 3.
The detection limit should be NMThalf of the reporting
threshold defined in ICHQ3B

Specificity 1. No peak interference in the placebo injection at the retention
time of target analyte(s)

2.The known impurity peak(s) are resolved from each other and
from the active substance peak(s)

3.The target analyte peak(s) are pure by PDA analysis under
forced degradation conditions

Ruggedness 1.The precision and accuracy acceptance criteria for a second
analyst must bemet for a standard spiked placebo solution on
a separate instrument using a different columnwith sample
solution prepared on a different day at the specification limit
concentration level

2.The combined RSD(s) of the analyte(s) for both analysts
must be NMT15.0%

Filter interference
(where applicable)

The peak area of each known impurity peak must bewithin
100 � 10% of the centrifuged solution

Robustness System suitability criteria are met for the followingmethod
variations:
variation of organic component in the mobile phase �5%
(relative)
variation of ion-paring concentration of �10%, when applicable
variation of mobile phase pHof �0.1pHunits, when applicable
variation of flow rate about �10%
variation of wavelength �2nm
variation of column temperature about �5�C (where applicable)

Solution
stability

The assayof the standardand sample solutions at room temperature
(or refrigerated temperature) must not change by more than 5%
in a specified time period at least as long as the time required to
perform a typical analysis run (maximum analysis time from
sample preparation should be defined in the test method)
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All deviations to the validation protocol must be documented and
authorized by laboratory management and reviewed and approved by the
quality assurance (QA) department. These deviations are summarized in
the validation report.

TABLE 4 Validation Elements and Acceptance Criteria: Category III

Validation elements Acceptance criteria

Precision RSD is NMT 2.0%
Accuracy Recovery for target analyte is between 98% and102%

for spiked placebo samples at the release tolerances
(Q) level

Method linearity These acceptance criteria must be met for the method
range:

1.The correlation coefficient (r) is NLT 0.995
2.The percent intercept is NLT�5.0% and NMT 5.0%

Range The concentration at which the precision, accuracy, and
linearity criteria are met.This range should cover from
the low concentration end of the stage 3 dissolution
test to120% of the drug release level

Quantitation limit The concentration at which the S=N ratio is about10.
The quantitation limit should be NMT the reporting
threshold defined in ICHQ3B

Specificity 1. No peak interference in the placebo injection at the
retention time of target analyte

2.The target analyte peak is resolved from the
neighboring peaks

3.The target analyte peak is pure by PDA analysis
Ruggedness
(intermediate precision)

1.The RSDof single determinations (injections) of six
preparations under dissolution conditions (second
analyst, second dissolution system) must be
NMT 3.0%

2.The RSD for the combined determinations (analyst
1and 2) must be NMT 5.0%

Interference from the
automated dissolution
sampling system

The percent recovery for the sample collected by the
auto-collector must be between 98.0% and102.0% of
the sample collectedmanually

Solution stability The assay of the sample and standard preparations must
not change by more than 2.0% in a specified time
period at least as long as the time required to perform a
typical analysis run (maximum analysis time from
sample preparation should be defined in the test
method)
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3.4. Validation Planning and Protocol Execution

Instrumentation Selection: The method validation is considered as a current
good manufacturing procedure (cGMP) activity, requiring that the instru-
ments used for the validation activity be fully quali¢ed according to installa-
tion (IQ), operational (OQ) and performance quali¢cation (PQ) protocols.

Standards Qualification and Handling: The standard used for the
method validation must be quali¢ed. A vendor’s certi¢cate of analysis with
the purity factor is needed for establishing quantitative relationships such
as relative response factors (RRFs). It is preferable to use compendial
standards if available for method validation.

Optimization of the Experimental Sequence for Efficiency: Validation
experiments should be designed that are e⁄cient and optimized for resource
utilization.

Resources and Timelines: The number of personnel needed for the
validation should bewell planned.The person involved in themethod valida-
tion must be trained on cGMP compliance and method validation standard
operating procedures (SOPs).The timeline for the method validation should
be reasonable for full documentation, data and notebook review and
signature and for quality review and approval process. Method validations
must be completed before the methods’ application for API testing in pilot-
bio batch or exhibit batch release.

3.5. Validation Report

The validation report is a summary of the results obtained during execution
of the validation protocol. The results are compared with the acceptance
criteria. The validation report must discuss whether the results pass or fail
the acceptance criteria.

The validation report must also discuss and document any deviation
from the protocol, justify the deviation, and analyze the impact of the
deviation.

During the method validation, some parameters of the test method
may be required to be modi¢ed (such as system suitability parameters) or
¢nalized (such as relative retention time and relative response factors, etc.).
These suggestions should be documented in the method validation report
along with the justi¢cation for the method change.

3.6. Method Equivalency Study

When an in-housemethod and a compendialmethod exist for the same test, a
comparison to the compendial monograph test method must be established
to demonstrate that the in-house method is equivalent or better than the
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compendial method.The assessment of method equivalency can be based on
statistical principles such as F-tests and t-tests or approved acceptable
criteria. One lot of the ¢nished product can be chosen to compare both the
in-house test method and the compendial test method. The sample with
multiple preparations is assayed and the results from both methods are
compared. If the results pass the pre-approved acceptance criteria or the
statistical analysis, the two test methods are considered equivalent.

4. METHOD TRANSFER

After ANDA approval, the test methods will be applied to the validation
batches and routine product testing conducted by quality control labora-
tories. Hence, the test methods must be transferred to the quality control
laboratories. There could potentially be a di¡erence in the geographic
location of the R&D lab and the QC lab. The experience of the instrument
operator and experience with the application of the test methods could vary
from lab to lab.Therefore, the knowledge and experience must be passed to
the new laboratories. The receiving laboratory must demonstrate its ability
to perform the test method. A method transfer SOP or protocol must
establish the requirements for satisfactory method transfer.

4.1. Objective of the Method Transfer

The method transfer is part of the technology transfer process.The method
transfer can improve the understanding of the analytical methodology for
both the originating and receiving laboratories. The receiving laboratory
personnel performing the test method should be trained on the test method.
The receiving laboratories must be cGMP compliant.When the receiving
laboratory is a contract lab, appropriate auditing of the lab by quality
assurance personnel is necessary.When a method transfer (crossover) study
is performed, the results from both labs can serve as ‘‘intermediate
precision’’data.

4.2. Documentation of Method Transfer

4.2.1. MethodTransfer Protocol

In order to con¢rm that the receiving laboratory has the full grasp of the test
methods, the transfer process must be documented. If the transfer process is
driven by amethod transfer protocol, this protocol should de¢ne themanner
of method transfer, the role and responsibility of the laboratories involved,
the acceptance criteria for a successful transfer and reporting items.

One way of method transfer is by a crossover study involving both the
originating laboratory and receiving laboratory. In executing the method
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transfer protocol, both labs can test the same lot of product and the results
are compared for closeness. The second way of method transfer is for
the receiving lab to perform a mini-method validation (for example, to
reproduce the method accuracy, precision, and linearity) which demon-
strates that the lab can fully reproduce the performance characteristics of
the test method.

4.2.2. MethodTransfer Report

Upon the completion of the method transfer protocol, the test results are
summarized and compared to the pre-approved acceptance criteria to
determine whether the receiving laboratory is quali¢ed to perform the
test method. The transfer report should indicate whether the transfer is
successful. All transfer data must be recorded and reviewed. Any deviation
from the protocol must be documented and discussed. The report must
include the justi¢cation for the deviation to the protocol and impact on the
test method.

5. ADDITIONAL VALIDATION AND RE-VALIDATION OF THE
TEST METHOD

Additional method validation and re-validation of the test method may be
needed when there are regulatory changes and when the expectation for the
method performance characteristics is higher. Sometimes, an alternative
raw material supplier is chosen and a di¡erent impurity pro¢le is expected
due to a di¡erent synthetic manufacturing route for the API.When an old
analysis technique is replaced by new techniques, method validation will be
required again. The last possibility is that the validated procedure requires
modi¢cation due to a discovered defect and the modi¢ed method must be
re-validated.

6. SUMMARY AND CONCLUSIONS

Development of accurate and reliable analytical methods is an important
element of pharmaceutical development. Good analytical methods support
correct decisions being made from data for formulation development and
stability studies. All analytical methods must be validated before they are
used to generate data which will support a regulatory decision.

Analytical development can proceed e⁄ciently if a thorough literature
search is made of the available information on the API and drug product,
including related compounds. A good source of information is the portion
of theDMF that theAPImanufacturer is willing to share with its customers.
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It is a good idea to work closely with the lab personnel from the API manu-
facturer in developing methods for the API and in identifying unknown
impurities in theAPI.

Analytical development and validation must follow a timeline keyed to
the other activities in developing a drug product. Analytical methods
will usually be needed to support other plant activities such as cleaning
validation or packaging development. The analytical method should be
evaluated for robustness and reliability prior to committing the time and
e¡ort to validate a method.

Avalidated method can still be updated for special situations encoun-
tered during the method application. Such update may or may not involve
an addendum or supplement to the method validation. This is usually part
of the life cycle of the test method application.

The validation report is necessary for documenting the capability
of the test method. All data that support the validation must be clearly
identi¢ed and audited. These data will be scrutinized by the regulatory
agency granting a drug product approval in a pre-approval inspection.
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The formulation scientist in the generic industry has a demanding role when
developing generic oral solid dosage forms which not only need to match
innovator products within tight acceptance criteria but should also circum-
vent restrictive formulation patents which makes it extremely challenging
to achieve the desired generic product.

As the innovator companies come under increasing pressure from
generic competition, it becomes important that valuable aspects of intel-
lectual property acquired during the development of a speci¢c drug product
be su⁄ciently detailed in order to ¢le a formulation patent. Their primary
goal is to prevent, as far as possible, generic drug products from entering
the market until after the bene¢ts of basic patent coverage and subsequent
formulation patent protection have been suitably exploited. Innovator
companies may also ¢le additional patents related to the synthetic process
employed to produce the active pharmaceutical ingredient (API) (1), the
speci¢c crystal form (polymorph) (2), the formulation (3) and the combina-
tion of the drug with other active(s) which might provide synergistic bene¢ts
over the speci¢c drug administered alone (4), speci¢c ‘‘use’’ patents (5), and,
of late,‘‘paediatric exclusivity’’ (6).

Despite the fact that the literature abounds with numerous drug-
product formulations,bothqualitativeandquantitative, it is rather surprising

53

5460-3 Shargel Ch04 R2 101104

Copyright © 2005 by Marcel Dekker, Inc.



that formulation scientists struggle in their quest to match the innovator
product from a bioequivalence point of view, resulting in failed biostudies.
Possible reasons for not being able to match the innovator may well lie in the
nature of theAPImaterial used (7,8), the compositionof the formulationwith
respect to the excipients used (9,10) and the manufacturing process
employed, amongst others (11). Table 1 lists the e¡ects of excipients on the
pharmacokinetic parameters of oral drug products clearly indicating the
e¡ect that excipientsmay have on bioavailability and bioequivalence (12).

It is very important to characterize the active ingredient tobe usedwith
respect to polymorph, particle size and also from a morphological point of
view.The role of particle size cannot be overemphasized, especially in APIs
of decreasing solubility and permeability (13). Failed bioequivalence studies
are often due to issues of particle size and comparatively small di¡erences
of 5 mm (or even less in some cases) in mass median diameter (MMD) can
spell the di¡erence between success and failure (14). The fact that patents
concerning particle size have been ¢led by drug companies testi¢es to the
importance of that parameter in formulating e¡ective drug products (15).

Di¡erent crystal forms of the same chemical entity (polymorphs), for
example ibuprofen (16), can have varying solubilities, which could have
signi¢cant implications with respect to bioequivalence if the incorrect form
is used. Patent strategies pertinent to polymorph(s), provided that they are
well thought-out and as far-reaching as possible, will continue to provide
generic API manufacturers and formulation scientists considerable
challenges. Drug manufacturers and formulation scientists have been
able to counter most of the innovator polymorph strategies with consi-
derable success, a fact which has prompted innovator drug companies to
devisemore elaborate patent strategies to protect their intellectual property.

TABLE 1 The Potential Effects of Excipients on Pharmacokinetic Parameters
Following Oral Administration. Adapted From Ref.12

Excipients Example ka tmax AUC

Diluents Microcrystalline cellulose " # "=�
Disintegrants Sodium starch glycolate " # "=�
Enteric coat Cellulose acetate pthalate # " #=�
Glidant Talc � � �
Lubricants Magnesium stearate #=" " #=�
Sustained-release agents Methylcellulose, ethylcellulose # " #=�

In all cases, these effects may be concentration or drug dependent. The symbols represent:
"¼ increase, #¼decrease, �¼no effect. ka¼ absorption rate, tmax¼ time to peak concentra-
tion, AUC¼ area under the plasma drug concentration time curve.
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The morphology of APIs is of considerable importance especially in
direct-compression (dry-blending) formulations of drug products where the
active content is less than 20% of the formula. Regulatory authorities the
world over (especially the FDA) have become increasingly aware of
variations in active content in ‘‘blend samples’’ drawn to con¢rm homo-
geneity of active distribution after blending. In a recent report (17), lack of
adequate potency and=or content uniformity was cited as the primary
reason for the recall of solid dosage formswhich, from a regulatory perspec-
tive, raises the issue of whether adequate process controls (including blend
homogeneity testing) and release tests are in place. Due to the fact that the
active ingredient and excipients rarely demonstrate comparable particle
sizes=shapes, the compositional ingredients will £ow into the ‘‘collection
port(s)’’of a sample thief at di¡ering rates determined by their morphology.
This will often give rise to the phenomenon of blends demonstrating
considerable active ingredient variation (18), whereas the resultant tablets
(compressed on modern tablet presses equipped with £ow optimization
attributes such as force feeders) will exhibit highly satisfactory content
uniformities (usually within � 5% of label claim, with a concomitantly
low relative standard deviation) which easily comply with the relevant
compendial requirements. Consequently pharmaceutical manufacturers
are required by law to provide evidence of the adequacy of their blending
operations (19).Regulatory authorities require that ameaningful correlation
between blend uniformity and tablet=capsule content uniformity exists,
despite data from several reports where blend uniformity test failures were
determined to be a result of sample size, sampling errors (position and
depth in blender and hopper), sample thief design, and technique of sample
collection (20^22). The formulation scientist is thus encouraged to
seek creative sampling techniques to overcome sampling bias=disparity
attributed to variances in morphology between active and excipient(s).

As a result of industry comment on a draft FDA guidance document
(23), which has since been withdrawn, the Product Quality Research
Institute (PQRI) Blend Uniformity Working Group (BUWG) published a
recommendation to address the limitations with current sampling techni-
ques.This proposal recommends the use of strati¢ed sampling of blend and
dosage units to demonstrate adequacy of mixing for powder blends (24).
Strati¢ed sampling involves the deliberate selection of units from various
locations within a lot or batch or from various phases or periods of a process
to obtain a sample. Such sampling speci¢cally targets locations either in the
blender or throughout the compression=¢lling operation where there is a
high risk of failing content uniformity speci¢cations.

Generally, di¡erences observed between blend uniformity and
drug-product content uniformity are less pronounced in wet granulation
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and compaction-type formulations compared to direct-compression
formulations.

FORMULATION DEVELOPMENT STRATEGIES

1. Patent Search(es)

In the early days of the generic industry, once the basic patent had expired,
generic pharmaceutical companies were free to launch their version(s) of
the drug product(s) into the market. However, over the last 20 or so years,
the innovator drug companies have sought to extend their product(s) life,
focusing initially on ‘‘Process Patents’’ (the route of synthesis whereby the
API is produced, including any unique crystal forms which may have
resulted).The synthetic pathway has been explored to the full, and thewidest
possible claims registered. The leading generic bulk API manufacturers
continue their quest to synthesize APIs that do not infringe process
patents. Although generic bulk drug manufacturers were, at one time,
content merely to produce non-patent infringing active(s), many have now
taken it upon themselves to ¢le patents of their own, a ploy which consi-
derably increases the di⁄culty that other raw material manufacturers will
face when attempting to synthesize the same active raw material.

1.1 Formulation Patents

In certain instances, innovator drug companies have valid reasons for ¢ling
formulation patents, particularly where a speci¢c excipient (or blend of
excipients) lends a particular uniqueness in terms of release or stability
(25).However, somedrug companies ¢le patentswhich claimevery excipient
known, and such patents are clearly open to challenge.

It is more di⁄cult to ¢le formulation patents in the arena of immediate
release dosage forms than in the case of modi¢ed=controlled release
formulations, where creative solutions have been applied to modify the in
vitro and in vivo release characteristics of active(s) so as to provide a dosage
regimen which o¡ers signi¢cant therapeutic advantages and improved
patient compliance.

1.2 Combination Patents

Combination Patents are those which pertain to more than one active
ingredient combined together in a single drug product, the resultant product
ideally displaying a synergistic pharmacological response compared with
each active ingredient administered on their own. One of the earliest
examples of such a combination was co-trimoxazole, where sulfamethoxa-
zole was combined with trimethoprim.More recent examples have focussed
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ondecongestants in combinationwith antihistamines, for example loratidine
and pseudoephedrine, antibiotic combinations such as amoxycillin and cla-
vulanic acid, ACE-inhibitors in combinationwith diuretics such as enalapril
and hydrochlorthiazide or perindopril and indapamide, and antihyper-
tensives in combinationwith diuretics, such as atenolol and chlorthalidone.

1.3. Use Patents

In certain instances, a drug substance has been found to be of bene¢t in
treating disorders other than those ¢rst known and recognized, as for
example with omeprazole with its relatively new indication for use in
Gastro-Esophageal Re£ux Disease (GERD) and the amino-ketone antide-
pressant, bupropion with the additional claim for use in smoking cessation.
New clinical studies are undertaken to provide the additional ‘‘use’’ which
permits the innovator company to claim that particular new indication on
both label and package insert.Use Patents prevent generic companies from
making the additional claim(s), but do not prevent the generic product from
being prescribed to treat conditions originally claimed in the basic patent.
Consequently ‘‘Use Patents’’ do not carry the same impact as process and
formulation patents, but nevertheless cannot be ignored.

2. Literature Search

A comprehensive literature search should be performed that focuses on the
API material in question and the proposed formulation. The formulation
patent(s) ¢led and information on the innovator’s New Drug Application
(NDA) can be obtained by requesting the Summary Basis of Approval
(SBA) from the FDA at and
provides an excellent source of background information. It is essential that
such a literature search be embarked upon as early in the development
process as possible.

3. Regulatory Strategy

Once all of the patents have been comprehensively analyzed, a regulatory
strategy must be formulated to establish when the ‘‘earliest date of sale’’ of
the generic drug product can legally be made. In this respect, the Approved
Drug Products (Orange) Book (26) provides useful information relating to
the expiration date of appropriate patents of drug products that are the sub-
ject of approved applications but excludes process patents. The reader is

need to embrace ‘‘¢rst to ¢le’’,‘‘exclusivity’’, and a whole host of ‘‘legal impli-
cations’’ which need to be encompassed within the project plan,which will
ultimately lead to a ‘‘¢rst to market’’ strategy (27).This scenario has evolved
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over the past ¢fteen years, and gained prominence for the ¢rst time
when ranitidine (Form 1) ANDAs were reviewed by the FDA in the mid
1990s (28).

Once patent hurdles have been fully investigated, and regulatory
strategies put in place, it is up to the formulation scientist to ensure that a
non-patent infringing raw material can be incorporated into a non-patent
infringing formulation which will be at least as stable as the innovator drug
product and also bioequivalent.

4. Sourcing of the Active Raw Material(s)

Purchasing an API raw material can be quite demanding and is not
asstraightforwardasonemightperceive.Databasesareconsultedastowhich
manufacturers have the required material available and once the potential
vendorsare identi¢ed,each is requested to furnish the following information:

1. The detailed synthetic pathway whereby the API is produced,
including all solvents, catalysts, materials, etc. utilized at every
step.

2. A statement indicating that the process pathway does not
infringe any patent(s) that may be in force and must be veri¢ed
by the generic company’s patent lawyers.

3. A statement indicating the possible polymorphic nature of the
active drug in question,where relevant.

4. The batch size(s) of APIwhich have been manufactured to-date.
5. Any validation data which may be available to provide

some degree of assurance that the synthetic process has been
evaluated=controlled.

6. Fifty to one hundred gram samples from three discrete batches
of material manufactured according to the synthetic pathway
provided. In each case, the batch-size should be made available.

7. Acomplete list of synthetic impurities and potential degradation
products which may be used to ¢ngerprint the API, together
with full chemical characterization of each as well as
50^100mg samples of each synthetic impurity=degradation
product alluded to. Appropriate methodologies such as mass
spectroscopy, high performance liquid chromatography
(HPLC), X-ray di¡raction (where polymorphs may be present),
nuclear magnetic resonance (NMR), electron spin resonance
(ESR), amongst others are generally used for the characteriza-
tion. In some instances, one of the recognized international
compendia such as the United States Pharmacopoeia
(USP) (29) and=or Pharmacopoeial Forum (30), the British
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Pharmacopoeia (BP) (31) and the European Pharmacopoeia
(EP) (32) may list potential impurities and=or degradation pro-
ducts for the API in question. Depending on the route of synth-
esis followed, there may be no possibility for a listed impurity to
be present in the API. Should such a situation present itself, the
onus is on the API manufacturer to provide a statement as to
why there is no possibility for the stated impurity to be present.
Note: Such a statement would have to be supported by actually
demonstrating the absence of said impurity by HPLC analysis,
and in order that this be done, it is essential that the impurity be
synthesized (and chemically characterized), either by the API
manufacturer or by a contract laboratory.

8. A complete list of solvents used in the synthetic process (which
should relate to those claimed in the detailed synthetic pathway)
together with those which should be monitored in the API.
Where appropriate, a statement must bemade by theAPI manu-
facturer claiming that none of the organic volatile impurities
(OVIs) listed in the USP are present.

9. Speci¢cations pertinent to rawmaterial particle size,which may
become better de¢ned as the drug-product manufacturer closes
in on a ¢nal formulation.

10. ATechnical Package,which embraces the information requested,
plus stability data to con¢rm suitability of the raw material in
question and validated analytical methods pertinent to assay,
related substances=degradation products and residual solvents.

11. A commitment by the API manufacturer to undertake the
necessary validation of the synthetic process, and the batch-size
envisaged for future commercial production.

The vast amount of data required (not to mention the sensitivity of the
information requested) will necessitate the signing of Con¢dentiality=
Secrecy Agreements between the API manufacturer(s) and the generic
pharmaceutical company. Once the information has been received
and reviewed, the choice can be made as to which raw material supplier to
select.

The reader is referred to the Drug Information Association (DIA)
Fourth Symposium on APIs held in Baltimore during November, 1998
and the subsequent publication of several relevant articles in the Drug

Although the strength of the Drug Master File (DMF) or Technical
Packagesuppliedby thevendormaybe themost importantcriteriononwhich
to base the selection, past experiences with the bulk drug manufacturer
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(promptness of supply, quality, working relationships, ability to respond
to competitive pricing) should enter into the decision-making process
aswell.

The relationship between API manufacturer and generic drug
company is far closer today than it ever was in the past; this is due to the
considerable amount of intellectual property and strategies that need to be
shared between the companies. In this respect, it is important to maintain a
close liaison with the API manufacturer to ensure that any change in API
manufacture is promptly communicated.

One of the most important di⁄culties facing both companies is the
phenomenon of scale-up from R&D laboratory samples through pilot-batch
manufacture to full commercial production, since it is widely known and
accepted that increasing the batch-size can su⁄ciently stress the process
thereby resulting in higher levels of impurities, residual solvents, and altered
particle-size characteristics (39).

Once the exhibit-batches (whose documentation is part of the sub-
mission dossier) have been produced, the API manufacturer will be in a
position to ¢le a relevant DMF with the appropriate government agency.
A DMF may be used to provide con¢dential detailed information about
facilities, processes, or articles used in the manufacturing, processing,
packaging, and storing of the API (40). The information contained in
the DMF may be used to support an Abbreviated New Drug Application
(ANDA). Any updates=amendments to the DMF must only be made
after consultation with the drug-product manufacturer since such
changes may jeopardize approval of the ¢nished product. Frequently,
API manufacturers will supply drug-product manufacturers with the
‘‘open part’’ of a DMF, since the information therein may be necessary
and useful in formulating a drug-product. An open part of the DMF
would typically include the following:

A. Drug Substance,

1. description of API,
2. manufacture of drug substance (synthetic pathway only)

which includes:

£ow chart,
impurity pro¢le,
demonstration of chemical structure, and
physical characteristics of the product (spectroscopic

analysis),

3. Purity of the reference material, and
4. packaging and labeling,
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B. Laboratory Controls,

1. speci¢cations and test methods used for theAPI,
2. scheme of the stability evaluation protocol, and
3. batch size,

C. Complaints File, and
D. Environmental Impact Analysis.

4.1 AlternateVendor Sourcing

It is useful to secure approval of an alternate API manufacturer. However,
di¡erent API manufacturers may have applied di¡erent strategies to
overcome process patents. In such cases, there is a high probability that the
impurity and residual solvent pro¢les will vary signi¢cantly, necessitating
full analytical methods re-validation.

Where polymorphism is an issue, it is essential that both suppliers
provide the identical form. From a regulatory perspective, the preferred
situation would be if both manufacturer’s materials were synthesized
utilizing the same (very di⁄cult to achieve if patent(s) have been ¢led) or a
similar synthetic approach,which is likely to result in similar impurity and
residual solvent pro¢les and polymorphic form.

The need to change sources of raw material during formulation
development is unfortunately not a rare occurrence. Such situations may
arise when there may initially only be a single source of supply of R&D
quantities ofAPI.Formulation development thus commenceswith relatively
costly raw material and often, in time, additional bulk API suppliers emerge
to provide raw material at more favorable prices. If the formulation scientist
is required to change the raw material source for scale-up or exhibit-batch
manufacture, the formulation may need to be re-developed, since the
physico-chemical characteristics of the new supplier’s raw material may
bear scant resemblance to that used initially and as a consequence, this may
slow the project down considerably.

Even if another supplier’s rawmaterial is similar, if not identical to that
employed initially, a simple substitution of the latter by the former may not
result in an identical product being produced even when the raw material
speci¢cations appear identical.When facedwith such a situation, it is always
in the formulation scientist’s best interests to undertake a series of trials,
preferably at pilot-batch scale, to con¢rm acceptability of the alternate API
from both production and analytical points of view. Hence,when adding an
additional source or contemplating the replacement of one source of active
rawmaterial with another, all necessary precautionsmust be taken to ensure
interchangeability and this holds true for key excipients as well.
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5. Formulation Development

Formulation development should only commence once the following issues
have been suitably addressed:

1. relevant patents have been accessed and investigated,
2. the appropriate literature search has been undertaken,
3. regulatory and formulation strategies have been established, and
4. the desired API(s) have been ordered and received.

A bene¢cial approach to formulation development is to critically
evaluate and, where possible, to characterize the innovator product with
respect to composition, type of granulation (wet granulation or direct
compression) and any other qualitative and=or quantitative analyses which
may be practical or feasible. Additional useful information relating to the
innovator product may be gleaned by measuring in vitro drug release over a
range of pHs and rotational speeds used in dissolution testing as well as
inspection of brand labeling for stability information. Conventional micro-
scopy and visual observation may well provide useful information regarding
the granulation method used although caution should be exercised since the
results may prove inconclusive and possibly erroneous.

A simple and very useful approach is to determine the pH of the
innovator drug product dispersed in a small volume of pH adjusted Puri¢ed
Water, and then to compare the result with that yielded by a similar dis-
persion of the trial formulation. This approach is based on the premise that
if the two dispersions provide comparable pHs, the excipient compositions
of both innovator and generic formulations are probably similar.Once again
circumspection is necessary since this simple test may sometimes not be
su⁄ciently discriminatory.

Initial trials should be undertaken employing the identical
excipients referenced in texts such as the Physicians’ Desk Reference (41),
Compendium of Pharmaceuticals and Specialities (Canada) (42),
DictionnaireVidal (43), and the Repertorio Farmaceutico Italiano (44).

Selection of appropriate quantities of key excipients such as binders,
disintegrants=dissolution enhancers, compressibility aids, glidants,
lubricants, anti-adherents, and surface-active agents is an important consid-
eration for the formulation scientist. In this regard, a valuable reference that
should be consulted is The Handbook of Pharmaceutical Excipients (45).

It would be reasonable to presume that provided the same excipients,
as outlined in referenced texts, are used,possible instability=incompatibility
issues may be circumvented.However, should it be deemed necessary to use
an excipient(s) not present in the innovator product, it will be prudent to
evaluate such an excipient(s) for compatibility with the active ingredient
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using techniques such as a stability indicating HPLC assay, TLC and=or
Di¡erential Scanning Calorimetry (DSC) (46,47).

It is recommended that all compression trials be undertakenwith trade
dress requirements in mind, using the same punches and dies envisaged for
future commercial production.This approach circumvents future compres-
sion problems such as sticking, picking, and poor friability upon subsequent
exhibit-batch=commercial-batch production. In addition, it may be di⁄cult
to predict hardness=compression force settings if tooling of di¡erent
dimension(s) and shape were used at development level, which in turn may
a¡ect dissolution pro¢les to a considerable degree (48^50).

The need to optimize tablet punch design and even consider the nature
of the stainless steel used is often overlooked at the formulation stage. The
¢fth edition of the Tablet Specification Manual provides comprehensive
information on speci¢cations and quality control programs for tablet tooling
(51). In order to achieve acceptable tablet compression characteristics,
optimization of binder(s), lubricant(s), glidant(s), and anti-adherents in the
formula(e) are also important considerations. Relatively small changes in
the amount of such key excipients can dramatically alter the appearance
and physical attributes of tablets, whereas the impact of such changes on
drug product stability and dissolution pro¢les can be signi¢cant (46,52,53).

Finally, all formulation trials should be compressed on a high-speed,
rotary tablet-press that is preferably instrumented (54) to provide the
scientist valuable information relating to pre-compression, main com-
pression,ejection, and take-o¡ forces. In many instances, the active pharma-
ceutical ingredient may be very expensive or in short supply. In such cases,
valuable information regarding compressibility of the granule blend under
high-speed conditions may be obtained by use of a tablet-press tooled with
as few as four sets of punches and dies or by use of commercially available
tablet-presses with a small number of tooling stations.

The formulation of a capsule follows the same guidelines advocated for
tablets. As was the case with the development of tablets, powder(s) intended
for encapsulation can be produced by dry blending=compaction or wet
granulation. Dry-blending formulations are, as the name implies, merely a
blend of the active with excipients which may be included as disintegrants=
dissolution enhancers, glidants, lubricants, anti-adherents, surface-active
agents, and diluents, where necessary. Should the powder blend need to be
compacted, due care must be given to the incorporation of dry binder as well
as well as anti-frictional agents and other necessary excipients since these
could have signi¢cant implications with respect to their e¡ects both intra-
and inter-granularly.Where a wet granulation approach needs to be adopted
in order to densify the powder, the same degree of attention regarding
formulation and processing as for tablets must be adopted.
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The development of a capsule formulation is not only dependent on
capsule shell size and shape, but attention must be given to the degree of
capsule ¢ll, the quantity of lubricant to be included as well as the type and
quantity of surface active agent used to impart improved dissolution pro¢le
characteristics (55).

The polymerization (56) of gelatin involving cross-linking and
hydrogen bonding has been previously identi¢ed as a signi¢cant factor
a¡ecting dissolution rate of active principles from solid oral dosage forms
containing gelatin or encapsulated, either in hard or soft gelatin capsules.
The reduction in dissolution rate may be attributed to pellicle formation
due to an insoluble cross-linked portion of the gelatin,which remains intact
and can be seen by observation of the capsules in the dissolution medium.
Various factors in£uence the dissolution rate of soft gelatin capsule shells,
such as temperature, plasticizer, and various other additives (57). This has
signi¢cant bioavailability implications (58,59). Stability and dissolution
testing of gelatin based formulations thus require special attention during
product development and subsequently (60,61a,61b).

Where possible, the capsule contents should ¢ll the body of the shell as
much as possible, since if too much head space is present, the stability of
the active(s) in the formulation may be compromised and susceptible to
degradation reactions such as oxidation.

During the initial formulation process, it is extremely important to
validate=characterize each key process, such as:

1. screen-sizes and milling rates (pre-granulation),
2. dry blend mixing times (pre-granulation),
3. the quantity and rate of addition of the granulating vehicle,
4. the speci¢c granulating time(s),
5. the temperature and air £ows employed during the drying process,
6. loss on drying of the granules,
7. screen-sizes and milling rates (post-granulation), as well as

granulometry assessment (pre-blending),
8. times and speeds used during all blending operations where the

active granule is blended with the inter-granular=extra-granular
phase(s), and

9. all coating parameters and conditions.

When the formulation scientist is satis¢ed with the compressibility
characteristics of the formulation, aesthetic appearance and disintegration
pro¢le of the tablets=capsules produced, samples should be submitted to
the laboratory for dissolution pro¢le testing.

The use of dissolution pro¢le testing at the formulation development
stage is extremely important, and consequently it is essential that time and
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e¡ort be devoted to developing discriminatory dissolution methods, which
are su⁄ciently sensitive to highlight di¡erences between innovator and test
products. Caution must be exercised since it is possible to develop an
over-discriminatory dissolution test whereby dissolution rate di¡erences
between innovator and test products may not be clinically signi¢cant,
suggesting bio-inequivalence in cases where bioequivalence does indeed
exist (62^70).

There are various approaches which can be taken to develop a dis-
criminatory dissolution method and conditions. One process would be to
determine the dissolution pro¢les of a drug product in a minimum of three
di¡erent media,whereas another would be to devise dissolution conditions
such that the active will be released gradually over a 30^45-min period.
Matching dissolution pro¢les between generic and innovator products
usually augurs well for future in vivo performance of the generic product.
This is particularly probable for drug products containing highly soluble
and highly permeable active ingredients and if the product is rapidly
dissolving, in vivo bioequivalence testing may be waived (71).

The e¡ect of hardness on dissolution pro¢le must be considered for
each viable tablet core formulation, and the formulationwhich demonstrates
the least variation in release rate and extent over the widest possible
hardness range (while still retaining the desired appearance and dis-
integration characteristics) will invariably become the ‘‘¢nal formulation’’.
It is this formulation and associated manufacturing process which must be
scaled-up in the course of further development.

6. Equipment Selection for Formulation Development

During the early era of generic drug-product manufacture, formulation
development was often commenced using di¡erent equipment to that used
for pilot production, exhibit batch and=or in the commercial scale manufac-
turing facility.The process of scale-up is more often than not a daunting task
even when employing equipment of the same type and operating principle
during the initial stages of formulation development (small-scale) through
pilot-batch (exhibit-batch) production to ¢nal full-scale (commercial) batch
manufacture. As far as possible, the type of tablet compression equipment
and tooling or encapsulator machinery should be identical in principle to
those used for scale-up manufacture of the exhibit batch=commercial
batches resulting in technology transfer from pilot scale to production batch
occuring with few di⁄culties for the formulation scientist. Hence the use of
di¡erent types of equipment between the di¡erent phases of development is
not recommended. A comprehensive account of scale-up and technology
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Of all the processes that need to be controlled, the most critical is wet
granulation since it is particularly vulnerable with respect to consistency
using di¡erent types of equipment. Careful monitoring of (a) mixer and
chopper speeds, (b) rate of addition of the granulating vehicle, (c) the
quantity of granulating vehicle, and (d) the processing time necessary to
yield an evenly textured granulate in order to result in satisfactory granules
after subsequent drying (72^76). It is, however, possible to vary the type of
mill used, and yet achieve the desired granulometry by adroit use of screen
dimension and milling-rate (77).

Drying of wet granulate can be undertaken e¡ectively using either a
£uid-bed dryer or a circulating air oven, the most noticeable di¡erence
between the two techniques manifesting itself in the granulometry of
the dried granule, since the £uid-bed technique tends to provide a ‘‘¢ner’’
(less dense) granule than an oven (78,79).

Wet-granulation formulations tend to su¡er less from non-homo-
geneity of (active) distribution than do direct-compression formulations,
since the active=excipients are far more intimately mixed prior to granula-
tion than can be e¡ected by traditional dry blending. Each granule yielded
by wet granulation should thus comprise a homogenous blend of active and
excipients, whereas in the case of direct-compression formulations, the
blending is far less vigorous and the materials being blended are usually not
of the same size and morphology, these two di¡erences being the main
contributing factors to dry-blends demonstrating greater (active) variation
than those produced by wet granulation (80).

The type of blender used can also a¡ect the compressibility and, to a
lesser extent, the encapsulation characteristics of a granule=powder blend.
Blenders which o¡er too intimate a mix between granule and inter-granular
excipients (as in the case of wet granulation formulations) can result in
granules for compression which provide tablet cores demonstrating:

� prolonged disintegration times (due to excessive hydrophobic layer
build-up because of ‘‘overblending’’ with hydrophobic lubricants
such as magnesium stearate) (81), and

� low hardness, which again is a symptom of too intimate a
contact between granule, lubricant(s), and some inter-granular
disintegrants.

The selection of blender and blending times can also impact the ¢nal
granule with respect to active=excipient homogeneity and compressibility
(17). In the caseof direct-compression formulations,over-blending can result
in de-mixing of active (82), in addition to prolonged disintegration times and
soft tablets (83). Similarly, under-blending can give rise to homogeneity and
compressibility=encapsulation problems. Consequently, the formulation
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scientistmust optimize the blending conditions during formulation develop-
ment,with the realization that thesemay well vary fromproduct to product.

Many pharmaceutical companies employ a perforated pan (for
example Accela-Cota) coating system to ¢lm coat tablets. Sugar-coating
has almost entirely been eclipsed by ¢lm-coating. Once again, it would be
in the company’s best interests to ensure that the formulation scientist is
provided with a smaller version (12 or 24 in. pan(s)) of the same equipment
used in the production facility. In addition, environmental, safety, and cost
concerns have necessitated the change to aqueous based ¢lm-coating
dispersions or water soluble polymers from organic solvent based coating
solutions. However, the use of organic solvents may in certain cases be
unavoidable.

7. Assessment of the Final Formulation and Exhibit-Batch
Production

The most promising formulation, selected on the basis of consistent=
satisfactory in vitro drug release over a broad hardness range, is then
scaled-up from an initial development batch-size of 5000 units to about
20,000 units. Samples of the drug product (which may be in the form of
uncoated=coated tablets or capsules) are then packaged in all possible
con¢gurations intended for future commercialization, and placed on
‘‘informal stability’’ (investigative stability assessment) together with the
appropriate packaging(s) of innovator product, both of which have been
analyzed for potency, degradation products, and dissolution pro¢le. By so
doing, it is possible to evaluate the comparative stability of the generic
product against the product of original research.

‘‘Informal stability’’ is carried out under ‘‘accelerated’’ conditions
of elevated temperature=humidity (normally 40�C=75% RH) and light
(where applicable) for a period of 2^3 months. It is also useful to place the
Reference ListedDrug (RLDor Brand) on accelerated stability.The generic
product is analyzed at monthly intervals for active content=potency, related
substances=degradation products and dissolution pro¢les are generated.
Should stability problems manifest with the generic product stored under a
speci¢c storage condition then testing of the RLD stored under the same
conditions can be extremely informative.

It is preferable to analyze the samples using validated analytical
procedures since those would be the analytical methodologies employed
during full stability evaluation of samples derived from the exhibit-batch
manufacturing program.

Should the generic product prove to be stable over a 2^3month period
of exposure to accelerated conditions, there would be a high degree of
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probability that the formulation scientist has succeeded in formulating a
stable drug product.

It is also vitally important to ensure that all desirable characteristics
observed during the manufacture of the ¢nal formula at development-level
are maintained as closely as possible when the formulation is scaled-up.The
dissolution and disintegration pro¢les at the pre-determined hardness levels
(where applicable) should be consistent. The bulk and tapped densities of
the powder=granule, prior to compression=encapsulation, as well as the
pertinent granulometries should be similar and the ‘‘loss on drying’’ values
of the granule=powder prior to compression=encapsulation should be
consistent with previous data.

Once the generic drug product has demonstrated a minimum of two
months satisfactory stability, attention must be focused on the following:

1. Development of speci¢cations for both rawmaterial (API) and the
dosage form.

2. Ordering of theAPI and excipients for exhibit-batch manufacture.
3. Ordering of all relevant tooling, change parts, and capsule shells

(if required).
4. Completion of a Development Report.

It is essential that the rawmaterial speci¢cations are set in conjunction
with the API manufacturer, in order to avoid setting speci¢cations which
may be considered too restrictive by the latter. The debate invariably
involves limits with respect to related substances=impurities=degradation
products, residual solvents, particle size and, in certain instances, microbial
limits, especially where the active raw material(s) is produced by fermenta-
tion at some stage during the synthetic pathway.Only once both parties are
in full agreement, should the requisite speci¢cation(s) be con¢rmed and
signed by the responsible persons.

8. The Development Report

A Development Report is a summary of the complete development process
and will be the subject of keen regulatory agency scrutiny during a
Pre-approval Inspection (PAI) (FDA) or any other similar audit.

This report must make detailed reference to the following:

a. An overview of the actions and uses of the particular active, aswell
as any information pertinent to the relevant pharmacokinetics.

b. A brief description of the innovator product and the pack-sizes
commercially available and appropriate to all markets where the
product is destined to be sold.
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c. Adetailed summary of the innovator product’s physical character-
istics (such as appearance, size, shape, and weight). The inclusion
of a photograph, as visual con¢rmation, is desirable.

d. A comprehensive account of theAPIs used during the formulation
development process including sources of supply. All information
pertinent to the polymorphic form used in development as com-
pared to that usedby the innovator (which is usually easier todeter-
mine in drug products containing more than 25%of active) as well
as particle sizes of the APIs, bulk=tapped densities information
and the mechanism whereby the appropriate speci¢cations were
established.Generally three lots of API from an approved supplier
should be analyzed and on the basis of the resultant data, speci¢ca-
tions need to be set.Compendial monograph(s) may be too lenient
as far as impurity limits are concerned and often data relating to
residual solvent presence,particle size,polymorph,andpolymorph
ratio are either absent or scant.

e. Asectiondealingwith thedevelopmentofadiscriminatorydissolu-
tion method including pro¢les of the generic and RLD product(s)
using this method and conditions. The dissolution methodology
outlined in the USP, BP, or EP may not be su⁄ciently discrimina-
tory to serve formulation development needs.Because the particu-
lar compendialmethod serves as a‘‘batch release’’speci¢cation for
the commercial product, it is essential that both the innovator and
generic drug productsmeet applicable compendial speci¢cations.

f. A detailed account of all experimentation undertaken to arrive
at the ‘‘¢nal formulation’’. Reference should be made (ideally in
the form of an ‘‘Appendix’’) to each formula employed, details of
granulometries, bulk and tapped densities, loss on drying and
ranges of tablet core hardness together with associated disintegra-
tion times and dissolution pro¢les.

g. A detailed account of all experimentation undertaken to prove:

� ‘‘ruggedness’’of process [investigating such e¡ects as ‘‘under’’
and ‘‘over’’ granulation; ‘‘over’’ and ‘‘under’’ blending; the
impact of varying the screen-size(s) and milling rates during
the comminuting process(es), etc.], and

� ‘‘ruggedness’’ of formulation (by varying the percentages
of all ‘‘key’’ ingredients as permitted by the SUPAC (84)‘‘level
1’’ change) and a comparison of all ‘‘trial’’ formulations
to a ‘‘control’’ (the derived ‘‘¢nal formulation’’) with all
batch-sizes identical to those produced at the formulation
development stage.
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Instead of varying excipient ranges at the level advocated by
SUPAC ‘‘level 1’’ change, many formulation scientists prefer to investi-
gate the e¡ect(s) of raising and lowering the percentages of all key
excipients by 20% of their level in the ¢nal formulation since this is
thought to provide more meaningful data re£ecting the robustness of
the formulation.

Only where the coating confers some functionality to the formulation
(controlled or delayed-release), need the coating levels be varied as detailed
above.

For each trial formulation, only the pertinent physicochemical
attributes need be assessed, such as content uniformity and dissolution
pro¢le, the latter employing a discriminatory dissolution method.

h. An account of the formulation(s) to be progressed to exhibit-
batch level, aswell as a brief outline of the desiredmanufacturing
pathway.

9. Master Manufacturing Document

This document must be drawn up by a team comprising the formulation
scientist and his=her counterpart in the exhibit-batch manufacturing
section.Once agreement hasbeen reached, a draft of the‘‘Master’’ document
is forwarded to Plant Operations for comment and acceptance.

A copy of the signed Master Manufacturing Document is then
provided to the ProcessValidationDepartment for generation of the Process
and Cleaning Quali¢cation protocols. In general, the validation process
requires at least three batches of each strength of drug product to be assessed
whereas the quali¢cation process relates to a single batch of each strength of
drug product only.

The Process Quali¢cation Protocols must monitor and control all key
processes in the manufacturing pathway such as:

� volume and rate of addition of granulating vehicle,
� exact drying conditions,
� milling rates, screen-sizes, etc.,
� blender rotation speeds and mixing times,
� blend uniformity after blending,
� blend uniformity after discharge of the granule into ‘‘holding

bins’’ (to evaluate if active segregation has resulted on discharge),
and

� granulometry assessments,bulk and tappeddensity determinations
and loss on drying measurements before and after granule
discharge from the blender.
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Prior to compressing the batch of granules into tablets at the optimum
hardness and speed, the following parameters need to be established:

a. ‘‘low’’ and ‘‘high’’ hardness levels at which the tablets can be
compressed meeting all pre-determined acceptance criteria,with
speci¢c reference to dissolution pro¢les,

b. the highest speed at which the particular press can be operated to
provide tablets meeting pre-determined acceptance criteria, with
speci¢c reference to content uniformity, and

c. humidity and temperature (these are controlled in plant
operations by SOPs whereas speci¢c conditions are imposed by
product-speci¢c demands during formulation development).

Samples must be drawn at pre-determined intervals during the
compression cycle, and then grouped into sets re£ecting the beginning,
middle, and end of the run. Samples from each stage must be tested for assay,
content uniformity, and dissolution pro¢le, in addition to full physical
characterization (hardness, disintegration, friability, average weight,
individual weights, etc.).

A Quali¢cation Report embracing all the results must be completed
once the batch(es) have been manufactured and the analyses completed.

Once the speci¢cations have been set, the API and excipients ordered,
received and tested, the necessary tooling received and veri¢ed, the
Development Report written, the Master Manufacturing Document
approved and signed-o¡, the Process and Cleaning Quali¢cation protocols
written and the third month’s satisfactory informal stability results (which
indicate drug product stability) generated, the exhibit-batch manufacture
can be progressed.

10. Exhibit-batch Production

Manufacture of the exhibit batch is the responsibility of the formulation
scientist=technician(s) associatedwith the development of the ¢nal formula-
tion together with the scale-upor ‘‘technical transfer’’ team.The formulation
and process should be tested by manufacturing a sub-batch using similar
equipment as the scale-up equipment and using the same raw materials
intended for exhibit-batch manufacture. For example, using a15 kg capacity
granulator, consider the need to manufacture 150, 000� 500mg tablets
(i.e., 75 kg batch-size). In this case, ¢ve granulation sub-lots would be
required (75=15¼5) to complete the batch manufacture. Hence one sub-lot
or more can be used to optimize the granulation parameters and once
this has been done, these parameters are applied to the actual exhibit batch.
In so doing, the granulation, drying, milling, and blending operations
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can be optimized in advance thereby obviating the possibility of problems
occurring during subsequent batch production.

This preliminary sub-batch must be progressed to completion and
samples submitted to the laboratory to con¢rm both physical and chemical
attributes of the dosage form. Only once the testing has revealed an accep-
table comparison to the development batches produced to the same formula
and process, should the actual exhibit-batch manufacture be undertaken.

Clearly all exhibit-batch manufacture is required to be carried out
under cGMPconditions (85).

Samples from the exhibit batch must be submitted to the laboratory,
and only when the pre-determined acceptance criteria have been met
(imposed at both ‘‘Batch Release’’ and ‘‘Process Quali¢cation’’ levels), can
the generic product be randomized and subsequently packaged.

Randomization is required so that any bias in the manufacturing
process is removed. This involves blending a batch of drug product in a
blender of su⁄cient size, for example a ‘‘drum roller’’ blender, following
validation of the process.Validation involves the addition and mixing of an
equal mass of tablets=capsules of the same size but di¡erent colors (red and
blue for example) and their distribution evaluated after rotating the blender
for a set number of revolutions.The process may be deemed to be validated,
if, after three consecutive tests, the di¡erent color drug products are
uniformly distributed with approximately � 20% variation in the samples
drawn (usually 100 units). For example, draw ten 100 tablet samples of the
blended lot of red and blue tablets to characterize the blending process.
Determine the number of red and blue units in each sample. Acceptable
randomizationwould thus be 30:70 (red:blue) or 70:30 (red:blue). In the case
of coated tablets, the rotation of the coating-pan automatically confers
acceptable randomization on the coated tablets.

Prior to packaging of the batch(es), the necessary Packaging
Documentation needs to be prepared. This describes the actual packaging
disposition of each batch. It is customary to package each batch (in its
entirety) into equal quantities (taking the actual batch ‘‘yield’’ into account)
of each packaging con¢guration to be utilized after initially removing
su⁄cient quantity for ‘‘large pack’’ evaluation under controlled warehouse
conditions. For example, if 50,000 tablets=capsules are removed for ‘‘large
pack’’ evaluation, the balance can be packed into various sizes such as 50s,
100s, 250s, 500s, and 1000s. Each of the container closure systems must be
of identical material=chemical composition as the large storage container
for the 50,000 batch. The packaging operation must be carried out under
cGMPconditions, using large-plant equipment.

Once the product has been packaged, samples of each pack size are
incorporated into formal stability programmes (usually 40�C=75% RH;
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30�C=65% RH and 25�C=60% RH) (86,87) according to a Stability
Protocol, which outlines the pack sizes and types to be evaluated, the
manufacturer(s) of the packaging components and actual composition
thereof, the pre-determined times at which samples must be drawn, the
necessary testing that needs to be undertaken and the pre-determined

details on stability testing.
Drug product(s) containing APIs sensitive to light should be tested in

appropriate photostability chambers according to an approved protocol.
Samples of innovator product(s) should be included as controls for each
accelerated condition speci¢ed.

Details on stability protocols and testing can be found in Chapter 6 of
this book.

It is generally considered that the formulation of tablets is somewhat
more complex than capsules, hence the manufacturing processes required
to produce tablets are necessarily more rigorous than those required to
manufacture capsules. The foregoing processes have thus focused on the
development of tablet dosage forms whilst at times occasional references
were made to capsules. Nevertheless, similar considerations apply to the
development of a capsule dosage form.

An appendix is provided herewith to outline the processes and
sequences involved in the development of a generic tablet dosage form.
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APPENDIX 2:

DESCRIPTION OF THE FORMULATION-DEVELOPMENT AND
SUBSEQUENT EXHIBIT-BATCH MANUFACTURE OF A
GENERIC SOLID ORAL DOSAGE FORM (TABLET)

A. Acquisition of API and Technical Package Following
Comprehensive Literature and Patent Reviews

A full set of all speci¢ed impurities, together with a characterized working
reference standard and a list of residual solvents must be included with the
Technical Package (which is also known as the Open DMF).

B. Preformulation studies on the API

a. Appearance and color, e.g., a white crystalline powder.
b. Polymorphism�Di¡erential Scanning Calorimetry (DSC)=

Di¡erential Thermal Analysis (DTA); Infra-red and X-Ray
Di¡raction; tests to con¢rm identity and in some cases, the ratio
of the desired polymorph-mix.

c. Solubility in various solvents including water.
d. Particle-size determination.

It is advisable to set an in-house particle-size speci¢cation which is
then submitted to the supplier describing the method used. A relevant
speci¢cation can then be set in collaboration with the supplier. A three-tier
speci¢cation such as those initially adopted by the CanadianTPD and sub-
sequently by variousEuropeanRegulatoryAgencies,FDAandmore recently
the AustralianTherapeutic Goods Administration is recommended.

A typical speci¢cation is described hereunder:

dð0:9Þ � 60 mm; 10 mm � dð4:3Þ � 25 mm; dð0:1Þ � 2 mm

which indicates that 90% of the particles are less than=equal to 60 mm; the
‘‘volume mean’’ lies between 10 and 25 mm, while 10% of the particles are
greater than=equal to 2 mm.By setting a three-tier speci¢cation as outlined ,
the normal ‘‘bell-shaped’’distribution curve is implied.

C. Innovator Product Characterization

a. Qualitative composition�refer to all available sources of infor-
mation; e.g., Physicians Desk Reference (PDR), Canadian Com-
pendium of Pharmaceuticals and Specialties (CPS) from which
relevant information can usually be obtained.
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b. Comparative dissolution rate studies should be conducted on
several di¡erent lots of commercially available product using an
appropriate method (FigureA.1).Dissolution test methods should
beadequatelydiscriminatory to identify truedi¡erences indissolu-
tionrateandextent,ifandwheretheydoexist.Compendialmethods
(if shown tobediscriminatory ) are preferable.

D. Formulation Development

Formulation development is undertaken on comparatively small batches
between 2000 and 5000 units. Physical data are captured from all batches
(LOD,bulk=tapped density, sieve analysis [granule] and hardness, friability,
disintegration, compressibility characteristics [tablets]).

FIGURE A.1
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Once a satisfactory formulation from a physical characterization
point-of-view has been arrived at, samples are submitted to the laboratory
for chemical testing (dissolution pro¢le, assay, content uniformity, etc) as
deemed appropriate.

It is recommended that dissolution-pro¢le testing be undertaken on
samples compressed at several hardnesses, so that the e¡ect of varying the
hardness on dissolution pro¢le can be established.

The development process is continued until one of the trial-formula-
tions demonstrates a close correlation to the Brandleader drug product as
regards both physical and chemical results.

An example of such a formulation follows.

Active=Excipients mg=tablet Comment

(i) API 250.0 Required
(ii) MCC 87.2 Diluent=compressibility

enhancer=disintegrant=
dissolution aid

(iii) Povidone 10.0 Binder (2.5%)
(iv) Starch 20.0 Disintegrant (5%)
(v) Citric acid 8.0 Stabilizer
(vi) Starch (as paste) 20.0 Binder (5%)
(vii) Stearic acid 4.0 Lubricant (1%)
(viii) Magnesium stearate 0.8 Lubricant (0.2%)
(ix) Purifiedwater q.s. Granulation liquid

The Handbook of Pharmaceutical Excipients (45) should be consulted
to con¢rm the quantities of the excipients selected.

This formulation is then scaled-up in size to 10,000^20,000 units to
provide su⁄cient samples for stability assessment. The physical=chemical
testing is repeated to con¢rm that the larger batch provides comparable data
to that yielded by the smaller trial.

D.1. ManufacturingMethod

Items (i)^(iv), screened through an appropriate mesh (e.g., 20 mesh), are
added to a suitably sized granulator=mixer bowl and mixed for 5min under
conditions of high-speedmix and shear.The citric acid (item (v)) is dissolved
in a portion of puri¢ed water (ix) in a suitable stainless steel container. The
starch (item (vi)) is added to form a slurry and then additional boiling
puri¢ed water is added and vigorously stirred until a paste is formed. The
paste is allowed to cool to ambient temperature and then added to the
previously mixed powders and granulated for 5min under controlled
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conditions using approximately 10^30% by weight of granulating vehicle.
The granules are dried in a £uidized bed drier (50^60�C) to a moisture level
not exceeding 2% loss on drying. The dried granules are milled and trans-
ferred to a suitable tumble-blender. Stearic acid (item (vii)) is screened
through a 40mesh and blended with the granule for10min, prior to the addi-
tion ofMagnesium stearate (also pre-screened through a 40 mesh) with ¢nal
blending e¡ected for 5min.

Granules should be analyzed for LOD, bulk and tapped density, and
sieve analysis. The resultant granules are compressed to a target weight of
400mg.

Tablets should be compressed at three hardness ranges [low (2^8 kP),
target (6^10 kP), and high (11^17 kP)] and friability, hardness, thickness,
disintegration, and dissolution pro¢les determined.

FIGURE A.2
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It is important that tablets meet all physical and chemical acceptance
criteria at both the lower and higher end of the hardness range.

Results revealed that the target hardness generic formulation (Test 1)
has a dissolution pro¢le similar to Brand Lot 2 which is slower than Brand
Lot 3 (faster releasing Brand Lot) and faster than Brand Lot 1 (slowest

E. Range Studies—Investigation of Formulation and
Process Variables

Should the formulation prove stable under ‘‘accelerated’’conditions of high
temperature=humidity ,‘‘range studies’’should be progressed in order to ver-
ify and assess the robustness of the formulation and process of manufacture.

FIGURE A.3

Experimental Formulation Development 85

5460-3 Shargel Ch04 R2 101104

Copyright © 2005 by Marcel Dekker, Inc.

releasing Brand Lot) (Figure A.2).



The batch-size should be the same as was employed for formulation-
development (2000^5000 units), and the campaign must contain a‘‘control’’
batch, so that di¡erences in excipient-level and process of manufacture can
be correctly interpreted.

E.1. FormulationVariables

Effect of Binder Level. Consider the e¡ect of increasing=decreasing
the binder level, e.g., by 1%of the total weight of this formulation. Provision
for varying the binder level must be accommodated by reducing=
increasing the amount of diluent tomaintain a consistent tablet weight. Bulk
and tapped density as well as sieve analysis of the ¢nal blend should be
determined. In addition, granule £ow and compressibility must be carefully
monitored. Friability, disintegration, and dissolution rate testing must be
performed in each case.

FIGURE A.4

86 Kanfer et al.

5460-3 Shargel Ch04 R2 101104

Copyright © 2005 by Marcel Dekker, Inc.



binder level variation by1%were not signi¢cant.
However, non-uniform £ow was observed in the tablets contain-

ing a lower binder concentration. This, together with the fact that the in
vitro release rate did not decrease with increased binder concentration,
demonstrates that an adequate amount of binder has been used.

Effect of Disintegrant Level. Similar experiments to those described
abovebut increasing anddecreasing instead,the level of disintegrant (starch)
by a speci¢ed amount (for example, by 2%) are depicted. In both trials,
compressibility was found satisfactory while dissolution pro¢les (shown in

This demonstrates that a satisfactory level of disintegrant has been
used.

FIGURE A.5
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FigureA.3 depicts the dissolution resultswhich show that the e¡ects of

Figure A.4) were comparable.



It must be borne in mind that since microcrystalline cellulose itself
possesses disintegrant properties, these may well over-ride the e¡ect(s) of
starch.

Effect of Other Formulation Components. Further experiments
describe the evaluation of a change in stabilizer concentration (increase=
decrease by 0.5%); lubricant (increase stearic acid and magnesium stearate
by 1.0% and 0.25%, respectively=decrease stearic acid and magnesium
stearate by 0.5% and 0.1%, respectively) and granulation liquid (�10.0%).

Increasing or decreasing the level of stabilizer did not impact the dis-
solution pro¢les, but the full impact of change in stabilizer concentration
requires assessment by comparing impurity pro¢les following accelerated
stability testing. Changes in the lubricant levels a¡ected the in vitro release
pro¢les and the trial employing lower levels of both lubricants demonstrated

FIGURE A.6
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sticking problems.The increase in magnesium stearate had a negative e¡ect
on tablet hardness and resulted in a slower dissolution rate.

Changes in the quantity of granulation vehicle had a slight e¡ect on the
dissolution pro¢les, but compression related di⁄culties such as poor granule
£ow (due to under-granulation) were apparent.

In general, too little granulating vehicle can result in too ¢ne a granule
with associated poor £ow, whereas too much granulating vehicle usually
results in comparatively coarser granules providing tablets having a slower
dissolution pro¢le.

Dissolution pro¢les for each of these experiments are depicted in

Further increases in lubricant level from1%to 2.5%of stearic acid and
from 0.2% to 0.5%of magnesium stearate to reduce sticking were evaluated

FIGURE A.7
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Figure. A.5^A.7.

and the resultant dissolution pro¢les can be seen in Figure A.8.



E.2. ProcessVariables

Typical variables that should be assessed include amongst others, the granu-
lation process (rate and quantity of granulation liquid addition, mixer and
chopper conditions, over=under granulation, and the e¡ects of over=under
blending), dry-powder mixing time=speed, and the mesh size used for
screening.

Samples from the resultant tablet batches should then be tested for
compliance to speci¢cations for hardness, disintegration, friability, and dis-
solution pro¢le.

Effect of Increasing Lubricant Mixing Time. Doubling the mixing
time should be evaluated to establish robustness. In this instance, no adverse

FIGURE A.8
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e¡ect on in vitro release pro¢les was seen (FigureA.9).



Effect of Increasing Granulation Time. Similarly, doubling the granu-
lation time was evaluated for robustness and the in vitro release pro¢le is

Once again, no marked changes to the dissolution-pro¢le were
observed. In spite of satisfactory dissolution rates exhibited by the test
formulations (Figures A.9 and A.10) the longer manufacturing times miti-
gate against using these process parameters for full-scale production.

Since the above series of trials challenging both the ranges of excipients
and process variables provided results which con¢rmed that the formulation
and process were su⁄ciently robust, and since data were available to
demonstrate that the formulation was stable, exhibit-batch manufacture
(comprising a minimum of 100,000 units or 10% of the envisaged commer-
cial batch size,whichever is the greater) can now be embarked upon.

FIGURE A.9
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depicted in Figure A.10.



SIMILARITY AND DIFFERENCE FACTORS

As con¢rmation of acceptance of each formulation of the test product,
di¡erence ( f1) and similarity ( f2) factors (88) should be determined by per-
forming the requisite dissolution rate testing on 12 units of each according
to the FDA’s Guidance on Dissolution Testing of Immediate Release Solid
Oral Dosage Forms (89).

The di¡erence factor ( f1) is a measurement of the relative error
between the two curves, whereas the similarity factor is a measurement of
the similarity in the percent (%) dissolution between the two curves. If the
f1 values range between 0 and 15 and f2 values range between 50 and 100 the
dissolution curves being compared are considered similar or equivalent.
The closer f1and f2 are to 0 and100, respectively, the better the comparability
of the curves.

FIGURE A.10
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These factors can be determined using the following formulae:

f1 ¼
P

jRt � Ttj½ �P
Rt½ � 100

� �

f2 ¼ 50 log 1þ I
n

X
wt Rt � Ttð Þ2

� ��0:5

100

( )

where: f¼ ¢t factor; Rt¼ reference assay at time t (percent dissolved);
Tt¼ test assay at time t (percent dissolved); n¼ number of sample points;
wt¼weighting at time t (optional);

P
¼ summation from t¼1 to t¼n.

In the example above, it was noted that the dissolution pro¢le depicted

formulation of choice.Calculated f1and f2 values for this formulation relative
to Brand Lots1, 2, and 3 indicate that the test product is equivalent, in vitro,
to only Brand Lot 2. The table below is a summary of all the calculated f1
and f2 values.

Brand Lot1vs.Testa Brand Lot 2 vs.Testa Brand Lot 3 vs.Testa

f1 39.8 4.6 14.4
f2 30.5 72.8 42.2

aTest formulation�increased lubricant, depicted in FigureA.8 (target hardness 6^10kp)
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in Figure A.8 for a formula with increased lubricant levels represented the
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1. INTRODUCTION

Generic product development aims at the formulation of a product bio-
equivalent and=or pharmaceutically equivalent to a speci¢c reference
product. The product should be manufacturable and the manufacturing
process must be validatable. The formulation and manufacturing process
developed by scientists at a pilot scale must be capable of manufacturing
large scale production batches. Scale-up and technology transfer are crucial
steps in pharmaceutical product development process. During this stage,
process validation activities establish the robustness and limitation of the
manufacturing process and assure that the product consistently meets
predetermined quality attributes.Critical process steps and product proper-
ties are thoroughly examined as per a validation protocol. The process is
scaled up to a batch size close to the bio-batch or production batch after the
initial development work. Experimental design may be employed to study
and optimize critical parameters.Depending on the complexity of manufac-
turing processes involved, such as dry blending, wet granulation, roller
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compacting, tableting, encapsulation, coating, etc., appropriate process
parameters are carefully monitored and viable ranges established. The
process may be further validated at the extremes of these ranges to set up
controls for the manufacturing process.

The manufacturing process is transferred to the manufacturing
£oor typically prior to product approval and launch. This may involve
further scaling up of the batch size, change in manufacturing equipment
and site, and other changes in the manufacturing process. These changes
may be considered minor or major in a regulatory review and may require
additional work, as per the scale-up and post-approval changes (SUPAC)
guidelines.

This chapter will focus on several issues related to these essential
processes in generic drug development. All topics related to process valida-
tion, optimization, equipment quali¢cation, personnel training and
documentation, cleaning validation, and analytical and regulatory issues
are discussed.

2. PRODUCT DEVELOPMENT

Scale-up, process validation, and technology transfer take place at the term-
inal phase of the development cycle of generic products.However, the perfor-
mance of these phases is somehow a¡ected by formulation composition,
manufacturing process, and in process and ¢nished product speci¢cations.
Since many of these are established at early stages of product development,
it is imperative to address formulation and process development issues that
have pronounced e¡ect on the manufacturing process, scale-up, and process
validation. Once a product is identi¢ed for generic development, various
activities are initiated and a stepwise approach is taken in the development
work, to include the following:

1. Preformulation studies
2. Formulation development and process optimization
3. Scale-up of manufacturing process
4. Process validation
5. Process demonstration and technology transfer
6. Documentation
7. Post-approval changes�SUPAC

2.1. Preformulation Studies

The manufacturing process utilized is a¡ected by the physical properties
of the drug and the excipients (1). If the drug component comprises the
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predominant portion of the dosage form, its physico-chemical properties
would in£uence mixing, granulation, £ow, compression, and coating.Typi-
cally, the composition of the branded product is used as a guide in selecting
excipients for the corresponding generic product.The formulation scientist
needs to perform extensive work to identify the particular type or grade of
excipient suitable for the product. The type of excipient not only in£uences
dissolution and bioequivalence, it also a¡ects the manufacturing perfor-
mance of the product and quality attributes of the ¢nished dosage form.
Excipient selection must be made keeping in mind the ¢nal manufacturing
process (2) that will be utilized for the product. This critical parameter is
often ignored in the early stages of product development, and many a time,
improper selection of excipients contributes to signi¢cant scale-up and

and their e¡ect on manufacturing process and scale-up.
The formulation scientist must carefully review various physico-

chemical parameters of the excipients and dosage form in selecting excipi-
ents and the manufacturing process. Excipients not only help in achieving
target quality attributes, but proper excipient selection also in£uences the
manufacturing process, ability to scale-up, and successful process valida-
tion. In many instances, various excipient grades are available di¡ering in
particle shape, size, degree of crystallinity, moisture content, £owability,
and compressibility. Careful evaluation of the excipient properties in light
of manufacturing process to be utilized is important. For example, lactose
is available in several grades including anhydrous direct tableting grade, a
free £owing spray-dried form (Fast-Flo�), and several particle size grades
of lactose monohydrate.While lactose monohydrate is useful both for dry
mix and wet granulation, the anhydrous type should be avoided in aqueous
granulation processes.The conversion of the anhydrous form to themonohy-
drate during aqueous granulation may contribute to about 5.3%weight gain,
resulting in accountability problem. Drug and excipient properties critical
to the manufacturing process and scale-up of solid dosage forms are
identi¢ed here:

1. Particle shape, size, and surface area
2. Solubility in water or granulating £uid
3. Crystallinity and polymorphism
4. Moisture sensitivity and equilibriummoisture content (EMC)
5. Bulk and tapped densities of major components
6. Flow parameters
7. Granulation properties
8. Drying properties
9. Compaction behavior
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process validation problems. Table 1 provides a list of common excipients



TABLE 1 Properties of Some Commonly Used Diluents forTablets and Capsule
Products

Component Remarks

Dibasic calcium
phosphate

Used in dry granulation (unmilled type) andwet granulation
(milled type). Provides goodhardness. High amounts in
formulationmay cause tablet hardness sensitive to
compression force andmay lead to lamination and capping.

Dibasic calcium
phosphate
dihydrate

Used in dry granulation (unmilled type) andwet granulation
(milled type). Under certain conditions can lose thewater of
crystallization. Due to irreversible dehydration, accelerated
stability of formula containing high amounts may lead to
erroneous results.

Tribasic calcium
phosphate

Used in dry granulation andwet granulation. Not a clearly defined
chemical entity. High amounts in dry mix tablet formulation
may cause capping and lamination.

Calcium sulfate Used in dry granulation andwet granulation. Avoid anhydrous
form that may convert into dihydrate duringwet granulation
or under accelerated stability conditions.

Microcrystalline
cellulose,
cellulose
powder

Used in dry granulation andwet granulation. Improves tablet
hardness if added dry. Improves granulation process and helps
avoid batch failure due to overgranulation. High amounts in
formulation increase tablet thickness.

Dextrose
anhydrous
(granular),
dextrose
monohydrate

Used in direct compression, primarily in chewable tablets. Both
the anhydrous andmonohydrate forms are hygroscopic in
nature and require handling at relatively low%RH.Tablets are
likely to harden on aging. Offers improved stability for drugs
prone to oxidation.The anhydrous formmay convert to
monohydrate form on long term exposure to highhumidity.

Lactose
monohydrate

Used in dry granulation andwet granulation. Select appropriate
particle size grade. Fine particle grade impalpable lactose
improves mixing uniformity of potent micronized drugs.
Excessive amount may cause compression problem.

Lactose
anhydrous

Anhydrous form inwet granulationmay convert into
monohydrate and contribute to a 5.2% higher accountability.
Spray-dried formulation is more susceptible toMaillard
reaction and browning effect.

Maltodextrin Various grades of particle size and bulk density exhibit difference
in flow properties. Produces hard tablet. Formulations
containing relatively high amount of maltodextrin should be
processed at less than 50% RH.Tablet hardness may increase
with aging.

(Continued)
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2.1.1. Particle Shape, Size, and SurfaceArea

Particle shape and size and the size distribution of drugs and excipients sig-
ni¢cantly a¡ect their £ow behavior. This is especially signi¢cant for pro-
ducts intended for manufacturing using the direct compression method.
Spherical particles are ideal for dry mixing,whereas rod and needle shaped
particles are di⁄cult to process in dry mixing.Most pharmaceutical compo-
nents (drug and excipients) are in between these two extremes. It is impor-
tant to perform a thorough microscopic evaluation of the drug and other
major components of the formulation.The shape, size, surface morphology,
and relative amounts of these components should be considered in selecting
the manufacturing process. It is also possible to modify particle characteris-
tics of materials for ease in the manufacturing process. For example,
Povidone K90 is available as £akes and powder.The powder form is suitable
for dry mixing whereas £akes can be used as a binder dissolved in the
granulating medium.

2.1.2. Solubility inWater and Granulating Fluid

If themanufacturing process utilizes thewet granulation method, the solubi-
lity of the drug and major excipients in the granulation £uid is critical.
Water-soluble components solubilize during the granulation process with
water and may form a doughlike mass, quickly resulting in overgranulation,
making drying di⁄cult. If all components are water insoluble, the resulting
granules will be soft due to poor binding, and the advantage of wet granula-
tion to improve £owability and content uniformity remains questionable. A
powder mass containing a mixture of soluble and insoluble components in
appropriate proportions provides excellent granules. For components that

Table (Continued )

Component Remarks

Mannitol Used for chewable and regular tablets. It has high bulk density
and good flow property. Not hygroscopic in nature.
Produces hard tablets. Can be used in direct compression and
wet granulation.

Starch Used in dry mixing or wet granulation. Awide variety of grades
vary inparticle size, rate of hydration, compactionproperties, etc.
Facilitates mixing of potent drug and colors if used as a diluent.
High amounts in formulationmay result in poor compression and
lubricant sensitivity. Avoid high amounts of lubricant.

Scale-Up, Process Validation, and Technology Transfer 99

5460-3 Shargel Ch05 R2 061604

Copyright © 2005 by Marcel Dekker, Inc.



are susceptible to hydrolysis or require drying under milder temperatures,
use of organic solvents such as ethanol or isopropanol may be the only
alternative.

2.1.3. Crystallinity and Polymorphism

Many pharmaceutical materials exist in multiple crystal forms or poly-
morphs. Depending on the crystallization solvent and conditions, the drug
substance may also form hydrates or solvates, usually referred to as pseudo-
polymorphs. A careful evaluation of the crystal form of a drug substance is
important to avoid processing e¡ects on crystalline transformations and
amorphous to crystalline transitions, which may have implications for
¢nished product stability, dissolution behavior, and bioavailability. Prior to
formulation development, it is important to establish the crystal properties
of drug substances and critical excipients using x-ray powder di¡raction
(XRPD) and thermal analysis.These techniques can also be used tomonitor
crystallinity changes during processing and in the ¢nished product on
storage.

2.1.4. Moisture Sensitivity and EquilibriumMoisture Content (EMC)

Sincewater is typically used as the granulatingmedium,themoisture binding
property andEMCof the formulation play a signi¢cant role in the granulation
and drying processes. Hygroscopic materials such as polyethylene glycol
(PEG), if present in large amounts in a formulation, are di⁄cult to dry. In
some instances, the hygroscopic nature of the drug may necessitate the use
of special manufacturing facilities with strict humidity control. The EMC of
major components generally dictates the ¢nal moisture content of the dried
granules.The drying rate (drying curve) of a formulation can be theoretically
estimated from the drying rate of the individual components. If the drug com-
ponent ismoisture sensitive,water should be avoided as the granulating med-
ium. In such cases, ethanol or isopropanol may be used; however, the drying
equipment (tray or £uid bed dryers) needs to be explosion proof, since alco-
hols have low £ash points. Furthermore, the rate and extent of alcohol emis-
sion to the environment must be considered, since EPA has strict guidelines
on alcohol emission that may vary from state to state.

2.1.5. Bulk andTapped Densities of Major Components

The bulk and tap densities of formulation components are easy to measure,
yet provide valuable guidance for the £ow property and in selecting theman-
ufacturing equipment and processes. Low bulk and tap densities indicate
poor £owability of amaterial and require additional processing such as roller
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compaction or wet granulation, to avoid production problems. Bulk densi-
ties of the major components a¡ect the load size in the processing equip-
ment, i.e., mixture, dryer, etc., and govern the batch size. Eq. (1) can be
useful in estimating the batch size from the bulk densities of the individual
components:

B ¼ V=fða=DaÞ þ ðb=DbÞ þ ðc=DcÞ þ � � �g ð1Þ

whereB is the batch size (kg),V is the working volume of themixer (L), a, b, c
are the major components in the batch in kg, and Da, Db, Dc are the bulk
densities of the components a, b, c, . . . in kg=l.Once the value of B is known,
a batch size of 80^105% of the B value can be considered to be optimum
depending on the type of equipment used.

2.1.6. Flow Parameters

The £ow characteristics of individual components and the blend remarkably
a¡ect the manufacturing process. In addition to bulk and tapped densities,
other £owcharacteristics such as angle of repose, angle of spatula, £oodabil-
ity, and £ow through a hopper should be evaluated for the blend.Typically, a
material with high angles of repose, low £oodability, and low bulk density
contributes to manufacturing problems if not processed using wet granula-
tion, slugging, or roller compaction.

2.1.7. Granulation Properties

The granulation properties of the drug and excipients are important for pro-
ducts manufactured using wet granulation. The ability of formulation com-
ponents to hold the granulating £uid (kg of £uid per kg of material) can be
measured alone or in combination. This information can be utilized in esti-
mating the granulating £uid requirements for a scale-up using Eq. (2):

W ¼ ðA1B1 þ A2B2 þ A3B3 þ � � �Þ � f ð2Þ

where, A1, A2, A3, . . . are the amounts (kg) of components 1, 2, 3, . . . in the
batch, B1,B2, B3 are £uid holding capacities (kg of £uid per kg of material)
of components 1, 2, 3, . . . , and f is a scale-up factor typically between 0.7
and1.

The amount of £uid required for the scale-up batch depends on other
factors such as type of equipment, atomization, rate of addition, etc.

2.1.8. Drying Properties

The drying performance of a material is its ability to dry from a wet
mass formed during the granulation process. Although various processing
conditions such as drying temperature, relative humidity of the drying air,
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air velocity, and exposed granule surface area a¡ect drying, the material a⁄-
nity for the solvent dictates the drying rate. Small to medium molecular
weight materials with low to medium water solubility lose water quickly
and dry rapidly, e.g., lactose, calcium sulfate, and dicalcium phosphate.
Some materials such as high molecular weight povidone, hydroxypropyl-
methylcelluloses (HPMCs), starch, hydrophilic gums, and PEG are di⁄cult
to dry, especially if present in relatively high proportions in the formulation.
However, an e⁄cient drying technique such as use of the £uid bed dryer, is
useful to overcome the drying problem for otherwise di⁄cult to drymaterial.

2.1.9. Compaction Behavior

The compaction behavior of tablet components plays a key role in the
tableting process. The compaction property of the ¢nal blend is dictated by
the individual components. Manufacturing processes such as wet granula-
tion, roller compaction, and slugging can signi¢cantly alter compaction
characteristics. In early preformulation, compaction behavior can be
conveniently studied using an instrumented single station press (Carver or
Korsch).

2.2. Formulation Development and Process Optimization

Development of a pharmaceutical product is essentially a techniquewherein
the physico-chemical properties of the active ingredient, excipients, and the
manufacturing process are manipulated to achieve desired quality in the
¢nished dosage form. Certain goals such as product speci¢cations, ease of
manufacturing, cost, etc., are de¢ned for a dosage form prior to initiating
development work. The traditional trial and error approach may be less
dependable and more time consuming, and often provides an apparently (or
marginally) acceptable formulation and process rather than an optimum
one. In today’s competitive market, statistically designed experiments in
product and process development are becoming increasingly necessary
since they are quick and cost e¡ective. Analysis of data from statistically
designed experiments, also known as optimization, enables one to generate
a mathematical model and contour plots that elucidate formulation and pro-
cess parameters a¡ecting the product properties.Various software packages
(3^4) are available for designing experiments, developing polynomial equa-
tions, and generating contour plots. However, the success of statistical
design depends on careful selection of factors, the ranges of these factors,
and a speci¢c experimental design to be utilized in the study. Optimization
requires statistical skill in addition to an understanding of the physico-
chemical properties of the materials involved and their e¡ect on the process.
Identi¢cation of independent (cause) and dependent (e¡ect) variables, and
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an understanding of the expected relationship between cause and e¡ect, is
crucial to the success of this approach. A brief description of experimental
design applicable in process optimization is given here. A list of process
variables and their responses relevant in solid dosage forms is given in

duct quality, factorial design is widely chosen in process optimization.
The independent variables in experimental design must be carefully
selected, since increasing the number of variables results in a large increase
in the potential number of experiments. However, the number of experi-
ments can be minimized by carefully modifying the design and level of fac-
tor to be studied. Accordingly, one may choose to use full factorial,
fractional factorial, orthogonal composite, nonorthogonal symmetrical
composite, central composite, or noncentral composite design. The com-
posite design is made by adding extra points (star points) to the two level
factorial or fractional factorial design. If n is the number of factors to be
studied, the additional points required for the composite design is 2n þ 1,
one at the center and the remaining 2n in pairs along the coordinate axis.

gonal composite design, the value of 1.215 (axial point) at the six composite
points (experiments 9^14) depends on design speci¢cs such as number of

and the values of axial points for several designs. It also shows the bene¢t
of a composite design over a three level factorial design. The increase in
number of experiments due to an increase in the number of factors is
signi¢cantly higher in case of a three level factorial design compared to a
fractional composite design.

Details of experimental design are available in various publications
(6^9). It is recommended that some initial trials be performed for gaining
anunderstanding into the e¡ect of each variable.This adds tremendous value
in developing a design with minimal number of experiments, yet capturing
the optimum formulation and processing conditions.

2.3. Scale-Up of Manufacturing Process

High speed production of large scale batches using modern technology has
become essential in minimizing manufacturing costs to improve the pro¢t
margin in today’s competitive market. Increases in batch size or scale-up
are accomplished by using larger, high speed equipment that may require
adjustments to the process parameters established using small scale
equipment. However, the in process and ¢nished products must meet all
predetermined speci¢cations, and the products from scaled-up and pre-
scaled-up batches must be physically and chemically equivalent.
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Table 2. For understanding the e¡ect of multiple process variables on pro-

factors and experiments. Table 4 shows the total number of experiments

An example of a central composite design is given inTable 3. In this ortho-



TABLE 2 Parameters to be Considered in the Optimization of the Pharmaceutical
Process for Oral Solid Dosage Forms

Pharmaceutical
unit operation

Independent variables
(process parameters)

Dependent variables
(product attributes)

Dry mix Mix time, impeller=chopper
speed, lubricant mix time

Flow parameters,a mix
uniformity, compression
parameters,b dissolution.

Wet granulation Mixer load, granulating fluid
addition rate, total amount
of granulating fluid,
impeller=chopper speed,
wet mix time

Granulation end point, torque,
granule size distribution,
drying rate, dissolution.

Drying
(tray dryer)

Powder bed thickness,
i.e., load=tray, total load in
oven, temperature, %RHof
drying air, duration in oven

Moisture content (LOD) as a
function of time, drying time,
end point (%LOD)

Fluid bed drying Load, inlet temperature, bed
temperature, airflow rate,
%RHof drying air

Moisture content (LOD) as a
function of time, drying time,
end point

Milling=screening Screen size, blade setting
(hammers=knives), blade
speed, feed rate

Particle size, bulk=tapped
densities, flow parameters,a

dissolution
Compression Precompression force,

compression force,
machine speed, dwell time,
force feeder setting

Tablet hardness,
weight variation, dissolution

Encapsulation Tamper setting, aspiration setting,
encapsulation speed

Capsule weight variation,
dissolution

Roller
compaction

Roller type, clearance between
rollers, compaction pressure
and speed

Particle size, bulk=tapped
densities of milled compacts,
dissolution

Film coating Spray rate, pan speed, airflow
rate, pan load, inlet=exhaust
temperatures

Coatingweight gain, weight
variation, dissolution

Spray nozzles and guns
assembly

Fluid bed
coating

Inlet temperature, bed
temperature, airflow rate,
spray rate, rotor speed

Coatingweight gain, assay to
determine drug layering,
bead bulk=tapped densities,
dissolution

aAngle of repose, bulk=tap density, flow throughhopper, etc.
bCompression force versus hardness, ejection force, maximum hardness achievable, capping,
sticking, etc.
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The ¢rst and foremost step in scaling up is the establishment of batch
size requirements. Batch sizes in generic industries are often determined
arbitrarily and may require further scale-up or scale-down, depending on
future market demand. It is important to identify an optimal batch size,
rather than the maximum size possible. Several factors that need to be
considered in determining batch sizes are:

TABLE 3 Example of Central Composite Design Used in Optimization

Factors (independent variables)

Experiment FactorA Factor B Factor C n¼3

1 þ1 þ1 þ1 Factorial design (2n)
2 þ1 þ1 �1
3 þ1 �1 þ1
4 þ1 �1 �1
5 �1 þ1 þ1
6 �1 þ1 �1
7 �1 �1 þ1
8 �1 �1 �1
9 þ1.215 0 0 Composite points (2n)
10 �1.215 0 0
11 0 þ1.215 0
12 0 �1.215 0
13 0 0 þ1.215
14 0 0 �1.215
15 0 0 0 Center point

TABLE 4 Number of Experiments and Axial Points for Several Designs

Variables Three level factorial Composite design

n 3n 2nþ (2nþ1) Axial point
2 9 (full factorial) 9 (full factorial) 1.000
3 27 (full factorial) 15 (full factorial) 1.215
4 81 (full factorial) 25 (full factorial) 1.414
5 243 (full factorial) 43 (full factorial) 1.596
5 81 (1=3 fractional) 27 (1=2 fractional) 2.041
6 729 (full factorial) 77 (full factorial) 1.761
6 243 (1=3 fractional) 45 (1=2 fractional) 1.724
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1. Market demand
2. Available production capacity
3. Raw material cost
4. Stability of the ¢nished product
5. Analytical testing issues

Themanufacturing process and operating parameters utilized in smal-
ler batch manufacturing are to be considered in the scale-up plan.The tech-
nology and equipment used in the development process often impose
several constraints during scale-up work. Since pharmaceutical products
are usually manufactured using several discrete batch processes, it would
be appropriate to discuss the scale-up of each of these batch processes. The
following are some of themost common pharmaceutical unit processes used
in the manufacture of solid dosage forms:

1. Dry blending
2. Wet granulation
3. Roller compaction
4. Milling
5. Drying
6. Extrusion=spheronization
7. Compression
8. Encapsulation
9. Coating

2.3.1. Dry Blending

Dry blending is often themost commonunit operation in the pharmaceutical
industry, due to its simplicity and use of less-complicated equipment. How-
ever, several factors are to be considered while scaling up a dry blending pro-
cess. Equipment considerations such as blender type and design, blender
load,mixing speed, use of auxiliary dispersion equipment such as intensi¢er
bars, choppers, etc., and the dynamics of mixing action produced within the
mixer need cautious evaluation. Formulation variables that in£uence a mix-
ing operation are particle shape and size distribution and cohesiveness of
major components, their bulk densities, and the order of addition of various
components into the blend.Mixer selection should be based on the cohesive
nature and the £owability of the ingredients to be mixed. Low shear tumble
blenders, such as theV-blender (Patterson^Kelley) and double cone blender
(Gemco) are well suited for mixing free £owing and slightly cohesive
powders.V-blenders are widely used in handling potent drugs due to their
ability to mix by geometric dilution. However, improper load (too high or
too low), as well as wide di¡erence in particle size and shape, may lead to
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segregation. Intermediate shear mixers such as the orbiting screw mixer
(Nauta), ribbon blender, and shaking mixer (Turbula) are used for blending
free £owing powders that are moderately cohesive. High shear mixers
(Diosna,Collette-Gral) are recommended for powders that are highly cohe-
sive and not free £owing, to break up lumps and improve mixing. The drug
components are often sandwiched between other excipients, to improve dis-
persion and prevent loss of drug (especially low dose) due to their preferen-
tial adherence to the interior surface of the mixer. If the drug ingredient is
highly cohesive, it may be bene¢cial to screen the premix prior to ¢nal blend-
ing. To avoid segregation of free £owing powders, particle size reduction of
one or more components of the blend prior to mixing may be essential.This
can be achieved by including a milling step in the compounding process.
Geometric dilution is often employed to aid uniform mixing of low dose
actives. In scaling up in tumble blenders of similar design, rotational speed
may be reduced relative to the smaller mixer, to achieve dynamic similarity,
i.e., similar Reynolds number. However, mixing times may be increased to
provide a constant number of rotations (10). In some instances, increased
mixing timesmay have an adverse e¡ect on themanufacturability of the pro-
duct, e.g., tablet capping due to overlubrication or increased segregation
potential due to overmixing. Several manufacturers of tumble blenders pro-
vide scale-up factors for determining the mixing times in large mixers from

capacities, blender load levels, and scale-up factors for twin-shell blenders
without the agitator bar.These factors are useful in calculating mixing times
during blending scale-up operations.

Usually such factors are not applicable when dry blending in high shear
mixers. These are very e⁄cient in mixing cohesive powders by increasing
shear forces and thus improving deagglomeration e⁄ciency. Mixing times
are usually kept constant when scaling up in suchmixers, providing constant
impeller tip speeds. However, segregation potential increases in high shear
blending, especially when components with large di¡erences in particle
shapes and sizes exist within the blend. Blend uniformity is usually
recognized by following awell-established sampling plan based on themixer
type and geometry. The drug content assay of the sampled blend must meet
pre-established criteria.

2.3.2. Wet Granulation

Thewet granulation process o¡ers several advantages over dry blending.Wet
granulation provides e¡ective distribution of low dose actives, increased
densi¢cation of low bulk density materials, and improved £owability
and compressibility of the ¢nal blend. Although several wet processes are
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experiments performed in small mixers. Table 5 summarizes the working



feasible, granulation employing low=high shear mixers and a £uid bed are
more often used in the pharmaceutical industry and will be discussed here.

Low shear granulation employs mechanical agitation at slow speed,
such as in ribbon and paddle mixers, planetary mixers, orbiting screw
mixers, and sigma blade mixers, or rotating granulators such as twin-shell
blenders with an intensi¢er bar=spray head combination.These granulators
usually produce £u⁄er granules with lower bulk density compared to high
shear granulation, which may be the desired property for some products.
Important factors to consider during scaling up in rotating blenders include
liquid addition rate, spray droplet size, intensi¢er bar=spray head design,
and shell and intensi¢er bar rotation speeds.

Successful scale-up inmechanically agitated lowshearmixers depends
on the ability to monitor the granulation process during liquid=binder
addition and subsequent wet massing. Researchers have suggested several
techniques, such as infrared moisture sensors, torquemeasurement, current
monitoring, and power consumption, to detect granulation end point. Luen-
berger (11) identi¢ed ¢ve distinct phases during wet granulation in a
planetary mixer using a power consumption meter, and stated that useful
granules could be produced during the third phase. Landin et al. (12) and
Faure et al.(13) used the concept of relating power consumption to several
process and formulation variables in scaling up granulations in planetary
mixers. The variables evaluated were impeller rotation speed and dimen-
sions, wet mass density and consistency (measured using a mixer torque
rheometer), and ¢ll ratio (height of wet mass=bowl diameter). Using data
obtained for mixers of di¡erent sizes, they came up with a relationship
between the power number (Np) andReynolds number (Re), Froude number
(Fr), and thebowl ¢ll ratio i.e.Np¼ f (Re,Fr, ¢ll ratio).TheReynolds number
represents the ratio of dynamic to viscous forces, whereas the Froude

TABLE 5 Scale-up Factors for SelectedTwin-Shell Blendersa

Working capacity (ft3) Total capacity (ft3) Shell diameter (in.) Scale-up factorb

1 1.68 11.5 1.3
3 5.16 16.5 1.6
5 8.42 19.5 1.7

20 33.83 31.0 2.0
50 82.95 42.0 2.2
100 174.95 54.0 2.8

aSource: Patterson^Kelley Company, East Stroudsburg, PA.
bblending time in large blender ¼ scale�up factor for larger blender

scale�up factor for small blender � blending time in small blender
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number represents the ratio of dynamic force in the mixer to the gravita-
tional force. This relationship is useful in predicting consistent granulation
end points during scale-up (12,13).

Lately,wet granulation in high shearmixer granulators is themethodof
choice due to shorter process time, superior granule properties, and process
reproducibility. High shear granulation o¡ers several advantages, including
densi¢cation of low bulk density materials, lower binder requirement, con-
trol over porosity of granules, and easy cleaning. Several designs of bowls,
impellers, and choppers are available from di¡erent manufacturers. The
most common design has the impeller shaft rotating in the vertical plane.
The impeller could be bottom driven inside a ¢xed bowl, such as in Diosna,
Fielder and Powrex mixers. In a variation of this design, the impeller and
chopper are top driven inside a detachable bowl, such as in Collette-Gral,
GMX=Vector and Bohle mixers. Several of these granulators are available
as single-bowl systems where the product can be granulated and
vacuum=microwave dried inside the same bowl. Some of these mixer=
granulators have been thoroughly characterized with respect to their
processing parameters (14^16).

Several reports have been published dealing with the issue of scale-up
in high shear granulators (17^22).Some important parameters and terminol-

mixer=granulators. Rekhi et al.(23) studied the e¡ect of scale-up in three
geometrically similar Fielder high shear mixers. They concluded that three
factors govern successful scale-up: (a) impeller speed adjustment to keep
the tip speed constant, (b) linearly scaled-up amount of granulating £uid
based on batch size, and (c) granulation time adjustment based on ratio of
impeller speeds in di¡erent sized mixers (23). In one study, normalized
impeller work was used for predictable end point control in high shear gran-
ulation containing high amounts of microcrystalline cellulose(21).
Horsthuis et al. (19) studied lactose formulations in 10, 75, and 300 l Gral
mixers and obtained di¡erent power curves for each of these mixers, since
Gral mixers are not geometrically similar. However, they found good corre-
lation between granulation end point and the Froude number (Fr), but not
a predictable relation with tip speed or relative swept volume. Landin et al.
(22) and Faure et al. (18) used relationships between dimensionless numbers
(power, Reynolds and Froude numbers) and bowl ¢ll ratio for scaling up in
¢xed bowl (Fielder) and removable bowl (Gral) mixers, respectively, with
some success. In spite of such reports on scale-up in high shear mixers, this
topic is not a well-developed science (17).

Fluid bed is the other commonly used approach for wet granulation
and concurrent drying. Some important factors to consider during scaling
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Table 6 lists critical scaling-up parameters for Collette-Gral high shear
ogy used in the scale-up of high shear granulation are depicted in Figure 1.



up in a £uid bed granulation are: £uidization velocity of process air, ratio
of granulation spray rate to drying capacity of £uidization air, inlet air
temperature, bed depth, and droplet size of the sprayed binder (24,25). It
is recommended that one use the same inlet temperature, droplet size,
and air velocity (air£ow=area of screen size) and achieve the same £uidi-
zation level when transferring the process from smaller equipment to
production scale. The spray rate for the larger unit may be calculated
using Eqs. (3)(26):

R ¼ ðB=bÞ � r ð3Þ

where R is the spray rate in the larger unit (g=min), B is the bowl screen
area for the larger unit (ft2), b is the bowl screen area for the smaller unit
(ft2), and r is the spray rate in the smaller unit (g=min).

FIGURE 1 Descriptionof several scale-up terms and concepts used inwet granulation.

110 Ahmed et al.

5460-3 Shargel Ch05 R2 061604

Copyright © 2005 by Marcel Dekker, Inc.



TABLE 6 Upscaling Gral High Shear Mixer-Granulatorsa

GRAL (liters) 10 25 75 150 300 400 600 1200

Bowl content (l) 7.9 27.0 77.0 153.0 303.0 400.3 614.0 1166.0
Height in cm 18.0 26.0 38.0 45.0 60.0 60.0 70.0 70.0
Width in cm 24.6 37.5 52.5 69.2 84.2 96.2 109.2 149.2
Radius of mixing arm in cm 11.9 18.0 25.4 33.5 40.0 46.0 52.5 72.50
Width of mixing blade in cm 2.5 3.5 5.5 7.0 6.0 6.4 8.0 11.0
Thickness of mixing blade inmm 6.0 8.0 12.0 15.0 15.0 20.0 20.0 25.0
Surface of mixing blade in cm2 23.8 48.0 110.0 198.0 197.0 242.0 348.0 610.0
Angle of inclination of mixing blade 55.0 55.0 55.0 55.0 55.0 55.0 55.0 155.0
Speed1 (rpm) 430 283 206 145 120 103 95 79
Speed 2 (rpm) 650 423 300 218 185 155 135 119
Tip speed@ speed1inm=s 5.36 5.33 5.48 5.09 5.03 4.96 5.22 6.00
Tip speed@ speed 2 inm=s 8.10 7.97 7.98 7.65 7.75 7.47 7.42 9.03
Froude number@ speed1 2243 1470 1099 718 587 497 483 461
Froude number@ speed 2 5125 3283 2330 1623 1396 1127 975 1047
Swept volume in dm3 0.764 2.356 7.536 18.234 20.998 30.129 45.635 130.842
Relative swept volume@Speed1 (s-1) 0.6931 0.4116 0.3360 0.2880 0.1386 0.1292 0.1177 0.1477
Relative swept volume@Speed 2 (s-1) 1.0477 0.6152 0.4894 0.4330 0.2137 0.1944 0.1672 0.2226

aSource: Collette-Gral Division, Niro Pharma Systems, Columbia, MD.
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Small adjustments may need to be made to such theoretical calcula-
tions to account for di¡erences in bed depth (26).

2.3.3. Roller Compaction

Roller compaction involves continuous compaction of drug^excipient
blends into ribbonlike compacted material, which is subsequently milled,
lubricated, and either compressed into tablets or encapsulated. Roller com-
paction as a pharmaceutical unit process has several advantages over other
particle enlargement techniques such as wet granulation. For high dose
water-soluble drugs, aqueous granulation is not the preferred method due
to inadequate water distribution and formation of lumps. For drugs that are
chemically unstable in the presence of water or the granulating solvent,
roller compaction o¡ers an e¡ective alternative for granulation. Several
equipment and process parameters have to be addressed when scaling up a
roller compaction granulation:

1. Roll con¢guration or design�smooth, corrugated, or concavo-
convex

2. Roll diameter, nip angle, and area
3. Screw feed rate
4. Roll speed
5. Compaction pressure
6. Feed screw orientation�vertical or horizontal
7. Vacuum deaeration of precompacted blend.

Nip angle is the anglemade by the powder being compacted by the rolls
in the compaction (nip) region (27). Highly compressible materials have
large nip angles compared to incompressible materials. Corrugated rolls
have a higher capacity to drag material between the rolls compared to
smooth rolls and hence provide greater compaction forces. It is important
to maintain these design similarities between compactors when scaling up
from a laboratory or pilot unit to the production equipment. Sheskey et al.
(28) studied the e¡ect of several process parameters during scale-up of an
HPMC containing controlled release matrix formulation of theophylline.
They scaled up the roll speed by maintaining the same linear velocity as that
obtained from the laboratory unit, thus providing similar dwell time for the
material in the compaction zone. Keeping the parameter force=linear inch
constant, the compaction forcewas scaled up to the production unit. Finally,
the screw speed to roll speed ratio was kept constant for all units.Using these
scale-up factors, reproducibly consistent granules and ¢nished tablets were
produced in the laboratory,pilot, and production scale equipment.However,
dissolution similarity (f2 factor) was only established for the laboratory
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and pilot scale formulations but not the production scale one. Based on the
predicted in vivo performance of these formulations, the authors concluded
that the production scale equipment produced a faster releasing formulation
compared to smaller units (28). For successful scale-up, it is important to
evaluate compaction rate (kg=min) and applied pressure as well as milling
parameters, i.e., milling rate (kg=min=screen surface area) and mill speed.
The particle size distribution of the processed material provides valuable
information about the reproducibility of the process.

2.3.4. Drying

Drying is a commonly employed unit process in the manufacture of solid
dosage forms.Drying in the pharmaceutical industry is accomplished using
static bed dryers (tray or truck ovens), moving bed dryers (turbo-tray
dryers), £uidized bed dryers, and spray dryers.More recently, single-pot sys-
tems incorporating high shear mixer-granulators with vacuum, microwave,
or infrared drying are also becoming popular (29).Depending on the desired
¢nal product characteristics, any of these dryersmay be employed.The com-
monly used dryers in solid dosage formmanufacture, i.e. tray dryers and £uid
bed dryers, are discussed here.Critical factors governing the drying process
include the EMC of the formulation blend, the exposed surface for solvent
transfer, and the vapor carrying capacity of the drying air. Psychrometric
principles for calculating the vapor carrying capacity of air should be
employed in scaling up a drying process. Some important factors while scal-
ing up a tray-drying process are the number of trays, product load per tray
(bed thickness), temperature, and humidity of the circulating air inside the
oven. Maintaining the same bed thickness (kg=tray) and providing similar
drying air capacity will facilitate successful scale-up from pilot scale to
production scale dryers.

Fluid bed drying processes are more challenging to scale up (30,31).
Several factors impacting the drying process include air£ow, air tempera-
ture, bed depth, and product characteristics. The £uidization air volume
should be adjusted to keep the same air velocity (ft=min) between di¡erent
sized units. Inlet temperature and dew point and the product bed tempera-
ture in the scaled-up larger batch should bemaintained as in the smaller unit.
However, some adjustments to these parameters may be made, depending
on relative di¡erences in £uidized bed heights between di¡erent units.

2.3.5. Milling

Milling is commonly employed to reduce particle size of granulations, bulk
drug substances, and excipients to facilitate uniformity of powder mixes.
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This process is also used to manipulate the dissolution pro¢le of the dosage
form. Following wet granulation, wet milling is often employed to improve
the granule surface area for more e⁄cient drying. Sizing of granulation is
typically accomplished using either low energy mills (oscillating granula-
tors) or high energy mills (hammer, conical, and centrifugal impact mills).
The hammer mill is the most common and versatile machine used in the
manufacture of solid dosage forms. It consists of either a swinging or ¢xed
rotor, which forces the material against a ¢xed screen.Various factors such
as rotor shaft con¢guration (vertical=horizontal, ¢xed=swinging), granula-
tion feed rate, blade type (hammer or knives), rotor speed, and screen size
and type (mounting, screen thickness, rasping, or regular screens) are to be
considered while scaling up a hammer mill process.The particle size of the
milled material is smaller than the corresponding screen size since particles
enter the screen holes tangentially (32). This e¡ect is more pronounced at
higher rotor speeds. Narrow particle size distributions are obtained at
medium and high speeds compared to low speed. Several scale-up factors

A conical mill (Comill) consists of a conical screen inside a milling
chamber along with a rotating impeller. Comills use less energy than ham-
mer mills and are well suited for milling heat sensitive and di⁄cult to mill
materials. The impeller con¢guration (knife, round, or sawtooth edges),
impeller speed, and screen size a¡ect the properties of the milled product in
a comill.

2.3.6. Extrusion=Spheronization

This technique is primarily used to produce approximately spherical gran-
ules in a narrow particle size range for controlled release products. The
major advantage of this process is its ability to incorporate high drug
loads in the granulation. The dry mixing, wet granulation, and drying
aspects of this technique are similar to those of most pharmaceutical wet
granulations.

During the extrusion process, a wet mass (granulation) is forced
through dies and shaped into small cylinders (extrudates). As the mass
comes out of the extruder, the extrudate particles usually break at even
length due to their own weight. The granulating £uid usually serves as the
binder to form the extrudate, which is usually a small strand or rod shaped
like spaghetti. The wet extrudate is further processed in the spheronizer to
form pellets. Extruders come in a variety of sizes and shapes, and are usually
classi¢ed according to the feeding mechanism.These include screw, gravity,
and pistons to feed thewetmass into the extruder.Thewetmass is essentially
a wet granulation of the drug with a binder and inert excipient, which is
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for Fitzpatrick hammer mills are summarized inTable 7.



TABLE 7 Scale-Up Parameters for Fitzpatrick HammerMillsa

Chamber Rotor Machine limits Approximate dimensionsb

Model
Capacity
factorc

Nominal
width (in.)

Screen
area (in.d)

Diameter
(in.)

Number of
blades

Tip speed
factord

Maximum
rpme

Maximum
horse powerf

Length
(in.)

Width
(in.)

Height
(in.)

L1A 0.07 1 8.5 5.4 8 1.42 9000 0.5 18.5 15.4 20
Homoloid 0.4 2.5 43 6.625 12 1.73 7200 10 38 30 52
M5A 0.7 4.5 76 8 16 2.09 4600 3 32 26 55
D6A 1 6 109 10.5 16 2.75 4600 5 35 31 63
DASO6 1 6 109 10.5 16 2.75 7200 15 42 30 66
DKASO12 2.36 12 257 10.5 32 2.75 6000 30 48 32 66
FASO8 1.83 8 199 14.375 16 3.7 6800 40 60 36 72
FASO12 2.83 12 309 14.375 24 3.7 6000 75 60 36 72
FASO20 4.85 20 529 14.375 48 3.7 3000 75 60 44 72
FHASO20 4.85 20 529 14.375 48 3.7 3600 75 60 44 72
HASO30 9.05 30 986 17.25 80 4.45 2400 150 68 60 75

aSource: Fitzpatrick Company, Elmhurst, IL.
bWith typical throat and 36 in. (91.4cm) between chamber discharge and floor.
cThroughput relative toModel D-6 at same tip speed.
dTip speed¼ factor� operating speed.
eWith type125, 225, or 425 blades.
fWithV-belt driven at maximum rpm.
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typically a plastic deforming material like microcrystalline cellulose
(Avicel). The extruder screen size directly controls the ¢nal particle size of
the pellets, thus controlling drug dissolution and release.

The formulation components, amount of granulating £uid, and consis-
tency of the wet mass can also a¡ect the ¢nal particle size of the pellets.The
extrusion speed and water content are also critical factors in achieving a
desired pellet con¢guration. Hasznos et al. (33) have studied some factors
in£uencing the characteristics of pellets made by an extrusion=spheroniza-
spheronization process.They concluded that the extrusion variables are less
important than granulating £uid level and spheronization parameters (33).
Goodhart et al. (34) studied the e¡ect of extruder design on the extrusion
process. The e¡ects of granulating £uid, end plate open area, number of
mixing anvils, and screw speed were evaluated, and it was found that the
granulation £uid type and end plate open area had a signi¢cant e¡ect on
granulation density. Extrusion can be a batch, semibatch, or continuous
process.Most pharmaceutical extrusion processes are batch processes.The
following extrusion parameters are usually monitored and are useful during
scale-up:

1. Feed rate
2. Feed temperature
3. Extrudate temperature
4. Coolant
5. Inlet=outlet temperature
6. Die temperature
7. Compression pressure

The twin screw type extruder is available in di¡erent sizes for pilot
scale to production size batches.The rate of extrusion can range from 30 to
2000 kg=hr.Scale-up factors dependon size of extruder wet granulation ¢nal
consistency.

A spheronizer is a device made up of a vertical hollow cylinder with a
horizontal rotating disk. The extrudate is charged onto the rotating disk
and broken into small segments,which further spin on the disk,causing them
to deform and form small spherical particles.The transformation of the wet
mass into spherical particles is due to frictional forces between the particles
and the equipment walls. Spheronization disks play an important role in the
shape and size of the ¢nal spheres.Disks normally come in two types, cross-
hatched and radial.Radial disks are relatively faster and are commonly used.
Spheronization is a batch process, the spheronized material being further
dried in either £uid bed or tray dryers.The residence time in the spheronizer
depends on the feed rate from the extruder.Often, the extrusion operation is
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a continuous one and several spheronizers are used to speed up the process.
The variables a¡ecting the overall spheronization process include:

1. Spheronizer size
2. Feed rate (charge)
3. Disk type and speed
4. Residence time

In general, compared to the extrusion variables, the spheronization
variables a¡ect the end product more signi¢cantly. Higher disk speed and
increased residence time increase the mean diameter of pellets.This combi-
nation also tends to producemore spherical particles.Higher charge reduces
moisture loss during the process and produces more plastically deformed
particles. Several investigators have studied the various factors a¡ecting the
extrusion=spheronization process using factorial design and response
surface methodologies (35^37). The e¡ect of disk speed and residence time
was examined, and it was found that the friability of pellets increased with
increased residence time. Increase in screen size reduces friability. Besides
these variables, several formulation variables signi¢cantly control the ¢nal
pellet attributes. Scale-up in the spheronization process is generally depen-
dent on the size of the spheronizer. No systematic studies demonstrating
scale-up factors in extrusion=spheronization have been reported in the
literature.The e¡ect of scale-up is reduced because the process is primarily
considered as a batch process.

2.3.7. Compression

Tablet compression process parameters are independent of the batch size,
and large scale batches are typically manufactured by performing compres-
sion for a longer period of time or using multiple tablet presses. Modern
tablet presses are capable of self-adjustment to produce a consistent ¢nished
product during high speed production. However, scaling up a tableting
operation is still largely empirical.Scale-up parameters have been suggested
in the literature based on dwell times and total work of compaction. Superior
powder £ow is obviously very important for producing uniform tablets in a
high speed production press. Levin (38) has identi¢ed the following critical
factors that e¡ect tablet properties due to increased compression speeds
during production:

1. Decrease in tensile strength of tablets with viscoelastic materials
like Avicel

2. Decreased tablet friability
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3. Increased tendency for lamination and capping
4. Increase in tablet temperature, which may be important for

formulations containing low melting point materials

In addition, several equipment parameters (di¡erences in tablet press
designs) require attention during tableting scale-up.These include capacity
of the tablet press to compress to constant thickness (most commercial
presses) or to constant compression force (Courtoy), method of die ¢lling
(gravity or force feeder), size of feeder chamber, and speed of the feeder
motor. During formulation development, it is important to evaluate the
compaction parameters of a particular formulation (40). These would
include the e¡ect of compaction force and speed and lubricant sensitivity of
the formulation (level of lubricant and lubrication time). Formulations
that are sensitive to overlubrication and also requiring a force feeder should
be evaluated more thoroughly. In such instances, it is useful to estimate
powder residence times inside the force feeder using Eq. (4) as described
below:

T ¼ 1000ðVdÞ=wrn ð4Þ

where T is the powder residence time in the force feeder (min), V is volume
of the force feeder (ml), d is the bulk density of the blend (gm=ml), w is the
tablet weight (mg), r is the tablet press speed (rpm), and n is the number of
stations.

The residence time of such formulations should be minimized since
additional mixing inside the feed frame will adversely a¡ect tablet hardness
and=or dissolution. These trials should be performed preferably on tablet
presses similar to production machines. If the tablet crushing strength
declines rapidly with increasing compaction force or higher speed of com-
paction, the tablet may face potential capping problems during production.
The rate of decrease in crushing strength with small changes in lubricant
levels provides insight into the lubricant sensitivity of the formulation, which
may later cause problems during production. More recently, small scale
sophisticated equipment such as compaction simulators or single station
rotary press simulators (Presster2, MCC Corporation) are available for
determining various compaction parameters during trial batches. The
advantage of machines like the Presster2 is that they match compression
forces and dwell times of any production size press and mimic its punch
displacement pro¢le. Using a Presster2 and the approach of dimensional
analysis, Levin and Zlokarnik (39) successfully predicted parameters
for scaling up from a Manesty Betapress (16 stations) to a 36 station Fette
P2090 production press.
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2.3.8. Encapsulation

Many issues important in the scale-up of the tableting operation are also
important during encapsulation. Some of the problems encountered during
encapsulation scale-up include powder £owability, content uniformity, plug
formation and densi¢cation behavior, powder feed, and lubricant sensitivity
of the blend. In addition, the type of encapsulation equipment used during
development and large scale production often dictates the success of scale-
up, due to di¡erences in operating mechanisms (41). Most equipment use
the piston tamp method for plug formation along with either a dosator
(MG2, Zanasi and Matic) or a dosing disk (Ho£iger-Karg). The equipment
may also be di¡erentiated based on its motion during encapsulation, such
as intermittent motion machines (Zanasi E and F series and Ho£iger-Karg)
or continuous motion machines (MG2, Zanasi Z500 series, Farmatic). The
type of production scale equipment usually dictates the powder blend prop-
erties that need to be built into a formulation.Ullah et al. (42) evaluated the
scale-up of cefadroxil encapsulation from the Zanasi LZ-64 development
scale to Ho£iger-Karg GFK-1500 production machine. The blend contain-
ing 1%magnesium stearate as lubricant gave satisfactory dissolution in the
small batch low speed encapsulated product but showed severe slowing
down of dissolution in the high speed production batch. Further investiga-
tion revealed that the powder tamping process used in the high speed
machine exposed the powder to additional shear forces,causing overlubrica-
tion and resulting in slower dissolution. It was concluded that reducing the
amount of magnesium stearate to below 0.6% resulted in a powder blend less
prone to shear e¡ects in the large scale encapsulation process (42).

2.3.9. Coating

Coating is typically the last step in the production process. Coating perfor-
mance signi¢cantly a¡ects the appearance of the ¢nished product and other
quality attributes in£uencing the drug release and in vivo performance.
Although sugar coating and microencapsulation approaches are available,
¢lm coating using pan and air suspension techniques is the most popular
and will be the focus of this section. Coating serves many purposes, includ-
ing taste masking, improving product appearance, light and moisture
protection, and controlled release (enteric or sustained release). Several
water-soluble and -insoluble polymers and ready to use coating systems are
commercially available. In recent times,water based aqueous systems have
gained in popularity due to environmental issues related to the use of organic
solvents.However, for certain applications,organic coatingsmay be theonly
alternative.
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Pan coating in the batch approach uses a perforated pan equipped with
a special air handling system and coating guns. Campbell and Sackett (43)
have identi¢ed several key parameters a¡ecting the ¢lm coating process in
a perforated pan:

1. Process air£ow and evaporative rate
2. Inlet=exhaust temperature
3. Spray rate, number of guns, spray pattern, and achievable droplet

size
4. Pan speed
5. Atomization air pressure
6. Product load and gun to bed distance

Pans may be partially perforated (Hi-Coater��Vector=Freund and
Driacoater��Driam) or fully perforated (Procoater��Glatt, Fastcoat��
O’Hara and Accela Cota��Thomas Engineering).Many of these machines
are available from small laboratory scale to production size equipment.

�

pans available in production sizes. One of the important factors governing
the scale-up of the ¢lm coating process is the evaporative capacity of process
air. The following equation (Eq. (5)) is useful in estimating this evaporative
capacity during scaling up (43):

R ¼ CFM� Cp � d �min�½ðTin � ToutÞ �HLðTin � ToutÞ�
LHV

ð5Þ

where R is the evaporative rate of water in lb=hr, CFM is the actual process
air£ow in ft3=min,Cp is the speci¢c heat capacity of air (0.241Btu=lb m �F),

TABLE 8 Standard Hi-Coater� (Vector Corporation, Marion, IA) Production Coating
Pan Specificationsa

Model
Pan diameter

(in.)
Brim

volume (l)
Number of
spray guns

Process air
CFMrange

Overall
dimensions

(in.) (W�D�H)

HC-100 39 90 2^3 530^880 55� 63� 69
HC-130 52 225 4 765^1275 65� 68� 80
HC-150 59 350 4 1016^1690 70�78� 89
HC-170 67 550 4^6 1270^2120 81�88� 99

aSource:Vector Corporation, Marion, IA.
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d is the density of air (0.0634 lb m=ft3), min is the number of minutes per
hour, Tin is the process inlet temperature, Tout is the process outlet tempera-
ture, HL is the percent heat loss of the system, and LHV is the latent heat of
vaporization of water (1040 Btu=lb m).

Sackett (44) has discussed in detail the factors governing scale-up of a
pan coating process, and these are summarized in Table 9. Usually scaling
up involves increasing the spray rate with a corresponding increase in the
pan speed.However, in such circumstances, tablet attrition and overwetting
should be closely monitored.

Air suspension or £uid bed coating is a more complicated process and
requires additional parameter optimization compared to pan coating. Air
suspension coating can be broadly classi¢ed into three types of processes:
(1) Top spray, (2) rotary £uid bed with tangential spray, and (3) Wurster=
zbottom spray.Top spray is well suited for large particle coating,while rotor
andWurster processes are applicable for ¢ne particle coating and drug layer-
ing onto nonpareil seeds. Operating parameters important in pan coating
such as process air£ow (£uidization), inlet=outlet temperatures, and spray
rate are also important for air suspension coating. Besides factors such as
rotor speed in rotary £uid bed, partition height and distribution plate inside
the Wurster column play a critical role in scale-up (45,46). A summary of
scale-up parameters and other considerations during air suspension coating

TABLE 9 Scale-Up Considerations in Pan Coatinga

Parameter Scale-up equation

Batch size Batch size ðLÞ ¼ Batch size (S)
volume(S) � volume (L)

Pan speed Pan speed (L) ¼ Pan diameter (S)
Pan diameter (L) � pan speed (S)

Spray
rate=gun

Spray rate (L) ¼ Gun spacing (L)
Gun spacing (S)� spray rate(S)=gun

Assuming same gun to bed distance

Spray time Spray time (L) ¼ Spray time (S)� batch size (L)
batch size (S)�

spray zone (S)
spray zone (L)

Airflow Airflow ¼ total spray rate (L)
total spray rate (S)� airflow ðSÞ

L¼ large coating pan; S¼ small coating pan.
a
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2.4. Process Validation

Process validation for solid oral dosage forms in the generic industry
is required by the Current Good Manufacturing Practices (cGMP) for
¢nished pharmaceuticals (47). According to the FDA’s guideline (48),
process validation is de¢ned as follows:

Process validation is establishing documented evidence which
provides a high degree of assurance that a speci¢c process
will consistently produce a product meeting its pre-determined
speci¢cations and quality characteristics.

Process validation establishes the £exibility and constraints in the
manufacturing process controls in the attainment of desirable attributes in
the drug product while preventing undesirable properties. It involves
systematic work and documentation of performance so that the crucial para-
meters in the pharmaceutical manufacturing process will consistently
produce a quality product. Although process validation features in the ¢nal
stages of product and process development, several validation concepts are
incorporated in the laboratory=pilot scale development, scale-up and

TABLE 10 Scale-Up Considerations forAir Suspension Coating Processesa

Parameter Scale-up equation

Batch size Top spray and rotary processes:

Batch size (L) ¼ volume (L)
volume (S)� batch size (S)

Wurster process:

Batch size¼product bulk density [column volume�
(number of partitions� volume of partitions)]

Fluidization
air volume

Air volume (L)¼ air velocity (S)� cross sectional area (L)

Air velocity (S)¼ air volume (S)=cross sectional area (S)

Spray rate Total spray rate (L) ¼ spray rate (S)=gun� number of guns (L)
number of guns (S)

Rotor speed Rotor process:

Rotor speed (L) ¼ rotor speed (S)� rotor diameter (S)
rotor diameter (L)

L¼Large fluid bed system; S¼ small fluid bed system.
a
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process optimization stages. Typically, for generic solid dosage forms, the
formulation development team is closely involved with the validation per-
sonnel at the early stages of product development. Depending on the com-
plexity of the manufacturing process, several equipment, process, and
product parameters are optimized at a smaller scale compared to the pro-
duction size batch. Once the formulation composition and manufacturing
process are optimized at the smaller scale, the next stage involves optimizing
the process at a larger scale, usually using production equipment. At this
stage, the experience and input of the production personnel are vital for the
success of the project. The production batches may be of the same size or
greater than the bio-batch, which has a minimum requirement of 100,000
units as per the FDA (49). During this process, the product and process are
challenged to the extremes of the proposed speci¢cations and necessary
adjustments made if required. Depending on the pharmaceutical unit
operations (dry blending, wet granulation, milling, roller compaction,
compression, encapsulation, coating, etc.), several critical process
parameters are varied while the product properties are measured and
evaluated thoroughly.

The formal validation processmay begin during themanufacture of the
bio-batch if the intended production batch size is the same. As per the regu-
latory requirement, three consecutive production size batches are required
for the completion of process validation (50).The objective is to qualify and
optimize the process using full scale production equipment. The validation
is performed as per a written and approved validation protocol de¢ned by
the FDA guideline (48) as follows:

Awritten plan stating how validation will be conducted, including
test parameters, product characteristics, production equipment,
and decision points on what constitutes acceptable test results.

This protocol driven, three batch validation usually forms part of what
is termed as prospective process validation. Here, the validation is con-
ducted before the distribution and sale of a new generic product or an exist-
ing product made using a revised manufacturing process, which can a¡ect
the product or quality attributes of the ¢nished product. Many companies
validate their manufacturing process well ahead of approval, if the risk is
considered minimal and if it is expected that the FDA review letter will not
challenge the process or product speci¢cations. In some instances, a retro-
spective process validation is performed on existing products to establish
that themanufacturing process is under control satisfactorily. A third option
of concurrent process validation is used during the production stage to
develop further acceptance criteria for subsequent in process control. The
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last and fourth option of process validation is revalidation and is used when
changes in process equipment or manufacturing site occur. Usually these
changes are deemed major or minor as per the SUPAC guidelines (51) and a
decision is made as to the requirement for revalidation. The SUPAC guide-
lines are discussed in greater detail in later sections of this chapter and
elsewhere in this book.

Awell-written validationprotocol forms thebackboneof the validation
master plan and should include the following items:

1. Purpose of the study
2. Personnel responsibilities
3. Critical process steps
4. Critical process and product parameters
5. Sampling plan
6. Testing plan
7. Acceptance criteria

The writing of the validation protocol is the primary responsibility of
the validation department. However, critical process and product attributes
and their speci¢cations are included after careful consultation with the pro-
duct development team and engineering and production personnel. In the
manufacture of solid dosage forms,depending on the complexity of theman-
ufacturing process, several process and parameters may be speci¢ed for
testing. A general guideline for process and product parameter inclusion in

samples collected and tested will depend on the type of manufacturing
process used, e.g., blend content uniformity to validate a blending operation
or dissolution pro¢le to validate tablet hardness range. Mixing of powder
components is probably the most common manufacturing step in pharma-
ceutical industries. The mix uniformity of the blend is evaluated from
samples, which itself may contribute to the outcome of the result due to
variation in the sampling procedure, device, amount of sample, etc.The pro-
blem in blending validation due to sampling error has been investigated and
various recommendations made (52^59). As per the Barr decision, the
recommended sample size in blending validation is three times the weight
of an individual dose. If di⁄culties arise, larger samples may be taken, but
the petitioner should provide adequate justi¢cation for doing so and the
FDA reviews such applications on a case-by-case basis. In many instances,
when validating low drug content noncohesive powders blends, it was found
that although failing blend content uniformity, the compressed tablet or cap-
sule product satisfactorily met ¢nished product content uniformity. This

124 Ahmed et al.

5460-3 Shargel Ch05 R2 061604

Copyright © 2005 by Marcel Dekker, Inc.

the process validation protocol is summarized in Table 11. The amount of



TABLE 11 Process and Product Parameters Considered During Generic Solid
Dosage FormManufacture

Pharmaceutical
unit operation Process parameters Product attributes

Wet granulation Granulator loading capacity Granule size distribution
Binder or liquid addition rate
Impeller=chopper speed
(high shear mixer)

Wet massing time
Tray drying Number of trays loaded

(tray dryer)
Moisture content (LOD)
Solvent residue such as
alcohol used in granulation

Fluid bed drying Loading capacity
(fluid bed dryer)

Inlet temperature
Bed temperature
Airflow rate

Milling=screening Screen size Particle size of
milled granules

Milling throughput Bulk=tapped densities
of the milled granules

Use of hammers=knives
Mill speed

Blending Blender capacity Blend content uniformity
inmixer

Mixing time Blend content uniformity in
drums (after discharge)

Speedof mixing Particle size and bulk=tapped
densities of final blend

Compression Tablet press speed
(speed study)

Tablet weight, thickness,
hardness and
friability

Compression force
(hardness study)

Content uniformity

Weight and compression
force (thickness study)

Dissolution=disintegration

Powder feed rate into
dies (hopper study)

Assay or potency

Encapsulation Fill volume Capsule weight
Tamper setting Content uniformity
Encapsulation speed Dissolution
Aspiration setting Assay or potency

(Continued)
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has led to the belief that several inadequacies and sampling biases exist with
the present techniques.The thief employed for blending validation may itself
cause segregation and perturbation of the blend when sampling in static
powder beds. Although several alternative sampling devices have been
suggested in the literature (57), the sampling thief is still the most commonly
used sampling device during blending validation.FDA’s recently issued draft
guidance to the industry for blend uniformity analysis for ANDAs is based
on amount of active component present in the dosage unit and suggests the

Table 11 (Continued )

Pharmaceutical
unit operation Process parameters Product attributes

Roller compaction Roller type
Granule size of milled
compacts

Clearance between rollers
Bulk=tapped densities
of milled compacts

Compaction speed
and pressure

Film Coating Spray rate Coatingweight gain

Pan speed
Weight variation analysis
(Mocon)

Airflow rate Assay or potency
Pan loading Dissolution=disintegration
Inlet=exhaust
temperatures Mottling or speckling

Spray guns assembly
and nozzles

Fluid bed coating Inlet temperature Coatingweight gain

Bed temperature
Assay to determine
drug layering

Airflow rate Content uniformity
Spray rate and type
(top,Wurster=bottom
or tangential)

Bead bulk=tapped
densities, porosity etc.

Rotor speed Dissolution
Liquid filling hard

gelatin capsule
Product temperature
during filling Capsule weight

Product congealing rate Content uniformity
Viscosity of fill Dissolution
Fill volume Assay or potency
Encapsulation speed
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use of tighter limits for blend uniformity (90^110% of label claim with
RSD� 5%). This will provide added assurance that such a blend will meet
the USP criteria for ¢nished dosage units of 85^115% label claim with
RSD� 6%(58).Recently,Prescott andGarcia (59) proposed a troubleshoot-
ing diagram for blend content uniformity in solid dosage forms.They attri-
bute poor blend and=or content uniformity to possible causes such as
nonoptimum blending, thief sampling error, segregation after discharge,
analytical error, and insu⁄cient particle distribution and suggest solutions
to these problems.However, the presence of a validation engineer trained in
the proper technique for sampling powders in blenders and drums is impor-
tant. A well-laid-out validation protocol for solid dosage forms should
include details of the sampling plan for the speci¢c equipment being
employed. The number of samples (blender and=or drum), sampling
locations, and sampling thief to be used are speci¢ed in the protocol.
The collected samples are tested using validated analytical methods and
the results analyzed using appropriate statistical tests.

During the manufacturing process, several samples are collected and

The samples are subjected to appropriate testing using approved analytical
methods.These validation studies are thoroughly documented and summar-
ized in a process validation report.The validation report should include the
following items:

1. Aim of the validation study
2. List of raw materials used in the manufacturing process
3. List of manufacturing equipment
4. Critical process steps studied
5. Data collected and their analysis
6. Product and process acceptance criteria evaluation
7. Statistical analysis of results
8. Recommendations by the validation department
9. Attachments of copies of the executed batch records

The manufacturing process is released for regular production after
careful evaluation of the validation documentation.

2.4.1. Equipment Qualification

Equipment quali¢cation is an important part of the overall validation pro-
gram.Quali¢cation for new equipment or a new facility incorporates exten-
sive testing, veri¢cation, and documentation to establish that a particular
piece of equipment meets the design speci¢cations, and its installation is
appropriate to execute the functions required (60).The procedures involved
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not only assure the current state of the equipment, but also help maintain
them in peak working condition and calibration status.Equipment quali¢ca-
tion usually involves the following aspects:

1. Installation quali¢cation (IQ)
2. Operation quali¢cation (OQ)
3. Performance quali¢cation (PQ)

Before performing IQ, a prequali¢cation is done to assess the vendor
speci¢cations and process and product requirements of the equipment.
Once the decision ismade to purchase the equipment,preparations aremade
for IQ in consultation with the vendor and the engineering department.The
plant engineering department is responsible for designing the working area
as per the manufacturing requirements and the necessary plumbing. As the
equipment is installed, each of its components is quali¢ed to perform
according to the vendor’s speci¢cations. All vital gauges, charts, recorders,
and displays are calibrated and appropriate calibration schedules are estab-
lished.The validation department is responsible for coordinating all the doc-
umentation related to the installation, including the operating manuals,
technical drawings, calibration requirements, certi¢cates, and standard
operating procedures (SOPs). When compiling such documentation, the
validation personnel should perform extensive testing of the equipment and
should not rely solely on the vendor’s claims. The equipment is usually
assigned a serial or asset number at this stage. Once the equipment is
installed, an OQ is performed using a written protocol to ensure that the
equipment performs within the speci¢ed limits when operated using
approved SOPs. Such OQ studies are usually performed using placebo
batches andmay involve the combined technical expertise of the production,
validation, and engineering departments and also the equipment vendor.
PQ on new or existing equipment is done to assure that it is working up to
the appropriate level, in reproducing a particular process or product,within
predetermined speci¢cations.

2.4.2. CleaningValidation

Cleaning validation ensures that there is no cross contamination in a multi-
product manufacturing plant and also prevents microbial contamination
(61).Once a product is manufactured, the equipment is cleaned using appro-
priate cleaning SOPs established during the IQ of the equipment. Swab or
rinse samples from various pieces of equipment are taken as per an approved
cleaning validation protocol.These samples are tested using validated analy-
tical methods for drug content. The analytical method should be sensitive
enough to detect and quantitate low levels of drug, especially for products
containing high potency drugs. Acceptance limits for drug content on
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equipment surfaces are established by taking into consideration the drug’s
toxicity, the batch size, and the equipment size or contact surface area.
Equipment disassembly, cleaning, and setup must follow SOP.The cleaning
validation protocol lists various locations on the equipment, for swab
sampling. Several of the swab sampling locations should represent di⁄cult
to clean areas.The nature of the drug manufactured and its aqueous solubi-
lity dictate the choice of cleaning agents and solvents used. If a waxy matrix
is used in the manufacturing process, such as in melt granulation, extra
precaution should be taken to remove the wax from the surface of the equip-
ment. A thorough rinse is performed using deionized water or detergent free
solvent to wash out the cleaning agent prior to swab. Additional swab
samples are to be taken for detergent test. At the end of the cleaning valida-
tion study, the data are summarized in a ¢nal report. The cleaning program
is constantly updated to re£ect changes in the manufacturing process or
batch size, operator variability, and equipment aging and repair (62).

2.5. Process Demonstration and Technology Transfer

The formulation and process developed at a small scale must be capable of
producing the same product using the same process at a larger scale. Manu-
facturing parameters that a¡ect the quality attributes of the in-process and
¢nished product should be identi¢ed. These parameters are to be studied
to demonstrate the boundaries of the manufacturing process controls.
Statistically designed pilot scale batch experiments may provide valuable
information from a limited number of trials to predict the £exibility and
constraints to be applied to the scale-up batch.

2.5.1. Process Demonstration

Process demonstration is to demonstrate that the process utilized in the pilot
plant is applicable of producing the desired product at a larger scale. The
demonstration batch may be an experiential large scale batch or a bio= stabi-
lity batch that may or may not be the actual production size batch. In a gen-
eric industry, several factors such as complexity of the process, in-house
expertise, availability of the API, cost, time line, etc., are considered in the
planning for a process demonstration batch. Product development person-
nel in juxtaposition with production and validation personnel manufacture
the batch. All important aspects of the process (mixing times, granulation
end points, drying curves, moisture contents, compression forces, coating
parameters, etc.) are carefully explored and monitored. After completion of
the batch, a meeting among the development, manufacturing and validation
groups is useful to discuss the process and product performance. Based on
the outcome of the batch and input from various experts involved, any
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changes ormodi¢cation in the formulation or process canbemadebefore the
bio-batch. Production personnel are thus thoroughly aware of critical pro-
cess steps and successful execution of future batches is well assured.

2.5.2. Technology Transfer

Technology transfer involves transferring the product manufacturing tech-
nique and responsibilities from development phase to regular production
group. The technology transfer plan and performance vary widely among
the generic industries. In many industries, there is no formal technology
transfer procedure and in others, it is poorly managed.Thismay lead toman-
ufacturing problemsdi⁄cult to correct during the product launch and delays
the marketing of the product. Involvement of production personnel in the
research batches should start as early as the process demonstration batch as
mentioned above. Bio-batch manufacturing in the production £oor serves a
bene¢cial step in technology transfer. The process validation=technology
transfer group inconjunctionwith thedevelopment,analytical,manufacturing,
quality assurance (QA), and packaging groups prepares a technology
transfer document. This document should include information on:

1. Formulation development and process optimization studies
2. Relevant analytical data=dissolution data
3. Manufacturing master formula and process £ow chart
4. Monographs of all excipients
5. Description of packaging components
6. Cleaning methods and criteria
7. Process validation protocol
8. Resource requirements and time line

It is important for the development team to discuss all aspects of themanufac-
turing process and resource requirements with relevant departments. The
manufacturing process, process controls, in-process sampling and testing
speci¢cations, and equipment operation, especially in the case of new tech-
nology, are to be explained to the manufacturing personnel. A clear under-
standing of various steps of the manufacturing process as identi¢ed in the
manufacturing master batch record is essential. Several critical steps and
parametersneed tobeaddressed,e.g.,additionof thegranulating£uid toahigh
shear mixer can be done for a ¢xed time or ¢xed rate, or by de¢ning
granulationendpoints such as impeller torqueor power (kW).Often,theorder
of addition of a particular ingredient or bulk drug component to the blender
is important. In-process sampling procedures, such as granules for moisture
content during drying or powder blend for content uniformity, should be cle-
arly stated.The technology transfer completeswith the successful completion
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of three consecutive validation batches. All documents including executed
manufacturing masters, test results,out of speci¢cation (OOS) values (if any),
deviations (if any), and investigations (if any) should be compiled as formal
reports.The report must include explanation for any OOS values, and sound
corrective action fromboth technical andcompliancepointsof view.

2.6. Documentation

Documentation is an important aspect of the scale-up, process validation,
and technology transfer process. Hence, it becomes imperative that all rele-
vant documents pertaining to the manufacturing, testing, and releasing of
the bio=validation batch are compiled and organized prior to a pre-approval
inspection (PAI). The documents should be checked for data accuracy and
adequacy as required by the FDA’s guidelines. Documentation covering the
items below should be compiled in a timely manner:

1. Executed masters for the bio=submission batches
2. Test results, including OOS values, repeat testing, etc.
3. Deviation investigations, ¢ndings, and conclusions
4. Equipment IQ,OQ, and PQ
5. Equipment cleaning validation
6. Change control documentation
7. Related SOPs
8. Product launch batches (including any scale-up batches)

All documentation relating to active and inactive raw materials, including
test methods,vendor’s certi¢cates of analysis (COAs), and QC release speci-
¢cations, are included.The original batch manufacturing records, analytical
method validation reports, equipment IQ=OQ, process and product valida-
tion documents, production personnel training records, and equipment
maintenance records form themain sections of a project documentation ¢le.

2.7. Post-Approval Changes—SUPAC

FDA has issued guidelines to ANDA sponsors who intend to change
components or composition, manufacturing site, scale-up=scale-down of
manufacturing, and=or manufacturing process and equipment for immedi-
ate release (IR) and modi¢ed release (MR) solid oral dosage forms during
the post-approval period (63,64). These changes are classi¢ed under di¡er-
ent levels in each of the above categories depending on their e¡ect on ¢nal
product quality.Depending on the severity of change as listed in the SUPAC
guidelines, the ANDA sponsor may have to perform additional in vitro
and=or in vivo testing to establish bioequivalence, stability, and similarity
to the original bio-batch. The guidelines use a biopharmaceutical
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classi¢cation system of drug solubility=permeability characteristics to
determine if additional bio-studies are warranted. In cases where dissolu-
tion similarity is required, the use of similarity factor f2 is recommended for
comparing dissolution pro¢les (65).

3. CONCLUSION

Scale-up, process validation, and technology transfer are conducted at the
late phase of product development.However, the performance of these steps
is largely dependent on the product composition and process selected in the
early phase of development.The technology chosen at an early developmen-
tal stage and employed in manufacturing the bio-batch stays with it during
its life. During this early phase, the development scientist must consider the
future demand of the product in selecting the process and equipment. In
reviewing a manufacturing process, it is important to consider the physico-
chemical properties of the drug and excipients along with equipment
capabilities and limitations. Involvement of production personnel in the
manufacturing of a batch prior to the bio-batch often helps in the develop-
ment of a robust process. All equipment should be quali¢ed for installation,
operation, and performance prior to the bio-batch. The equipment should
be cleaned and tested as per a cleaning validation protocol. The bio-batch
should be evaluated for process performance as per a process validation
protocol. All operational documents and test results generated from
the bio-batch must be reviewed prior to initiating further scale-up and=or
technology transfer. A team e¡ort among formulation, validation,
production, analytical, and logistic support groups is crucial to the success
of scale-up and technology transfer.
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Drug Stability

Pranab K. Bhattacharyya

Eon Labs Inc., Laurelton, NewYork, U.S.A.

1. INTRODUCTION

In 1984, the Hatch-Waxman Amendment of the Federal Food, Drug, and
Cosmetic Act was enacted. This amendment, which is also known as the
Drug Price Competition and Patent Term Restoration Act of 1984 (Public
Law 98^417), allowed lower priced generic drug equivalents of the
o¡-patent branded drugs in the United States marketplace. In this chapter,
the United States Food and Drug Administration (FDA) requirements
governing the stability of generic drugs will be discussed. Stimulated by
the growth of the generic industry, a comprehensive journal publication
(1) devoted exclusively to the development, manufacturing, quality control,
and quality assurance of generic drugs is available in print and on the
website.

1.1. Why Stability for Generic Drugs?

A generic drug (2) is equivalent to the corresponding branded drug with
respect to the active pharmaceutical ingredient (API), strength,dosage form
and dose, route of administration, safety, e⁄cacy, and label claim. Generic
and branded drugs may, however, di¡er with respect to inactive ingredients
such as lactose, magnesium stearate, etc., which are necessary to formulate
the drugs, for example, as tablets and capsules.
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When a formula for a generic drug has been ¢nalized for an o¡-patent
branded drug, the generic drug manufacturer is required to conduct certain
studies and submit an abbreviated new drug application (ANDA) to the
O⁄ce of Generic Drugs (OGD) of the FDA to demonstrate its bioequiva-
lency and quality. Proof of bioequivalence is established through an
appropriate comparative bioavailability (bioequivalence) study which is

strated through implementation of extensive analytical testing procedures.
The analytical testing methodologies and data are described in the
Chemistry, Manufacturing, and Controls (i.e., CMC) section of the ANDA

A key component of drug quality is its stability pro¢le which is an inte-
gral part of the CMC section. Drug stability is characterized by parameters
such as identity, assay, degradation pro¢le, and dissolution rate. A drug is
stable when these quality characteristics remain within predetermined
quality control speci¢cations for at least the duration of the expiration per-
iod. A stable generic drug, which has been shown to be bioequivalent to a
branded drug, assures that it continues to be safe and e⁄cacious throughout
its shelf-life. Assessment of the stability of drugs is also mandated by the
Code of Federal Regulations, Title 21, Part 211.166 (usually abbreviated as
21CFR Part 211.166).

1.2. Terminology

In the pharmaceutical industry, the terms active pharmaceutical ingredient
or API, drug substance, active ingredient, active substance, or simply active
or drug are all used interchangeably. Drug products or drugs or products or
¢nished products are also interchangeable.The term shelf-life is used inter-
changeably with expiration dating period, expiration period, expiration
dating, or expiration date. An excipient is any inactive substance other than
the drug substance used in the corresponding drug product.

2. API STABILITY

The development of the stability pro¢le of an API is a prerequisite for
approval of an ANDA application. Analytical testing to establish an API’s
stability pro¢le is usually conducted by its manufacturer. Critical stability
parameters include physical appearance (e.g., whether crystalline or
amorphous powder for solid APIs), color, assay, degradation pro¢le, and
hygroscopic tendency. The API manufacturer’s Drug Master File
(DMF) submission to the FDAwill not be complete without stability data.
In practice, the review of the DMF by FDA is triggered upon submission
of an ANDA application referencing the DMF.
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2.1. Pharmacopeial and Non-Pharmacopeial APIs

Currently, a large number of APIs are already included in the United States
Pharmacopeia (USP) and its supplements. It is known that a vast majority
of the pharmacopeial grade API’s which are used by generic manufacturers
are produced in foreign countries such as Ireland, Italy, India, and China
amongst others. It is a requirement that all manufacturers of APIs have
modern production facilities which are sta¡ed with well-quali¢ed personnel
and have implemented good quality systems which conform to US cGMPs
(Current Good Manufacturing Practice) requirements. Over the years, the
foreign inspections branch of the FDA has done a truly outstanding job
through vigorous inspections in enhancing the cGMP systems to the point
that the foreign manufacturers o¡er high qualityAPIs and an excellent value
for the US as well as for global markets. Through inspectional observations
and when=where necessary, warning letters, FDA ensures that only manu-
facturers who have implemented adequate quality systems and manufactur-
ing technology to comply with cGMP requirements can supplyAPIs to the
US drug product manufacturers.

ManyAPIs for generic drugs, however, are still not listed in the USP.
Various API monographs are currently going through the review process in
the Pharmacopeial Forum (PF). cGMP requirements are nevertheless
equally applicable regardless of whether the APIs are in the USP or not.
The API manufacturers seem to be cognizant that demonstration of
stability pro¢les of APIs are an essential component in meeting these
requirements.

2.2. Specifications and Test Methods

For those APIs with monographs published in the USP, the API manu-
facturersmust ensure that their speci¢cations arenotwider than thepharma-
copeial speci¢cations. The speci¢cations must be either identical or tighter
than the respective pharmacopeial speci¢cations. Historically, third world
countries in Asia and Africa have followed theUSP.European countries and
Japan have their own compendia such as the European Pharmacopeia (EP)
and Japanese Pharmacopeia (JP). Since foreign manufacturers are known
to produce APIs for international markets, they have focused on developing
a single set of speci¢cationswith the tightest limits to meet the requirements
of the major pharmacopeias (USP, EP, JP). In order to assure that an API
meets the stability speci¢cations for international markets, the tightest
speci¢cations included in the major pharmacopeias should be selected.
For example, if the USP has speci¢cations of 98.0^102.0% for assay and
0.2% for a degradant and other pharmacopeias have speci¢cations
of 99.0^101.0% and 0.3%, respectively, the tightest speci¢cations of
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99.0^101.0% and 0.2% should normally be set as the stability speci¢cations
for theAPI.

ForUSPgradeAPIs,USP test procedures should be followed. If anAPI
manufacturer’s test method di¡ers from the USP procedure, crossover stu-
dies are required to demonstrate equivalency between these procedures.
For example, if a titration procedure is employed by the manufacturer and a
high performance liquid chromatographic (HPLC) procedure is described
in the USP for an assay, theAPIsample should be analyzed by bothmethods.
Another possible scenario is that anHPLCmethodmay be used for the deter-
mination of impurities and degradants by the APImanufacturer,which may
be di¡erent from the HPLC method listed in the USP. Results from the two
HPLCmethods should be comparable within the experimental errors of the
methods. This will allow the use of the titration procedure by the API
manufacturer for assay and its HPLC procedure for stability testing, and
at the same time permit labeling theAPIas conforming toUSP.The situation
becomes complicated if the di¡erent pharmacopeiae employ di¡erent
methods of analysis. In that case, multiple crossover studies should be
conducted to allow the use of a single test method by the API manufacturer
for the analysis of a given test attribute such as assay.

To harmonize development of speci¢cations for impurities and degra-
dants in ANDAs and DMFs, FDA has published a guidance (3) to provide
recommendations on the identi¢cation and quali¢cation of impurities
in APIs produced by chemical synthesis, which are applicable for both
pharmacopeial and non-pharmacopeial APIs.

2.3. FDA and ICH Guidelines

Both FDA and ICH (i.e., International Conference on Harmonization)
guidelines (4^8) require stability-indicating assay procedures for analysis of
drugs. The HPLC assay procedure is the preferred method for stability
testing. For demonstration of stability, an API sample is purposely degraded
(6) by stressing it under harsh conditions of temperature, humidity, oxida-
tion, UV light, acidity, and basicity. Evidence for the stability-indicating
property of the assay procedure is demonstrated by adequate separation of
the degradants from the active ingredient peak.To assure that no degradants
are coeluting with the active peak, it is advisable to conduct peak purity
studies by multiwavelength scans of the chromatographic peak using a
photodiode array (PDA) detector.With this technique, the purity of themain
peak can be established only if the UV chromophores of the API and the
coeluted degradant are su⁄ciently di¡erent. However, if the UV chromo-
phores are similar, this technique will not succeed in establishing peak
purity. In such cases, the more powerful hyphenated technique of HPLC
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analysis coupled with mass spectrometric detection (known as LC-MS)
should be considered.

2.4. Issues for Multisource APIs

Spurred by the growth of the generic industry, multiple manufacturers of
APIs have arisen.With time, many more API manufacturers will gain FDA
approval and join the ranks of producers of qualityAPIs. Since they will all
compete for essentially the same generic market for a given API, their suc-
cesswill be governed by their ability to deliver qualityAPIs at the least possi-
ble cost. This will require creativity for the API manufacturers to survive
and succeed in a highly competitive business. For that to happen, they will
have to cut costs in the production of the APIs.The di¡erent manufacturers
will employ di¡erent syntheses for the same API. In all cases, the ¢nal pro-
duct, the API, must be chemically identical. The starting chemicals, inter-
mediates, ¢nal intermediates, synthetic pathways, and residual solvents
detectable in the API will usually di¡er from one manufacturer to another.
While the API produced by di¡erent manufacturers must be chemically
indistinguishable, its physical properties such as bulk density, particle size
pro¢le, its crystalline or amorphous character, and its rate of degradation
may di¡er.Therefore, in addition to cost, its stability aswell as its processing
characteristics in themanufacture of ¢nished products should be considered
in selecting the manufacturers of theAPIs.

2.5. Method Validation

Analytical methods for stability testing of APIs should be validated.USP 27
contains a general chapter h1225i on methods validation (9). FDA has also
posted the ICH guidelines,Q2A and Q2B, on validation of analytical proce-
dures on its website (10,11). These and other FDA guidelines (12,13) should
be considered in developing and implementing a methods validation proto-
col for an API. In the USP, validation of an analytical procedure is de¢ned
as the testing process by which it is established that certain performance
characteristics are achieved. Typical performance characteristics in the
USPand ICH for the validation of analytical methods include the following:
accuracy, precision, speci¢city, detection limit, quantitation limit, linearity,
and robustness.The de¢nitions for these analytical performance character-
istics are provided in theUSPand ICHguidelines, and are not covered in this
chapter. It should be noted that validation is a dynamic process and should
be repeated when an analytical method has been revised or when an API is
procured from a di¡erent manufacturer or produced by a di¡erent synthetic
route.
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2.6. Shelf-life Development and Assignment

Stability testing should be conducted with the API packaged and stored
under the ICH accelerated and long-term stability conditions which are
listed below:

accelerated stability condition: 40�C� 2�C=75%RH� 5%RH;
long-term stability condition: 25�C� 2�C=60%RH� 5%RH.

For stability testing, samples may be stored in a smaller container=
closure system which should be equivalent to the larger container used for
storing larger quantities of the API. The smaller container=closure system
must have the same composition, closure, and liners, and include desiccants
if they are also used in the larger container=closure system.

In a short time of 3 months, the accelerated stability studies provide
valuable data on the degradation pro¢le of an API and thus assist in validat-
ing a particular container=closure system for storage of the API. However,
long-term stability studies are essential in developing a retest period and
shelf-life for APIs stored in the warehouse under controlled room tempera-
ture conditions which will be de¢ned later in this chapter. A retest period is
de¢ned as the period of time during which the API is expected to remain
within its speci¢cations.Therefore, it can be used in the manufacture of the
corresponding drug product, provided that the API is stored under appro-
priate environmental conditions. The shelf-life or expiration period for an
API is the maximum allowable time period beyond which the API cannot
be used in the manufacture of drug products and must be destroyed.

ForAPIs that exist as solids, a retest period of one year is generally sup-
ported by long-term stability data and accepted by the pharmaceutical
industry. For stable APIs, a shelf-life of ¢ve years or longer derived from
long-term stability and retest data is not uncommon. In the absence of an
assigned shelf-life, the API can be retested again after one year and assigned
a second retest date. This process of retesting can continue as long as the
degradation levels and other quality attributes remain well within speci¢ca-
tions. Stability studies to justify assigned retest and expiration dates should
be repeated by the drug product manufacturer if the API is repackaged in a
di¡erent container than that used by theAPImanufacturer.

2.7. Packaging

The FDA guidance (14) entitled ‘‘Container Closure Systems for Packaging
Human Drugs and Biologics’’ includes information on container=closure
systems for packaging of APIs. In general, APIs are solids; for such APIs,
the container=closure system for storage or shipment of APIs usually
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consists of a ¢ber drum containing double low density polyethylene liners
which are closed with twist ties. For protection from moisture and thus to
assure stability, a desiccant may be placed between the bags if necessary. In
that event, the stability samples should also contain appropriately placed
desiccants to simulate the con¢guration of the larger container=closure
system.

2.8. Shipment

API manufacturers should evaluate test results for critical test attributes
such as assay and degradants when they are near speci¢cation limits prior
to shipment of batches to drug product manufacturers. Existing stability
data should be studied to ensure that such batcheswill remainwithin speci¢-
cations, allowing for analytical measurement errors when initially tested at
the API manufacturer’s site and also at the assigned retest or expiration
dates. If stability data are not available for a batchwith test results approach-
ing the speci¢cation limits, the particular API batch representing the worst
case for its closeness to the speci¢cation limits should be studied under
long-term stability conditions to develop the stability pro¢le in order to
justify quality control release and shipment of such batches.

Since the vast majority of APIs are imported from foreign countries,
Customs and FDA require veri¢cation of the integrity of the container=
closure system’s labeling information and the manufacturer’s analytical
documentation to rule out pilferage or tampering. If the container was
opened during transit and the API was exposed to the atmosphere, even for
a brief duration, the stability pro¢le of the API could be a¡ected and the
possibility of contamination could arise. Therefore, at the minimum, assay,
impurities, and degradant pro¢le of the API should be determined at the
¢nished product manufacturer’s site. The results should be compared with
the API manufacturer’s certi¢cate of analysis to verify that the quality of
theAPI has not been compromised.

3. INTERMEDIATES FOR DRUG PRODUCTS

In general, the manufacturing process for both immediate release (IR) and
modi¢ed release (MR) solid oral dosage forms begins with the mixing of the
required APIs and excipients, then proceeds through stages of intermedi-
ates, and ¢nally ends with the production of ¢nished products such as
capsules and tablets.These intermediates are known as blends, intermediate
pellets, cores, etc.
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3.1. Specifications

Separate speci¢cations are required to verify the quality of the intermediates
used in the production of the ¢nished product. Usually the analytical
methods for the ¢nished product are also utilized in testing of intermediates.

3.2. Holding Time

21CFR Part 211.111 requires,where appropriate, time limits for the comple-
tion of each phase of production to assure the quality of the drug product.
Deviation from established time limits may be acceptable if such deviation
does not compromise the quality of the drug product. Such deviation must
be justi¢ed and documented.

Adraft guidance (5) published by the FDAallows an intermediate to be
held for a maximum period of 30 days from the date of production without
being retested prior to its use in manufacturing. A holding time period of
1month, instead of 30 days,would also be acceptable, if that is necessary for
scheduling convenience. In the guidance, the date of production is de¢ned
as the initial date that an API has been added to the inactive ingredients
during manufacturing. An intermediate that is held longer than 30 days (or
1month) should be retested prior to use. The ¢rst production batch of the
corresponding ¢nished product should be monitored through long-term
stability studies. For blends, the purpose of retesting is to ensure that they
have remained stable and that no degradation or de-mixing took place
during prolonged storage. For intermediate pellets, retesting ensures that
the dissolution quality has not been a¡ected. Retesting of cores assures that
the assay, degradation, and dissolution results are acceptable.

If a longer holding time, for example 3months, is necessary to facilitate
routine production planning, the quality of an intermediate batch stored in
the warehouse under the controlled room temperature condition should be
checked for the duration of the holding time. The guidance suggests that at
least three test points beyond the initial release should be selected for stabi-
lity testing.The ¢rst ¢nished product batch produced from an intermediate
held for the desired duration in the warehouse should be tested. If the test
results are found to be satisfactory upon completion of the stability testing
of the ¢nished product batch, the holding time of 3 months is deemed to have
been quali¢ed and can be routinely used without further stability testing of
future batches of the intermediate and the corresponding immediate release
or modi¢ed release drug products if these intermediate batches are held
for not more than 3months.Since the expiration date of the ¢nished product
is assigned from the date of production as de¢ned above, its shelf-life is
essentially shortened by the length of a holding time greater than 30 days (or
1month). Therefore, it is advisable to limit the quali¢cation of the holding
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time to 3 months or shorter. It should be noted that if an intermediate is not
stable for 30 days (or 1month), its holding time should be appropriately
decreased after review of its short-term stability pro¢le.

4. DRUG PRODUCT STABILITY

Stability testingplaysacrucial role inthedevelopmentofgenericdrugproducts.
It provides valuable information regarding thebehavior of drugswhen exposed
to temperature,humidity, and light.For solid oral generic dosage formsusually
packaged in high density polyethylene bottles (HDPE), photostability is not
generally considered to be an important contributor to degradation and thus
will notbediscussedfurther inthisarticle.TheFDAregulationsgoverningdrug
product stability are stated in 21CFR 211.166,which require a written testing
program to assess the stability characteristics of drug products.The FDA has
published guidances (4,5) to harmonize the design and execution of stability
testing programs. In addition, ICH guidances (6,15) on stability testing of new
drugs are available. Published literature (16) provides further information on
designing stability testing programs.

4.1. Pharmacopeial and Non-pharmacopeial Products

With the aimof harmonizing the quality standards for generic drugs,USP 27
has provided many monographs for testing of such drugs. However,with the
patent expirations of an increasing number of branded drugs, the corres-
ponding monographs may not be available in the USP 27, its supplements,
subsequent editions or Pharmacopeial Forum (PF) for public review, prior
to formulation development, ANDA submission, and marketing of generic
drugs. Since monographs for these products need to be independently devel-
oped by the generic manufactures, additional development and validation
resources should be allocated to meet the twin goals of FDA approval and
market launch in a timely manner.

4.2. Specifications and Test Methods

Abbreviated new drug applications require inclusion of appropriate and
scienti¢cally justi¢able speci¢cations and validated test methods for generic
products. The cGMP regulations require that each drug product meets the
approved speci¢cations when tested by the approved stability-indicating
methods. Abbreviated new drug applications also require inclusion of stabi-
lity speci¢cations for test attributes such as assay, degradants, and dissolu-
tion rates. The test results of long-term and accelerated stability samples of
each drug product must conform to its stability speci¢cations at least until
the approved shelf-life of the product.
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For drug products listed in the USP, the pharmacopeial speci¢cations
and test methods should be followed.Often, the older pharmacopeial mono-
graphs do not include limits for degradants.For such products, the published
FDA guidance (17) on the subject of setting speci¢cations for degradants
should be followed.

For non-pharmacopeial drug products, the USP, which contains
numerous monographs and guidelines titled as general chapters, is a valu-
able resource in setting templates for speci¢cation and testing methodology.
The ICHQ6Aguidance (18) should also be used as a general guide forANDA
submissions.Quality control and stability results as well as expected manu-
facturing and analytical variables should be evaluated when setting stability
speci¢cations.Valid statistical approaches may be utilized. Data generated
from testing of the brand company’s reference listed drug product in the
FDA publication entitled ‘‘Approved Drug Products With Therapeutic
Equivalence Evaluations’’, commonly known as ‘‘The Orange Book’’, can
also be used to support the speci¢cations proposed in anANDAapplication.
As a valuable aid in the development of analytical methods for non-compen-
dial drug products, any information that is globally available from published
articles in scienti¢c journals and=or in international pharmacopoeias should
be utilized.

In all cases,whether pharmacopeial or non-pharmacopeial analytical
procedures, itmust be demonstrated that theAPIand any associated impuri-
ties from the synthesis of the API as well as excipients are all separated from
the degradation products of the API present in the matrix of the drug pro-
duct.This is achieved through method validation which is discussed below.

4.3. Method Validation

Stability data serves as a barometer for the shelf-lives of drug products.
Stable products are produced from validated production processes which
are expected to be in a state of statistical control from one batch to another.
It is therefore imperative that every e¡ort bemade to ensure that the analyti-
cal procedures for measurement of critical stability parameters are fully
validated. High performance liquid chromatography (HPLC) has become a
universal tool for stability testing because of its demonstrated capability of
resolving themain component fromdegradants and any associated synthesis
impurities.The stability-indicating capability of a particular HPLCmethod
is governed by its degree of separation which is established by conducting
forced degradation studies of drugs under various stressed conditions of
temperature, humidity, oxygen, acid, base, UV light, and visible light. The
details of the development of stability-indicating analytical procedures are

published guidelines (9^13).
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An important component of an ANDA application consists of
completed analytical method validation reports.During or after approval of
an ANDA application, the FDA usually requests samples and test data to
conduct regulatory validation. To ful¢ll this request, the applicant should
follow the published FDA guidance on this topic (19). In performing the
tests, the FDA laboratories will apply the regulatory methods,which are the
analytical methods provided in theANDA application.

For drugs with published monographs in the current USP, the analytical
methods are those legally recognized under Section 501(b) of the Federal
Food, Drug, and Cosmetic Act. In this respect, 21 CFR Part 211.194(a) (2)
states that theanalyticalmethodsdescribed in theUSPdonot require complete
validation. The regulation, however, requires that the suitability of all
testingmethodsmustbeveri¢edunder actual conditionsof use.Inotherwords,
the pharmacopeial methods should be validated to establish their suitability
for speci¢c drug products manufactured by generic companies. This is
understandable since stability data are critical attributes of drug products. An
important advantage will be gained by conducting method validation consis-
tently for all pharmacopeial and non-pharmacopeial products in raising a
company’s analytical standard in the eyes of FDA reviewers of ANDA appli-
cations aswell as FDA investigators during on-site compliance inspections.

4.4. FDA and ICH Guidelines

In 1994, the Center for Drug Evaluation and Research (CDER), FDA,
accepted the ICH stability testing conditions (6) for new drugs. In a letter to
all ANDA applicants, the O⁄ce of Generic Drugs (OGD) of CDER stated
that its accelerated stability condition, 40�C� 2�C, 75%RH� 5%RH, in
support of controlled room temperature tentative expiration dating for
ANDA products was identical to the ICH conditions, and would remain
unchanged forANDA submissions (20).

In1995,theOGD issued a position paper on the conditions required for
long-term stability testing of generic drugs, which was posted on the FDA
website (20).The long-term stability testing is required to validate the tenta-
tive expiration dating derived from accelerated stability studies. The OGD
stated that the ICHrecommendationsof 25�C� 2�Cand60%RH� 5%RH,
would be acceptable for long-term stability testing for ANDA applications.
Alternatively, the OGD would also continue to accept long-term stability
data conducted at the previously allowable conditions of 25�C^30�C and
at ambient humidity. Even though both sets of conditions have continued to
be allowed by the OGD in ANDA submissions, the international generic
community has clearly progressed towards harmonization with the ICH
conditions.
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4.5. Stability Protocol

The stability protocol should be carefully developed by the quality control
unit responsible for conducting and monitoring stability studies. The
protocol should consist of the stability study design factors such as package
sizes, sampling time points, strengths, bracketing, and matrixing. It should
specify the environmental conditions for accelerated and long-term stability
of packaged products and for bulk stability of unpackaged products. It
should also include validated stability-indicating analytical procedures
and stability speci¢cations. The protocol must be included in an ANDA
submission for approval by the OGD.Subsequently, if any changes are made
to the protocol, the revised protocol must also be submitted for approval
again by the OGD.

The following lists some key points of a stability protocol for a long-
term stability testing program of a solid oral dosage form consisting of one
strength and packaged in multiple sizes:

� the ¢rst three production lots will be packaged for stability testing;
� a bracketing design will be employed since the container=closure

systems of the multiple sizes are chemically equivalent;
� the smallest and largest package sizes only will be stationed in the

long-term stability chamber under the ICH storage conditions of
25 � 2�C and 60 � 5%RH;

� at least one production batch will be packaged in the smallest and
largest package sizes and added annually to the long-term stability
testing program;

� testing will be conducted at 0, 3, 6, 9, 12, 18, and 24 months, and
annually after 24 months until the expiration date has been reached
or longer in order to evaluate the possibility of extending the
current expiration period;

� stability testing criteria will include appearance, assay, loss on dry-
ing, known and unknown degradation products, and dissolution;

� stability data will be evaluated to justify expiration dating and
statistical analysis may be employed if required;

� stability datawill be included in the annual report submission to the
OGD;

� any batch with non-conforming stability data will be recalled from
the market with the required noti¢cation to the FDA.

4.6. Shelf-life Development

Shelf-life is the time period during which a drug product is expected
to remain within its speci¢cations, provided that it is stored under the
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conditions de¢ned on the container label. An expiration or expiry date is the
date on the container label of a drug product, designating the time period
prior to the end of which a batch is expected to remain within the approved
shelf-life speci¢cation, if stored under the labeled conditions, and after
which it must not be used. Regulation 21 CFR Part 211.137 requires that a
drug product must bear an expiration date determined by appropriate stabi-
lity testing in accordance with 21 CFR Part 211.166. The expiration dates
must be related to the storage conditions stated on the labeling as determined
by the stability studies conducted as described in 21 CFR Part 211.166. If
the drug product is to be reconstituted at the time of dispensing, its labeling
must bear expiration date information for both the reconstituted and
unreconstituted drug products. It should be noted that 21 CFR Part 201.17
requires that the expiration dates must appear on the container labeling.

21CFR Part 211.166(a) speci¢es that the results of stability testingmust
be used in determining appropriate storage conditions and expiration dates.
21CFR Part 211.166(b) requires testing of an adequate number of batches of
each drug product to determine an appropriate expiration date.The regula-
tions allow use of accelerated stability studies to support a tentative expira-
tion date if full shelf-life stability studies are not available at the time of
ANDA approval.Where data from accelerated stability studies are used to
project a tentative expiration dating period that is beyond a period
supported by actual shelf-life studies, long-term stability studies must be
conducted, including drug product testing at appropriate intervals until the
tentative expiration dating period is veri¢ed or the appropriate period is
determined. In general, the use of an overage of an API to compensate for
degradation during the manufacturing process or a product’s shelf-life, or to
extend the expiration dating period, is not acceptable (7). Additional infor-
mation on the subject of shelf-life development has been published (16,21).

Stability data should be developed for the drug product in each type of
container=closure system proposed for marketing or bulk storage. Bracket-
ing andmatrixing designs,whichwill be discussed separately in this chapter,
may be used if included in the approved stability protocol.

4.7. Action Limits

Long-term stability testing is conducted to assure that the drug product will
be within its shelf-life speci¢cations during the expiration period. Action
limits tighter than the speci¢cation limits should be set to assure that any
batch with initial test results close to the action limits is evaluated through
an appropriate course of action. By de¢nition, action limits are the maxi-
mum or minimum values of a test result that can be considered to be the
boundaries of acceptability without requiring further actions. Results less
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than the minimum or greater than the maximum action limit indicate that
an actionmust be taken.For example, if an assay or degradant,or dissolution
result is near, but outside, the action limits, an appropriate action would be
to monitor this batch by long-term stability testing to assess whether the
batch will meet the shelf-life speci¢cations.Conforming stability results for
this batch also builds up a data base in the sense that a future batch with a
similar result need not be subjected to stability. That is, a worse case
approach can be taken in deciding whether a future batch would require
long-term stability testing. From among all of the batches of the product on
long-term stability, the worse case batch,which must still conform to speci¢-
cations, is de¢ned as that batch with results which are outside and farthest
from the action limits. If the test results of a future batch are outside the
action limits but are superior to the results of the worse case batch, this batch
should not require long-term stability studies. However, if the test results
pass, but are marginal with respect to the shelf-life speci¢cations with no
allowance for analytical variability, that batch should be rejected in order to
avoid the risk of a stability failure and consequent recall. It should be noted
that anytime an atypical batch is produced, a separate manufacturing
investigation should be conducted in order to determine and correct the root
causes for the production problem.

4.8. Expiration Date Assignment

The computation of the expiration dating period of a drug product batch
should begin not later than the date of the quality control release of that batch
and the date of release should not exceed 30 days or1month from the date of
production, regardless of the packaging date. If the quality control release
date of the batch exceeds 30 days or 1month from the date of production,
the expiration date should be calculated from 30 days or 1month after the
date of production. The date of production of a batch is de¢ned as the ¢rst
date that an APIwas added to the excipients during manufacturing.

The data generated in support of the assigned expiration dating period
should be obtained from stability studies conducted under the long-term
stability condition consistent with the storage environment recommended
in the labeling. If the expiration date includes only a month and year, the
product should meet speci¢cations through the last day of that month.

A stability protocol should also include the statistical methods for ana-
lysis of stability data in addition to the design of the stability study.The draft
guidance (5) on stability testing contains acceptable statistical approaches
for the analysis of stability data and for deriving an expiration dating period.
Generally, an expiration dating period should be determined on the basis of
statistical analysis of long-term stability data.
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If the reworking of a drug product is approved in an application, the
expiration dating period of a reprocessed batch should not exceed that
of the parent batch and the expiration date should be calculated from the
original date of production (7).

4.9. Annual Stability

After the expiration dating has been veri¢ed with three production batches,
an ongoing stability testing program for an approved drug product should
be implemented in accordance with the postapproval stability testing
protocol in the ANDA application. The protocol should include the
commitment to place at least one batch of every strength in every container=
closure system, such as bottles or blisters, in the annual stability program for
the subsequent years. If the manufacturing interval for a drug product is
greater than 1 year, a batch of drug product released next year should be
added to the stability program. Approved bracketing and matrixing designs
should be implemented to reduce the stability testing workload.

Intermediate testing time pointsmay be reduced for annual batches on
a case-by-case basis through a prior approval supplement (PAS) (5). The
proposed reduction must be justi¢ed on the basis of a history of satisfactory
long-term stability data. The reduced testing stability protocol should
include a minimum of four time points, including the initial and expiration
time points, and two time points in between. For example, for an expiration
dating period of 36 months or longer, batches should be tested annually. It
should be noted that the reduced testing protocol applies only to annual
batches and does not apply to batches used to support a postapproval
change that requires long-term stability testing at all time points. However,
bracketing and matrixing designs may be included in the PAS which will
optimize testing e⁄ciency.

4.10. Extension of Expiration Dating Period

Anextensionof the expirationdating period basedon full long-term stability
data obtained on at least three production batches in accordance with a pro-
tocol approved in the ANDA application may be implemented immediately
and does not require prior FDA approval. 21 CFR Part 314.70(d) (5) allows
implementation of the extended expiration dating through an annual report
submission only if the criteria set forth in the approved stability protocol
were met in obtaining and analyzing stability data.

4.11. Bulk Holding

Upon completion of manufacturing, the ¢nished products, such as cap-
sules and tablets for solid oral dosage forms, are usually held for a period
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of time, often called the bulk holding time, prior to packaging. The length
of the bulk holding time is usually governed by scheduling of packaging
operations and inventory requirements. In the interest of saving develop-
ment time during routine production, it is advisable to establish the bulk
holding time by monitoring the controlled room temperature stability of
a sample of the ANDA submission batch, which is stored in a smaller con-
tainer equivalent in composition to the larger container used for storage
of unpackaged bulk ¢nished tablets. For example, to simulate the larger
cardboard containers used for storage in the warehouse, suggested dimen-
sions of the smaller containers would be 400 � 400�400 card-board contain-
ers, double lined with low-density polyethylene bags which are closed
with twist ties. The stability study of samples stationed in the warehouse,
maintained at the controlled room temperature condition, should be con-
ducted for the duration of the desired bulk holding time. Typically, this
should be not more than 6 months from the date of its quality control
release if this date does not exceed 1month beyond the date that the API
was ¢rst used in the manufacturing process. For a holding time of 6
months, testing time points of 0, 3, 6 months would be adequate unless
dictated otherwise by data. For each product strength, the bulk holding
time should be established. The established bulk holding time of one
strength would not be transferable to the other strengths of a product line
without supportive stability data for these strengths. If the bulk holding
time is not established concomitantly with the development of the stabi-
lity pro¢le of the ANDA batch, it will be necessary to establish the bulk
holding time post-ANDA approval. This may create some bottlenecks
during prospective validation studies in preparation for a product’s launch
into the market. Generally, if a bulk holding time of not more than
3months is desired, stability testing beyond the initial quality release test-
ing is not necessary to accept this time frame routinely as a packaging
deadline for solid oral dosage forms.

4.12. Bracketing

The CDER has accepted the ICH recommendations on bracketing designs
for stability studies, which are available in published guidances (5,22). In a
bracketing design, at any time point for example, only the samples on the
extremes of container sizes, ¢ll quantities, and=or dosage strengths are
tested. The design assumes that the stability of the samples corresponding
to the intermediate conditions is represented by the stability data at the
extremes. The guidances that provide extensive details on the principles of
various bracketing designs should be studied prior to development of a
design for a particular product. The general concepts described in the
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guidances are equally applicable to both new and generic drugs and will be
summarized for solid oral dosage forms.

A bracketing design can be used for most types of drug products,
including immediate release and modi¢ed release solid oral dosage forms
where the drug is available in multiple sizes or strengths. For a range of
container sizes=¢ll quantities for a drug product of the same strength, a
bracketing design may be applicable if the material and composition of the
container and inner seal of the closure are the same throughout the range.
Where either the container size or ¢ll quantity varieswhile the other remains
the same, the bracketing design may be applicable without justi¢cation.
Where both container size and ¢ll quantity vary, a bracketing design is
applicable if appropriate justi¢cation is provided. Such justi¢cation should
demonstrate that the various aspects (e.g., surface area=volume ratio, dead
space=volume ratio,container wall thickness, closure geometry) of the inter-
mediate sizes will be adequately bracketed by the extremes selected.

For a range of dosage strengths for a drug product in the same contain-
er=closure system with identical material and identical size, a bracketing
designmay be applicable if the formulation is identical or very closely related
with respect to the components=composition. Examples of the former
include tablet weights from a common blend made with di¡erent compres-
sion forces, or capsule weightsmade by ¢lling a common blend into di¡erent
size capsule shells. A very closely related formulation means a range of
strengths with similar, but not identical, basic composition such that the
ratio of the active ingredient to excipients remains relatively constant
throughout the range, allowing for addition or deletion of colorant or
£avoring, for example.Where the strength and the container size and=or ¢ll
quantity of a drug product vary, a bracketing design may be applicable with
the necessary justi¢cation.

Abracketing design should always include the extremesof the intended
commercial sizes and=or strengths. However, if the extremes are not truly
the worst case selections on the basis of strengths,container sizes, and=or ¢ll
quantities, use of a bracketing design is not appropriate.Where the amount
of the active ingredient changes while the amount of each excipient or the
total weight of the dosage unit remains constant, bracketing may not be
applicable unless justi¢ed.

If the market demands require discontinuing either the lowest or the
highest bracket extreme andmarketing of the intermediate sizes or ¢ll quan-
tities are still needed, the post-ANDA approval commitment to conduct
ongoing stability at the extremes of the bracketing should be maintained.

Prior to implementing a bracketing design, its e¡ect on shelf-life
veri¢cation should be assessed. If the stability of the extremes is shown to
be di¡erent, the intermediate packages should not be assumed to be more
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stable than the least stable extreme. In other words, the shelf-life of the
intermediate packages should not exceed that for the least stable extreme of
the bracket.

A bracketing design from the guidance Q1D is illustrated in the
following table to demonstrate the concept behind bracketing (22). This
example is based on a product available in three strengths and three
container sizes. For the selected combination of batches, the postapproval
stability program should require testing at all time points to assure that the
results continue to meet all stability related speci¢cations.

Example of a bracketing design:

Strength

50mg 75mg 100mg

Batch 1 2 3 1 2 3 1 2 3

Container size 15cc T T T T T T
100cc
500cc T T T T T T

T¼ test sample at all time points specified in the postapproval commitment.

An intended bracketing design should be included in the stability
testing protocol of the ANDA application. If the ANDA application does
not contain the bracketing design, a supplemental application and approval
will be required prior to implementation of the design for stability studies
of routine production batches.

4.13. Matrixing

The CDER has also accepted the ICH guidance on matrixing, which is
another type of a reduced design based on di¡erent principles (5,22). In a
matrixing design, a fraction of the total number of samples are tested at any
speci¢ed time point. At a subsequent time point, di¡erent sets of the total
number are tested. This design assumes that the stability of the samples
tested represents the stability of all samples. The di¡erences in the samples
for the same drug product should be identi¢ed as, for example, covering
di¡erent batches, di¡erent strengths, di¡erent sizes of the same container
closure system and, possibly in some cases, di¡erent container=closure
systems.

Matrixing results in reduced testing when more than one variable is
being evaluated. In thematrixing design, each combination of factors should
be tested at the speci¢ed time points in order to obtain a balanced in£uence
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of the factors on the variability of the stability results.While the design will
be governed by the factors that would be present in the full stability program,
all batches should be tested initially and at the ¢nal time point.

The guidances (5,22) provide extensive details on matrixing designs
and the important concepts outlined in these guidances are summarized
below for solid oral dosage forms.

The factors that can be matrixed include batches, strengths with
identical formulation, container sizes, ¢ll quantities, and intermediate time
points. Factors that should not be matrixed include initial and ¢nal time
points, test parameters, dosage forms, strengths with di¡erent formulations,
i.e., di¡erent excipients or di¡erent active ingredient=excipient ratios, and
storage conditions.

The principles behind a matrixing design can be best explained with
the following example reproduced from the ICHQ1D guidance (22).

Matrixing time points and factors for a product with three strengths and three
container sizes:

Strength

S1 S2 S3
Container size Container size Container size

A B C A B C A B C

Batch1 T1 T2 T2 T1 T1 T2
Batch 2 T3 T1 T3 T1 T1 T3
Batch 3 T3 T2 T2 T3 T2 T3

Time points (months)

0 3 6 9 12 18 24 36
T1 T T T T T T T
T2 T T T T T T
T3 T T T T T T

S1, S2, S3 are different strengths; A, B, C are different container sizes;T¼sample to be tested.

Generally, the matrixing design is applicable if the supportive stabi-
lity data exhibit small variability and thus can predict product stability
accurately. If the supportive data show large variability, a matrixing design
should not be used. If a matrixing design is applicable, the extent of reduc-
tion from a full design in the number of samples to be tested depends on
the factor combinations selected as shown in the above tables. The greater
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the number of factors and greater the number of levels in each factor, the
greater is the extent of reduction in the number of samples to be tested.
Any reduced design is justi¢able only if it has the ability to accurately
predict shelf-life.

An intended matrixing design should be included in the stability
testing protocol of the ANDA application. Because of the potential com-
plexity of matrixing designs, it is advisable to discuss a design in advance
with the OGD prior to its implementation in the stability program. If the
ANDA application does not contain the matrixing design, a supplemental
application and approval will be required prior to implementation of the
design.

4.14. Controlled Room Temperature

Generally, drug product labeling speci¢es storage temperature and, in some
cases, humidity requirements to maintain product stability. The General
Notices section in the USP 27 de¢nes various storage conditions and should
be used as a guide to ensure appropriate storage conditions consistent with
the product’s labeling requirement. The majority of drug products require
controlled room temperature (CRT) storage.

In theUSP 27, the CRT is de¢ned as a temperaturemaintained thermo-
statically that encompasses the usual and customary working environment
of 20�C^25�C (68�F^77�F), that results in a mean kinetic temperature
(MKT) calculated to be not more than 25�C, and that allows for excursions
between15�C and 30�C (59�Fand 86�F) that are experienced in warehouses,
pharmacies, and hospitals. Provided that the mean kinetic temperature
remains in the allowed range, transient spikes up to 40�C are permitted as
long as they do not exceed 24 h. Spikes above 40�C may be permitted if the
manufacturer provides data on e¡ects of storage temperature variations.
Themean kinetic temperature (MKT) is a calculated value that may be used
as an isothermal storage temperature to simulate the nonisothermal e¡ects
of storage temperature variations. The procedure for calculation of the
MKT is included in the USP 27,General Chapter h1151i.

4.15. Stability of Products Containing Iron

In 1997, FDA published the iron regulations requiring label warnings and
unit-dose packaging for solid oral drug products that contain 30mg or more
of iron per dosage (23).The regulations were issued to reduce the likelihood
of accidental overdose and serious injury to young children through the use
of unit-dose packaging. Such packaging was considered to limit the number
of doses a child may ingest if the child gained access to the product.
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Appropriate expiration dates for drug products in unit-dose packages
were required to meet the iron regulations. Accelerated stability testing was
not considered to be applicable to drug products containing iron, especially
multi-vitamin products, since they were known not to perform well under
the unrealistic stressed accelerated conditions. Therefore, long-term
stability testing was the only method to determine the expiration date. After
publication of the iron regulations which became e¡ective on July 15, 1997, a
grace period of 2 years, expiring on July 15, 1999 was provided to allow
manufacturers to package products in unit-dose blisters and continue to
market the product with reduced expiration dating as de¢ned in the
guidance. At the same time, the manufacturers were required to initiate and
conduct long-term stability studies to establish anew, the expiration dating
for existing products packaged in unit-dose blisters. Notice should be taken
that for new products containing 30mg or more of iron per unit dose, the
product must be packaged in unit-dose blisters and set up on long-term
stability to develop expiration dating prior to market entry.

4.16. Reprocessing and Reworking

Reprocessing and reworking terminology has been clari¢ed in a recent draft
guidance (7). Reprocessing is the introduction of an in-process material or
drug product, including the one that does not conform to a standard or speci-
¢cation, back into the process and repeating steps that are part of the
approved manufacturing process. Continuation of a process step after a
process test has shown that the step is incomplete is considered to be part
of the normal process and is not reprocessing. For most drug products,
reprocessing does not require to be described in an ANDA application
unless it is known that there is a signi¢cant potential for the reprocessing
operation to adversely a¡ect the quality attributes of the drug product.
Generally, a reprocessed drug product does not require stability testing
unless warranted otherwise because of quality concerns.

Reworking is subjecting an in-process material or drug product that
does not conform to a standard or speci¢cation to one or more processing
steps that are di¡erent from the manufacturing process described in the
ANDA application to obtain acceptable quality in-process material or
drug product. In general, reworking operations should be generated
postapproval and the ANDA application should be updated through the
submission of a prior approval supplement, unless reworking operations
are anticipated and included at the time of the original ANDA application.
Reworking of drug products should be justi¢ed by monitoring at
least one batch representative of the reworked process under accelerated
and=or long-term stability testing (7).
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4.17. Packaging

Section 505(b) (1)(D) of the Federal Food,Drug, andCosmeticAct (theAct)
requires a full description of the facilities and controls used in the packaging
of a drug product. Essentially, theAct mandates that the integrity of the con-
tainer=closure system used in the packaging of a drug productmust bemain-
tained during routine packaging operations for marketed products. By
de¢nition, the container=closure system means the sum of all packaging
components that together protect and contain the drug product. For control
of the quality of the container=closure system, the USP has established
requirements in the General Chapters h661iContainers and h671iContain-
ers - Permeation. For solid oral dosage forms such as capsules and tablets,
the USP requirements essentially relate to moisture permeability, oxygen
permeability, and light transmission properties of the container=closure
systems.Ultimately, proof of the suitability of the container=closure system
and the packaging process is obtained from shelf-life stability studies.

4.18. Shipment

Package sizes and the corresponding container=closure systems intended
for marketing must be included in theANDA application with the necessary
accelerated and long-term stability data for approval by OGD.A container=
closure system, i.e., shipping containers, used for the transportation of bulk
drug products to contract packaging companies should be described in the
application (5).The container=closure system should be adequate to protect
the dosage form, be constructed with materials that are compatible with the
product being stored, and be suitable for the intended use. The protective
properties of the shipping container are veri¢ed by the practice of annual
stability studies.

If a container closure=system is speci¢cally intended for the transpor-
tation of a large quantity of a drug product to a repackaging company, it is
considered to be a market package.Usually, such package sizes are well out-
side the range of the package sizes used in shelf-life stability testing and are
not monitored in the annual stability program. For example, the large
container closure=system used for bulk holding of capsules or tablets is not
usually supported by shelf-life stability data and thus is not usually
included in the application as a package to be marketed. It should be noted
that such packages cannot be sold to repackagers.

5. CONTROLLED DRUGS

The Drug Enforcement Administration (DEA) is the US agency which is
responsible for enforcement of the regulations of the Controlled Substances
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Act.The regulations that are described in 21CFR Parts1300^1316 de¢ne the
controls relating to the manufacture, distribution, and dispensing of
controlled substances.The controlled substances have been divided into ¢ve
di¡erent classes or schedules. Controlled substances under Schedule I and
Schedule II require the greatest degree of security and controls. The
substances under Schedule III, Schedule IV, and Schedule V require lesser
degrees of control and security. Examples of drug product classi¢cations
are: heroin (Schedule I), oxycodone hydrochloride tablets, (Schedule II),
phendimetrazine tartrate tablets (Schedule III), diazepam tablets
(Schedule IV), and diphenoxylate hydrochloride and atropine sulfate tablets
(Schedule V). To facilitate the use of abbreviations for the di¡erent sche-
dules, 21 CFR Part 1302.03(c) has designated the following symbols: CI or
C-I for Schedule I,CIIor C-II for Schedule II,CIIIor C-III for Schedule III,
CIVor C-IV for Schedule IV, and CVor C-V for ScheduleV.

5.1. Storage Requirements for CI to CV Drugs

The FDA regulations require accelerated and long-term stability testing for
all drug products regardless of their classi¢cation as controlled substances.
For such substances, pharmaceutical companies have employed additional
controls to assure security during short-term and long-term storage of stabi-
lity samples. As an example, the chamber used for long-term stability studies
may allocate space for a locked cage for Schedule I and Schedule II drugs,
which should be situated within the con¢nes of the larger locked cage for
Schedule III, Schedule IV, and ScheduleVdrugs.The chamber also provides
a level of security with its own lock.For Schedule III,Schedule IV, and Sche-
duleVdrugs, the larger locked cage situated within the chamber provides a
second level of security. For Schedule I and Schedule II drugs, the smaller
locked cage situated within the larger locked cage provides the highest level
of security. In all cases, a limited number of personnel should be authorized
to access the chamber and the cages containing the controlled drugs for
long-term stability testing. For accelerated stability testing of drugs, a small
commercially available chamber is traditionally used for the short-term stu-
dies. This chamber should allow limited access and be located in a secure
area. It should be noted that the general storage requirements of stability
samples are also covered in 21 CFR Part 1301.75(b) and 21 CFR Part
1301.75(c), which allow dispersing controlled substances throughout the
stock of non-controlled substances in such a manner as to prevent the theft
or diversion of the controlled substances from the stability chamber. Prior
to designing and implementing procedures for securing controlled drugs in
the accelerated and long-term stability chambers, it is essential to consult
with the DEA and seek their approval.
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6. SUBMISSION REQUIREMENTS

Considering that a signi¢cant body of stability data is usually available on
the branded drugs at the time of their patent expirations and well before an
ANDA can be submitted, the ANDA submission requirements for stability
data are less extensive than the new drug application (NDA) requirements
for such data. Thus, valuable time is saved by the generic industry and also
in the regulatory review by OGD,which contributes to the process of quick
introduction of cheaper generic products into the market for the bene¢t of
all patients.

6.1. ANDA Submission

6.1.1. General Requirements forANDASubmissions for Generic
Products

Accelerated stability data at 0,1, 2, and 3months on aminimumof one batch
which can be a pilot scale batch with a minimum batch size of 100,000
capsules or tablets are required (24). For multiple sizes and strengths, scien-
ti¢cally justi¢able bracketing and matrixing designs can be employed. The
tentative expiration dating period of up to 24 months may be granted on the
basis of satisfactory stability data unless not supported by the available
long-term stability data. Available long-term stability data should be
included in the original ANDA application and subsequent amendments.

Additional stability studies (12 months at the intermediate conditions
or long-term stability data through the proposed expiration date) are
required if ‘‘signi¢cant change’’ is seen after 3 months during accelerated
stability. The tentative expiration dating will be determined on the basis of
available data from the additional study.

Where ‘‘signi¢cant change’’ occurs under accelerated testing, addi-
tional testing at an intermediate condition, 30�C� 2�C=60%RH� 5%RH
should be conducted. ‘‘Signi¢cant change’’ at the accelerated condition is
de¢ned as (5,6):

� a 5%potency loss from the initial assay value of a batch;
� any speci¢ed degradant exceeding its speci¢cation limit;
� the product exceeding its pH limits;
� dissolution results exceeding the speci¢cation limits for12 capsules

or tablets;
� failure to meet speci¢cations for appearance and physical

properties, e.g., color, caking, hardness, etc.

Should signi¢cant change occur at 40�C=75%RH, the ANDA applications
should include a minimum of 6 months stability data at 30�C=60%RH; the
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same signi¢cant change criteriawill then apply.The long-term testing should
be continued beyond12 months to derive shelf-life data.

6.2. Postapproval Changes

21CFR Part 314.70(a) requires applicants to notify the FDAwhen there are
any changes to an approved ANDA application. To facilitate less burden-
some postapproval changes within the meaning of this regulation, the FDA
has published three guidances (25^27) on postapproval changes, including
two separate SUPAC guidances on IR and MR products, where SUPAC
is an abbreviation for scale-up and postapproval changes, IR for immediate
release, and MR for modi¢ed release. These guidances provide recommen-
dations on the following categories of postapproval changes:

� changes in the components and composition;
� changes in the site of manufacture;
� changes in batch size (scale-up=scale-down);
� changes in manufacturing equipment and manufacturing process.

The guidances have de¢ned levels of changes and, for each level of
change, speci¢ed the requirements for stability data in support of the change.
Because of the increasing necessity for site transfers in the pharmaceutical
industry, stability documentation requirements for site changes are
discussed below. The stability documentation requirements outlined in
SUPAC-IR and SUPAC-MR for the other categories of changes are not
included in this discussion.

6.3. Site Transfer

Site transfer usually consists of relocating manufacturing, packaging,
and=or laboratory testing operations to a di¡erent site or to an alternate site.
With increasing competition and consolidation in the generic pharmaceuti-
cal industry, site transfer of products has become popular in order to
increase operational £exibility and speed and, at the same time, decrease
cost of marketing products.

To facilitate the site transfer process, the FDAhas published guidances
(25^27) on the requirements for postapproval site transfer of products from
the originally approved location to a di¡erent location.

In this section, the stability testing requirements and submission cate-
gories for the three levels of site transfer of solid oral dosage forms de¢ned
in SUPAC-IR and SUPAC-MR are summarized. For detailed information
on the chemistry documentation, dissolution, bioequivalence, stability, and
reporting requirements, the above-noted guidances should be studied.
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An IR solid oral drug product is de¢ned as a product that allows the
drug to dissolve in the gastrointestinal contents, with no intention of
delaying or prolonging the dissolution or absorption of the drug. An MR
drug product is de¢ned as a product whose drug content is released as a
function of predetermined time points. Modi¢ed release solid oral dosage
forms include both delayed and extended release drug products.

Level 1: Level 1 changes are de¢ned as site changes within a single
facility where the same equipment, standard operating procedures (SOPs),
environmental conditions and controls of temperature and humidity, and
personnel common to both manufacturing sites are used, and where no
changes are made to the manufacturing batch records, except for
administrative information and the location of the facility.

The Level 1 site change requires an Annual Report (AR) submission.
No additional accelerated or additional long-term stability data from the
di¡erent location are required.

Level 2:Level 2 changes are de¢ned as site changeswithin a contiguous
campus, or between facilities in adjacent city blocks, where the same
equipment, SOPs, environmental conditions and controls of temperature
and humidity, and personnel common to both manufacturing sites are used,
and where no changes are made to the manufacturing batch records, except
for administrative information and the location of the facility.

The Level 2 site change requires a changes being e¡ected (CBE) sup-
plement. For IR products, no accelerated stability data are required in the
CBE submission. The ¢rst production batch produced at the di¡erent site
should be monitored under long-term stability and the data should be
submitted in anAR.ForMR products, one batch with 3months’ accelerated
stability data should be included in an CBE supplement and long-term
stability data of the ¢rst production batch should be reported in an AR.

It should be noted that if the di¡erent site does not have a satisfactory
cGMP inspection for the type of products being transferred, a PAS should
be submitted instead of a CBE submission.

Level 3:Level 3 changes consist of a change in themanufacturing site to
a di¡erent campus. A di¡erent campus is de¢ned as one that is not on the
same original contiguous site or where the facilities are not in adjacent city
blocks. To qualify as a Level 3 change, the same equipment, SOPs, environ-
mental conditions and controls should be used in the manufacturing process
at the new site, and no changes should be made to the manufacturing batch
records except for administrative information, location, and language
translation,where needed.

In the SUPAC guidances, a signi¢cant body of information on
the stability is de¢ned as that which is likely to exist after ¢ve years of
commercial experience for new molecular entities, or three years of
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commercial experience for new drugs. The scenario which provides for the
following simpler submission requirements is applicable to generic drugs
which are marketed after twenty or more years following initial marketing
of the corresponding branded drugs.

For Level 3 site transfer of generic IR drugs, 3 months’ accelerated
stability data from one batch should be included in the CBE supplement and
long-term stability data from the ¢rst production batch should be included
in ARs.

For MR products, the Level 3 change requires a PAS. For site transfer
of generic MR drugs, 3 months accelerated stability data on one batch
should be included in the PAS and long-term stability data of the ¢rst three
production batches should be included in ARs.

7. COMPLIANCE ISSUES

Regulatory implications governing stability testing needs to be clearly
understood and communicated throughout an organization to assure
compliance with regulations and guidances. It should not be forgotten that
contract testing laboratories and drug substance manufacturers constitute
an extension of the organization with respect to the need for prompt
communication and compliance with regulations.

7.1. Drug Substance (API) Stability

Stability testing of the generic drug substance (API) is conducted following a
protocol included in a DMF submission.Usually, the DMF is referenced in
the ANDA application submitted by drug product manufacturers and its
review is triggered by the submission of the ANDA. The DMF needs to be
updated with new annual stability data as they become available. If acceler-
ated stability testing was conducted to justify process change(s), such infor-
mation should be provided via amendment of the DMF in a timely manner.
Failure to update the DMF may adversely a¡ect the compliance status of
the drug substance as well as the corresponding drug product especially in
the event of unreported signi¢cant process changes and unavailability of
stability data. Signi¢cant changes in the manufacturing process and=or
equipment and=or site of manufacture for a drug substance may require
separate stability evaluation and supplemental submissions to the FDA in
ARs, CBEs, or PASs. Therefore, it is imperative that the drug substance
manufacturers keep the drug product manufacturers in the loop to ensure
timely supplemental submissions on drug products. Theoretically, in the
absence of timely submissions on signi¢cant process changes, the drug
substances and drug products may both be considered to be out of compli-
ance with the FDA regulations.
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7.2. Drug Product Stability

Stability testing of the generic drug product is also conducted following a
protocol included in an approved ANDAapplication.The protocol speci¢es
time points for ‘‘pulling’’ stability samples for analysis. A log of ‘‘pull’’dates
for all stability samples should be maintained. It may be advantageous to
initiate testing by performing the assay ¢rst and recording this date as the
appropriate time point in the stability records and reports. It is important
to complete testing of the samples in a timely manner. Delays in completion
of testing should not exceed 30 days or1month from the dates when samples
were collected from the stability chamber. Every attempt should be made
to avoid omission of testing time points. Missing time points in stability
reports have been cited by FDA investigators on the Notice of Inspectional
Observations, FDA Form 483.

7.3. cGMP Considerations

21 CFR Part 211.166 requires a written testing program to assess the
stability characteristics of drug products. To comply with this require-
ment, SOPs should be written to de¢ne the details of the stability pro-
gram, such as container sizes=¢ll quantities, testing time points,
temperature, and humidity conditions for the accelerated and long-term
stability chambers.

The chambers used for accelerated and long-term stability studies
should be validated. A validation protocol describing the requirements for
installation quali¢cation (IQ), operational quali¢cation (OQ), and perfor-
mance quali¢cation (PQ) should be prepared and executed.The installation
quali¢cation essentially veri¢es that the chamber was properly installed as
speci¢ed by its manufacturer and provides controlled access to selected
personnel only. The operation quali¢cation should verify conformance of
the chamber’s performance to speci¢cations for temperature, humidity, air
£ow, and water pressure. The performance quali¢cation study should be
conducted over several days to ensure long-term reliability of the chamber.
Temperature and humidity mapping studies should be incorporated in the
performance quali¢cation to ensure that temperature and humidity gradi-
ents are acceptable.The completed validation report should be approved by
the quality assurance (QA) department. Upon approval of the validation
report, the chamber can be used for stability studies. For continued quality
assurance, temperature and humidity data for both accelerated and
long-term stability chambers must be recorded continuously and these
records must be archived for future audits by the QA personnel and FDA
investigators.
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7.4. FDA Inspection

Stability testing methodology and data constitute an integral part of an
ANDA application on a speci¢c product and provide the foundation for
continued demonstration of the validity of the expiration dates of all
products manufactured. This information is subject to inspections by FDA
investigators, usually from a local district o⁄ce. The FDA evaluates the
integrity of stability data during pre-approval inspections (PAI) related to
one or more ANDA applications, and during cGMP inspections to assess
the company’s compliance with regulations. During these inspections, the
method validation reports in support of the stability-indicating analytical
procedures, stability data, and the temperature and humidity records for
the accelerated and long-term stability chambers must survive the close
scrutiny of the investigators to succeed in the process of obtaining FDA
approval of the ANDA applications and maintaining the facility’s cGMP
status. Examples of typical issues that may delay FDA approval of
applications and adversely a¡ect acceptable cGMPstatus are:

� inadequate resolution of impurities and degradants from the main
peak in the HPLC analysis;

� inability to detect and accurately quantify small impurities in the
0.1%range;

� unsatisfactory investigations of out of speci¢cation stability data;
� failure to follow stability testing procedures submitted in the

application;
� inadequate method validation;
� inadequacy of the SOPs for stability testing;
� omission of testing time points;
� missing temperature and humidity charts for the stability

chambers;
� lack of periodic calibration of the chambers.

7.5. Documentation

21CFR Part 211.180,which contains regulations on general requirements for
records and reports, requires that all records must be retained for at least 1
year after the expiration date of the batch. The regulations require that all
records must be readily available for FDA inspections during the retention
period at the establishment where the activities described in such records
occurred. It is important to interpret this regulation correctly for retention
of stability data. It is essential that the original accelerated and long-term
stability data in support of the shelf-life of a product are maintained inde¢-
nitely since such data provided the foundation for the established expiration
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date assigned to all lots of the product.For a product, the particular lot intro-
duced into the ongoing annual stability testing program also represents the
continued validity of the expiration dates assigned to all lots of the product
manufactured in that year. Therefore, annual stability data for a given year
should be retained for at least 1 year past the expiration date of the last lot
manufactured in that year. Complete records must be maintained of all
stability testing performed as required by 21CFR Part 211.194(e).

7.6. Training

21CFR Part 211.25 on personnel quali¢cations is also applicable to person-
nel engaged in stability testing. The regulation requires that each person
shall have education, training and experience or an appropriate combination
thereof, to enable that person to perform the assigned functions. In addition
to hiring personnel with the necessary academic background and skills, it is
important to certify the newly hired personnel in the analytical procedures
employed by the company. The certi¢cation process should be formalized
in an SOP and should be based on having the new employee and an experi-
enced person conduct the same critical tests, such as assay, impurities, and
dissolution on selected lots of the product. The results obtained by the new
and experienced employees should be compared. If the new employee’s
results are unsatisfactory, the certi¢cation process should be repeated until
satisfactory results are obtained. In the case of demonstrated poor analytical
understanding and accuracy, the employee should not be assigned analytical
testing duties.

It is important from the cGMP perspective as well as for laboratory
e⁄ciency that training on analytical procedures, laboratory SOPs, applic-
able cGMP regulations for laboratory operations and record keeping
requirements, and new analytical technology, should be a periodic process
and formalized in an SOP on training. Trainers should not be limited to
laboratory experts only. Instrument manufacturers, technical seminars,
and scienti¢c meetings are valuable external training resources which
should be sought,when necessary, in enhancing employees’analytical exper-
tise especially on new technology such as computerized and networked
HPLC and GC systems, multi-wavelength photodiode array detection in
HPLC analysis, particle size measurement based on laser di¡raction, and
Fourier Transform Infrared Spectrometry (FTIR). For training on USP
monographs and general chapters and dissolution technology,USP experts
provide onsite training. Essentially, periodic training demonstrates a
company’s commitment to continuing improvements in laboratory quality.
All certi¢cation and training records on all employees should be maintained
by the QADepartment and presented on request to FDA investigators.
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7.7. Out of Specification (OOS) Investigation

The procedure for investigation of out of speci¢cation (OOS) test results
varies within the pharmaceutical industry.With the objective of developing
a harmonized approach for investigation of OOS test results, the FDA
published a draft guidance in September, 1998 (28). The term, OOS results,
includes all suspect results that fall outside the speci¢cations submitted in
ANDA applications. For products with monographs in the USP, the ANDA
speci¢cations would usually correspond to the USP speci¢cations.

Even though the guidance is still in the draft stage, it represents FDA’s
current thinking on evaluation of OOS results and should be viewed as an
important resource in evaluating and validating or invalidating OOS stabi-
lity data.To meet FDA’s requirement, an investigation should be conducted
whenever anOOS stability test result is obtained.The guidance requires that
the investigation should be thorough, timely, unbiased, well-documented,
and scienti¢cally defensible. Since the particular annual stability batch with
an OOS result represents all batches of the product manufactured in a given
year, it is necessary to evaluate all batches manufactured in the year in order
to determine whether or not the OOS result was limited to this batch only. If
only one batch is a¡ected by the OOS result and other batches are not, the
investigationmust show the unique circumstances responsible for the failure
of the particular batch to meet speci¢cations and at the same time, demon-
strate clearly that the annual stability programwas not compromised.

7.8. Annual Product Review

Annual product reviews aremandated in 21CFRPart 211.180(e)which states
that written records must be maintained so that data therein can be used for
evaluating, at least annually, the quality standards of each drug product to
determine the need for changes in drug product speci¢cations or manufac-
turing or control procedures. As an important objective of the annual pro-
duct review program, the results of ongoing annual stability batches must
be reviewed for continued justi¢cation of the shelf-lives of all products
manufactured. If stability results cast any doubt with respect to the validity
of the shelf-life of a particular product, the situation should be investigated
in a timely manner to determine the assignable reasons for the stability
problem. If warranted by the investigation, the shelf- life should be reduced
until the problems, for example, marginally acceptable assay results with
respect to speci¢cations, have been identi¢ed and addressed.

7.9. Field Complaint

21CFR Part 211.180(e) (2) requires a review of ¢eld complaints and investi-
gations conducted for each drug product.The complaints may provide clues
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to the product’s performance in the ¢eld and should be studied to show
whether they relate to any physical or chemical changes in the product’s spe-
ci¢cations. Such changes can be caused by contamination in the plant or the
¢eld or can be caused by the packaged product’s physical and chemical stabi-
lity characteristics. For example, chemical discoloration of capsules or
tablets due tomoisture, caking of tablets, or ine¡ective product may indicate
compromised integrity of the particular lot of the container=closure system
and=or the need to tighten up on batch manufacturing parameters.

7.10. Recall

The failure of any annual stability batch tomeet any speci¢cation needs to be
promptly and thoroughly investigated to ascertain the reason(s) for the
OOS result and to ascertain whether other batches which were not included
in the annual stability program are a¡ected. Examples of failures during
annual stability would be nonconforming assay, degradant, or dissolution
results. The unacceptable batches identi¢ed in the investigation should be
withdrawn from the market. The FDA should be informed and a prompt
voluntary recall of all a¡ected batches should be conducted with the consent
of the FDA.This will avoid possible product seizures by FDA and=or court
injunctions. In addition, 21 CFR Part 314.81(b) (1) requires submission of a
Field Alert Report to the local FDA district o⁄ce within 3 working days of
the occurrence of the OOS result.

8. STABILITY SOFTWARE

For over a decade, it has been a common practice by the drug manufacturers
to rely on stability software to store, organize, retrieve, and analyze the vast
amount of stability data generated by laboratory testing. Stability software
may either be developed in-house or procured from vendors.

8.1. Computer Validation

The stability software must be validated according to the commonly
accepted principles of computer software validation. If the stability software
is developed in-house, it is important that internal experts are available for
validation. If it is decided to outsource validation, the process will be costly
since external experts will have to fully understand the software in order to
develop and execute an appropriate validation protocol. Stability software
supplied by vendors is usually accompanied by a validation package for
on-site execution.Regardless of whether validation is conducted by internal
or external validation specialists, the QA Department’s approval will be
required prior to use of the software. To facilitate the approval process, QA
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personnel will require computer software validation training, whether
provided by vendors or through various computer validation seminars, to
developthenecessaryexpertise toassessthevalidation reportprior tosigno¡.

8.2. CFR Part 11

21 CFR Part 11 (commonly referred to as ‘Part 11’) states the regulatory
requirements for electronic records and electronic signatures. In the
regulation, electronic records are de¢ned as records in electronic form that
are created, modi¢ed, maintained, archived, retrieved, or transmitted
electronically. The regulations also de¢ne electronic signatures that can be
used instead of manual signatures and require complex controls to assure
the security and integrity of electronic signatures. By de¢nition, all stability
software and stability data maintained and processed by the software are
electronic records. In many companies, manual signatures may still be
employed which will obviate the need to adhere to the additional and com-
plex requirements for electronic signatures. To clarify the requirements for
complying with Part 11, the FDA initially published a guidance which was
subsequently withdrawn because of objections from the industry. Recently,
to facilitate the process of compliance for electronic records and electronic
signatures, the FDA has published a simpler draft guidance(29). It is impor-
tant for stability testing laboratories to understand and utilize the guidance
for compliance with Part 11.

9. VALUE OF STABILITY

Long-term stability studies assure, on an ongoing basis, that the products
continue to conform to quality control speci¢cations and thusmaintain their
safety and e⁄cacy requirements throughout their shelf-lives. The studies
consistently build up a long-term track record of stability data.Stable results
continue to demonstrate that raw materials, manufacturing processes,
packaging components, and packaging processes have all been in a state of
control and have resulted in stable products until at least their expiration
periods.The ongoing stability studies also serve as an invaluable tool in the
quality control system to detect any unexpected spikes in the test result(s)
during the shelf-life of a product and allow for implementation of corrective
actions after investigating and ascertaining the root causes of the problem.

10. COST OF STABILITY

Annual stability studies assure that production processes continue to be in a
state of control to produce stable drug products. Regulations require that,
for each marketed product, one lot produced per year must be set up on

Drug Stability 169

5460-3 Shargel Ch06 R3 112204

Copyright © 2005 by Marcel Dekker, Inc.



long-term stability studies for at least the duration of the expiration period
of the product. Thus, for a given number of marketed products, the cost of
ongoing stability studies is independent of the number of batches produced
in a given year. If only one batch is produced in a given year, that batch still
must go on annual stability. If one hundred batches are produced for a
certain product, only one batch needs to be set up for stability testing.
Clearly, the cost of stability is proportionately greater for low volume pro-
ducts.There is no regulation requiring that the ¢rst lot produced in a particu-
lar year needs to be on stability. Since the stability workload can be
substantial, it is important to spread the workload throughout the year to
prevent overloading the ¢rst few months of a year with stability testing. This
will also spread the cost of stability testing evenly throughout the year.

With the growth of the generic industry, the stability testing workload
and thus its cost are destined to grow as well.Ultimately, the cost is borne by
the consumers, i.e., patients. Creativity will be required to control the cost
of stability.Usually, the stability protocol requires testing at 0, 3, 6, 9, 12, and
18 months and yearly thereafter until the expiry period. For stable products
with a documented history of at least 5 years, the stability workload can be
reduced signi¢cantly through deletion of the intermediate short-term test
points of 3, 6, 9, and 18 months. For products with multiple strengths and
package sizes, the stability protocol should be amended to reduce testing
requirements via justi¢able reductionof intermediate time points and appro-
priate bracketing and matrixing designs. Of course, the amended protocol
needs to be submitted to the FDA as a prior approval supplement. Upon
approval, the reduced time points can be immediately implemented which
will reduce the cost of stability testing and also bring down the price of gen-
eric drugs.To further control costs, the stability samples for a given product
should be set up in amanner to allow batch processing for laboratory testing.

11. CONCLUSIONS

Patients depend on high quality and a¡ordable generic drugs which are safe
and e⁄cacious.The generic drug industry must make every attempt to lower
the cost of drugs without compromising their quality, safety, or e⁄cacy.
Raw material, research and development, production, quality control and
stability testing, storage and distribution costs all contribute to the cost of
medicines. Creativity will be required to control these costs,which include
the signi¢cant costs of stability testing.

It is common knowledge that brand companies, faced with an ever-
increasing prospect of many drugs losing their patent protection have been
resorting to court actions to gain one or more 30-month stays of FDA
approvals for many generic drug products. Often, just prior to patent
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expirations, these companies have employed the tactic of ¢ling pediatric
clinical studies to gain an additional 6 months’ patent extension,which has
e¡ectively blocked FDAapprovals of generic equivalents during this period.
Meanwhile, the generic industry continues to bear the cost of product
development and ongoing stability testing during the exclusivity periods,
which ultimately increases the cost of sale.

On the generic side, there is an ongoing battle to obtain the coveted
180-day exclusivity granted by FDA to the ¢rst-to-¢le company of a generic
drug product. Also, because of increasing competition among generic
manufacturers for market share, monopolistic tendencies have been
developing through mergers and locking-in raw material sources through
acquisitions or special contracts. A generic company awarded marketing
exclusivity by the FDA for a product, can market this drug without competi-
tion from the other generic companies for 6 months after its patent
expiration. As a result, other generic companies cannot recover their
development, stability testing and other costs during this period. These
factors are also conducive to increasing the price of generic drugs.
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1. INTRODUCTION

In August of 1989, the FDA made it clear to members of the generic drug
industry thatmany aspects of cGMPs apply to the product development pro-
cess. The unfortunate problems uncovered at that time led Agency
Investigators to request, for the ¢rst time, records showing how formulations
were developed. Disappointingly, many ¢rms had little documentation
related to product development activities.

In the past, the process of formulation development has often had an
almost mystical quality.We have seen a formulator listen to the sound of a
listed reference tablet breaking, watch its behavior in 5mL of water, close
his eyes, commune with the laws of the universe, and then write down a
formulation and manufacturing process. At times, he was so con¢dent that
the ¢rm proceeded to produce the ANDA batch directly thereafter.
Such ex nihilo batches passed FDA bioequivalence requirements more
frequently than one would expect.

Unfortunately, the product development process described in the
previous paragraph does not lend itself to acceptable record keeping. In
today’s regulatory environment, this form of development has become
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essentially obsolete. Sponsors are well aware that their developmental
records are subject to extensive scrutiny during pre-approval inspections.
Given that satisfactory completion of a pre-approval inspection is a pre-
requisite for ANDA approval, it is in the best interest of sponsors to ensure
that formulation and process development follow a logical sequence. This
is accomplished by way of the production of a series of ‘‘pilot’’ or
‘‘experimental’’ batches that ultimately lead to formulation and method of
manufacture that will be documented in the ANDA. Experimental batches
are usually quite small. They are manufactured in bench-top scale produc-
tion equipment and are used to do preliminary formulation work. Once a
tentative formulation has been established, pilot batches may be manufac-
tured in batch sizes between the experimental batch size and that required
by FDA for ANDA batches. Smaller versions of the production equipment
to be used for commercial manufacturing are often used. If a pilot batch
will be used for a pilot biostudy (a small study to determine if the
formulation is promising), it must be manufactured using all appropriate
cGMP controls.

The rationale for the chosen formulation and manufacturing process
must be clear, and the sponsor must ensure that raw data from all pilot,
experimental and ANDAbatches are preserved and maintained throughout
the process. Although not required by FDA, formal development reports
are recommended to assist the investigator during the pre-approval inspec-
tion. Through narrative and presentation of data, these reports a¡ord the
ANDA sponsor the opportunity to guide the FDA investigator through the
process that was followedduring development, and de¢ne the keymilestones
that led to chosen formulation and method of manufacture.

Once the formulation andmethodofmanufacturehavebeen identi¢ed,
it is advisable that the sponsor produce a con¢rmatory batch at the same
scale as the exhibit batch that is intended to support the ANDA submission.
This con¢rmatory batch enables the sponsor to identify and implement
minor adjustments in processing parameters and controls before producing
the batch that will be evaluated by FDA’s O⁄ce of Generic Drugs in
determining the approvability of theANDA.

The batches whose documentation is part of the ANDA may be called
ANDA batches, submission batches, or exhibit batches. Throughout this
chapter, we use these words as synonyms. Some of these batches are also
biobatches, that is, the batches used in the pivotal biostudy or biostudies.
However, not all submission batches are biobatches, because FDA may
grant a waiver, permitting the biostudy data from one strength of a product
to be applied to a di¡erent strength of the same product. Even though a
waiver is granted, a batch must be produced and its documentation included
in theANDA.
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This chapter will discuss the Quality Assurance and Quality Control
requirements for pre-ANDA (commonly referred to as experimental, pilot,
con¢rmatory batches) and ANDA batches. They include equipment, its
quali¢cation and calibration, documentation, optimization of process
parameters, and justi¢cation of in-process speci¢cations. We will also
discuss Development Reports or Logs and FDA Pre-Approval Inspections.
Several regulatory requirements that vary according to scale and purpose

in the following pages.

2. EQUIPMENT

Often R&D personnel will argue that since the experimental batch will not
be used in any biostudy or other human testing, and since the records and
results will not be submitted to FDA in the ANDA, the experimental batch
does not need to be made using calibrated equipment.This can lead to pro-
blems further in the development sequence. The results obtained with the
experimental batch will be used to make decisions about how to produce
the pilot biostudy batch(es), if needed, and theANDA submission batch(es).
Use of unquali¢ed or uncalibrated equipment may lead to erroneous con-
clusions and the establishment of process parameters that ultimately may
not work.The purpose of InstallationQuali¢cation (IQ),Operational Quali-
¢cation (OQ), Process Quali¢cation (PQ), and calibration are to ensure that
the equipment is doing exactly what it is supposed to do.Hence, the essential
elements of these processes must be performed on the equipment used
to make experimental batches. By essential element, we mean all those
functions that are part of the critical processing parameters, such as mixing
speed or temperature, whose value has a substantial e¡ect on the quality of
the product. For equipment used to manufacture pilot batches to be used
in pilot biostudies, complete quali¢cation and calibration are required.

Requirements for prevention of cross-contamination are not the same
for experimental batches as for later batches. For batches intended to be
administered to humans (research subjects or patients), the sponsor
must take steps to ensure that the level of cross-contamination is minimal.
Acceptable levels are normally determined by the toxicity of the compound
in question. Because both equipment quali¢cation and contamination
control requirements for pilot biostudy batches approach those of sub-
mission and commercial batches, these types of batches are usually manu-
factured in production equipment. Larger ¢rms may have a GMPResearch
and Development manufacturing facility for making these batches.

For experimental batches,cross-contamination must be lowenough so
that it does not alter the results of any measurements or tests performed on
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TABLE 1 Regulatory Requirements forANDA and Pre-ANDABatches

Batch

Batch type Experimental batch Pilot=confirmatory batch ANDA batch (‘Biobatch’)

Batch use Research and
development only

Pilot biostudies=trial
run before
ANDA batch

Submission and any
required biostudies

Equipment
qualification
or calibration

Essential elements
(critical processing parameters)

Full Full

Prevent cross
contamination

Limited Yes Yes

Documentation Abbreviated batch record or
laboratory notebook

Full batch record Full batch record

Batch size Smallest possible with
equipment used

Intermediate for pilot=not less
than100,000 dosage units for
confirmatory

Not less than100,000
dosage units forANDA
pivotal bioequivalence study
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the batch. Since this level is usually many times higher than the threshold for
batches administered to humans, equipment for experimental batches does
not require isolation or stringent dust control. Many ¢rms have a separate
area for making such batches. This ‘‘pilot laboratory’’ has small versions
of production equipment, usually contained within a single room. It is
necessary to keep records of the cleaning of such equipment; however,
QA sign o¡ is not required.

3. DOCUMENTATION

Product development groups are strongly encouraged to have SOPs that
de¢ne how all activities are documented. Some ¢rms use abbreviated batch
records for experimental batches. These records may be completely or
partially hand written. They do not require QA or regulatory approval.
Other ¢rms prefer to document the preparation of an experimental batch
in a laboratory notebook.

No matter which type of documentation the ¢rm chooses, the records
mustclearly re£ectwhatwasdonetoproducethebatch,allobservationsandtest
results,andaconclusiondrawn fromtheresults.Thelast itemhas,at times,been
neglected by R&D Departments. However, it is essential for reconstructing
product developmentduring anFDAPre-approval Inspection.

Pilot biostudy and submission batches must be manufactured under
production conditions and cGMPs, with complete documentation. Com-
plete documentation includes inventory records, batch records document-
ing every step in batch production, packaging records, analytical laboratory
records (including retention of all raw data), and a certi¢cate of analysis or
analytical report.QA review and sign o¡ are required. Firms should develop
procedures that de¢ne pre-requisite steps and requirements for release of
such batches for biostudy testing.

4. OPTIMIZATION OF PROCESS PARAMETERS AND
JUSTIFICATION OF IN-PROCESS SPECIFICATIONS

Since1989,FDA investigators and reviewershavebecomemore interested in
optimization of process parameters and justi¢cation of in-process speci¢ca-
tions. It is strongly advised that such activities be completed before ANDA
submission batch manufacture. If the process is optimized at a later time, it
will be necessary to amend master batch documentation to encompass the
associated adjustments.This often leads to additional ANDA review cycles,
which delay approval.

Due to Agency concerns about blend uniformity and for maximum
e⁄ciencies in manufacturing, blending times should be optimized. For
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example, if the R&D sta¡ believes that15min of mixing is likely to work at a
given step in the process, the best way to test this is to manufacture several
experimental batches with di¡erent mixing times at that step, for example
5, 10, 15, and 20min. If there are several mixing steps in the process, testing
all steps this way is not practical. FDAwill accept testing at the most critical
mixing steps as a means of demonstrating uniform distribution of the drug.
For solid dosage form manufacture, this is often the last mixing step, in
which the lubricant is added. Many ¢rms choose to use only one batch for
mixing time studies, stopping the mixer every 5^10min to sample the blend.
While in theory a batch mixed for four periods of 5min is not the same as
one mixed continuously for 20min, the di¡erence is usually insigni¢cant.
However, if there is any indication that the blend is prone to segregation or
otherwise less than rugged, use of one batch is not advisable. In extreme
cases it may be necessary to test large numbers of ¢nished dosage units in
order to correlate blend uniformity to dosage form uniformity and optimize
mixing times.

Experiments to establish the best method of sampling a given product
blend for uniformity should be conducted early in the experimental batch
process. If this is not done,errors due to sampling biasmay confound conclu-
sions about the e¡ect of various process parameters on blend uniformity. A
blend sample of adequate size should be taken using various techniques.
The technique giving results that correlate with ¢nished dosage uniformity
should be selected (1^4).

In-process speci¢cations such as unit weight and tablet hardness are
justi¢ed bymanufacturing product at or just outside the desired speci¢cation
ranges. This material is tested for those attributes most likely to be a¡ected
by any deviation from speci¢cations. For tablets, hardness is a parameter
that may a¡ect product quality, by altering dissolution behavior. In most
cases, dissolution decreases with increasing hardness. Therefore, tablets
manufactured at the extremes of the desired hardness range are tested for
dissolution pro¢le. For a liquid product, or for solid products manufactured
by processes including one or more solution steps, the pH of the solution
may a¡ect stability. For example, if the active ingredient is acid labile and
the liquid product contains a bu¡er to keep the pHover 7, change in the buf-
fer over time may lead to a decrease in the pH. The pH speci¢cation must
take into account the maximum possible change in the bu¡er system. Sam-
ples manufactured at the pHextremes can be subject to accelerated stability
conditions and tested for assay to con¢rm the speci¢cation limits. A similar
approach can be used for processing and drying times of wet granulations.

It is not unusual for speci¢cations and process parameters that work
for a very small batch to be unsuitable for manufacture of a larger batch.
Experiments to determine the e¡ect of scale up are advisable for all but the
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simplest formulations. Scaling up in smaller increments, rather than from a
few thousand dosage units directly to100,000 is advisable.

The results of the testing described in the previous paragraphs and the
conclusions drawn from these results should be presented in a report that is
reviewed by Regulatory A¡airs and Quality Assurance. It is also advisable
that ¢rms include their manufacturing department in the review process, as
it will ultimately inherit and be responsible for executing the chosenmethod
of manufacture on an ongoing basis to supply commercial need.

5. BATCH SIZE

Since 1990, FDA has required that exhibit batches intended to support an
ANDA submission comprise a minimum of 100,000 ¢nished dosage units
or 10% of the batch size intended for commercial production, whichever
is greater (5). The original basis for establishment of this standard was
somewhat arbitrary, however, it has since proven to be an appropriate
benchmark for scale-up operations.

6. DEVELOPMENT REPORTS OR LOGS

Many generic ¢rms prepare formal development reports for each product.
Development reports usually outline the rationale for formulation develop-
ment, summarize all the experimental batches made and what was
concluded from the results obtained on them, explain what changes were
made in the formulation during development and list the processing para-
meters that were used for each batch. These reports are very useful, espe-
cially if prepared at the time of ANDA submission or before. However,
CGMPs do not require such reports, as long as the information is readily
available from other documentation.

A possible alternative to the process of preparing a Development
Report is the use of aDevelopment Log.A log ismaintained for each project,
showing the receipt of all raw materials, including samples for preliminary
testing, testing done, experimental batchesmade, conclusions drawn, manu-
facturing and testing of the submission batches, biostudy sampling, etc.
References to laboratory notebooks and other documentation are included.

larger R&D groups, which may have several projects ongoing at the same
time, maintaining these logs is an ideal task for Project Managers separate
from those individuals who make or test experimental or submission
batches. Investment of a few minutes each day to make sure that the logs
are complete and up-to-date will reap substantial bene¢ts during the
Pre-Approval Inspection.
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An example of a idealized Product Development Log is shown inTable 2. In



TABLE 2 Product Development Log for ProfitabilamineTablets,1mg Code Number: P0022

Date Action Notebook references

01=07=97 Received rawmaterial sample from Cornucopia Fine Chemicals
01=14=97 Received technical dossier from Cornucopia Fine Chemicals
01=28=97 Completed sample testing; material acceptable RDP0022-1

pp.1^10
01=31=97 Ordered1.0 kg rawmaterial from Cornucopia
02=18=97 Material received from Cornucopia-receiving number 97B055-P
02=19=97 QA sample of 97B055-P received by lab
02=20=97 Preliminary rawmaterial analytical method approved
03=06=97 97B055-P released by R&DLab RDP0022-1

pp.11^20
03=07=97 Experimental batch X005-C prepared in pilot lab; samples to R&DLab
03=21=97 Dissolution of batch X005-C profile similar to brand batch 97XYZ09; uniformity and RDP0022-1

all other tests acceptable pp 25^35
03=25=97 Hardness.Thickness andweight specification report approved
04=02=97 Master#P0022-1for100,000 tablet batch size approved
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7. PRE-APPROVAL INSPECTIONS

According to the FDA’s Pre-Approval Inspection Compliance Guide, FDA
will always conduct a Pre-Approval Inspection (PAI) for the ¢rst ANDA
(or NDA) submitted by a ¢rm. The compliance program also requires an
inspection for the ¢rst submission of a given product and for all submissions
whose reference listed drug is one of the top 200 sellers in the US.While the
¢rm’s FDA District will almost always choose to do an inspection in the
former case, it is somewhat less likely to do so in the latter. This may be
because the Compliance Program does not specify which top 200 list to
use, or because the lists change from year to year (6). For submissions that
do not meet any of these criteria, the FDA District may choose not to
inspect, if the ¢rm has had an acceptable cGMP inspection in the last two
years, and has demonstrated successful pre-approval inspection history over
the same time period. The District will simply tell CDER Compliance
(Food and Drug Administration, Center for Drug and Research, O⁄ce of
Compliance) that it has no objection to the approval.

Whatwill FDA look forduring aPre-approval Inspection?FDAInvesti-
gators will verify the accuracy and completeness of key information in an
ANDAsubmissionduring the inspection.They will examinebulk active ingre-
dient purchase orders, invoices, and packing slips to ensure that the material
was actually available to make the batch on the dates recorded in the batch
record. If any of the inactive ingredients were not previously used by the ¢rm,
receiving recordsmay be checked as well. FDA investigators will compare the
batch records in the submission to the use and cleaning logs for the equipment
used, to determine if the dates (and times, if recorded) match. Both of these
activities are intended to rule out the possibility of falsi¢ed batch records.

The FDA Investigators will also determine whether the ¢rm has the
equipment designated in the master batch records for commercial-size
batches intended for manufacture after approval. This provision of the
Pre-Approval Inspection program has historically generated the greatest
number of recommendations to withhold ANDA approval among the
various categories of required inspectional elements. In FDA summaries of
reasons for a District not recommending ANDA or NDA approval, this
de¢ciency is included in the failure category ‘‘plant not ready’’.

What is causing this problem? In many cases, a ¢rm does not wish to
purchase any equipment that will be unique to the commercial process of a
submitted product until it is needed to start commercial production. The
Pre-Approval Inspection generally occurs months, or, in some cases years,
before theANDA is approved.

Fortunately for industry, FDA now has Scale-Up and Post Approval
Changes (SUPAC) Guidances for various types of dosage forms (7) and a
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general guidance to changes permitted under the FDAModernizationAct of
1997 (8). Firms may use these Guidances to scale up a process without prior
approval from FDA.When a ¢rm is introducing a new type of equipment in
a submission, it is recommended that the scale-up information in theANDA
re£ect the largest size batch that can bemade on the equipment used to make
the submission batch, or other existing equipment, but not more than 10
times the size of the submission batch in dosage units. After ANDA
approval, the ¢rm can purchase and qualify larger equipment and use
SUPAC to implement the production of larger batch sizes.

FDA Investigators will spend a lot of time during the Pre-Approval
Inspection comparing the analytical data in theANDA to that in the labora-
tory notebooks or other records. They often focus on any data that was
rejected.Since the analytical methods used to test ANDAbatches are gener-
ally new to the ¢rm, unexpected method problems or chemist errors are not
uncommon. The FDA is concerned that ¢rms will reject valid data. Doing
somay give an unrealistically favorable pro¢le of the product. (The dilemma
of when to properly reject laboratory data was one of the basic issues
addressed in the ‘‘Barr Decision (9)). Over the past two years, laboratory
controls have become a very key element of pre-approval inspections.Much
focus is placed on the handling of out-of-speci¢cation (OOS) test results. It
is imperative that ¢rmshavewritten procedures in place regarding the inves-
tigation and ultimate disposition of OOS and other anomalous data. Often,
a ‘‘decision tree’’ approach is used as the process can become complicated
and the outcome can be dependent on a number of pre-requisite steps
including, but not limited to, sample reinjection, re-prepping and repeat

may be used as a means of con¢rming the cause of a suspect result, and can
add substantial weight to the overall quality of the investigation.

The ultimate disposition of a suspect result must be approved by the
¢rm’s quality assurance unit after reviewing the associated investigation
report. Thus, the investigating parties must ensure that the rationale for the
proposed action is well documented and follows a logical sequence, and that
the data supporting the conclusions are referenced in the appropriate
sections of the report.

On occasion, FDA investigators have taken the position that the
ANDA submission should contain reference to the existence of rejected
data.Opinions among Investigators vary on whether this is required for the
submission to be complete or just something that makes the pre-approval
inspection easier. A ¢rm should feel con¢dent defending the exclusion of
such references in its ANDAsubmission as long as the rationale for rejecting
data is well justi¢ed, in compliance with its SOPs and has obtained quality
assurance approval. With this approach, the appropriateness of the ¢rm’s
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testing, or, in extreme cases, batch resampling (Fig. 1). Error simulation



FIGURE 1 Decision tree for handling laboratory out of specification results.
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action becomes an issue for review during the pre-approval inspection and
does not unnecessarily complicate the application review process.

8. QUALITY ASSURANCE INVOLVEMENT IN R&D

Several generic drug manufacturers have found it useful to create a separate
Quality Assurance group for R&D. Members of this group receive special
training so that they have a better understanding of the product development
process. They are also free to concentrate on R&D without distraction or
competition from the need to release other products for distribution. This
practice can create e⁄ciencies that have the e¡ect of expediting the overall
development, submission, and approval process. However, ¢rms must be
cautious in taking this approach. Firstly, it is imperative to structure the
reporting relationship such that a con£ict of interest situation does not exist
(i.e., this dedicated unit should report into the existing quality assurance
unit). Secondly, the policies and procedures of the dedicated unit should be
consistent with those employed by the main quality unit.

Whether or not a ¢rm chooses to establish a dedicated quality unit for
R&D, the QA discipline must be involved in key activities of product devel-
opment. Support for this involvement must come from the highest levels of
management. Management needs to take concrete steps to make this com-
mitment clear to all. An QA audit of all relevant documentation while an
ANDA submission is being prepared is strongly recommended if the ¢rm
wishes to have a successful Pre-Approval Inspection. However, this audit
will be prone to problems and delays if QA has not been involved in checking
the key elements of product development documentation on a regular
basis. The audit will be most useful if it is performed by sta¡ members
who were not those doing the regular QA checks. Firms may opt to use
outside consultants to perform pre-submission audits. While costly, this
approach can often be justi¢ed by the anticipated reduction in overall
approval time.

An issue related to those discussed in the previous paragraphs is the
nature and timing of analytical method transfer from the R&D method
development laboratory to the Quality Control laboratory responsible for
releasing approved products for marketing.The normal mechanism for this
transfer is to haveQC laboratory sta¡ test samples of active ingredients, pro-
cess intermediates, and ¢nished product previously tested by R&D. Some
¢rms opt to use samples that are prepared by R&D speci¢cally for method
transfer with known amounts of all analytes.This is a‘‘safeharbor’’ approach
intended to avoid the risks associated with practicing an analytical techni-
que on an actual submission batch. If the prepared samples are powdered
(made by accurately weighing all ingredients) while the dosage form is a
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tablet, a key step in the method is not tested. Extraction of the analyte can
cause problems when the matrix is not su⁄ciently disintegrated. Prepara-
tion of compressed tablets from a small batch may be appropriate for simpler
formulations, but not for more complex ones. The use of submission batch
samples for the method transfer experiments avoids these issues but intro-
duces the risk ofOOSresults from theQC laboratory.Even though the proce-
dure is essentially a training exercise, FDA investigators have been known
to later question OOS results obtained during method transfer. If a ¢rm opts
to use submission batch samples for method transfer, it must ensure that
anyOOSresults produced during the exercise are investigated in accordance

Timing of method transfer often depends on available QC resources.
A ¢rm may choose to perform the transfer after ANDA approval, and may
even use the ¢rst scale-up batch as transfer testing material. The degree of
risk assumed with this approach increases with the complexity of the
product and=or the analytical method.

Some¢rmshave chosen to transfer themethods toQCbeforemanufac-
ture of the submission batch. An experimental or pilot batch with the same
formulation and manufacturing process as anticipated for the submission
batch is used as testing material. This approach enables the resolution of
method-related issues prior to the generation of supporting data for the sub-
mission batch. Here, a ¢rm can reduce the time to approval by avoiding
additional review cycles otherwise warranted by method revisions identi¢ed
later in the process.

A large number of ¢rms choose a middle course. When Regulatory
A¡airs declares that all major FDA observations related to the submission
have been resolved, plans are made to manufacture commercial batches
and validate the scaled-up process. Method transfer is conducted while the
materials needed for the scale-up are on order, so that the QC laboratory is
ready to test the process validation samples for the commercial batches
when they are available. Firms that opt to take this approach must have
a substantial degree of con¢dence in the robustness of their methods.
Otherwise, late ¢xes may be required and the ANDA submission will have
to be amended.

9. CONCLUSION

As the information in this chapter demonstrates, QA and QC oversight are
an essential part of generic drug development. Firms that establish and
follow sound procedures and practices for drug development and ensure
proper quality oversight throughout the process will reap the bene¢ts of
successful pre-approval inspections and timely ANDA approvals. While
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resource-intensive, this approach can provide substantial commercial
advantage and signi¢cant contribution to the ‘‘bottom line’’.

The authors would like to thank Elsa Gomez, David Cohen, Carla
Hedrick, SuzanneYu, and Izzy Kanfer for their assistance.
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Drug Product Performance, In Vitro�
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1. INTRODUCTION

This chapter examines the issues related to the in vitro characterization of
solid oral dosage forms.The importance and utility of in vitro characteriza-
tion are discussed in relation to the factors in£uencing in vitro drug release,
including those intrinsic to the drug substance, the drug product and manu-
facturing process, and relevant dissolution test methodology. A discussion
is also provided on practical issues that may be faced during the conduct
and evaluation of in vitro dissolution testing and the application of in vitro
drug product performance testing.

2. IMPORTANCE OF IN VITRO DRUG PRODUCT
CHARACTERIZATION

Modern solid oral dosage forms are expected tobe of highquality and exhibit
reliable performance characteristics. This is achieved by careful selection

�Opinions expressed in this chapter are those of the authors and do not necessarily re£ect the
views or policies of the FDA.
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and quality control of various ingredients and a well-de¢ned manufacturing
process, giving careful thought to di¡erent variables that may in£uence
product appearance, potency, stability, and dissolution. In modern pharma-
ceutics, as the complexity of materials, instruments, equipment, and techni-
ques have increased, it has become imperative to apply up-to-date research
methods, techniques, and tools to manufacture and monitor these dosage
forms. In vitro characterization of solid oral dosage forms is important from
the perspective that it provides uswith information regarding active ingredi-
ent potency and uniformity, as well as information regarding the rate at
which the active ingredient is released from the dosage form.This character-
ization is vital for formulation development, comparability assessment, and
for quality assurance and control.

In vitro testing to characterize the potency and release rate of the active
ingredient(s) in solid oral dosage forms is based on the monographs
and general chapters in the United States Pharmacopoeia=National
Formulary (USP=NF) (1) and on various guidance documents of the Food
and Drug Administration=Center for Drug Evaluation and Research
(FDA=CDER) (2^4).

Tests and requirements for content and consistency of the dosage form
include assay or potency of the active ingredient(s) and content uniformity=
weight variation of dosage units. Tests for in vitro release of active
ingredient(s) from the dosage form include dissolution and disintegration.

Following oral administration of a solid oral dosage form, the critical
elements of drug absorption are (1) disintegration, dissolution, and solubili-
zation and (2) permeability across the membranes of the gastrointestinal
tract. Due to the critical nature of the ¢rst of these steps, in vitro dissolution
is often relevant to the prediction of in vivo drug product performance.This
is particularly true for low-solubility drugs and for modi¢ed-release dosage
forms, for which dissolution=drug release is usually the rate-limiting step in
the in vivo absorption of the active drug.

3. TYPES OF SOLID ORAL DOSAGE FORMS

Among the di¡erent types of solid oral dosage forms available, tablets and
capsules are the most popular and constitute a major share of the market.
Tablets are often variously categorized as regular (oral), e¡ervescent,
chewable, orally disintegrating, etc. Capsules may be of either the soft- or
hard-gelatin variety. Examples of less-common solid oral dosage forms are
powders, granules, chewing gum, troches, and wafers.

The solid oral dosage forms may also be categorized by their release
characteristics. The two types are immediate-release and modi¢ed-
release. The immediate-release drug products are designed to release
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their active ingredient(s) promptly following administration. Modi¢ed-
release drug products comprise delayed-release (enteric-coated) and
extended-release dosage forms (also referred to as controlled-release,
sustained-release, etc.).

Delayed-release (DR) products are formulated to retard release of the
active ingredient until the dosage form leaves the stomach. This is done to
protect the gastric mucosa from drug irritation, or to limit exposure of
acid-labile drugs to stomach acid,or to target release of the active ingredient
to the lower intestinal tract in order to enhance in vivo absorption. Often,
delayed-release dosage forms have an enteric polymeric coating with
characteristic pH-dependent solubility (or stability) to prevent release of
the active ingredient in the stomach at low acidic pH. Once the delayed-
release product leaves the stomach, the enteric coating dissolves (or is
degraded); subsequent in vivo drug release then generally follows the same
course as for an immediate-release product.

Extended-release (ER) products are formulated to make the active
ingredient available over an extended period of time. These extended-
release products which comprise sustained-release, controlled-release and
repeat-action varieties are expected to lengthen the dosing interval and
reduce the dosing frequency as compared to the corresponding immediate-
release product (5,6). This is achieved to enhance patient convenience=
compliance, increase therapeutic e¡ectiveness, and=or to help minimize
toxicity or side e¡ects, especially in those products for which a
rapidly released dose, or for which drug level £uctuations might not be
desirable.

4. FACTORS AFFECTING IN VITRO DRUG PRODUCT
DISSOLUTION

The process of drug product dissolution can be viewed as proceeding
through several discrete steps. The ¢rst of these involves the wetting and
penetration of the dissolution medium into the dosage unit.The second step,
which generally occurs in many conventional dosage forms, but certainly
not a prerequisite for dissolution, involves disintegration and=or de-aggre-
gation into granules or ¢ne particles of the drug substance. The third step
involves solubilization of the drug substance into solution.These steps need
not proceed in a stepwise manner, but can occur simultaneously during the
dissolution process.

In vitro drug product dissolution can be a¡ected by various factors
including those intrinsic to the drug substance, the drug product formula-
tion, the manufacturing process, and the dissolution testing methodology,
as individually discussed below.
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4.1. Factors Related to Drug Substance

Dissolution refers to the process of solubilization of the drug into the
dissolution medium. As a fundamental process, dissolution is controlled by
the a⁄nity between the solid and the dissolution medium (7), and can be
modeled as the di¡usion of the drug into the bulk liquid media. Noyes and
Whitney (8) in1897 proposed a fundamental equation for dissolution:

dm=dt ¼ K � ðCs � CtÞ ð1Þ
Here dm=dt is the mass rate of dissolution, K is the proportionality constant
called the dissolution constant, Cs is the concentration at saturation or
maximum solubility and Ct is the concentration at time t. The term Cs�Ct

in the above equation represents the concentration gradient between the
di¡usion layer and the bulk solution. In 1900 Brunner and Tolloczko (9)
modi¢ed the above equation by incorporating the surface area, S

dm=dt ¼ K 0 � S � ðCs � CtÞ ð2Þ
Here K 0 is a constant unique to the chemical substance and varies widely
from drug to drug.

Brunner expanded the scope of the above equation to include Nernst’s
(1904) theory (10) of a saturated and stagnant liquid ¢lm di¡usion layer of
thickness h around the drug particle, having a di¡usion coe⁄cientD in a bulk
dissolution volumeV

dC=dt ¼ ½DS=Vh� � ðCs � CtÞ ð3Þ
From these theoretical principles, it is quite apparent that drug dissolution
is in£uenced by solubility, di¡usivity, surface area, and solution hydro-
dynamics.

4.1.1. Solubility of the Drug Substance

The dissolution rate of a drug is closely associated with drug substance
solubility. Compounds with high solubility generally exhibit signi¢cantly
higher dissolution rates as shown in Eq. (3) . The solubility of compounds
containing ‘‘ionizable groups’’ is a function of the pH of the dissolution
media and the pKa of the compound. Solubility of a drug is traditionally
determined using an equilibrium solubility method and involves suspending
an excess amount of solid drug in a selected aqueousmedium. In some cases,
it may not be feasible to measure the equilibrium solubility of a compound,
such as for a metastable polymorph which undergoes conversion during the
time frame of the solubility measurement. In this instance, a dynamic
method may be used to estimate the solubility of the compound. This is
referred to as kinetic solubility and is generally determined by measuring
the intrinsic dissolution rate (11).
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The ‘‘dose=solubility’’ ratio of the drug provides an estimate of the
volume of £uids required to dissolve an individual dose.When this volume
exceeds about 1L, in vivo dissolution is often considered problematic (12).
For example, griseofulvin has an aqueous solubility of 15 mg=mL and at a
dose of 500mg, has a dose=solubility ratio of 33.3 L.This therefore exhibits
a dissolution=solubility limited oral absorption.

4.1.2. Polymorphism

The drug substance may also exist in di¡erent physical forms and exhibit
solid-state polymorphism. Polymorphism refers to a drug substance:

1. existing in two or more crystalline phases that have di¡erent
arrangements and=or conformationsof themolecules in the crystal
lattice,

2. having di¡ering hydrate (or other solvate) forms, and
3. having amorphous phases which do not possess a distinguishable

crystal lattice (13,14).

Di¡erence in the lattice energies of these polymorphs results in di¡er-
ences in the solubilities and hence in the dissolution rates of these various
polymorphic forms (15).The solubility di¡erences between di¡erent crystal-
line polymorphs will typically be less than several-fold and in the case of
hydrates, these generally exhibit lower solubilities than the anhydrous form.
In the case of amorphous forms, these can have solubilities several hundred
times that of the corresponding crystalline counterparts (16). Polymorphism
in chloramphenicol palmitate provides a classic example illustrating the
signi¢cance of this phenomenon. Chloramphenicol palmitate can exist in
two polymorphic forms: Form A and Form B. Form B is shown to exhibit
greater oral absorption than FormA, due to enhanced solubility (17).

4.1.3. Salt Factor and ‘pH’of the Diffusion Layer

In general, organic salts are more water-soluble than the corresponding
unionized molecule and this o¡ers a simple means of increasing dissolution
rate. It is for this reason that sodium and potassium salts of weak acids, as
well as hydrochloride or other strong acid salts of weak bases, are frequently
selected during drug development. A multi-tier approach to select salts for
achieving optimal product performance is discussed in the literature (18).

In addition, even if the equilibrium solubility of the parent drug and
the salt in the dissolution medium may be alike, the dissolution rate of the
salt of the weak acid or base will often be enhanced. This e¡ect can be
explained on the basis of di¡erences in the pH of the thin di¡usion layer
surrounding the drug particle (19). In the case of salts of free acids, the pH
of the di¡usion layer will be greater than the pH of the di¡usion layer for
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the acid. Analogously, in the case of salts of the free base, the pH of the
di¡usion layer will be less than the pHof the di¡usion layer for the free base.
This will result in higher e¡ective solubilities of these salts in the di¡usion
layer as compared to their parent unionized compounds, and in an increased
dissolution rate.The salt occasionally may be useful for another therapeutic
indication.For example, the non-steroidal anti-in£ammatory drug naproxen
(20) was originally marketed as a free acid for the treatment of rheumatoid
or osteo-arthritis. However, the sodium salt, which is absorbed faster than
the acid,was found to be more e¡ective in post-partum pain than the parent
compound.

4.1.4. SurfaceArea and Particle Size

The dissolution rate of a compound is also directly related to its exposed
surface area (as is evident from Eq. (3)). Therefore, drug particle size
reduction, which results in an increased surface area exposed to the dis-
solution medium, would be expected to increase the dissolution rate.
Hence, micronized formulations of poorly soluble drugs may exhibit
markedly increased rates of dissolution compared to non-micronized
formulations (19). This is evidenced in marketed formulations of products
such as glyburide tablets. The micronized formulations (e.g., Glynase�

tablets) dissolve much faster than the non-micronized formulations
(e.g., Micronase� tablets).

4.2. Formulation Factors

The inactive ingredients (excipients) used in the formulation may also have
an important e¡ect on drug product dissolution. In the case of immediate-
release dosage forms, excipients are often used to enhance dissolution
rates. For example, disintegrants such as crosscarmellose sodium and
sodium starch glycolate are used to facilitate breakup of the tablet dosage
form and promote deaggregation into granules or ¢ne particles (21).
The e¡ect of the disintegrant is to promote tablet deaggregation and expose
a greater drug particle surface area, thereby facilitating dissolution.
Surfactants such as sodium laurel sulfate and polysorbate may also be used
to accelerate dissolution rates. This e¡ect of the surfactant is achieved by
increasing the aqueous solubility of hydrophobic drugs by micelle forma-
tion, and=or by facilitating drug wetting, by decreasing the surface tension
of the hydrophobic drug particle with the dissolution media and thereby
creating a larger drug^solvent surface interface for dissolution to occur
(22,23). Hydrophilic binders and ¢llers may also be incorporated into the
formulation to promote wetting of hydrophobic drug particles in order to
enhance dissolution rates (22).
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Conversely, excipients may sometimes have an inadvertent retarding
e¡ect upon drug dissolution. For example, during formulation development,
caremust be taken to ensure that the drug does not bind to an excipient, such
as in the formationof an insolublemetal chelatewhichmay alter the drugdis-
solution pro¢le. Lubricants such as the stearates,which are commonly used
to decrease friction in the diewall cavity, are generally hydrophobic in nature
and at high concentrations (>1%), thesemay have the e¡ect of reducing drug
wettability (22,24). This will have the e¡ect of prolonging disintegration
times or in diminishing the e¡ective interface of drug particles with the
solvent medium, resulting in reduced dissolution rates. Gelatin capsule
shells are prone to cross-linking in the presence of free aldehydes or keto
groups. This may result in pellicle formation and a greatly reduced dissolu-
tion rate. This type of phenomenon has been attributed to the dissolution
failures seen with gelatin capsules and gelatin coated tablets packaged with
rayon ¢llers (25).

Formodi¢ed-release drug products, the excipients are chosen to have a
controlled e¡ect on the rate of drug release from the dosage form, in order
to target the delivery to certain sites along the gastrointestinal tract,
commonly referred to as the ‘‘absorption windows’’.This can be achieved by
dispersing or incorporating the active ingredient into a hydrophilic or
hydrophobic matrix, ion-exchange resin, osmotic pump, or by coating the
drug particles or the dosage unit with a polymeric or wax ¢lm. These
modi¢ed-release dosage forms are formulated by a complex process that
must take into consideration the properties of the active ingredient, the type
of release device that is to be used, the characteristics of modifying release
excipients that may be chosen, and the desired drug release pro¢le that is to
be achieved (26).

4.3. Manufacturing Process Factors

Several manufacturing variables can a¡ect the drug product dissolution
characteristics. Here, manufacturing strategies may be employed to
enhance dissolution rates. For example, spray drying or melt extrusion of
the active ingredient with excipients such as polyvinylpyrrolidine (PVP)
can be used to generate stabilized amorphous dispersions, which have
greatly accelerated dissolution rates (19,27). Improved wetting of hydro-
phobic drug surfaces and enhanced dissolution rates are sometimes
achieved by employing wet granulation vs. dry granulation processes,
during product manufacture (28). Direct compression may also be chosen
over granulation for enhancing dissolution, based upon the propensity
for directly compressed tablets to de-aggregate into ¢ner drug particles
(29).
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Conversely, manufacturing variables may also have a retarding e¡ect
upon dissolution. For example, over-mixing with lubricants may have an
adverse e¡ect on drug wettability, and hence upon drug disintegration and
dissolution (19). Tablet punch pressures must also be optimized to achieve
acceptable disintegration rates (30). At low punch pressure, liquid penetra-
tion in the tablet will be facile, but disintegrant swelling may not result in
tablet de-aggregation due to its high porosity; on the other hand, excessive
punch pressuremay hinder the penetration of liquid into the tablet and result
in slower disintegration rates.

For modi¢ed-release products, the manufacturing process must be
well de¢ned and be highly robust to assure reproducible drug release
from batch to batch.Here, the process of dispersing the drug into the matrix
or of coating the drug with modi¢ed-release excipients must be tightly
controlled.The manufacturing process must have well-de¢ned ‘‘endpoints’’
and must distribute the modi¢ed-release excipients uniformly around the
active ingredient; otherwise this will be re£ected in variable dissolution
performance (31).

4.4. Dissolution=Drug Release Test Conditions

Dissolution test parameters such as apparatus type and rotation speed (32),
and dissolution medium pH and volume (22) can also signi¢cantly in£uence
the dissolution rate of a solid oral dosage form. The dissolution test condi-
tions are discussed in greater detail in Sections 5.2 and 5.3. The dissolution
assay method and adequate instrumentation are important to generate valid
measurements of the dissolution process.

5. IN VITRO DRUG PRODUCT PERFORMANCE EVALUATION

5.1. Disintegration Test

The disintegration test is described in the USP General Chapter h701i Dis-
integration.Disintegration testing is considered appropriatewhen a relation-
ship to dissolution has been established or when disintegration is shown to
be more discriminating than dissolution. It is a qualitative test and does not
quantify drug dissolution. An o⁄cial disintegration apparatus, the USP
basket^rack assembly, is used to perform the test,which is generally applic-
able only to immediate-release products. The International Conference on
Harmonization (ICH) Q6A Guidance document (33) has proposed a
decision tree for the application of the disintegration test.When product dis-
solution is rapid (de¢ned by ICH as dissolution NLT 80% in 15min at
pH 1.2, 4.0, and 6.8) and the dosage form contains drugs that are highly
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soluble throughout the physiological range, disintegration testing may
be meaningful. The ICH Guidance considers a drug substance to be
highly soluble when the highest dose strength is soluble in 250mL or less of
aqueous media over the pH range of 1.2^6.8. The volume estimate of
250mL is derived from a typical bioequivalence study protocol that
prescribes administration of a drug product to fasting human volunteers
with a glass (about 8 oz) of water.

5.2. Dissolution Test—Immediate-Release Solid Oral
Dosage Forms

The dissolution test is referenced in USPGeneral Chapter h711iDissolution.
The test quantitatively measures the amount of active drug that dissolves
from the dosage form in a liquid dissolution medium using standard dis-
solution apparatus and procedures. The FDA’s general recommendations
regarding dissolution testing are given in theAgency’s GuidanceDissolution
Testing of Immediate-Release Solid Oral Dosage Forms (2).The dissolution
test is required for virtually all solid oral dosage forms as a condition of
product approval. The International Conference on Harmonization (ICH)
Q6AGuidance document (33) provides three decision trees for assisting in
the development of suitable dissolution test conditions and tolerances. The
dissolution test conditions are generally selected to ensure a sensitive and
discriminatory measure of drug product performance (34). As discussed
later in the chapter, dissolution data can also be used to support certain
post-approval changes in manufacturing and=or formulation, as well as to
waive the requirement to conduct in vivo bioequivalence studies under
certain conditions.

5.2.1. Apparatus

USPGeneral Chapter h711iDissolutionestablishes equipment speci¢cations
and operational standards for the Apparatus 1 (basket) and 2 (paddle), the
apparatus most commonly used for studying the dissolution of solid oral
dosage forms.The basket at 100 rpm is commonly used for testing capsules,
and the paddle at 50 rpm for tablets.The dissolution rate generally increases
as the stirring rate or dissolution speed is increased.This increase, however,
may not necessarily follow a simple mathematical relationship (32).
The USP Apparatus 3 (see USP General Chapter h724i Drug Release) is
also sometimes used for dissolution testing of immediate-release drug
products, in addition to extended-release products (35). Apparatus 4 and 7
are used exclusively for extended-release dosage forms, including oral
tablets and capsules. For convenience, the o⁄cial USP apparatus used for
dissolution=drug release testing of solid oral dosage forms, along with their
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recommended operational parameters and target drug products are given in
the following table:

USPapparatus Description Rotational speed Dosage form

1 Basket 50^120 rpm IRa, DRb, ERc

2 Paddle 25^00 rpm IR, DR, ER
3 Reciprocating

cylinder
6^35dpmd IR, ER

4 Flow-though
celle

N=A ERand poorly
soluble active
pharmaceutical
ingredient=s in IR

7 Reciprocating disk 30cpmf ER

aIR¼ immediate-release
bDR¼delayed-release
cER¼extended-release
dSix to thirty-five dips perminute currently in approved USPmonographs; other speedsmay also
be acceptable.

eUSPApparatus 4 currently not used in any USPmonograph Dissolution or Drug Release test.
fThirty cycles per minute currently in approved USP monographs; other speeds may also be
acceptable.

5.2.2. Media

The selection of a dissolution test medium is based on the physico-chemical
properties of the drug substance and characteristics of the dosage form. In
selecting the medium, an attempt should be made to emulate physiologic
conditions. Thus, media with pHs ranging from 1.2 (gastric pH) to 6.8
(intestinal pH) are generally preferred. The most common media used in
dissolution testing are water, 0.1N hydrochloric acid, pH 4.5 acetate bu¡er,
and pH 6.8 phosphate bu¡er. For drugs that are weak acids, the dissolution
rate increases with increasing pH; while for weak bases, dissolution rate
decreases with increasing pH. Selection of appropriate medium volume
(generally 500^1000mL,with 900mL being the most common) is primarily
based on drug solubility. For drugs with poor aqueous solubility, a larger
volume may be necessary to achieve sink conditions and e¡ect complete
drug dissolution in a reasonable time. Alternatively, surfactants may be
added to the dissolution medium.The incorporation of surfactants into the
dissolution medium generally enhances solubility and dissolution rate
through reduction of the interfacial tension and induction of micellar forma-
tion. Addition of ionic salts to the dissolution medium also may increase the
dissolution rate, but the use of hydroalcoholic or any other media containing
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organic solvents is discouraged. For hard- and soft-gelatin capsules and
gelatin-coated tablets, speci¢ed quantities of enzymes may be added to the
dissolutionmedium to prevent the formation of pellicles thatmay result from
cross-linking of gelatin (1).Also, tiny air bubbles can circulate in themedium
and a¡ect the uniformity of hydrodynamics of the test. The air can be
removed from the medium by the deaeration method described in USP
h711i Dissolution or another validated method. The temperature of the
dissolution bath is usually maintained at 37 � 0.5�C to re£ect human body
temperature. Currently, new research e¡orts are being made on the use of
‘‘bio-relevant’’ media to predict the dissolution of poorly soluble drugs and
to predict plasma levels of lipophilic drugs (36,37).

5.2.3. Tolerance

The dissolution test acceptance criterion, or tolerance, is speci¢ed in terms
of the quantity (‘‘Q’’) that is dissolved within a speci¢ed time interval. The
quantity is expressed as a percentage of the labeled claim (and not the
assayed amount) of active ingredient in the dosage form.Typically, for most
immediate-release oral dosage forms, 75% or 80% (‘‘Q’’) of the labeled
amount of the active drug ingredient is speci¢ed to be dissolved within a
set time duration (test times between 15 and 60min are most common).
The dissolution test results are evaluated using the Acceptance Table in
USP h711i, which describes criteria for mean and individual sample
dissolution results through three progressive stages of testing (S1, S2, and
S3, specifying 6, 12, and 24 samples tested, respectively). The value
speci¢ed for ‘‘Q’’ should be used ‘‘as is’’ and should not be confused with
the ‘‘Qþ 5%’’ value speci¢ed for the S1 stage of testing. Drug products
may meet the dissolution requirement at any stage of testing; however, for
bioequivalence purposes, the stage S2 testing (12 units tested) is recom-
mended. The dissolution tolerances are initially established based on the
dissolution pro¢les obtained from the drug product lot(s) upon which the
in vivo bio-availability=equivalence study was performed. The initial
speci¢cations can be revised later, if necessary, as more data become
available. A generic immediate-release drug product should generally
meet the dissolution requirements speci¢ed in the USP monograph.
If no USP requirements are established, the product should be formulated
to meet or exceed the in vitro dissolution performance of the Reference
Listed Drug (RLD), as identi¢ed in the FDA ‘‘Orange Book’’ (6).
Characteristics such as drug solubility, permeability, dissolution rate, and
pharmacokinetics should be considered in setting dissolution test speci¢-
cations, in order for the test to be useful in ensuring product similarity=
equivalence.
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5.3. Drug Release Test—Modified-Release Solid Oral
Dosage Forms

The drug release test is referenced in the USP General Chapter h724i Drug
Release.The drug release test is analogous to the dissolution test, except that
it is applied to modi¢ed-release drug products rather than to immediate-
release drug products. The FDA’s general recommendations regarding drug
release testing are given in its Guidances: Bioavailability and Bioequivalence
Studies for Orally Administered Drug Products—General Considerations
and Extended release Oral Dosage Forms: Development, Evaluation, and
Application of In vitro=in vivo Correlation. As in the dissolution test, the test
for drug release is conducted on sample sizes of 6^24 individual dosage
units (12 dosage units are required for bioequivalence testing). Owing to
di¡erences in release mechanisms among extended-release drug products,
the products for a given drug type made by di¡erent manufacturers are
allowed to have unique drug release tests and do not necessarily have to use
the tests approved for theRLDor othermanufacturers.However, unjusti¢ed
proliferation of tests should be avoided. The recommended test apparatus,
media, and tolerances are discussed in detail below.

5.3.1. Apparatus

Formodi¢ed-releaseoraldosage forms,theUSPGeneralChapter h724iDrug
Release provides equipment speci¢cations and operational standards for the

dosage forms unless there is a demonstrated advantage in using another o⁄-
cial Apparatus.The use of non-o⁄cial Apparatus is generally discouraged.

5.3.2. Media

Themedia are generally the same as those recommended for testing immedi-
ate-release products, except that there is no provision for the addition of
enzymes (two-tiered testing) . For delayed-release (enteric-coated) solid
oral dosage forms, a two-stage procedure is followed�¢rst, testing in 0.1N
HCl for 2 h to demonstrate acid resistance, followed by testing in pH 6.8
bu¡er.The acid-stage and bu¡er-stage tests each have their ownAcceptance
Table in the USPGeneral Chapter h724i.

5.3.3. Tolerances

Release tolerances are proposed based on the in vitro drug release perfor-
mance of the bio-study lot or lots.The tolerances should include a minimum
of three time points selected from within the labeled dosing interval.
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Apparatus 3,4, and 7 in addition toApparatus1and 2 (see the table in Section
5.2.1). Use of Apparatus 1 and 2 is usually preferred, however, for solid oral



The ¢rst tolerance range is generally set at one hour to ensure against ‘‘dose-
dumping’’. Subsequent time points are also established as ranges and the
¢nal time point is set as a minimum value of labeled amount released [for
example NLT 80% (Q)].The tolerances are generally interpreted according

of testing are described, similar to those for the immediate-release drug
products.

5.4. Dissolution=Drug Release Profile Comparisons

For adequate and complete characterization of dissolution, several FDA
‘‘Guidances’’ request submission of comparative multi-time point dis-
solution pro¢le data in addition to meeting a single-point tolerance (‘‘Q’’)
requirement (2,3,38,39). Several di¡erent pro¢le comparison approaches
(such as model-dependent, model-independent-multivariate, and model-
independent-index) have been developed and evaluated by the Agency
(40^43).These approaches are useful for comparing the dissolution pro¢les
of drug product lots, especially to evaluate the e¡ects of scale-up and
post-approval changes.

In the model-dependent approach, the pro¢le similarity is evaluated
using a suitable mathematical model function to describe the dissolution
data. The approach is recommended for a dissolution ‘‘data rich’’ scenario.
After selecting a model, the dissolution pro¢les are evaluated in terms of
model parameters.The approach is exercised through the following steps:

1. Select a suitable mathematical function (model) to describe the
dissolution data at hand (say, coming from a few production-size
pre-change lots).

2. Fit the individual unit dissolution data fromdi¡erent standardized
production-size lots to the selected model and estimate the inter-
and intra-lot variability of the model parameters.

3. De¢ne a ‘‘similarity region’’ or criterion on the basis of the inter-
and intra-lot parameter variance.

4. Fit the dissolution data from ‘‘N’’ units of the reference (say,
pre-change) and test (say, post-change) lots using the same
mathematical function to generate model parameters.

5. Calculate a ‘‘statistical distance’’ between parameter means of the
test and Reference lots.

6. Compute a 90% ‘‘con¢dence region’’ around the statistical
distance.

7. Compare the ‘‘con¢dence region’’ with the ‘‘similarity region’’ cal-
culated in step (iii) to assess the similarity or dissimilarity of the
pro¢les.
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If the con¢dence region computed from step (6) falls within the
bounds of the similarity region generated in step (3), the pro¢les are
considered similar, else they are considered dissimilar. A comprehensive
discussion of this approach is beyond the scope of this chapter. For a
detailed and hands-on discussion of this approach, the readers are
directed to references 40 and 41.

In the model-independent ‘‘Multivariate’’ approach, the dissolution
values are compared directly without assuming a model or creating para-
meters. Each dissolution measurement, coming from the multiple dissolu-
tion time points, is considered as a variable, correlated to adjacent time
points. First a ‘‘statistical distance’’ is computed which accounts for the
mean dissolution di¡erences as well as their variance, covariance matrix.
A con¢dence region is then computed around the statistical distance. The
statistical distance often used for this typeof (multivariate) analysis is known
as ‘‘Mahalanobis Distance’’or ‘‘M-Distance’’. It is given by the formula

DM ¼ SQRTfðX2 � X1Þ0S�1
pooledðX2 � X1Þg ð4Þ

whereDM¼ ‘‘Mahalanobis’’distance,SQRT¼square root of the entire term,
Spooled¼ (S1þS2)=2 is the sample variance^covariance matrix pooled
across both the test and reference batches where S1 and S2 are the individual
sample-lot variance^covariance matrix, X1¼vector of mean dissolution
of Reference and X2¼ vector of mean dissolution of Test. For a detailed
discussion of the approach, readers are directed to Ref. 42.

In the index approach, pro¢les are compared with respect to a particu-
lar a priori de¢ned index. Several indices have been proposed, such as
‘‘Rescigno’’ in 1992 (44), ¢t factors ‘‘f1’’ and ‘‘f2’’ by Moore and Flanner in
1996 (45), and Rho, Rho-m, Delta-a and Delta-s by Seo et al.(46). Various
FDA‘‘Guidances’’ recommend the ‘‘f2’’ index, re-named ‘‘similarity factor’’
(38), for mean dissolution pro¢les comparison, due to simplicity and ease.
The f1 and f2 indices, which measure the overall di¡erence and similarity
between the two pro¢les are de¢ned as follows:

f1 ¼ f½SP
i¼1jmti � mri j�=½S

P
i¼1mri �g � 100 ð5Þ

and

f2 ¼ 50� logf½1þ ð1=PÞSP
i¼1ðmti � mriÞ

2��2 � 100g ð6Þ
In the above expressions, mti and mri are the test and reference assays at

ith time point, and P is the number of sample points. The ‘‘f1’’ index is the
cumulative absolute mean di¡erence of the dissolution points normalized
to the cumulative reference. It is thus a measure of relative error between
the two curves.The‘‘f2’’ index is a function of reciprocal of mean square root
transform of sum of squared di¡erences at all points. Essentially, it is the
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sum of squared error arranged on a logarithmic scale.When the two pro¢les
are exactly identical, f1¼0 and f2¼50� log(100)¼ 100.When one product
dissolves completely before the dissolution begins for another product,
f1¼100 and f2 becomes¼ 50� logf[1þ (1=P)Si¼ 1

P(100)2]�2�100g
¼�0.001, which can be approximated to 0. The f1 and f2 indices therefore
can be considered as scaled between approximately 0 and100.A relationship
of average global percent di¡erence and corresponding f1and f2 index values
is plotted in Figure1.

As seen from the graph,the greater the value of ‘‘f2’’or smaller the value
of ‘‘f1’’, more similar are the two pro¢les. An ‘‘f2’’ value between 50 and 100
suggests a less than 10% global or overall di¡erence between the two dis-
solution pro¢les. Due to its global nature, the ‘‘f2’’ index acquires certain
advantages and disadvantages. The advantages include simplicity, ease of
calculation, and unbiased estimate irrespective of the position of test sample
points to reference points. The limitations include omission of inter- or
intra-lot variability, as well as covariance estimation, non-consideration of
positional or directional di¡erences and a bias with respect to the number
of sample points and their selection. Also though useful to a great extent for
evaluating scale-up and post-approval product changes, ‘‘f2’’ index is of
limited value for productshaving a permeability-limited absorption. In these
cases ‘‘f2’’ pro¢le comparison failure (value less than 50) becomes meaning-
less. In 1998, Shah et al. (43) evaluated ‘‘f2’’ as a population measure and
discussed the statistical properties of the estimate based on sample means.
It was pointed out that the commonly calculated and used ‘‘f2’’ of sample
means is a biased and conservative estimate of the population ‘‘f2’’.

FIGURE 1 Relationship of fit factors and percent average difference.
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6. APPLICATIONS OF IN VITRO DISSOLUTION

6.1. Product Development

In vitro dissolution is an important and useful tool during the development of
a dosage form. In vitro dissolution often aids in guiding the selection of pro-
totype formulations and for determining optimum levels of ingredients to
achieve drug release pro¢les,particularly for extended-release formulations.
In vitro testing also guides in the selection of a ‘‘market-image’’ product to
be used in the pivotal in vivo bioavailability or bioequivalence studies.

6.2. Quality Assurance

Adosage form must possess acceptable in vivo bioavailability or bioequiva-
lence performance characteristics.Following pivotal in vivo studies, in vitro
dissolution testing methodology and acceptance criteria are devised on the
basis of dissolution testing of these bio-lots, as well as upon the current
knowledge of drug solubility, permeability, dissolution, and pharmaco-
kinetics. This in vitro dissolution testing is then performed on future pro-
duction lots, and is used to assess the lot-to-lot performance characteristics
of the drug product, and provide continued assurance of product integrity=
similarity.

6.3. Product Stability

In vitro dissolution is also used to assess drug product quality with respect to
stability and shelf life. As products age, physicochemical changes to the
dosage form may alter the dissolution characteristics of the drug product
over time. For example, as the moisture level increases or decreases over
time, this can result in altered tablet hardness and subsequent possible
changes in dissolution characteristics. For some products, polymorph
transformations to more stable, and hence less soluble crystalline forms
may result in reduced dissolution rates. As mentioned previously, for
gelatin-encapsulated drug products, aldehyde-amino cross-linking over
time may result in pellicle formation that also slows the dissolution rate
(47). As the in vitro dissolution testing is performed for products throughout
their shelf life, this provides assurance of adequate product performance,
throughout the expiry period.

6.4. Comparability Assessment

In vitro dissolution is also useful for assessing the impact of pre- or post-
approval changes to the drug product, such as changes to the formulation or
manufacturing process. Various ‘‘SUPAC Guidances’’, depending on the
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nature and extent of these changes,describe the use of either a single point or
dissolution pro¢le comparison(s) approach to evaluate the e¡ect of these
changes.This type of in vitro comparability assessment is critical to ensure
continued performance equivalency and product similarity.

6.5. Waivers of In Vivo Bioequivalence Requirements

In vitro dissolution testing or drug release testing may be used for seeking
waiver of the requirement to conduct in vivo bioavailability or bioequiva-
lence studies in conjunction with the following.

6.5.1. Formulation Proportionality

In situations where an in vivo bioavailability and bioequivalence study is
conducted on one-strength of the drug product, in vivo bioavailability and
bioequivalence testing on other lower strength(s) of the same dosage form
may be waived, provided that the lower strength(s) are proportionally
similar in their active and inactive ingredients and that their dissolution
pro¢les have su⁄cient similarity (3,48). Two types of formulation propor-
tionalities are seen.One is a constant proportion,where active and inactive
ingredients are changed proportionately across the strengths and another is
constant weight, seen especially with products with small quantities of
active drug, where the total weight rather than proportion is held constant
across strengths.

6.5.2. Biopharmaceutics Classification System

The Biopharmaceutics Classi¢cation System (BCS) (49) categorizes drug
substances into four classes; High Solubility=High Permeability, Class I;
Low Solubility=High Permeability, Class II; High Solubility=Low Per-
meability,Class III; and Low Solubility=Low Permeability,Class IV.A drug
substance is considered highly soluble when the highest dose strength is
soluble in less than or equal to 250mL in aqueous media over a pH range of
1^7.5 (49) or the more physiologic pH 6.8. A drug is considered highly
permeable when extent of absorption (as measured by the area under the
plasma concentration time curve) in humans is determined tobe greater than
90% of an administered dose. An immediate-release drug product is also
characterized as a rapidly dissolving product when not less than 85% of the
labeled amount of the drug substance dissolves within 30min using USP
Apparatus I at 100 rpm or USP Apparatus II at 50 rpm in a volume of
900mL or less of each of the following media: (a) acidic media, such as
0.1N HCl or USP simulated gastric £uid without enzymes (SGF); (b) a pH
4.5 bu¡er; and (c) a pH 6.8 bu¡er or USP simulated intestinal £uid without
enzymes (SIF) . If the drug product meets the BCS criteria for Class I,
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meaning that the drug substance is highly soluble and highly permeable, and
the drug product is rapidly dissolving, it is quite likely that the rate-limiting
step for drug absorption is gastric emptying. In this instance, the require-
ments for in vivo bioavailability or bioequivalence studies for this product
can be waived (48). The BCS (49) thus far is an attractive approach in its
formative stage. Attempts have been made (50) to ascertain the maximum
absorbable dose using information such as solubility, trans-intestinal
absorption rate constant, small intestine water volume, and transit time.

6.5.3. InVitro=InVivo Correlations

After a formulation is developed, meaningful in vitro dissolution in con-
junction with techniques such as de-convolution can be used to predict
in vivo dissolution and absorption and establish an in vitro=in vivo relation-
ship. These relationships between in vitro drug release and in vivo absorp-
tion (level ‘‘A’’, ‘‘B’’, or ‘‘C’’ correlation) are generally more likely for drugs
exhibiting low solubility and high permeability (BCS Class II) and for
extended-release products. When these in vitro=in vivo correlations have
been established, in vivo bioavailability or bioequivalence studies, which
are normally required may be waived (4). Polli (51) recently suggested
development of an objective criterion to identify models a priori to in vitro=
in vivo correlation analysis.

7. LIMITATIONS OF IN VITRO DISSOLUTION

The chapter thus far focused on the general utility of dissolution testing.
Nonetheless, the limitations of this methodology cannot be overlooked.The
precision and accuracy of dissolution testing often depends upon several
subtle operational controls, including stirring element eccentricity,
agitation alignment, torsional vibration, dosage form position, sampling
position, dissolved gases, £ow patterns, and heat transfer amongst other
factors, which if overlooked, may have a large e¡ect upon the dissolution
measurement.This is exempli¢ed by a recent study demonstrating dramati-
cally di¡erent dissolution rates as a result of di¡erent tablet positions. The
dissolution rate di¡erences are attributed to the segregation of solution
hydrodynamics in the dissolution testing apparatus (52). A strict control
of these many subtle factors is therefore essential to assure reliable and
reproducible test results.

Relevance is another dissolution limitation. In the absence of a suitable
in vitro=in vivo correlation, dissolution testing may not be particularly rele-
vant to drug product performance. In case of IR products containing BCS
Class I and Class IIIdrugs, dissolution testing may be‘‘over-discriminating’’
since oral absorption is likely to be limited by gastric emptying or intestinal
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permeation. In the case of IR products containingBCSClass II and IVdrugs,
on the other hand, single point dissolution testing may be ‘‘non-discriminat-
ing’’ and may not be able to detect lots having poor in vivo performance.
Additionally, even when an in vitro=in vivo correlation has been developed
for a product, it is likely to be of limited value for other products, since such
correlations are often ‘‘product speci¢c’’.

Despite these limitations, dissolution testing remains one of the most
important and useful in vitro tests for assuring product quality. It is only by
recognizing these limitations that one can make judicious conclusions about
the signi¢cance or insigni¢cance of a dissolution test result as it pertains to
product performance. Recognizing these limitations may also help us
develop a more meaningful and useful dissolution testing methodology.

8. SUMMARY

From the product quality perspective and for adequate assurance of in vivo
performance of a solid dosage form, a detailed in vitro characterization
is essential. In vitro dissolution testing of the solid oral dosage form can be
conducted using various tests and techniques. This type of evaluation is
useful during product development, for quality assurance and control,
product stability testing, and during assessment of comparability. In vitro
dissolution testing may also be useful for getting waivers of in vivo bioavail-
ability or bioequivalence studies, particularly when the dosage form exhibits
formulation proportionality to the bio-studied lot, or when the drug meets
the criteria for BCS Class I and exhibits rapid dissolution, or when a
meaningful in vitro=in vivo relationship has been established. The modern
frontiers in developing e⁄cient in vitro performance testing include areas
such as ¢ber optics for monitoring the drug concentration in the dissolution
medium (53), application of arti¢cial neural network for dissolution
prediction (54), and Process Analytical Technology (PAT) (55).
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ANDA Regulatory Approval Process

Timothy W. Ames, Karen A. Bernard,
Beth Fabian Fritsch, Koung Lee,
Aida L. Sanchez, Krista M. Scardina, and
Martin Shimer

U.S. Food and Drug Administration Center for Drug Evaluation and
Research, Rockville, MD, U.S.A.

The Food and Drug Administration (FDA) is organized into eight
o⁄ces=centers, the Center for Drug Evaluation and Research (CDER), the
Center for Biologics Evaluation and Research (CBER), the Center for
Devices and Radiological Health (CDRH), the Center for Food Safety and
Applied Nutrition (CFSAN), the Center for Veterinary Medicine (CVM),
the National Center for Toxicological Research (NCTR), the O⁄ce of the
Commissioner (OC), and the O⁄ce of RegulatoryA¡airs (ORA).

TheCDER reviews the safety and e⁄cacy of drug products.TheCenter
Director oversees 11 o⁄ces which include, the O⁄ce of Pharmaceutical
Science, the O⁄ce of New Drugs, the O⁄ce of Executive Programs, the
O⁄ce of Pharmacoepidemiology and Statistical Science,O⁄ce of Manage-
ment, the O⁄ce of Regulatory Policy, the O⁄ce ofMedical Policy, the O⁄ce
of Counter-Terrorism and Pediatric Drug Development, the O⁄ce of
Training and Communications, the O⁄ce of Compliance, and the O⁄ce of
Information Technology. Additional information about the organization
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Organizationally, theO⁄ce ofGenericDrugs (OGD) is located within
the CDER under the O⁄ce of Pharmaceutical Science. It consists of the
following divisions: Chemistry, Bioequivalence, and Labeling and Program
Support. The following will provide a brief overview of the history of the
OGD.

Nearly 20 years after its enactment,The Drug Price Competition and
Patent Term Restoration Act of 1984, commonly known as the Hatch^
Waxman Amendments (HWA), has proven to be an e¡ective piece of
legislation. One outcome of this legislation is the increased availability of
less-expensive medications tomillions of Americans.TheHWAto the Federal
Food, Drug and Cosmetic Act (FD&C) gave clear statutory authority to
submit Abbreviated New Drug Applications (ANDAs) for all approved
innovator drugs.With the passage of the HWA, ¢rms who sought to market
a generic version of a drug were not required to repeat the costly preclinical
and clinical testing associated with a NewDrug Application (NDA).

TheOGDhad its origins in the early1970s and was known as theO⁄ce
of Drug Monographs. After the passage of the HWA in 1984, the O⁄ce of
DrugMonographs became the O⁄ce of Drug Standards.The O⁄ce of Drug

FIGURE 1 Generic drug review process.
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Standards contained theDivisionofGenericDrugs (DGD) and theDivision
of Bioequivalence.The OGD as we know it today was established in 1990 as
part of the O⁄ce of Pharmaceutical Science (OPS). Its mission is to ensure
that safe and e¡ective generic drugs are available for the American people.
The OGD ensures the safety and e⁄cacy of generic drugs by employing a
review process that is similar to the NDA process. The primary di¡erence
between the Generic Drug Review process and the NDA review process is
the study requirements. For example, an ANDA generally requires a bio-
equivalence study between the generic product and the reference listed drug
(RLD) product.The safety and e⁄cacy of theRLDproduct were established
previously through animal studies, clinical studies and bioavailabilty
studies.Thus, these studies need not be repeated for theANDA.

The economic impact of the HWA is best demonstrated by the
increased market share of generic medications. In 1984, just 14% of all pre-
scriptions dispensed were for generic drugs. In contrast, 17 years later in
2001, approximately 48% of all prescriptions dispensed were for generic
drugs. Furthermore, for each1%increase in the use of generic drugs, consu-
mers save an additional $1.32 billion per year.

The goal of this chapter is to provide an overview of the generic drug
review process for solid oral dosage forms. Each step of the review process
will be discussed from the initial submission of the application to its ¢nal
approval. As one reads through the chapter, it may be useful to refer to the

of solid oral dosage forms, the microbiology review is omitted.

1. FILING REVIEW OF ABBREVIATED NEW DRUG
APPLICATIONS (ANDA)

The ANDA process begins when an applicant submits an ANDA to the
OGD.The document room sta¡ processes the ANDA, assigns it an ANDA
number, and stamps a received date on the cover letter of the ANDA. The
ANDA is then sent to a consumer safety technician,who reviews the preli-
minary sections of theANDAChecklist.

Within the ¢rst 60 days following the submission of an ANDA, a ¢ling
review is completed. The Regulatory Support Branch (RSB) is responsible
for the ¢ling review. This group, organized under the Division of Labeling
and Program Support (DLPS), consists of project managers and a support
sta¡ including technical information assistant(s), legal instruments exami-
ner(s), and consumer safety technician(s). The branch chief who reports to
the Division Director of DLPS supervises the branch.

The RSB ensures that the ANDAs contain the information necessary
to merit a technical review. To determine whether an application is
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acceptable for ¢ling, anRSB project manager (RPM) compares the contents

tory requirements. An applicant may receive a ‘‘refuse to receive’’ letter
when an inactive ingredient level exceeds the level previously used in an
approved drug product via the same route of administration.Other common
reasons that a‘‘refuse to receive’’ lettermay be issued to the applicant include
but are not limited to; incomplete bioequivalence studies, incomplete stabi-
lity data, incomplete packaging, and incorrect basis for submission.The ¢l-
ing date of an application is critical since it may determine the eligibility for
exclusivity.The RSB veri¢es that all applications contain a patent certi¢ca-
tion and exclusivity statement.The patent certi¢cation and exclusivity state-
ment must address all existing patents and exclusivities for the RLD
published in the ‘‘Approved Drug Products with Therapeutic Equivalence
Evaluations’’, commonly known as the ‘‘Orange Book’’. If an RLD has
expired patents, an applicant may certify that no relevant patents remain.
The review of patents and exclusivities is an ongoing process throughout
the review cycle, as new patents and exclusivities may become listed in
the ‘‘Orange Book’’. An explanation of patent certi¢cations with their
corresponding de¢nitions may be found in 21CFR 314.94(a)(12).

Once the RSB completes the ¢ling review of the ANDA and veri¢es
that the application contains all the necessary regulatory requirements, an
‘‘acknowledgment’’ letter is issued to the applicant indicating its acceptance
for ¢ling and the o⁄cial ¢ling date. The application is then assigned
to the technical reviewers. If the ANDA does not meet the criteria for
¢ling, a ‘‘refuse-to-receive’’ letter is issued to the applicant with a list of
de¢ciencies.

Upon ¢ling anANDA,theRPMforwards anEstablishmentEvaluation
Request (EER) to the O⁄ce of Compliance. The O⁄ce of Compliance then
determines if the drug product manufacturer, the drug substance manufac-
turer and the outside testing facilities are operating in compliance with
current Good Manufacturing Practice (cGMP) regulations as outlined in
21 CFR Parts 210 and 211. Each facility listed on the request is evaluated
individually and the O⁄ce of Compliance makes an overall evaluation of
all facilities listed in the application. Furthermore, a pre-approval inspec-
tion may be performed to assure the data integrity of the application.

Currently, ANDAs can be submitted entirely electronically. Appli-
cants can also submit electronic submissions of bioequivalence data along
with the traditional paper application. The electronic document room sta¡
processes the electronic ¢les, so that the reviewers can access them.The data
contained in the electronic submission are copied onto CDER’s computer
network. Additional processing may occur to populate the electronic tools
used by the reviewers.
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All applicants who plan to submit ANDAs electronically should con-
sult CDER’s website for electronic submissions at

2. COORDINATION OF THE GENERIC DRUG REVIEW
PROCESS

Once the ANDA is accepted for ¢ling, the application enters the review
queue. This means that the application is assigned to a bioequivalence
reviewer, a chemist, and a labeling reviewer.

Each chemistry team consists of a team leader, a project manager,
and several reviewers. In this section, the emphasis will be placed on the
chemistry project manager’s role in the generic drug review process.

The chemistry project manager serves as the ‘‘Application’’ Project
Manager (APM). While APMs are located within the Chemistry review
teams, they are actually a part of the Review Support Branch within the
DLPS. Speci¢cally, they plan, organize, and coordinate all of the review
activities for the applications that they manage.This requires the coordina-
tion of all discipline reviews which include chemistry, bioequivalence, and
labeling.

The APMs serve as co-leaders for the chemistry review teams. They
assure timely resolution of scienti¢c and regulatory con£icts to prevent
delays in the review process. The APMs also make every e¡ort to meet the
review goals set by the OGDmanagement.

The APMs manage and coordinate the work of the review teams to
assure that reviews are performed in a timely manner. In addition, the APMs
identify and resolve potential problems such as the inequality of individual
workload and regulatory issues. The OGD makes a concerted e¡ort to
comply with the statutory 180 day review cycle mandated by the Federal
FD&CAct.TheAPMsplay a key role in coordinating the various disciplines
to review the applications within 180 days from the submission date. In
attempt to achieve OGD’s management goals, the APMs may recommend
redistribution of work according to the policies and procedures within the
OGD.

The APMs enter key information about their applications into a pro-
ject management database. This database allows the OGD sta¡ to access
the status and outcome of discipline reviews and the status of the ¢eld and
compliance inspection reports. The APMs use the information to provide
applicants and OGDmanagement the status of applications.

Since communication plays a large role in the generic drug review
process, theAPMs are designated as the primary contacts for all issues relat-
ing to the review of the application. As such, they communicate the status of
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all aspects of the applications that they manage. The APMs attempt to
address all applicant inquiries within 2 working days of receiving a request.
If the questions from the applicant are of a technical nature and require
further evaluation by a reviewer and=or team leader, the APMs make the
appropriate arrangements for either a telephone conference and=or a meet-
ing. The APMs generally request applicants to submit a proposed agenda
prior to the telephone conference or meeting. The APMs and the review
teams work with the applicants to resolve scienti¢c issues that may delay
the approval of applications.

3. BIOEQUIVALENCE REVIEW PROCESS

After an ANDA is accepted for ¢ling by the RSB, the bioequivalence section
is assigned to the Division of Bioequivalence to review.The Bioequivalence
Project Managers (BPM) access a list of pending ANDAs and assign them
to individual reviewers according to the ‘‘¢rst-in, ¢rst-reviewed’’ policy.The
BPMs also randomly assign other review documents such as Bio-INDs,
protocols, and correspondence.

The DBE’s responsibilities include the review of the bioequivalence
section of ANDAs, supplemental ANDAs, Bio-Investigational New Drug
Applications (Bio-INDs), protocols, and controlled correspondence. It is
worth mentioning that more than half of all correspondence submitted to
the OGD requests guidance from the DBE.

Structurally, the DBE is organized into three review branches; each
branch consists of approximately six reviewers,who are supervised by a team
leader.The team leaders complete a secondary review of all bioequivalence
submissions assigned to their branch. In addition, they ensure the consis-
tency of the recommendations provided to the applicants.ABPM is assigned
to each branch and is responsible for processing all reviews and managing
the bioequivalence review process. A statistician is also available to resolve
statistical issues.

The bioequivalence review process establishes bioequivalence
between a proposed generic drug and the RLD. Bioequivalence is estab-
lished when the ratio of the means of the test product compared to the refer-
ence product (T=R) of the pharmacokinetic parameters for rate (Cmax) and
extent of absorption (AUC) of log transformed data meet the 90%

detailed discussion of bioequivalence testing requirements and statistical
considerations.

The BPMs provide regulatory guidance on bioequivalence issues
through correspondence and teleconferences. In addition, the BPMscoordi-
nate the resolution of all regulatory and scienti¢c issues regarding the
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bioequivalence of drug products submitted for marketing approval. All
meetings and teleconferences regarding bioequivalence issues are scheduled
and documented by the BPM.

The BPMs request and track inspections of the clinical and analytical
sites through the Division of Scienti¢c Investigations (DSI). Inspection
requests to the DSI are sent immediately after the ANDA is assigned to a
reviewer. The clinical and analytical sites are inspected for two reasons: (1)
to verify the quality and integrity of the scienti¢c data submitted in bioequi-
valence studies and (2) to ensure that the rights and welfare of human sub-
jects participating in the studies are protected in accordance with the
regulations (21 CFR 312, 320, 50, and 56). Signi¢cant problems, such as

One of the most common ¢ndings on an DSI inspection is the absence of
retention samples by the testing facility (refer to 21 CFR 320.38 and 320.63
and the draft guidance ‘‘Handling and Retention of BA and BE Testing
Samples’’ for more information). If problems are discovered during these
inspections, additional studies from the applicant may be requested.

If a bioequivalence reviewer requires additional information to com-
plete their review, they will ¢rst consult with their team leader and then
request the BPM to obtain the information from the applicant. If an issue
can be resolved within 10 working days, a teleconference with the applicant
is initiated by the BPM.The BPM maintains a record of all teleconferences
with the applicants.The applicant’s response to the teleconference is labeled
as a ‘‘Bioequivalence Telephone Amendment’’. A de¢ciency letter is issued
to the applicant when a review contains numerous de¢ciencies that require
more than10 days to resolve.

The reviewer prepares a draft or primary review, which is then
forwarded to the team leader for a secondary review and=or revisions. Dur-
ing the secondary review, the team leader provides comments on the primary
review, discusses regulatory or scienti¢c issues with the Division Director
and assesses the need for additional data from the applicant. Once all unre-
solved or outstanding issues are addressed, the team leader sends the review
back to the reviewer with his comments. The reviewer then ¢nalizes the
review and forwards it to the Division Director.The Division Director per-
forms a tertiary review and documents his concurrence.

Once the bioequivalence review is completed and all bioequivalence
requirements are addressed, the DBE forwards an acceptable letter that
states that there are no further questions at this time. The bioequivalence
review is then forwarded to theAPM. If the bioequivalence review indicates
de¢ciencies, a de¢ciency letter is issued to the applicant.

Bioequivalence studies with clinical endpoints are often recom-
mended to establish bioequivalence between dosage forms intended to
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deliver the active ingredient(s) locally, (i.e., topical creams and ointments)
and between dosage forms that are not intended to be absorbed (i.e., Sucral-
fate)(21 CFR 320.24(b)(4)). The OGD’s Associate Director of Medical
A¡airs (ADMA) and the clinical team review these studies for the DBE.
TheADMAalso forwards all comments and recommendations to theDirec-
tor of the DBE for concurrence.TheADMAconsults with the O⁄ce of New

cols or Bio-INDs prior to the initiation of bioequivalence studies to ensure

4. CHEMISTRY REVIEW PROCESS

After an ANDA has been accepted for ¢ling by the RSB, the Chemistry,
Manufacturing and Controls (CMC) section of the application is assigned
to the appropriate Chemistry Division and Team, based on the therapeutic
category of the drug product. Once the application is assigned to the team,
the application is designated as ‘‘random’’ and placed on the team leader’s
queue. The team leader assigns the application to a reviewer on his or her
team according to the ‘‘¢rst-in, ¢rst reviewed policy’’. The Chemistry Divi-
sions review the CMC section of ANDAs,DrugMaster Files, Supplemental
ANDAs, Annual Reports, and Controlled Correspondence.

TheChemistryDivisions are organized into review teams consisting of
¢ve or six reviewers and a team leader. Team leaders perform a secondary
review of all chemistry submissions. An APMassigned to each team coordi-
nates the entire review process and acts as the primary point of contact for
the application. Each division is led by a Division Director and Deputy
Director. A tertiary review is often performed by the Deputy Director, but
may be performed by theDivisionDirector, to ensure consistent recommen-
dations to applicants. Inter-divisional consistency is also emphasized
through regular meetings between the Chemistry Divisions and the OGD
management.

The goal of the chemistry review process is to assure that the generic
drug will bemanufactured in a reproduciblemanner under controlled condi-
tions. Areas such as the applicant’s manufacturing procedures, rawmaterial
speci¢cations and controls, sterilization process, container and closure
systems, and stability data are reviewed to assure that the drug will perform
in an acceptable manner.

The chemistry reviewer drafts a primary review that is forwarded to the
team leader for secondary review. The secondary review may require little
or no revision from the ¢rst draft or it may require major revision.Team lea-
ders provide comments and corrections to the primary reviewer. The APM
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Drugs for input on the appropriateness of clinical endpoints (see MaPP
5210.4). For this reason, it is strongly advised that applicants submit proto-

the appropriateness of study designs and endpoints (seeMaPP 5240.4).



also assists in the correction process. Once the team resolves the issues
internally, the review is ¢nalized and signed by the team leader, primary
reviewer and APM. The ¢nalized review, including a list of de¢ciencies, is
forwarded to the Deputy Director for concurrence. The Deputy Director,
or in some cases the Division Director, completes the tertiary review. If the
application is a ‘‘¢rst generic drug product’’, the Associate Director for
Chemistry performs a quality control audit. This function is completed
outside of the Chemistry Divisions at the O⁄ce level.

After all issues are resolved within the Chemistry Divisions, it is the
responsibility of the APM to communicate the status of the application to
the applicant. After designating the chemistry de¢ciencies as ‘‘Minor’’ or
‘‘Major,’’ theAPM faxes them to the applicant.When the application is ready
for ¢nal approval, the approval package is processed through the immediate
o⁄ce and the applicant is contacted. The Chemistry Divisions coordinate
with all of the disciplines for each application prior to full approval.
Since the Chemistry Divisions generate the ¢nal approval letter for the
O⁄ce Director, the other disciplines must be found acceptable with respect
to the approval of the application.

5. LABELING REVIEW PROCESS

After anANDAhasbeen accepted for ¢ling by theRSB,the Labeling section
of the application is assigned to the appropriate labeling reviewer based on
the therapeutic category of the drug product. The Labeling Review Branch
is part of the DLPS. A team leader oversees the work of 4^6 reviewers.

Thebasis for the labeling review is to ensure that the generic drug label-
ing is the ‘‘same as’’ the RLD labeling. There are several exceptions to the
‘‘same as’’ regulation. Exceptions are allowed for: di¡erences due to changes
in the manufacturer or distributor, unexpired patents, or exclusivities and
other characteristics inherent to the generic drug product, such as tablet
size, shape, or color.

The labeling reviewer also identi¢es and resolves concerns that may
contribute to medication errors. For example, the labeling reviewer may
identify drug names that are similar or that sound alike. In addition, the
labeling reviewer may address concerns associated with the prominence
and=or legibility of drug names on a container label. To ensure that the
proposed labeling in an ANDA is the ‘‘same as’’ the RLD, the labeling
reviewer must ¢rst identify the RLD. The next step is to ¢nd the most
recently approved labeling for the RLD. If the RLD labeling is not the most
recently approved, it is considered discontinued labeling. Hence, it is not
acceptable for the labeling review. It is very important to monitor FDA’s
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database andwebsite on a regular basis to determine themost recent labeling
approvals.

One allowed di¡erence between the generic and the RLD labeling is
the omission of information protected by patents and exclusivity.The label-
ing reviewer ensures that the applicant properly addresses all patents and
exclusivities by verifying the information in the ‘‘Orange Book.’’ The appli-
cant’s patent certi¢cation and exclusivity statement determines the way the
proposed labeling will be drafted.

The applicant may submit four copies of draft labeling or 12 copies of
¢nal printed labeling as proposed labeling. Draft copies may also be sub-
mitted for tentative approval. The labeling branch supports the submission
of electronic labeling.This practice is preferred and strongly encouraged.

For USP products, the labeling reviewer uses the United States Phar-
macopeia (USP) to evaluate the established name, molecular structure,
molecular weight, structural formula, chemical name, and the storage
conditions of the proposed drug product.

As the container label or carton label is reviewed, the labeling reviewer
decides if the labeling is easy to read and positioned in accordance with the
regulations. In addition, the labeling reviewer encourages applicants to
revise their labeling to decrease the likelihood of confusion with other drug
products.

After completing the review of the proposed labeling, the labeling
reviewer drafts a review that either identi¢es labeling de¢ciencies or recom-
mends approval. A tentative approval may be issued for an application with
outstanding patent and exclusivity issues.The team leader completes a sec-
ondary reviewof the application. If he or she is in agreement with the review,
the review is sent back to the labeling reviewer to ¢nalize. The labeling
reviewer then forwards the review back to the team leader for concurrence.

If the proposed labeling is de¢cient, the APMor the labeling reviewer
communicates the de¢ciencies to the applicant. If the proposed labeling is
acceptable, an approval or tentative approval summary is forwarded to the
APM.

6. PUTTING IT ALL TOGETHER

After the ¢nal O⁄ce level administrative review and individual disciplines
have resolved their de¢ciencies, the application will either receive a full

The APMs are instrumental in assembling an approval package. This
package includes all reviews supporting ¢nal or tentative approval.When
the review of an ANDA is completed, the APMs draft the appropriate
approval letter and circulate it with the reviews and application for
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concurrence. The APMs communicate with the OGD management on a
weekly basis to update them on the progress of reviews.

A full approval letter details the conditions of approval and allows the
applicant to market the generic drug product. A tentative approval letter is
issued if there are unexpired patents or exclusivities accorded to the RLD.
The tentative approval letter details the circumstances associated with the
tentative approval and delays the marketing of the product until all patents
and=or exclusivities expire. Once the O⁄ce Director or his designee has
signed the ¢nal approval letter, the APM calls and faxes a copy of the
approval letter to the applicant.The document room sta¡ thenmails the ¢nal
approval letter to the applicant.

As one can see, the generic drug review process incorporates a series of
checks and balances to ensure the integrity of the reviews. The OGD is
comprised of bioequivalence reviewers, chemists, labeling reviewers, and
project managers.These individuals work together as a team to accomplish
the OGD’s mission of providing safe and e¡ective generic drugs to the
American People.

APPENDIX A

ANDACHECKLIST FORCOMPLETENESS and
ACCEPTABILITYof an APPLICATION

ANDA#____________________________________ FIRMNAME _____________________________________

RELATEDAPPLICATION(S) _________________________ FIRSTGENERIC?_________________________

DRUGNAME: _________________________________________
DOSAGEFORM: __________________________________________________

Electronic Submission: E-mail noti¢cation sent: Comments: ____________________________
RandomAssignment Queue: ChemTeam Leader: PM: _______________________________________________
Labeling Reviewer: ________________Micro Review: _________________PD study (Med Ofcr): _________________

Letter Date Received Date

Comments On Cards Therapeutic Code
MethodsValidation Package(3 copies)
(Required for Non-USP drugs)
Archival, and Review copies Field Copy
Certification (Original Signature)
Cover Letter
Table of Contents
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ACCEPTABLE

Sec. I Signed and Completed Application Form (356h)
(Statement regarding Rx=OTCStatus)

&

Sec. II Basis for Submission NDA: &
RLD: Firm:
ANDA suitability petition required? If yes, consult needed
for pediatric study requirement.

Sec. III Patent Certification &
1. Paragraph:
2. Expiration of Patent:
A. Pediatric Exclusivity Submitted?
B. Pediatric ExclusivityTracking System checked?
Exclusivity Statement

Sec. IV Comparison between Generic Drug and
RLD- 505(j)(2)(A)

&

1. Conditions of use
2. Active ingredients
3. Route of administration
4. Dosage Form
5. Strength

Sec.V Labeling &
1. 4 copies of draft (each strength and container) or12
copies of FPL

2.1RLD label and1RLD container label
3.1side by side labeling comparisonwith all differences
annotated and explained

Sec.VI Bioavailability=Bioequivalence &
1. Financial Certification (Form FDA 3454) and
Disclosure Statement (Form 3455)

2. Request forWaiver of In-Vivo Study(ies):
3. Formulation data same? (Comparison of all
Strengths)(Ophthalmics, Otics,Topicals Perenterals)

4. Lot Numbers of Products used in BE Study(ies):
5. StudyType: (Continuewith the appropriate study
type box below)

StudyType IN-VIVOPKSTUDY(IES)(i.e., fasting=fed=sprinkle) &
a. Study(ies) meets BE criteria (90% CI or 80^125,
Cmax, AUC)

b. Data Files (ComputerMedia) Submitted
c. In-Vitro Dissolution

StudyType IN-VIVOBESTUDYwith CLINICALENDPOINTS &
a. Properly defined BE endpoints (eval. by ClinicalTeam)
b. Summary results meet BE criteria (90% CI
within �20% or 80^120)
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c. Summary results indicate superiority of active
treatments (test & reference) over vehicle=placebo
(p<0.05)(eval. by ClinicalTeam)

d. Data Files (ComputerMedia) Submitted
StudyType TRANSDERMALDELIVERYSYSTEMS &

a. In-Vivo PKStudy
1. Study(ies) meet BECriteria (90% CI or 80^125,
Cmax, AUC)
2. In-Vitro Dissolution
3. Data Files (Computer Media) Submitted

b. Adhesion Study
c. Skin Irritation=Sensitization Study

StudyType NASALLYADMINISTEREDDRUGPRODUCTS &
a. Solutions (Q1=Q2 sameness):
1. In-Vitro Studies (Dose=Spray Content Uniformity,
Droplet=Drug Particle Size Distrib., Spray Pattern,
Plume Geometry, Priming &Repriming,Tail Off Profile)

b. Suspensions (Q1=Q2 sameness):
1. In-Vivo PKStudy
a. Study(ies) meets BECriteria (90% CI or 80^125,
Cmax, AUC)

b. Data Files (ComputerMedia) Submitted
2. In-Vivo BE Study with Clinical EndPoints
a. Properly definedBE endpoints (eval. byClinicalTeam)
b. Summary results meet BE criteria (90% CI within
þ=- 20% or 80^120)

c. Summary results indicate superiority of active
treatments (test & reference) over vehicle=placebo
(p<0.05)(eval. by ClinicalTeam)

d. Data Files (ComputerMedia) Submitted
3. In-Vitro Studies (Dose=Spray Content Uniformity,
Droplet=Drug Particle Size Distrib., Spray Pattern,
Plume Geometry, Priming &Repriming,Tail Off Profile)

StudyType TOPICAL CORTICOSTEROIDS (VASOCONSTRICTOR
STUDIES)

&

a. Pilot Study (determination of ED50)
b. Pivotal Study (studymeets BE criteria 90%^CI or
80^125)

Sec.VII Components and Composition Statements &
1. Unit composition and batch formulation
2. Inactive ingredients as appropriate

Sec.VIII RawMaterials Controls &
1. Active Ingredients
a. Addresses of bulk manufacturers
b.Type IIDMFauthorization letters or synthesis
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c. COA(s) specifications and test results from drug
substancemfgr(s)

d. Applicant certificate of analysis
e.Testing specifications and data from drug product
manufacturer(s)
f. Spectra and chromatograms for reference standards
and test samples
g. CFN numbers

2. Inactive Ingredients
a. Source of inactive ingredients identified
b.Testing specifications (including identification and
characterization)

c. Suppliers’COA (specifications and test results)
d. Applicant certificate of analysis

Sec.IX Description ofManufacturing Facility &
1. Full Address(es)of the Facility(ies)
2. CGMPCertification
3. CFN numbers

Sec. X Outside Firms Including ContractTesting Laboratories &
1. Full Address
2. Functions
3. CGMPCertification=GLP
4. CFN numbers

Sec. XI Manufacturing and Processing Instructions &
1. Description of theManufacturing Process (including
MicrobiologicalValidation, if Appropriate)

2. Master Production Batch Record(s) for largest
intended production runs (nomore than10x pilot
batch) with equipment specified

3. If sterile product: Aseptic fill=Terminal sterilization
4. Filter validation (if aseptic fill)
5. Reprocessing Statement

Sec. XII In-Process Controls &
1. Copy of Executed Batch Record (Antibiotics=3
Batches if bulk product produced by fermentation)
with Equipment Specified, including Packaging
Records (Packaging and Labeling Procedures), Batch
Reconciliation and Label Reconciliation

2. In-process Controls - Specifications and data
Sec. XIII Container &

1. Summary of Container=Closure System (if new resin,
provide data)

2. Components Specification andTest Data (Type IIIDMF
References)

3. Packaging Configuration and Sizes
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4. Container=ClosureTesting
5. Source of supply and suppliers address

Sec. XIV Controls for the Finished Dosage Form &
1.Testing Specifications and Data
2. Certificate of Analysis for Finished Dosage Form

Sec. XV Stability of Finished Dosage Form &
1. Protocol submitted
2. Post Approval Commitments
3. Expiration Dating Period
4. Stability Data Submitted
a. 3 month accelerated stability data
b. Batch numbers on stability records the same
as the test batch

Sec. XVI Samples�Statement of Availability and Identification of: &
1. Drug Substance
2. Finished Dosage Form
3. Same lot numbers

Sec. XVII Environmental Impact Analysis Statement &
Sec. XVIII GDEA (Generic Drug Enforcement Act)=Other: &

1. Letter of Authorization (U.S. Agent [if needed,
countersignature on 356h])

2. Debarment Certification (original signature)
3. List of Convictions statement (original signature)

Reviewing
CSO=CST

Recommendation:

Date & FILE &REFUSE to RECEIVE
Supervisory Concurrence=Date: _____________________________________________ Date: _______________________________________
Duplicate copy sent to bio:
(Hold if RF and sendwhen acceptable)
Duplicate copy to HFD- for consult:Type:

ANDA Regulatory Approval Process 225

5460-3 Shargel Ch09 R1 102504

Copyright © 2005 by Marcel Dekker, Inc.



10

Bioequivalence and Drug Product
Assessment, In Vivo

Dale P. Conner and Barbara M. Davit

Center for Drug Evaluation and Research,
USFood and Drug Administration, Rockville, MD, U.S.A.

1. INTRODUCTION

No topic seems so simple but stimulates such intense controversy and
misunderstanding as the topic of bioequivalence. The apparent simplicity
of comparing in vivo performance of two drug products is an illusion that
is quickly dispelled when one considers the di⁄culties and general public
misunderstanding of the accepted regulatory methodology. In the US one
often hears members of the public and medical experts alike stating various
opinions on the unacceptability of approved generic drug products based
on misconceptions regarding the determination of therapeutic equivalence
of these products to the approved reference. These misconceptions include
the belief that the US Food and Drug Administration (FDA) approves
generic products that have mean di¡erences from the reference product of
20^25% and that generic products can di¡er from each other by as much
as 45%. In addition, some incorrectly assume that, since most bioequiva-
lence testing is carried out in normal volunteers, it does not adequately
re£ect bioequivalence and therefore therapeutic equivalence in patients.
When the current bioequivalence methods and statistical criteria are
clearly understood it becomes apparent that these methods constitute a
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strict and robust system that provides assurance of therapeutic equiva-
lence. In this chapter we will discuss the history, rationale and methods
utilized for the demonstration of bioequivalence for regulatory purposes
in the US as well as brie£y reviewing the bioequivalence requirements in
other countries. In addition, we will touch on some of the controversial
issues and di⁄culties in demonstrating bioequivalence for locally acting
drug products.

2. OBJECTIVES OF BIOEQUIVALENCE STUDIES

The most important concept in the understanding of bioequivalence is that
the sole objective is to measure and compare formulation performance
between two or more pharmaceutically equivalent drug products. Formula-
tion performance is de¢ned as the release of the drug substance from
the drug product leading to bioavailability of the drug substance and
eventually leading to one or more pharmacologic e¡ects, both desirable
and undesirable. If equivalent formulation performance from two products
can be established then the clinical e¡ects, within the range of normal
clinical variability, should also be equivalent. This is the same principle
that leads to an equivalent response from di¡erent lots of the brand-name
product.

When generic drugs are submitted for approval through the Abbre-
viated New Drug Application (ANDA) process in the US, they must be
both pharmaceutically equivalent and bioequivalent to be considered
therapeutically equivalent and therefore approvable. To be considered
pharmaceutically equivalent, two products must contain the same
amount of the same drug substance and be of the same dosage form with
the same indications and uses. Thus, an immediate release tablet would
not be considered pharmaceutically equivalent to an oral liquid suspen-
sion, capsule or modi¢ed release tablet. Bioequivalence means the
absence of a signi¢cant di¡erence in the rate and extent to which the
active ingredient becomes available at the site of drug action when admi-
nistered at the same molar dose under similar conditions in an appropri-
ately designed study. Two drug products are considered therapeutically
equivalent if they are pharmaceutical equivalents and if they can be
expected to have the same clinical e¡ect and safety pro¢le when adminis-
tered to patients under the conditions speci¢ed in the labeling. The FDA
believes that products classi¢ed as therapeutically equivalent can be
substituted for each other with the full expectation that the substituted
product will produce equivalent clinical e¡ects and safety pro¢le as the
original product.
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3. HISTORY OF BIOEQUIVALENCE EVALUATION OF
GENERIC DRUG PRODUCTS

In 1938, the Federal Food Drug and Cosmetic Act was signed into law. The
new law required, among other things, that a‘‘newdrug’’product would need
to provide proof of safety before it could be marketed.The NewDrug Appli-
cation (NDA) was established to provide a mechanism for proof of safety of
drugs to be submitted to the FDA. Regulations were promulgated as to the
form and content of the data to be submitted for an NDA. Originally only
toxicity studies were required along with informative labeling and adequate
manufacturing data. These early requirements have since evolved into the
comprehensive regulations found inTitle 21 of the Code of Federal Regula-
tions Part 300, Subchapter D:Drugs for Human Use (21CFR Part 300).

In 1962, The Kefauver^Harris Amendment to the Food Drug and
Cosmetic Act mandated that all new drug products subsequently approved
for marketing must have adequate evidence of e¡ectiveness, as well as safety
(1). The FDAwas assigned the responsibility for receiving, reviewing, and
evaluating required data submissions, and enforcing compliance with the
law. An applicant submitting an NDAwas now required to submit ‘‘substan-
tial evidence’’ in the form of ‘‘adequate and well-controlled studies’’ to
demonstrate the e¡ectiveness of the drug product under the conditions of
use described in its labeling.The new drug e¡ectiveness provision of the law
also applied retrospectively to all drugs approved between1938 and1962 on
the basis of safety only. The FDA contracted with the National Academy of
Sciences=National Research Council (NAS=NRC) to review this group of
drugs for e¡ectiveness. The NAS=NRC appointed 30 panels of experts and
initiated the Drug E⁄cacy Study. The panels reviewed approximately 3400
drug formulations and classi¢ed them either e¡ective or less than e¡ective
(2). The FDA reviewed the reports and any supporting data, and published
its conclusions in the Federal Register as Drug E⁄cacy Study Implementa-
tion (DESI) notices. The DESI notices contained the acceptable marketing
conditions for the class of drug products covered by this notice.

Many drug products had active ingredients and indications that were
identical or very similar to those of drug products found to be e¡ective in
the DESI review but lacked NDA’s themselves. Initially, in implementing
the DESI program, the FDA required that each of these duplicate drug pro-
ducts should have its own approvedNDAbefore it could be legallymarketed.
Later, the FDA concluded that a simpler and shorter drug application was
adequate for approving duplicate DESI drugs for marketing, and, in 1970,
created the ANDA procedure for the approval of duplicate DESI drug pro-
ducts (3^5). The FDA believed that it was not necessary for ¢rms seeking
approval of duplicate DESIdrug products to establish the safety and e⁄cacy
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of each new product identical in active ingredient and dosage form with a
drug product previously approved as safe and e¡ective. However, many of
the DESI notices included, as a requirement for approval of the duplicate
drug application, presentation of evidence that the ‘‘biologic availability’’of
the test product was similar to that of the innovator’s product.

Introduction in the late 1960s and early 1970s of sophisticated bioana-
lytical techniques made possible measurements of drugs and metabolites in
biological £uids at concentrations as low as a few nanograms per milliliter.
Using these methods, the disposition of drugs in the human body could be
characterized by determining pharmacokinetic pro¢les.The rate processes
of drug absorption, distribution, metabolism, and excretion could now be
quanti¢ed and related to formulation factors and pharmacodynamic e¡ects.
As these techniques were applied to investigate the relative bioavailability
of various marketed drug products, it became apparent that many generic
formulations were more bioavailable than the innovator products, while
others were less bioavailable.

In the late 1960s and early 1970s, many published studies documented
di¡erences in the bioavailability of chemically equivalent drug products,
notably chloramphenicol (6), tetracycline (7), phenylbutazone (8), and oxy-
tetracycline (9). In addition, a number of cases of therapeutic failure
occurred in patients taking digoxin.These patients required unusually high
maintenance doses and were subsequently found to have low plasma digoxin
concentrations (10). A crossover study conducted on four digoxin formula-
tions available in the same hospital at the same time revealed striking di¡er-
ences in bioavailability. The peak plasma concentrations following a single
dose varied by as much as seven-fold among the four formulations. These
¢ndings caused considerable concern because the margin of safety for
digoxin is su⁄ciently narrow that serious toxicity or even lethality can result
if the systemically available dose is as little as twice that needed to achieve
the therapeutic e¡ect.

To address this problem of bioinequivalence among duplicate drug
products, the US Congress in 1974 created a special O⁄ce of Technology
Assessment (OTA) to provide advice on scienti¢c issues, among which was
the bioequivalence of drug products.The OTA formed the Drug Bioequiva-
lence Study Panel.The basic charge to the panel was to examine the relation-
ships between chemical and therapeutic equivalence of drug products, and
to assess whether existing technological capability could assure that drug
products with the same physical and chemical composition would produce
comparable therapeutic e¡ects. Following an extensive investigation of the
issues, the panel published its ¢ndings to the US Congress in a report, dated
July 15, 1974, entitled Drug Bioequivalence (11,12). Notably, the panel con-
cluded that variations in drug bioavailability were responsible for some
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instances of therapeutic failures and that analytical methodology was
available for conducting bioavailability studies in man. Several recommenda-
tions pertained to in vivo bioequivalence evaluation. The panel recom-
mended that e¡orts should be made to identify classes of drugs for which
evidence of bioequivalence is critical, that current law requiring manufac-
turers to make bioavailability information available to the FDA should be
strengthened, and that additional research aimed at improving the assess-
ment and prediction of bioequivalence was needed.

In1977, the FDA published its Bioavailability and Bioequivalence regu-
lations under 21CFR.The regulationswere divided into SubpartA�General
Provisions, Subpart B�Procedures for Determining the Bioavailability of
Drug Products, and Subpart C�Bioequivalence Requirements (13).The regu-
lations greatly aided the rational development of dosage forms of generic
drugs, as well as the subsequent evaluation of their performance.With the
publication of these regulations, a generic ¢rm could ¢le an ANDA that pro-
vided demonstration of bioequivalence to an approved drug product in lieu
of clinical trials. Subpart B de¢ned bioavailability in terms of rate and extent
of drug absorption, described procedures for determining bioavailability of
drug products, set forth requirements for submission of in vivo bioavailabil-
ity data, and provided general guidelines for the conduct of in vivo bioavail-
ability studies. Subpart C set forth requirements for marketing a drug
product subject to a bioequivalence requirement. ANDAs were generally
still restricted to duplicates of drug products approved prior to October 10,
1962 and determined to be e¡ective for at least one indication in a DESI
notice. A duplicate drug product had to meet bioequivalence requirements
if well-controlled trials showed that it was either not therapeutically equi-
valent or bioequivalent to other pharmaceutically equivalent products.
Narrow therapeutic index (NTI) drugs also had to meet bioequivalence
requirements, as did drugs with low aqueous solubility, poorly absorbed
drugs, drugs with nonlinear pharmacokinetics, drugs that underwent exten-
sive ¢rst-pass metabolism, drugs which were unstable in the GI tract, and
drugs for which absorption was limited to a speci¢c portion of the GI tract.
Finally, a duplicate drug product had to meet bioequivalence requirements
if competent medical determination concluded that a lack of bioequivalence
would have a serious adverse e¡ect in the treatment or prevention of a
serious disease or condition.

An important feature of the 1977 regulations was the provision for
waiver of in vivo bioequivalence study requirements (biowaivers) under
certain circumstances. Applicants could ¢le waiver requests for parenteral
solutions, topically applied preparations, oral dosage forms not intended to
be absorbed, gases or vapors administered by the inhalation route, and
oral solubilized dosage forms. Waivers could be granted for duplicate
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DESI-e¡ective parenteral drug products (suspensions excluded) and dupli-
cate DESI-e¡ective immediate-release oral drug products which were not
on the list of FDA pharmacological classes and drugs for which in vivo
bioequivalence testing was required. Biowaivers could also be granted for
drug products in the same dosage form, but a di¡erent strength, and propor-
tionally similar in active and inactive ingredients to a drug product from the
samemanufacturer for which in vivobioavailability had been demonstrated.
Both drug products were required to meet an appropriate in vitro test
(generally dissolution) approved by the FDA.

The FDA did allow some duplicate drug versions of post-1962 drug
products to be marketed under a ‘‘paper NDA’’ policy (14).Under this policy,
in lieu of conducting their own tests, manufacturers of such duplicate drug
products could submit safety and e¡ectiveness information derived primar-
ily from published reports of well-controlled studies.However, such reports
of adequate and well-controlled studies in the literature were limited, and
the FDA sta¡ e¡ort involved in reviewing paper NDA’s became a substantial
and often ine⁄cient use of resources.

In1984, the Drug Price Competition and PatentTerm Restoration Act
(the Hatch^Waxman Amendments) amended the Federal Food, Drug, and
Cosmetic Act (15) by creating Section 505( j) of the Act (21 USC 355 ( j)),
which established the present ANDA approval process. Section 505( j)
extended the ANDA process to duplicate versions of post-1962 drugs, but
also required that an ANDA for any new generic drug product shall contain
information to show that the generic product is bioequivalent to the refer-
ence listed drug product. Evidence of bioequivalence was now required for
all dosage forms: tablets, capsules, suspensions, solutions, topical ointments
and creams, transdermal patches, ophthalmics, injectables, and so on. The
new law stated that a drug shall be considered to be bioequivalent to a listed
drug if ‘‘the rate and extent of absorption of the drug do not show a signi¢-
cant di¡erence from the rate and extent of absorption of the listed drug when
administered at the samemolar dose and of the therapeutic ingredient under
similar experimental conditions in either a single dose ormultiple doses . . . ’’

In1992,theFDArevisedtheBioavailability and Bioequivalence Require-
ments of 21 CFR Part 320 to implement the Hatch^Waxman Amendments
(14). In its present form, 21 CFR Part 320 consists of Subpart A, General
Provisions, and Subpart B, Procedures for Determining the Bioavailability
and Bioequivalence of Drug Products. Subpart A describes general provi-
sions including de¢nitions of bioavailability and bioequivalence. Subpart B
states the basis for demonstrating in vivo bioavailability or bioequivalence
and lists types of evidence to establish bioavailability or bioequivalence,
in descending order of accuracy, sensitivity, and reproducibility. Subpart
B also provides guidelines for the conduct and design of an in vivo
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bioavailability study and lists criteria for waiving evidence of in vivo bioe-
quivalence. The present biowaiver regulations now apply to solutions of all
parental preparations, including intraocular, intravenous, subcutaneous,
intramuscular, intraarterial, intrathecal, intrasternal, and interperitoneal,
but no longer permit automatic biowaivers for all topical and nonsystemi-
cally absorbed oral dosage products (16).Waivers of in vivo testing can now
be granted for ophthalmic, otic, and topical solutions. A DESI-e¡ective
immediate-release oral drug product can be granted a waiver of in vivo test-
ing, provided it is not listed in the FDA’sApproved Drug Products with Ther-
apeutic and Equivalence Evaluations as having a known or potential
bioequivalence problem (17). Other aspects of the present regulations gov-
erning biowaivers are similar to the1977 regulations.

4. STATISTICAL EVALUATION OF BIOEQUIVALENCE DATA

Statistical evaluation of most bioequivalence studies is based on analysis of
drug blood or plasma=serum concentration data.The area under the plasma
concentration vs. time curve (AUC) is used as an index of the extent of drug
absorption. Generally, both AUC determined until the last blood sampling
time (AUC0�t) and AUC extrapolated to in¢nity (AUC1) are evaluated.
Drug peak plasma concentration (Cmax) is used as an indexof the rate of drug
absorption.

Criteria for approval of generic drugs have evolved since the1970s (18).
In the early 1970s, approval was based on mean data. Mean AUC and Cmax

values for the generic product had to be within � 20%of those of the brand-
nameproduct.Inaddition,plasmaconcentration^timepro¢les for immediate-
release products had to be reasonably superimposable. Beginning in the
late 1970s, the 75=75 (or 75=75-125) rule was added to the criteria. According
to the 75=75 rule, the test=reference ratios of AUC and Cmax had to be
within 0.75^1.25 for at least 75% of the subjects. This was an attempt to
consider individual variability in rate and extent of absorption. In the early
1980s, the power approach was applied to AUC and Cmax parameters in
conjunction with the 75=75 rule. The power approach consisted of two
statistical tests: (1) a test of the null hypothesis of no di¡erence between
formulations using the F test; and (2) the evaluation of the power to a test
to detect a 20% mean di¡erence in treatments.

Statistically, the power approach and the 75=75 rule have poor perfor-
mance, and the FDA discontinued the use of these methods in 1986. Since
1986, the FDA has used the two one-sided tests statistical procedure, also
referred to as the 90%con¢dence interval approach.The twoone-sided tests
procedure encompasses two questions (19). Stated simply, the ¢rst test
asks if the test product is signi¢cantly less bioavailable than the reference
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product. The second question asks if the reference product is signi¢cantly
less bioavailable than the test product. A signi¢cant di¡erence is de¢ned as
20% at the alpha equals 0.05 level. Based on these statistical criteria, the
mean test=reference ratio of the data is usually close to one. The criteria
above may be re-stated to illustrate the rationale for the 0.80^1.25 (or 80^
125%) con¢dence interval criteria. In the ¢rst case illustrated above,
test=reference¼ 0.80 and in the second case (or bioequivalence limit)
reference=test¼ 0.80 (expressed by convention as test=reference¼1.25, i.e.,
the reciprocal of 0.80). This may be stated in clinical terms as follows: if a
patient is currently receiving a brand-name reference product and is
switched to a generic product, the generic product should not deliver signi¢-
cantly less drug to the patient than the brand-name product, conversely, if a
patient is currently receiving the generic product and is switched to the
brand-name reference product the brand-name product should not deliver
signi¢cantly less drug to the patient than the generic product.

The two one-sided tests procedure is the statistical procedure used to
evaluate bioequivalence rather than the hypothesis testing procedure, which
is the statistical procedure usually used to evaluate whether one treatment
produces a result signi¢cantly di¡erent from another treatment (20).This is
because, in evaluating bioequivalence studies,we want to establish whether
the di¡erence between the generic and brand-name formulation is accep-
table. Thus, the evaluation of bioequivalence data is based on the 90%
con¢dence interval approach rather than hypothesis testing (20,21). As
described above: (1) the 90% con¢dence interval encompasses the two one-
tailed tests, each carried out at the alpha ¼ 0.05 (5%) level; and, (2) the
FDA speci¢es that the bioavailability of the generic formulation relative to
the brand-name should be within 0.80^1.25 and must be known with a 90%
con¢dence.The analysis of variance (ANOVA) is applied to bioequivalence
study data to determine the 90% con¢dence limits of the di¡erences.

Until 1992, for bioequivalence statistical analysis, the FDA generally
recommended that applicants perform ANOVA on untransformed AUC
andCmaxdata to determine the 90%con¢dence limits of the di¡erences. Fol-
lowing a 1991 meeting of the Generic Drugs Advisory Committee which
focused on statistical analysis of bioequivalence data, the FDA began to
recommend that applicants perform ANOVA on log-transformed data.
SinceAUCandCmax values are log-normally distributed, theAdvisory Com-
mittee and FDA statisticians concluded that log-transformed data better
satisfy the assumptions underlying the ANOVA than untransformed data.
Since 1992, the FDA has formally recommended that applicants perform
ANOVA on log-transformed data and determine the 90% con¢dence inter-
val for the ratios of the test=reference least squares geometric means in
performing average bioequivalence analysis (22).
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5. CURRENT METHODS AND CRITERIA FOR
DOCUMENTING BIOEQUIVALENCE

A newFDAguidance for industry posted in 2003 updates recommendations
for documentation of bioavailability and bioequivalence in regulatory sub-
missions.Bioavailability and Bioequivalence Studies for Orally Administered
Drug Products—General Considerations provides recommendations to
sponsors planning to include bioavailability and bioequivalence informa-
tion for orally administered drug products in regulatory submissions (23).
The guidance addresses how to meet the Bioavailability=Bioequivalence
Requirements set forth in 21CFR Part 320 as they apply to oral dosage forms.
The guidance also applies to nonorally administered drug products where
reliance on systemic exposure measures is suitable to document bioavail-
ability=bioequivalence (e.g., transdermal systems, certain rectal and nasal
drug products).

There are several types of studies commonly used for demonstration of
bioequivalence. The preferred study for most orally administered dosage
forms is a two-way crossover, two-period, two-sequence single-dose study,
under fasting conditions performed in volunteers. In this design, each study
subject receives each treatment, test and reference, in randomorder. Plasma
or blood samples are collected for approximately three pharmacokinetic
half-lives for determination of the rate and extent of drug release from the
dosage form and absorption by each subject. Awashout period is scheduled
between the two periods to allow the subjects to completely eliminate the
drug absorbed from the ¢rst dose before administration of the second dose.
Although this design is carried out for most orally absorbed drug products,
it may become impractical for drugs with long pharmacokinetic half-lives,
i.e., longer than 30 h (e.g., amiodarone, clomiphene,me£oquine). In this case
a single-dose parallel design may be used instead (24). For drugs with very
long half-lives, concentration sampling may be carried out for a period of
time corresponding to two times the median Tmax (time toCmax) for the pro-
duct. For drugs that demonstrate low intrasubject variability in distribution
and clearance, an AUC truncated at 72 h may be used in place of AUC0�t or
AUC1 (23). An alternative study design that may be useful for highly vari-
able drug products is a replicate design (23). In this design, each treatment
is repeated in the same subject on two separate occasions.This is performed
as either a partial (three-way) or full (four-way) replication of treatments.
The replicate design (22) has the advantage that fewer subjects can be used.

Because food can in£uence the bioequivalence between test and
reference products, the FDA recommends that applicants conduct bio-
equivalence studies under fasting as well as under fed conditions for
most orally administered immediate-release drug products (25). Fed
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bioequivalence studies are particularly recommended for immediate-
release oral dosage forms whenever the innovator’s label makes statements
about the e¡ect of food on absorption or administration. However, if the
label states that the product should be taken only on an empty stomach, fed
bioequivalence studies are not recommended. Fed bioequivalence studies
are generally conducted using meal conditions expected to provide the
greatest e¡ects on formulation performance and gastrointestinal physiology
such that systemic drug bioavailabilitymay bemaximally e¡ected. Typically,
the drug is administered to subjects within 30min of consuming a high-fat,
high-calorie meal. Fed bioequivalence studies should be conducted for all
modi¢ed-release oral dosage forms because the bioavailability of these pro-
ducts is likely to be altered by co-administration with meals. The FDA
recommends that these studies use a randomized, balanced, single-dose,
two-treatment (fed vs. fasting), two-period, two sequence crossover design
(25). For a few drug products, bioequivalence is evaluated only under fed
conditions because there are safety concerns associated with administration
of the product on an empty stomach.

The FDA recommends that in vivo bioequivalence studies be con-
ducted in individuals representative of the general population, taking into
account age, sex, and race factors (23). For example, if a drug product is to
be used in both sexes, the sponsor should attempt to include similar propor-
tions of males and females in the study; if the drug product is to be used pre-
dominantly in the elderly, the applicant should attempt to include as many
subjects of 60 years of age or greater as possible. Restrictions on admission
into the study should generally be based solely on safety considerations.

Bioequivalence studies should be conducted in the intended patient
population when there are signi¢cant safety concerns associated with use in
healthy subjects. For example, bioequivalence of an antineoplastic drug
intended for short-term therapy, such as etoposide, can be evaluated follow-
ing a single dose either in cancer patients in remission or in patients under
active treatment by sampling on the ¢rst day of a treatment cycle (24). For a
medication such as clozapine, on which normal subjects may experience seri-
ous orthostatic hypotension with the ¢rst dose, the most appropriate study
design is a steady-state (multiple dose) crossover bioequivalence study in
patients (24,26).These studies can be conducted either in naive patients, or
in patients who are already stabilized on the medication of interest.

6. TYPES OF EVIDENCE TO ESTABLISH BIOAVAILABILITY
AND BIOEQUIVALENCE

Subpart B of the Bioavailability and Bioequivalence Requirements in 21CFR
Part 320 lists the following in vivo and in vitro approaches to determining
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bioequivalence in descending order of accuracy, sensitivity, and reproduci-
bility (27):

� in vivo measurement of active moiety or moieties in biologic £uid;
� in vivo pharmacodynamic comparison;
� in vivo limited clinical comparison;
� in vitro comparison;
� any other approach deemed appropriate by FDA.

Figure 1 illustrates, for a model of oral dosage form performance,why
the most sensitive approach is to measure the drug in biological £uids, such
as blood, plasma, or serum. The active ingredient leaves the solid dosage

FIGURE 1 The most sensitive approach in evaluating bioequivalence of two formula-
tions is to measure drug concentration in biological fluids, as illustrated in this diagram
showing the relationship between dosage form performance and therapeutic response.
Following oral dosing, the active ingredient leaves the solid dosage form, dissolves in
the gastrointestinal tract, and, following absorption through the gut wall, appears in
the systemic circulation. Formulation performance is the major factor determining the
critical steps of dosage form disintegration and drug substance dissolution prior to
absorption. All other steps following in vivo drug substance dissolution are patient- or
subject-determined processes not directly related to formulation performance. The
variability of themeasured endpoint increaseswith eachadditional step in the process,
such that variability of clinical measures is quite high compared to that of blood con-
centration measures. As a result, a pharmacodynamic or clinical approach is not as
accurate, sensitive, and reproducible as an approach based on plasma concentrations.
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form and dissolves in the gastrointestinal tract, and following absorption
through the gut wall, appears in the systemic circulation.The step involving
dissolution of the drug substance prior to absorption is the critical step that
is determined by the formulation.Other steps illustrated in the diagram are
patient- or subject-determined processes not directly related to formulation
performance.Variability of themeasured endpoint increaseswith each addi-
tional step in the process.Therefore, variability of clinical measures is quite
high compared to blood concentration measures. Figure 2 shows that the
blood concentration of a drug directly re£ects the amount of drug delivered
from the dosage form.

In situations where a drug cannot be reliably measured in blood, it
may be appropriate to base bioequivalence evaluation on an in vivo test in
humans in which an acute pharmacologic (pharmacodynamic) e¡ect is

FIGURE 2 The blood concentration of a drug directly reflects the amount of drug deli-
vered from the dosage form.The corresponding responses over awide range of doses
will be of adequate sensitivity to detect differences in bioavailability between two for-
mulations.This is illustrated for twowidely different doses,D1andD2. Any differences
in dosage form performance are reflected directly by changes in blood concentration
(R1and R2).
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measured as a function of time. Generally, the pharmacodynamic response
plotted against the logarithm of dose appears as a sigmoidal curve, as shown
in Figure 3. It is assumed that, after absorption from the site of delivery, the
drug or activemetabolite is delivered to the site of activity and,throughbind-
ing to a receptor or some other mechanism, elicits a quanti¢able pharma-
codynamic response. Since additional steps contribute to the observed
pharmacodynamic response, a pharmacodynamic assay is not as sensitive
to drug formulation performance as blood drug concentrations. In develop-
ing a pharmacodynamic assay for bioequivalence evaluation, it is critical to
validate the assay by selecting the correct dose. The dose should be in the
range that produces a change in response, as shown in the midportion of the
curve. In other words, the pharmacodynamic assay should be sensitive to

FIGURE 3 In evaluating bioequivalence in a study with pharmacodynamic or clinical
endpoints, it is critical to select a dose that falls on the middle ascending portion of
the sigmoidal dose^response curve. The most appropriate dose for a study based on
pharmacodynamic or clinical endpoints should be in the range that produces a change
in response (R1), as shown in the midportion of the curve (D1). A dose that is too high
will produce a minimal response at the plateau phase of the dose^response curve,
such that even large differences indose (D2)will show little or no change inpharmaco-
dynamic or clinical effect (R2). Thus, two formulations that are quite different may
appear to be bioequivalent.
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small changes in dose. A dose that is too high will produce a minimal
response at the plateau phase of the dose^response curve, such that even
large di¡erences in dose will show little or no change in pharmacodynamic
e¡ect. A pharmacodynamic study can be conducted in healthy subjects.The
pharmacodynamic response selected should directly re£ect dosage form
performance but may not necessarily re£ect therapeutic e⁄cacy.

If it is not possible to develop reliable bioanalytical or pharmacody-
namic assays, then it may be necessary to evaluate bioequivalence in a well-
controlled trial with clinical endpoints.This type of bioequivalence study is
conducted in patients and is based on evaluation of a therapeutic, i.e., clini-
cal, response.The clinical response follows a similar dose^response pattern

bioequivalence studies with clinical endpoints, the same considerations for
dose selection apply as for bioequivalence studies with pharmacodynamic
endpoints. As with a pharmacodynamic study, the appropriate dose for a
bioequivalence study with clinical endpoints should be on the linear rising
portion of the dose^response curve, since a response in this range will be
the most sensitive to changes in formulation performance.Due to high vari-
ability and the subjective nature of clinical evaluations, the clinical response
is often not as sensitive to di¡erences in drug formulation performance as a
pharmacodynamic response. For these reasons, the clinical approach is the
least accurate, sensitive, and reproducible of the in vivo approaches to
determining bioequivalence.

Most bioequivalence studies submitted to the FDA are based on mea-
suring drug concentrations in plasma. In certain cases,whole blood or serum
may be more appropriate for analysis.Measurement of only the parent drug
released from the dosage form, rather than a metabolite, is generally recom-
mended because the concentration^time pro¢le of the parent drug is more
sensitive to formulation performance than a metabolite, which is more
re£ective of metabolite formation, distribution, and elimination (23). Mea-
surement of a metabolite may be preferred when parent drug concentrations
are too low to permit reliable measurement. In this case, the metabolite data
are subject to a con¢dence interval approach for bioequivalence demonstra-
tion. Both the parent and metabolite are measured in cases where the meta-
bolite is formed by presystemic or ¢rst-pass metabolism and contributes
meaningfully to safety and e⁄cacy. In this case, only the parent drug data
are analyzed using the con¢dence interval approach. The metabolite data
are not subjected to con¢dence interval analysis but rather is used to provide
supportive evidence of comparable therapeutic outcome.

Urine measurements are not as sensitive as plasma measurements, but
are necessary for some drugs such as orally administered potassium chloride
(28), because serum concentrations are too low to allow for accurate
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measurement of drug absorbed from the dosage form. Both cumulative
amount of drug excreted (Ae) and maximum rate of urinary excretion (Rmax)
are evaluated statistically in bioequivalence studies which rely on urine
concentrations.

The FDA accepts pharmacodynamic e¡ect methodology to approve
generic topical corticosteroid drug products (29). This approach is based
on the ability of corticosteroids to produce blanching or vasoconstriction in
the microvasculature of the skin.

Bioequivalence study designswith clinical endpoints are used for some
oral drug products that are not systemically absorbed, such as sucralfate
tablets. Bioequivalence studies with clinical endpoints generally employ a
randomized,blinded,balanced,parallel design.Studies compare the e⁄cacy
of the test product, innovator product, and placebo to determine if the two
products containing active ingredient are bioequivalent. The placebo is
included to assure that the two active treatments in the clinical trial actually
are being studied at a dose which e¡ects the therapeutic response(s). Failure
to assure that the treatments are clinically active in the trial would show that
the trial has no sensitivity to di¡erences in formulation, i.e., the response is

lent of the innovator product should be able to demonstrate bioequivalence
for selected clinical endpoint(s) that adequately re£ect drug appearance at
the site(s) of activity and therefore formulation performance. For example,
for sucralfate tablets, the clinical endpoint is duodenal ulcer healing at 4
weeks (24).The test and reference clinical responses are considered bioequi-
valent if the 90% con¢dence interval for the di¡erences in proportions
between test and reference treatment is contained within�0.20 to 0.20.

With suitable justi¢cation, bioavailability and bioequivalence may be
established by in vitro studies alone.This approach is also suitable for some
types of locally acting products, such as cholestyramine resins (30),
which form nonabsorbable complexes with bile acids in the intestine. For
cholestyramine resins, the in vitro measures of bioequivalence are based on
the rates of binding to bile acid salts. The 90% con¢dence of the test=
reference ratios of the equilibrium binding constants should fall within the
limits of 0.80^1.25.

As described above,most studies determining bioequivalence between
generic products and the corresponding brand-name products are based on
evaluation of blood concentration data in healthy subjects. It is true that
drug pharmacokinetic pro¢les may di¡er between healthy subjects and
particular types of patients.This is because some disease states a¡ect di¡er-
ent aspects of drug substance absorption, distribution, metabolism, and
elimination. However, the e¡ects of disease on relative formulation perfor-
mance, i.e., release of the drug substance from the drug product, are rare.
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Bioequivalence studies are designed to measure and compare formulation
performance between two drug products within the same individuals. It is
expected that any di¡erence between in vivo drug release from the two
formulations will be the same whether the two formulations are tested in
patients or normal subjects. Thus, generic and brand-name products which
are bioequivalent can be substituted in patients because they will produce
the same e¡ect(s).This is illustrated by ¢ndings from a recent observational
cohort study comparing e¡ectiveness and safety in patients switched from
brand-name warfarin sodium tablets to generic warfarin sodium tablets
(31). The generic product was approved based on standard bioequivalence
studies in normal volunteers. The observational cohort study showed that
the two products had no di¡erence in clinical outcome measures.

7. WAIVERS OF IN VIVO BIOEQUIVALENCE BASED ON
IN VITRO DISSOLUTION TESTING

Under certain circumstances, product quality bioavailability and bioequiva-
lence can be documented using in vitro approaches (27). In vitro dissolution
testing to document bioequivalence for nonbioproblemDESIdrugs remains
acceptable. In vitro dissolution characterization is encouraged for all pro-
duct formulations investigated, including prototype formulations, particu-
larly if in vivo absorption characteristics are being de¢ned for the di¡erent
product formulations. Such e¡orts may enable the establishment of an
in vitro^ in vivo correlation.When an in vitro^ in vivo correlation is available
(16), the in vitro test can serve as an indicator of how the product will
perform in vivo.

For immediate-release products, an in vivobioequivalence demonstra-
tion of one or more lower strengths can be waived based on acceptable disso-
lution testing and an in vivo study on the highest strength (23). All strengths
should be proportionally similar in active and inactive ingredients. For rea-
sons of safety of study subjects, it is sometimes appropriate to conduct the
in vivo study on a strength that is not the highest. In these cases, the FDAwill
consider a biowaiver request for a higher strength if elimination kinetics
are linear over the dose range, if the strengths are proportionally similar,
and if comparative dissolution testing on all strengths is acceptable. Exam-
ples of drug products for which an in vivo study is not recommended on the
highest strength due to safety include mirtazapine tablets (17) and terazosin
hydrochloride capsules and tablets (24).

For modi¢ed-release oral drug products, application of dissolution
waivers varies depending on whether the product is formulated as a beaded
capsule or tablet. For capsules in which the strength di¡ers only in the num-
ber of identical beads containing the active moiety, in vivo testing can be
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waived based on acceptable dissolution testing and an acceptable in vivo
study on the highest strength. For tablets, a biowaiver may be considered
when the drug product is in the same dosage form but in a di¡erent strength,
is proportionally similar in its active and inactive ingredients, and has
the same drug release mechanism. All strengths should exhibit similar
dissolution pro¢les in at least three media (e.g., pH1.2, 4.5, and 6.8) (23).

Applicants can request biowaivers for immediate-release products
based on an approach termed the biopharmaceutics classi¢cation system
(BCS) (32). The BCS is a framework for classifying drug substances based
on solubility and intestinal permeability. With product dissolution, these
are the three major factors governing rate and extent of absorption from
immediate-release products.The BCS classi¢es drug substances as:

Class1: high solubility, high permeability;
Class 2: low solubility, high permeability;
Class 3: high solubility, low permeability;
Class 4: low solubility, low permeability.

The FDA believes that demonstration of in vivo bioequivalence may
not be necessary for immediate-release products containing BCS Class 1
drug substances, as long as the inactive ingredients do not signi¢cantly a¡ect
absorption of the active ingredient(s).This is because,when a drug dissolves
rapidly from the dosage form (in relation to gastric emptying) and has high
intestinal permeability, the rate and extent of its absorption are unlikely to
depend on dissolution and=or gastrointestinal transit time.

The CDER Guidance for Industry: Waiver of In Vivo Bioavailability
and Bioequivalence Studies for Immediate Release Solid Oral Dosage Forms
Based on a Biopharmaceutics Classification System (32), recommends meth-
ods for determining drug solubility and permeability for applicantswhowish
to request biowaivers based on BCS. The drug solubility class boundary is
based on the highest dose strength of the product that is the subject of the
biowaiver request. The permeability class can be determined in vivo (mass
balance, absolute bioavailability, or intestinal perfusion approaches) or
in vitro (permeation studies using excised tissues or a monolayer of cultured
epithelial cells). Dissolution testing should be conducted in three media:
0.1N HCl or simulated gastric £uid without enzymes; pH 4.5 bu¡er, and pH
6.8 bu¡er or simulated intestinal £uid without enzymes and the f2 test
applied (23).

8. COMPLEX DRUG SUBSTANCES

There are many drug substances that may ¢t into the category of ‘‘Complex
Drug Substances’’. These include many proteins, peptides, botanicals,
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synthetic hormones, biotechnology products, and complex mixtures. For
most of these drugs, themost di⁄cult problem is to demonstrate pharmaceu-
tical equivalence. In many cases, current technology is not su⁄cient to
unequivocally characterize the drug substance in two di¡erent manufac-
turer’s products or after a single manufacturer wishes to make pre- or post-
approval changes in manufacturing procedures. These de¢ciencies in drug
substance characterization methods currently may stand in the way of the
approval of generic products for many of these products containing complex
drug substances.

9. NARROW THERAPEUTIC INDEX DRUGS

There are no additional approval requirements for generic versions of NTI
drugs vs. non-NTI drugs.The FDA does not set speci¢c standards based on
therapeutic index (23,33).The bioequivalence criteria, using the 90% con¢-
dence interval approach, are quite strict; there is no need to apply stricter
criteria for NTIdrugs.The current FDAposition is that any generic product
may be switched with its corresponding reference listed drug.

10. FAILED BIOEQUIVALENCE STUDIES

various scenarios of bioequivalence results for several hypothetical formula-
tions (labeled F1^F7).For simplicity, the width of the 90%con¢dence inter-
val is shown as a bar, although it is important to remember that the results
are truly not an even distribution but a normal or log-normal distribution.
The log-transformed test=reference ratios from a bioequivalence study are
distributed as a bell-shaped curve,with most of the subjects’ ratios centered
around the center or mean, and fewer subjects’ ratios falling at the edges.
The top bar in Figure 4 (F1) represents a study with a 90% con¢dence inter-
val of the test to reference ratio falling between the limits of 0.80^1.25 and
the test=reference ratios centered around 1.00.This is what most applicants
would like to achieve with the to-be-marketed formulation for a given pro-
duct. The second bar (F2) also represents a 90% con¢dence interval of
test=reference ratios falling within 0.8^1.25. Although the mean test=
reference ratio is less than1.00, the variability is very low with the result that
this product also meets the 90% con¢dence interval criteria.The remaining
bars in Figure 4 show various scenarios of failure to demonstrate bio-
equivalence. The third bar (F3) from the top depicts a situation where the
test=reference ratios are still centered around1.00,but because of high varia-
bility and probably inadequate sample size, the 90% con¢dence interval is
very wide. This example illustrates how highly variable drugs often need
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FIGURE 4 Hypothetical bioequivalence study results for formulations F1^F7 illus-
trate various scenarios of passing and failing bioequivalence criteria. The width of
each 90% confidence interval (CI) is shown as a bar, although in actuality, the
log-transformed test=reference (T=R) ratios are distributed as a bell-shaped curve.
F1 and F2 represent results of studies in which the 90% CIs of the test=reference
ratios (T=R) fall between 0.80 and 1.25 (pass bioequivalence criteria). For F1, the
ratio of T=R means (point estimate) is near 1.00. For F2, the point estimate is less
than 1.00, but because of low variability, the 90% CI of T=R ratios still falls within
acceptable limits. F3^F7 show ways in which studies fail to pass CI criteria. With
F3, the point estimate is near 1.00, but because of high variability, the 90% CI is
very wide and the drug does not pass bioequivalence criteria. F3 may pass CI cri-
teria if the number of study subjects is increased. By contrast, F4^F7 have variabil-
ity comparable to F1. F4 represents a failure on the low side (T is less bioavailable
than R), and F5 represents a failure on the high side (R is less bioavailable thanT).
Since the point estimates for F3 and F4 are still within the 0.8^1.25 range, these
formulations may also meet CI criteria if a greater number of subjects are dosed.
F6 does not meet the upper bound of the 90% CI, and the point estimate exceeds
1.25. For F7, the entire CI is outside the acceptance criteria (bioinequivalence).
Formulations F6 and F7 are so different from the reference that both will still fail
CI criteria even if the number of subjects is increased.
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more subjects to attain su⁄cient statistical power to pass bioequivalence
criteria. It is very likely that a new study on the same formulation would pass
if more subjects were enrolled, thereby increasing the power of the study
and decreasing the resulting width of the 90% con¢dence interval. The
next two bars (F4 and F5) show results of studies which fail to meet bio-
equivalence criteria, one a failure on the low side (test product has lower
bioavailability than reference product), the other a failure on the high side
(reference product has lower bioavailability than test product). These two
formulations have comparable variability to the formulation that passed
(F1), but fail because there is a di¡erence between the test and reference
formulations. Because the ratio of means, or point estimate, is still within
the 0.80^1.25 limits in each of these two cases, it is also possible that these
two formulations may pass another study if many more subjects were
enrolled.The product represented by the bar that is second from the bottom
(F6) not only does notmeet the upper bound of the 90%con¢dence interval,
but the point estimate exceeds1.25. It is likely that this product will not pass
even if the power of the study is increased by enrolling more subjects.
The bottom bar (F7) represents a very extreme case in which the entire
con¢dence interval is outside the acceptance criteria. In this extreme case,
the two products are bioinequivalent. The two products are so di¡erent
that it is highly improbable that repeat studies would ever demonstrate
bioequivalence.

In bioequivalence studies of generic products, the most common rea-
son for failure is that the study was underpowered with respect to the
number of subjects in the data set. The width of the con¢dence interval is
controlled by the number of subjects and by the variability of the pharma-
cokinetic measures. Studies may be underpowered for various reasons. The
applicant may have failed to enroll an adequate number of subjects. There
may be an excessive number of withdrawals, or there may be missing data
because of lost samples. Sometimes a study may fail because of outliers. For
example, noncompliant subjects may cause the study to fail. The FDA dis-
courages deletion of outlier values, particularly for nonreplicated study
designs (22).

Until recently, applicants did not include failed bioequivalence study
data in ANDA submissions. Although applicants submitting NDAs are
required to submit data from all clinical studies to the FDA, this is not the
case for ANDAs. The Food Drug and Cosmetic Act Section 505(b)(1)(A)
states that, for NDAs, all human investigations made to show whether or
not a drug is safe for use and whether such drug is e¡ective must be sub-
mitted. Similar language was not included in Section 505( j), the section
covering the submission of ANDAs. Therefore, generic ¢rms for many
years interpreted this language to mean that failed bioequivalence studies
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did not have to be submitted in their ANDAs. In November of 2000, the
Advisory Committee for Pharmaceutical Science recommended that
generic applicants submit to the FDA results of all bioequivalence studies
on the to-be-marketed formulations (34). The Committee expressed the
opinion that applicants should submit the results of failed bioequivalence
studies as complete summaries, further suggesting that the FDA should do
a brief, but careful examination to identify potential problems worthy of
requesting additional information. In 2003, the FDA posted a proposed rule
relating to failed bioequivalence studies in the Federal Register for notice
and comment (35). The proposed rule would amend the Bioavailability=
Bioequivalence Regulations to require an ANDA applicant to submit data
from all bioequivalence studies that an applicant conducts on a drug product
formulation submitted for approval. The proposed rule is consistent with
the recommendations of the Advisory Committee, in that it will require
applicants to submit summary data for all bioequivalence studies other than
those upon which the applicant relies for approval.

11. BIOEQUIVALENCE EVALUATION OF GENERIC DRUG
PRODUCTS IN OTHER COUNTRIES

11.1. Canada

In Canada, applicants can seek approval of generic drug products by submit-
ting abbreviated drug submissions (ANDS) to Health Canada’sTherapeutic
Products Directorate (36). A subsequent entry (generic) product is eligible
for an ANDS against a Canadian reference product if it is given by the same
route of administration, is shown to be pharmaceutically equivalent and
bioequivalent to the Canadian reference product, and if it falls within the
same condition(s) of use as the Canadian reference product. Applicants
may also seek approval of subsequent entry products compared to a
foreign reference product if the foreign reference meets a number of speci¢c
requirements (37).

The applicant may request that the results of a single comparative
bioavailability study be extrapolated for all strengths in a product series
provided that the proportions of the medicinal and nonmedicinal ingredi-
ents fall within speci¢ed limits and exhibit the same dissolution pro¢les.
TheTherapeutic Products Directorate screens ANDS upon receipt, and if
judged to be acceptable for review they are subjected to in-depth
evaluation. The Therapeutic Products Directorate has issued a number
of guidances related to comparative bioavailability studies and bio-
equivalence studies. Three of particular relevance provide guidance
on the general format of ANDS (38) and the conduct and analysis of
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bioavailability=bioequivalence studies of solid oral dosage forms intended
for systemic e¡ects in immediate-release (38) and modi¢ed-release (39)
dosage forms. In general, single-dose fasting and single-dose fed bioequi-
valence studies may be designed as either two single-dose, randomized,
two-period, two-treatment crossover studies or as one single-dose, rando-
mized, four-period, four-treatment crossover study. Multiple-dose bioequi-
valence studies are also to be conducted for modi¢ed-release products
that are used at a dose likely to lead to accumulation. Bioequivalence
studies generally enroll healthy adult male subjects. Studies in patients
may be required if the use of healthy volunteers is precluded for reasons
of safety. Normally data for only the parent compound or active ingredient
is required if it can be accurately measured, e.g., measurement of the active
component may be appropriate if the parent compound is a prodrug. An
Expert Advisory Committee on Bioavailability also recommended more
stringent requirements be considered for drugs which exhibit ‘‘compli-
cated’’ pharmacokinetics, e.g., drugs with a narrow therapeutic range,
highly toxic drugs, drugs that exhibit nonlinear kinetics, etc (40).TheTher-
apeutic Products Directorate is developing guidances related to such drugs
(41,42). In general, for a drug that demonstrates ‘‘uncomplicated pharma-
cokinetics’’ in an immediate-release dosage form, the standards for bioe-
quivalence are that the 90% con¢dence interval of the relative mean
AUC0�t of the test to reference product should be within 0.8^1.25 and for
Cmax only the relative mean of the test to reference product should be
between 0.8 and 1.25 (i.e., point ratio only for Cmax must fall within the lim-
its of 80^125% and no 90% con¢dence interval requirement). These stan-
dards are to be met, normally in the fasted state, on log-transformed
parameters calculated from the measured data and also data corrected for
measured drug content (percent potency of label claim). For drugs that
exhibit ‘‘complicated’’ pharmacokinetics the standards for bioequivalence
are more stringent (40). For example, for a drug that exhibits a narrow
therapeutic range the 95% con¢dence interval of the relative meanAUC0�t

and Cmax of the test to reference product should be within 0.8^1.25 in sin-
gle-dose studies conducted under both fasted and fed conditions. Again,
these standards must be met on log-transformed parameters calculated
from the measured data and also from data corrected for measured drug
content (41). For drugs with nonlinear kinetics resulting in greater than
proportional increases in AUC with increasing dose, the bioequivalence
standards for ‘‘uncomplicated’’ drugs apply, i.e., 90% con¢dence limits, but
bioequivalence studies are to be conducted under fasted and fed conditions
on at least the highest strength. Similarly, for drugs with nonlinear kinetics
resulting in less than proportional increases in AUC with increasing dose,
bioequivalence studies are conducted on at least the lowest strength (42).
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11.2. Japan

In Japan, the Organization for Pharmaceutical Safety and Research (OPSR)
reviews data in applications for approval of generic medications to verify
equivalency between the proposed generic and the medicine which has
already been approved. These reviews are conducted under commission
from the Japanese Ministry of Health, Labor, and Welfare (MHLW). The
Japanese National Institute of Health Sciences (NIHS) has responsibility
for preparation of guidelines and has issued a guideline for bioequivalence
studies of generic products (43). In general, applicants conduct single-dose
crossover studies using healthy adult subjects. Multiple-dose studies are
conducted for drugs that are repeatedly issued to patients. For modi¢ed-
release products, single-dose fasted and postprandial bioequivalence studies
are conducted. A high-fat diet is administered for a postprandial bioequiva-
lence study. If a high incidence of severe adverse events is indicated after
dosing in the fasted state, a fasting study is replaced with a postprandial dose
study that uses a low fat meal. If the test and reference products show a
signi¢cant di¡erence in dissolution at about pH6.8, subjectswith low gastric
acidity (achlorohydric subjects) are used unless the application of the drug
is limited to a special population. If adverse events preclude administration
to healthy subjects, then patients are used.Bioequivalence analysis is generally
based on drug concentrations in blood.Urine samples are used if there is a
rationale. The parent drug is generally measured but major active metabo-
lites may be measured instead of the parent drug, if there is a rationale.The
acceptable range of bioequivalence is generally 0.8^1.25 as the ratios of
average AUC and Cmax of the test product to reference product, when the
parameters are logarithmically distributed. For drugs with pharmacologi-
cally mild actions, a wider range can be acceptable. The acceptable ranges
for other parameters, such as Tmax, are determined for each drug. If two
products do not meet the 90% con¢dence interval criteria, they can still be
considered bioequivalent if three additional conditions are satis¢ed: (1) the
total sample size of the initial bioequivalence study is at least 20 or the
pooled sample size of initial and add-on subject studies is at least 30; (2)
the di¡erences in average values of log-transformed AUC andCmax between
two products are between log(0.9)�log(1.11); and (3) dissolution rates of test
and reference products are evaluated to be equivalent under all dissolution
testing conditions. Pharmacodynamic studies can be conducted for
products which do not produce measurable blood or urine concentrations.
In studies based on pharmacodynamic endpoints, e⁄cacy^time pro¢les
are compared and acceptance criteria are established by considering the
drug’s pharmacologic activity. If bioequivalence and pharmacodynamic
studies are impossible or inappropriate, a clinical study can be conducted.
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The acceptance criteria in a clinical study are established by considering the
drug’s pharmacologic characteristics and activity.

11.3. European Union

The European Agency for the Evaluation of Medicinal Products (EMEA) is
in charge of supervising medicinal products for human use throughout the
European Union (EU).The EU is an international organization of Member
States that have set up common institutions to which they delegate some of
their sovereignty so that decisions on speci¢c matters of joint interest can
be made at the European level (44). The marketing of medicinal products
throughout the EU is authorized by the European Commission,which bases
its decision on recommendations made by the EMEA.

Applicants submit to the EMEAan abridged application formarketing
approval of a generic drug product that claims essential similarity to a refer-
ence product by demonstrating bioequivalence (45). The reference product
is an innovator product that has been approved on the basis of a full dossier,
including chemical, biological, pharmaceutical, pharmacological^toxicolo-
gical and clinical data. An approved essentially similar product can be sub-
stituted for the innovator product. The EU de¢nes essential similarity as
follows: ‘‘A medicinal product is essentially similar to an original product
where it satis¢es the criteria of having the same qualitative and quantitative
composition in terms of active substances, of having the same pharmaceuti-
cal form, and of being bioequivalent unless it is apparent in the light of scien-
ti¢c knowledge that it di¡ers from the original product as regards safety and
e⁄cacy.’’ A generic ¢rm can submit to numerous EU Member States an
abridged application claiming essential similarity to a reference product
based on bioequivalence with a reference product from oneMember State.

The EMEA has posted a guidance,Note for Guidance on the Investiga-
tion of Bioavailability and Bioequivalence, to provide recommendations for
study design, statistical analysis, and requirements for biowaiver requests
(45). In general, applicants conduct single-dose crossover studies in healthy
male and nonpregnant female adult subjects. Steady-state studies are con-
ducted in the case of dose- or time-dependent pharmacokinetics, for some
modi¢ed-release products. Steady-state studies may also be conducted if
drug concentrations in plasma cannot be reliably measured following a sin-
gle dose, or if high intra-individual pharmacokinetic variability precludes
the possibility of demonstrating bioequivalence in a reasonably sized sin-
gle-dose study and this variability is reduced at steady state. In most cases
bioequivalence evaluation is based on measured concentrations of the
parent compound. A metabolite can be used if concentrations of the parent
drug are too low to be accurately measured. If a metabolite contributes
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signi¢cantly to activity and the pharmacokinetic system is nonlinear, parent
and metabolite are evaluated separately. For acceptance criteria, the 90%
con¢dence interval for AUC and Cmax ratios (test=reference) should fall
within 0.8^1.25.The acceptance interval may be tightened for narrow thera-
peutic range drugs. In certain cases, a wider acceptance range is used with
sound clinical justi¢cation. Statistical evaluation of Tmax is conducted when
there is a clinically relevant claim for rapid release or action or signs related
to adverse events. In this case, the nonparametric 90% con¢dence interval
for Tmax should lie within a clinically determined range. Applicants can
request exemption from in vivo bioequivalence studies based on BCS Class
1 classi¢cation, if the drug has linear pharmacokinetics, does not show evi-
dence of bioinequivalence, and does not require monitoring for critical
plasma concentrations. A bioequivalence study based on only one strength
of a product series is acceptable, provided that the choice of strength used
for the in vivo study is justi¢ed, the drug has linear pharmacokinetics, the dif-
ferent strengths are proportionally similar, and dissolution pro¢les are
acceptable. Pharmacodynamic or comparative clinical studies are con-
ducted for products intended for local use (after oral, nasal, inhalation, ocu-
lar, dermal, rectal, vaginal, etc. administration) intended to act without
systemic absorption. If there is a risk of systemic toxicity resulting from a
locally applied, locally acting medicinal product, then systemic exposure is
measured.

12. SUMMARY

Current bioequivalence methods in the US and other countries are designed
to provide assurance of therapeutic equivalence of all generic drug products
with their innovator counterparts.The sole objective of bioequivalence test-
ing is to measure and compare formulation performance between two or
more pharmaceutically equivalent drug products. For generic drugs to be
approved in theUSandmost other countries, theymust be pharmaceutically
equivalent and bioequivalent to be considered therapeutically equivalent
and therefore approvable. In the US, a mechanism for submitting ANDA’s
for generic products was initiated in 1962 and expanded by the Hatch^
Waxman amendment of 1984. The requirement that ANDA submissions
contain information showing that a generic drug product is bioequivalent
to the innovator product is mandated by law, under Section 505( j) of the
US Federal Food, Drug, and Cosmetic Act. Additional Federal laws,
published under Title 21 of the Code of Federal Regulations, implement
Section 505( j). Part 320 of 21 CFR, the Bioavailability and Bioequivalence
Requirements, states the basis for demonstrating in vivo bioequivalence, lists
the types of evidence to establish bioequivalence (in descending order of
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accuracy, sensitivity, and reproducibility), and provides guidelines for the
conduct and design of an in vivo bioavailability study. Through the years,
the US FDA has published Guidances for Industry which address how to
meet the Bioavailability and Bioequivalence Requirements set forth in 21
CFR Part 320.The FDAmakes every attempt to update these Guidances as
the need arises to ensure that they re£ect state-of-the art scienti¢c thinking
regarding the most accurate and sensitive methods available to demonstrate
bioequivalence between two products. Consulting with panels of experts
such as Advisory Committees, participating in meetings and workshops
withAcademia and Industry (both in theUSand abroad), and inviting public
comment on draft guidances are among the mechanisms that the FDA
employs to keep Guidance development current.

Current statistical criteria for determining acceptability of bioequiva-
lence studies in the US and in other countries assure that the test product is
not signi¢cantly less bioavailable than the reference (usually the innovator)
product, and that the reference product is not signi¢cantly less bioavailable
than the test product.The di¡erence for each of these two tests is 20%,with
the result that the test=reference ratios of the bioequivalence measures must
fall within the limits of 0.80^1.25.A generic product that does not meet these
criteria is not approved.The FDAand regulatory agencies in other countries
agree that the most accurate, sensitive, and reproducible method for deter-
mining bioequivalence is to measure drug concentrations in blood=
plasma=serum in a single-dose study using human subjects. If it is not possi-
ble to accurately and reproducibly measure drug concentrations in such bio-
logical £uids, other approaches may be used, such as measuring active
metabolite or measuring drug in urine. For locally active drug products with
little systemic availability,bioequivalencemay be evaluated by pharmacody-
namic, clinical-endpoint, or highly specialized in vitro studies. Because of
the strictness of the therapeutic equivalence criteria, there is not yet a
mechanism for approving generic versions of many complex drug sub-
stances such as proteins, botanicals, and complex mixtures. Recently, the
FDA considered requesting that applicants submit results of all in vivo stu-
dies on the to-be-marketed formulation, whether these studies pass or fail
the 90% con¢dence interval criteria to identify potential problems worthy
of seeking additional information.

Biowaivers are granted in some circumstances. Conditions under
which waivers may be granted are also stipulated in 21 CFR Part 320. For
those drug productswhich are systemically available and have demonstrated
acceptable in vivo bioequivalence, the requirement for an in vivo study may
be waived for lower strengths only if the strengths are proportionally similar
and show acceptable in vitro dissolution by a method approved by the FDA.
Biowaivers may also be granted if an applicant satisfactorily demonstrates
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that a drug dissolves rapidly from the dosage form and has high intestinal
permeability (BCSClass1).

It should be clear that regulatory bioequivalence evaluation of generic
drug products is quite rigorous. In approving a generic product, the FDA
and the regulatory agencies of other countries make a judgement that it is
therapeutically equivalent to the corresponding reference product. A
health-care provider can substitute an approved generic product for the
brand product with assurance that the two products will produce an
equivalent therapeutic e¡ect in each patient.
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11

Statistical Considerations for
Establishing Bioequivalence

Sanford Bolton

University of Arizona,Tucson, Arizona, U.S.A.

1. INTRODUCTION

The assessment of ‘‘Bioequivalence’’ (BE) refers to a procedure that com-
pares the bioavailability of a drug from di¡erent formulations. Bioavaila-
bility is de¢ned as the rate and extent to which the active ingredient or
active moiety is absorbed from a drug product and becomes available at the
site of action. For drug products that are not intended to be absorbed into
the bloodstream, bioavailability may be assessed by measurements intended
to re£ect the rate and extent to which the active ingredient or active moiety
becomes available at the site of action. In this chapter, we will not present
methods for drugs that are not absorbed into the bloodstream (or absorbed
so little as to be unmeasurable), but may act locally. However, statistical
methodology, in general, will be approached in a manner consistent with
methods presented for drugs that are absorbed.

Thus, we are concerned with measures of the release of drug from a
formulation and its availability to the body. Bioequivalence can be simply
de¢ned by the relative bioavailability of two or more formulations of the
same drug entity. According to 21 CFR 320.1 (1), BE is de¢ned as ‘‘ . . . the
absence of a signi¢cant di¡erence in the rate and extent to which the active
ingredient or active moiety . . . becomes available at the site of drug action
when administered . . . in an appropriately designed study.’’
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Bioequivalence is an important part of an NDA in which formulation
changes have been made during and after pivitol clinical trials. Bioequiva-
lence studies as part of ANDA submissions, in which a generic product is
compared to a marketed, reference product, are critical parts of the submis-
sion. Bioequivalence studies may also be necessary when formulations
for approved marketed products are modi¢ed.

In general, most BE studies depend on accumulation of pharma-
cokinetic (PK) data which provide levels of drug in the bloodstream at speci-
¢ed time points following administration of the drug. These studies are
typically performed, using oral dosage forms, on volunteers who are incar-
cerated (housed) during the study to ensure compliance with regard to
dosing schedule as well as other protocol requirements.This does not mean
that BE studies are limited to oral dosage forms. Any drug formulation that
results in measurable blood levels after administration can be treated and
analyzed in a manner similar to drugs taken orally. For drugs that act locally
and are not appreciably absorbed, either a surrogate endpoint may be
utilized in place of blood levels (e.g., a pharmacodynamic response) or a
clinical study using a therapeutic outcome may be necessary. Also, in some
cases where assay methodology in blood is limited, or for other relevant
reasons, measurements of drug in the urine over time may be used to assess
equivalence.

To measure rate and extent of absorption for oral products, PK
measures are used. In particular, model independent measures used are (a)
area under the blood level vs. time curve (AUC) and the maximum concen-
tration (Cmax), which are measures of the amount of drug absorbed and the
rate of absorption, respectively.The time at which the maximum concentra-
tion occurs (Tmax) is a more direct measure of absorption rate, but is a very
variable estimate.

In this chapter, we will discuss single dose studies, where blood levels
aremeasured following ingestion of a single dose.Multiple dose, steady state
studies have been required for certain kinds of drugs and formulations, but
recently the FDA has discouraged the use of multiple dose studies. One
objection to the use of such studies is that they are less sensitive to formula-
tion di¡erences than single dose studies. On the other hand, multiple dose
studies are closer to reality for drugs taken on a chronic basis. This is a
controversial area.

2. TWO-TREATMENT–TWO-PERIOD (TTTP) DESIGNS—
ANALYSIS OF AVERAGE BIOEQUIVALENCE

Two-treatment, two-period, two-sequence (TTTP) crossover designs are
used to compare the average BE of two products. The statistical model for
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this design can be expressed as follows (2):

Yijk ¼ mþ Gi þ Sik þ Pj þ TtðijÞ þ eijk ð1Þ

where m is the overall mean, Gi, the e¡ect of sequence group (i¼1,2), Sik

the E¡ect of subject k in sequence i (k¼1,2,3, . . . ,N), Tt(ij) the treatment
e¡ect t (t¼1,2) in sequence i and period j and eijk the residual error.

Average BE addresses the comparison of average results derived from
the TTTP BE study, and does not consider di¡erences in within subject
variance and interactions in the evaluation.The design and analysis of two-
period crossover designs are relatively straightforward.The design consists
of randomly assigning subjects to two sequences. In one sequence, Product
A is administered in the ¢rst period, followed by a suitable wash-out period,
followed by administration of Product B. In the second sequence, the order
of administration of the products is reversed. Product B is administered
in the ¢rst period, followed by a suitable wash-out period, followed by

should be at least 5^6 drug elimination half-lives. The design aims to have
an equal number of subjects in each sequence. Although this is optimal, it is
not necessary. For example, drop-outs may result in unequal number of
subjects in each sequence. Immediately prior to dosing and at speci¢ed
intervals after dosing, blood samples are taken for analysis of drug.
This results in a typical ‘‘pharmacokinetic’’ pro¢le of drug blood levels over

The analysis of the data consists of determining the maximum blood
level (Cmax) and the area under the blood level vs. time curve (AUC) for each
subject, for each product. AUC is determined using the trapezoidal rule.
The area between adjacent time points may be estimated as a trapezoid
(Figure 2). The area of each trapezoid, up to and including the ¢nal time
point, where a measurable concentration is observed, is computed, and the
sum of these areas is theAUC,designated as AUC(t).The area of a trapezoid
is 1=2(base) (sum of two sides). For example in Figure 2, the area of the
trapezoid shown in the blood level vs. time curve is 4. In this ¢gure, Cmax is
5 ng=mL and Tmax, the time at whichCmax occurs is 2 h.

FIGURE 1 TTTP design.
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administration of Product A (see Figure 1). Typically, the wash-out period



Havingperformedthiscalculation foreachsubjectandproduct,theAUC
andCmax values are transformed to their respective logarithms.Either natural
logs (ln) or logs to the base10 (log)may be used.Typically,one uses the natural
log,or ln.The details of the analysis are described later in this chapter.

The analysis of AUC andCmax was not always performed on the logs of
these values. Several years ago, the actual, observed (non-transformed)
values of these derived parameters were used in the analysis. (This history
will be discussed in more detail below.) However, examination of the theore-
tical derivations and mathematical expression of AUC and Cmax, as well as
the statistical properties has led to the use of the logarithmic transformation.
In particular, data appear to show that these values follow a log-normal
distribution more closely than they do a normal distribution. The form of
expression forAUC suggests a multiplicative model

AUC ¼ FD=VKe

where F is the fraction of drug absorbed, D the dose, V the volume of
distribution andKe the elimination rate constant.

FIGURE 2 Typical blood level vs. time profile.
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The distribution of AUC is complex because of the non-linearity; it is a
ratio. Ln(AUC) is equal to ln(F )þ ln(D)� ln(V )� ln(Ke). This is linear,
and the statistical properties are more manageable. A similar argument can
be made forCmax.

2.1. Statistical Analysis

used. Analysis of variance (ANOVA) tables for average BE based on these
max (A)

for periods 1 and 2 and on the original Cmax data for periods 1 and 2 (B). In
these analyses, the residual error term is used in statistical computations,
e.g., to construct con¢dence intervals (CI). The between subject mean
square is the error term for testing sequence di¡erences.

As previously noted, in BE studies, we compute parameters derived
from the blood level vs. time curve obtained from the individual blood
levels at various collection times. In particular, three derived parameters
are estimated for each individual and product.These areAUC(t), AUC(inf ),
and Cmax. AUC(inf ) is computed as AUC(t), AUC up to the last analyzed
time point, plus C(¢nal)=Ke where C(¢nal) is the ¢nal measurable blood
concentration, andKe is the drug elimination rate constant (0.693=half-life).
Each of these parameters is analyzed separately. The discussion below
applies to each of the analyses, AUC(t), AUC(inf ), and Cmax. Tmax and half-
life are also computed, but these are not crucial to product approval unless
these results are inconsistent and=or troublesome,which is rarely a problem.

square. In Latin squares, certain e¡ects are confounded and cannot be
directly estimated.Confounding of e¡ects means that a variance estimate in
the ANOVA is a combination of two or more e¡ects, and one cannot be sure
how much of each e¡ect contributes to the observed variance. In designed
experiments, we try to confound e¡ects in a way such that one e¡ect pre-
dominates in the confounded estimate (2). Although we can never be sure
which e¡ect predominates, we can make educated guesses. For example, a
main e¡ect (e.g., product di¡erence) will usually be more prominent than
an interaction. (e.g., product� period interaction). In theTTTP design, for
example, the estimate of a di¡erential carryover e¡ect is confounded with a
group e¡ect (2). A carryover (CO) e¡ect may be described as an e¡ect of a
preceeding observation on a subsequent observation. In theTTTP design, if
the treatment in the ¢rst period a¡ects the blood levels in the second period,
this would result in an CO e¡ect. A di¡erential CO e¡ect is one in which the
COe¡ect whenTreatmentA is given ¢rst is di¡erent from theCOe¡ect when
Treatment B is given ¢rst. A group, or sequence e¡ect as it is often called,
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For purposes of illustrating the statistical analyses, data fromTable 1will be

data are shown in Table 2, A, B; ANOVA on the log-transformed C

This design is described above (Figure 1), and is a variation of a Latin



(Continued )

TABLE 1 Results of a Four-Period,Two-Sequence,Two-Treatment, Replicate
Design (Cmax)

Subject Product Sequence Period Cmax Ln (Cmax)

1 Test 1 1 14 2.639
2 Test 1 1 16.7 2.815
3 Test 1 1 12.95 2.561
4 Test 2 2 13.9 2.632
5 Test 1 1 15.6 2.747
6 Test 2 2 12.65 2.538
7 Test 2 2 13.45 2.599
8 Test 2 2 13.85 2.628
9 Test 1 1 13.05 2.569
10 Test 2 2 17.55 2.865
11 Test 1 1 13.25 2.584
12 Test 2 2 19.8 2.986
13 Test 1 1 10.45 2.347
14 Test 2 2 19.55 2.973
15 Test 2 2 22.1 3.096
16 Test 1 1 22.1 3.096
17 Test 2 2 14.15 2.650
1 Test 1 3 14.35 2.664
2 Test 1 3 22.8 3.127
3 Test 1 3 13.25 2.584
4 Test 2 4 14.55 2.678
5 Test 1 3 13.7 2.617
6 Test 2 4 13.9 2.632
7 Test 2 4 13.75 2.621
8 Test 2 4 13.25 2.584
9 Test 1 3 13.95 2.635
10 Test 2 4 15.15 2.718
11 Test 1 3 13.15 2.576
12 Test 2 4 21 3.045
13 Test 1 3 8.75 2.169
14 Test 2 4 17.35 2.854
15 Test 2 4 18.25 2.904
16 Test 1 3 19.05 2.947
17 Test 2 4 15.1 2.715

1 Reference 1 2 13.5 2.603
2 Reference 1 2 15.45 2.738
3 Reference 1 2 11.85 2.472
4 Reference 2 1 13.3 2.588
5 Reference 1 2 13.55 2.606
6 Reference 2 1 14.15 2.650
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is the di¡erence in the average results for those subjects given the sequence
Treatment A followed by B (AB) and the average results for those subjects
given the sequence Treatment B followed by A (BA). In TTTP designs, the
subjects are assigned to sequence groups in a random manner. In TTTP
designs, the di¡erential CO e¡ect cannot be measured directly. However,
we can estimate the group (or sequence) e¡ect. If this is signi¢cant,we may
suspect a di¡erential CO e¡ect is responsible, because the two sequence
groups should not be di¡erent except by chance; the sequence groups are
chosen in a random manner. At one time the FDA considered a signi¢cant
sequence e¡ect to be a serious problem because of the implications of

TABLE 1 (Continued )

Subject Product Sequence Period Cmax Ln (Cmax)

7 Reference 2 1 10.45 2.347
8 Reference 2 1 11.5 2.442
9 Reference 1 2 13.5 2.603
10 Reference 2 1 15.25 2.725
11 Reference 1 2 11.75 2.464
12 Reference 2 1 23.2 3.144
13 Reference 1 2 7.95 2.073
14 Reference 2 1 17.45 2.859
15 Reference 2 1 15.5 2.741
16 Reference 1 2 20.2 3.006
17 Reference 2 1 12.95 2.561

1 Reference 1 4 13.5 2.603
2 Reference 1 4 15.45 2.738
3 Reference 1 4 11.85 2.472
4 Reference 2 3 13.3 2.588
5 Reference 1 4 13.55 2.606
6 Reference 2 3 14.15 2.650
7 Reference 2 3 10.45 2.347
8 Reference 2 3 11.5 2.442
9 Reference 1 4 13.5 2.603
10 Reference 2 3 15.25 2.725
11 Reference 1 4 11.75 2.464
12 Reference 2 3 23.2 3.144
13 Reference 1 4 7.95 2.073
14 Reference 2 3 17.45 2.859
15 Reference 2 3 15.5 2.741
16 Reference 1 4 20.2 3.006
17 Reference 2 3 12.95 2.561
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TABLE 2 ANOVA for Data from FirstTwo Periods ofTable1
(A) LNTRANSFORMATION
General linear models procedure
Dependent variable: LNCMAX

Source DF Sum of squares Mean square F value Pr > F

Model 18 1.65791040 0.09210613 10.34 0.0001
Error 15 0.13359312 0.00890621
Corrected total 33 1.79150352

Mean R-Square CV RootMSE
2.67483698 0.925430 3.528167 0.09437271 LNCMAX

Source DF Type ISS Mean square F value Pr > F

SEQ 1 0.09042411 0.09042411 10.15 0.0061
SUBJ(SEQ) 15 1.48220203 0.09881347 11.09 0.000
PER 1 0.00039571 0.00039571 0.04 0.8359
TRT 1 0.08488855 0.08488855 9.53 0.0075

General linear models procedure
Least squares means
TRT LNCMAX

LSMEAN
Reference 2.62174427
test 2.72185203

Parameter Estimate
T for H0:

Parameter¼0 Pr > jTj Std error of estimate

Tvs. R 0.10010777 3.09 0.0075 0.03242572

(B)
General linear models procedure
Dependent variable:CMAX

Source DF Sum of squares Mean square F value Pr > F

Model 18 381.26362847 21.18131269 9.07 0.0001
Error 15 35.01637153 2.33442477

Corrected total 33 416.28000000

Mean R-square CV RootMSE CMAX

0.915883 10.25424 1.52788245 14.90000000

(Continued )
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di¡erential CO. A signi¢cance test was applied to the sequence e¡ect, and if
signi¢cant at the 10% level, most such studies were deemed to be a failure.
There was a serious problem with this evaluation. This approach would
result in rejecting 10% of otherwise good studies submitted, because of a
chance signi¢cance of the sequence e¡ect. Also,di¡erential CO is extremely
unlikely in TTTP design where a suitable wash-out period is applied, and
blood levels of drug are absent at time 0 in the second period. At the time of
this writing, signi¢cant sequence e¡ects are usually not a cause for failure
of a BE study.

Other e¡ects that are confounded include a sequence� period inter-
action and the treatment e¡ect (di¡erence between treatments). A sequen-
ce� period interaction means that the di¡erence between the results in
periods I and II is di¡erent for the two sequences.Suppose that the following
average results occurred in anTTTPdesigned experiment.

Period I Period II

Sequence I 10 20
Sequence II 20 10

TABLE 2 (Continued)

Source DF Type ISS Mean square F value Pr > F

SEQ 1 18.59404514 18.59404514 7.97 0.0129
SUBJ(SEQ) 15 346.22095486 23.08139699 9.89 0.0001
PER 1 0.24735294 0.24735294 0.11 0.7493
TRT 1 16.20127553 16.20127553 6.94 0.0188

Least Squares Means
TRT CMAX

LSMEAN
Reference 14.1649306
Test 15.5479167
Dependent variable: CMAX

Parameter
estimate Estimate

T for H0:
Parameter¼0 Pr > jTj

Std error of
estimate

T VS.R 1.38298611 2.63 0.0188 0.52496839
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These results could indicate a signi¢cant sequence� period inter-
action. The interaction can be de¢ned as 1=2; [(20^10)� (10^20)]¼ 10.
Suppose that Sequence I was Treatment A followed by Treatment B, and
Sequence IIwas B followed byA.The results could then be expressed as:

Treatment A Treatment B

Sequence I 10 20
Sequence II 10 20

The treatment e¡ect is 1
2[(20^10)þ (20^10)]¼ 10. Examination of these esti-

mates of the sequence� period interaction and the treatment e¡ect shows
that the resultswill always be identical. In this example, a di¡erencebetween
treatments is more likely than the sequence� period interaction, and we
would not attribute a di¡erence between treatments to be due to the interac-
tion. Even so, such an interaction would be quite disturbing, and does not
make much sense.

2.1.1. Analysis ofVariance

An ANOVA is computed for each parameter based on the model. The
ANOVA table is not meant for the performance of statistical hypothesis
tests, except perhaps to test the sequence e¡ect,which uses the between sub-
ject within sequences mean square as the error term. Rather, the analysis
removes some e¡ects from the total variance to obtain a more ‘‘e⁄cient’’or
pure estimate of the error term. It is the error term, or estimate of the within
subject variability (assumed to be equal for both products in this analysis)
that is used to assess the equivalence of the parameter being analyzed.

In the analysis of the TTTP design, we estimate the e¡ects that have
meaning. Interactions are considered to be small or absent (except possibly
a di¡erential CO e¡ect in unusual situations). The ANOVA separates the
variance due to the e¡ects speci¢ed in the model (Eq. (1)).

The e¡ects that are modeled in theANOVA are:

di¡erence between subjects;
di¡erence between treatments;
di¡erence between periods;
di¡erence between sequences.

At the time of thiswriting, the greatmajority of BE studies are analyzed
using theTTTP design, with a log transform of Cmax and AUC, and a 90%
CI that must lie between 80% and 125% in order to be acceptable. If the
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sponsor feels that a log transform is not appropriate, FDA will consider
this, if su⁄cient justi¢cation is given prior to completion of the study and
availability of study data.TheTTTPdesigns are used to assess average BE.

Some history may be of interest with regard to the analysis
recommended in the most recent FDAGuidance (3). In the early evolution
of BE analysis, a hypothesis test was used at the 5% level of signi¢cance.
The raw data were used in the analysis; i.e., a logarithmic transformation
was not recommended. The null hypothesis was simply that the products
were equal, as opposed to the null hypothesis that the products were di¡er-
ent.This had the obvious problem with regard to the power of the test. Pro-
ducts that showed nearly the same average results, but with very small
variance, could show a signi¢cant di¡erence, and be rejected. Alternatively,
products that showed large di¡erences with large variance could show a
non-signi¢cant di¡erence, and be deemed equivalent. Similarly, products
could be shown to be equivalent if a small sample size was used in the BE
study.

Because of these problems, an additional caveat was added to the
requirements. If the products showed a di¡erence of less than 20%, and the
power of the study to detect a di¡erence of 20%exceeded 80%, the products
would be considered to be equivalent. This helped to avoid undersized
studies and prevent products with observed large di¡erences from passing
the BE study.The following examples illustrate this problem.

Example 1. In a BE two period, crossover study,with eight subjects, the
test product showed an average AUC of 100, and the reference product
showed an averageAUCof 85.The observed di¡erencebetween the products
is (100� 85)=85, or 17.6%. The error term from the ANOVA (see below for
description of the analysis) is 900, s.d.¼30. The test of signi¢cance (a t test
with 6 d.f.) is

½100� 85�=½900ð1=8þ 1=8Þ�1=2 ¼ 1:00

This is not statistically signi¢cant at the 5% level (a t value of 2.45 for 6 d.f. is
needed for signi¢cance).Therefore, the products may be deemed equivalent.

However, this test is under-powered based on the need for 80% power
to show a 20% di¡erence. A 20% di¡erence from the reference is
0.2� 85¼17.The approximate power (2) is:

Z ¼ ½17=42:43�½6�1=2�1:96 ¼ �0:98

Referring to aTable of the Cumulative StandardNormalDistribution (2), the
approximate power is 16%. Although the test of signi¢cance did not reject
the null hypothesis, the power of the test to detect a 20% di¡erence is weak.
Therefore, this product would not pass the BE requirements.
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Example 2. In an BE two period, crossover study,with 36 subjects, the
test product showed an average AUC of 100, and the reference product
showed an average AUC of 95. The products di¡er by approximately only
5%.The error term from theANOVA is100, s.d.¼10.The test of signi¢cance
(a t test with 34 d.f.) is

½100� 95�=½10ð1=36þ 1=36Þ�1=2 ¼ 6:7

This is statistically signi¢cant at the 5% level (a t value of 2.03 for 34 d.f.
is needed for signi¢cance). Therefore, the products may be deemed non-
equivalent.

However,this test passes the criterionbasedon the need for 80%power
to show a 20% di¡erence. A 20% di¡erence from the reference is
0.2� 95¼19.The approximate power is (2):

Z ¼ ½19=14:14�½34�1=2 � 1:96 ¼ 5:88

The approximate power is almost 100%. Although the test of signi¢cance
rejected the null hypothesis, the power of the test to detect a 20% di¡erence
is extremely high.Therefore, this product would pass the BE requirements.

Other requirements at that time included the 75=75 rule (4). This rule
stated that 75% of the subjects in the study should have ratios of test=
reference between 75% and125%.This was an attempt to control the varia-
bility of the study. Unfortunately, this criterion has little statistical basis,
and would almost always fail with highly variable drugs. In fact if a highly
variable drug (CVgreater than 30^40%) is tested against itself, it wouldmost
likely fail this test. Eventually, this requirement was correctly phased out.

Soon after this phase in the evolution of BE regulations, the hypothesis
test approach was replaced by the two-one-sided t test or, equivalently, the
90% CI, or two-one-sided t test approach (5). This approach resolved the
problems of hypothesis testing, and assumed that products that are within
20% of each other with regard to the major parameters, AUC and Cmax,
are therapeutically equivalent. For several years, this method was used
without a logarithmic transformation.However, if the study data conformed
better to a log-normal distribution than a normal distribution, a log transfor-
mation was allowed. An appropriate statistical test was applied to test the
conformity of the data to these distributions.

To illustrate some of the concepts and statistical analyses, the reader

two periods from Table 1 is shown in Table 2. The analysis is performed
on the log-transformed data as well as the original non-transformed values
ofCmax.
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The form of the statistical procedure to determine the con¢dence
limits for the derived parameters (Cmax and AUC) prior to the implemen-
tation of the log transformation was as follows:

1þ fjaverage (test)� average (reference)j
� t(varianceð2=NÞÞ1=2g=average reference

This interval must lie between 0.8 and1.2 for approval of equivalence.
The value of t is for a 90% CI with d.f. based on the variance estimate

(residual mean square) in the ANOVA. N is the sample size for the two-
period design. This test is not exact. For example, the denominator (the
average value of the reference) is considered ¢xed in this calculation,when,
indeed, it is a variable measurement. Also, the decision rule is not symmetric
with regard to the average results for the test and reference. That is, if the
reference is 20% greater than the test, the ratio test=reference is not 0.8 but
is 1=1.2¼ 0.83. Conversely, if the test is 20% greater than the reference, the
ratio will be 1.2. Nevertheless, this approximate calculation was considered
satisfactory for the purposes of assessing BE. Note that the usual concept of
power does not play a part in the approval process. It behooves the sponsor
of the BE study to recruit su⁄cient number of subjects to help ensure
approval based on this criterion. If the products are truly equivalent (the
ratio of test=reference is truly between 0.8 and 1.2), the more subjects
recruited, the greater the probability of passing the test. Note again that in
this scenario the more subjects, the better the chance of passing. In practice,
one chooses a sample size su⁄ciently large tomake the probability of passing
reasonably high. This probability may be de¢ned as power in the context
of proving equivalence. Sample size determination for various assumed
di¡erences between the test and reference products for various values of
power (probability of passing the CI criterion) has been published by
Dilletti et al. (6).

The computation (prior to the use of the log transformation) is
illustrated using the results for the analysis for periods 1 and 2 of the data of

1þ fjaverage (test)� average referencej
� t(varianceð2=NÞÞ1=2g=average reference

¼ 1þ ð1:383� 1:75ð2:3344� 2=34Þ1=2=14:165Þ
¼ ð1:383� 0:648Þ=14:165 ¼ 1:14; 1:05

Since these limits are within 0.8^1.2, thiswould pass the FDAcriterion
at that time.
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This is very close to the CI using log-transformed data (see below).
When the variance is small, both methods will give very similar results.

2.1.2. Analysis Using the LogTransformation

Examination of BE submissions, in addition to theoretical evaluations,
resulted in the conclusion that the BE parameters conformed more to a
log-normal distribution than a normal distribution (see discussion above).
Therefore, the FDA currently requires that the AUC and Cmax parameters
be transformed to logarithms prior to statistical analysis. The log transfor-
mation simpli¢es the calculations used previously and leads to a more direct
interpretation of the experiment as the ratio of the parameters, rather than
the di¡erence of the parameters. One only has to place a 90% CI on the
di¡erence of the average of the logs for the two products.Note that the di¡er-
ence of the two logs is equivalent to the log of their ratio. Also, the analysis
makes the reference and test products symmetric.That is,we reach the same
conclusion whether we look at reference=test or test=reference, which was
not necessarily the case in the previously recommended analysis.

in the averages of the log-transformed values is 0.1001and the error variance
is 0.00890621.

The CI takes the following form:

½lnðtestÞ � lnðreferenceÞ� � t0:05ðerror� 2=NÞ1=2

where t is from a t table with appropriate degrees of freedom.

¼ ð0:1001� 1:74ð0:00890621� 2=17Þ1=2

¼ ð0:1001� 0:05632Þ ¼ 0:0438; 0:1564

We then take the antilog of these limits to put them into more under-
standable terms.

The back-transformed limits are1.17^1.04.
Note that if we placed an CI on ln (test)� ln (reference), the limits

would be �0.0156 to 0.0438. The antilogs are 0.86, 0.96, which are the
reciprocals of the above limits.

The antilog of the mean of the treatment mean of the log-transformed
values is the geometric mean.

The residual or remaining variance in the ANOVA is considered to be
error. Error in this ANOVA is assumed to the within subject variability, an
average of the variability for each treatment or product.We cannot directly
estimate the variability of each product separately, a de¢ciency that
is considered to be of importance by some persons (see
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Consider the following example fromTable 2(A) where the di¡erence

Individual
Bioequivalence below).



2.1.3. Test for Differential Carryover

Another criterion that was imposed during these years was a test for di¡er-
ential CO as discussed above.This was a test of the group or sequence e¡ect
at the 10% level.This test and a test for equality of Tmax are not enforced on
a regular basis at the present time.

We cannot directly estimate di¡erential CO or product� subject
interaction.To estimate these e¡ects, a replicate design would be necessary.
As previously noted, di¡erential CO is now considered to be an unlikely
event, and has taken a position of lesser importance in the analysis of BE
studies. The test for sequence e¡ects uses the between subject (within
sequences) mean square as the error term. The test for sequence would be
an F test. Using the ANOVA for the analysis of ln Cmax

for the sequence or carryover e¡ect is F 1,15¼90=0.99¼ 0.91, which is not
signi¢cant.

For the data from Table 2 (B), non-transformed Cmax, F1,15¼18.6=
23.1¼ 0.8,which is not statistically signi¢cant.

All of the criteria for BE must pass the CI test, 0.8^1.25. This would
include AUC(inf ), AUC(t), and Cmax for all moieties tested, including
metabolites if applicable. In addition, some products need testing under both
fed and fasted conditions, and=or need multiple dose, steady state, studies.
As noted previously, at the present time, in general, the use of multiple dose
studies is not recommended.

3. REPLICATE STUDY DESIGNS

Replicate studies in the present context are studies in which individuals are
administered one or both products on more than one occasion.For purposes
of BE, either three or four period designs are recommended. The 4-period
design will be further discussed in the discussion of Individual Bioequiva-
lence (IB), for which it is recommended. The FDA (1) gives sponsors the
option of using replicate design studies for all BE studies. However, the
agency recommends use of replicate studies for modi¢ed-release dosage
forms and highly variable drugs, those with within subject CV > 30%.The
purpose of these studies is to provide more information about the drug
products than can be obtained from the typical, non-replicated, two-period
design. The FDA is interested in obtaining information from these studies
to aid them in evaluation of the need for IB. In particular, replicate studies
provide information on within subject variance of each product separately,
as well as potential product� subject interactions.

The FDA recommends that submissions of studies with replicate
designs be analyzed for average BE (1). The analysis of IB will be the
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TABLE 3 Analysis of Data FromTable1forAverage Bioequivalence

Analysis for Ln-transformed CMAX

TheMIXED procedure

Class level information
Class Levels Values

SEQ 2 1 2
SUBJ 17 1 2 3 4 5 6 7

8 9 10 11 12 13
14 15 16 17

PER 4 1 2 3 4
TRT 2 1 2

Covariance parameter estimates (REML)

Cov Parm Subject Group Estimate

FA(1,1) SUBJ 0.20078553
FA(2,1) SUBJ 0.22257742
FA(2,2) SUBJ �0.00000000
DIAG SUBJ TRT1 0.00702204
DIAG SUBJ TRT 2 0.00982420

Tests of fixed effects

Source NDF DDF Type IIIF Pr > F

SEQ 1 13.9 1.02 0.3294
PER 3 48.2 0.30 0.8277
TRT 1 51.1 18.12 0.0001

Estimate statement results

ParameterTvs.R
Alpha¼0.1 Estimate Std error DF t Pr > jtj

0.09755781 0.02291789 51.1 4.26 0.0001

Lower 0.0592 Upper 0.1360

Least squares means

Effect TRT LSMEAN Std error DF t Pr > jtj

TRT 1 2.71465972 0.05086200 15 53.37 0.0001
TRT 2 2.61710191 0.05669416 15.3 46.16 0.0001
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responsibility of the FDA,but will be only for internal use, not for evaluating
BE for regulatory purposes.The following is an example of the analysis of a
two-treatment-4 period replicate design to assess average BE. The design
has each of two products, balanced in two sequences, ABAB and BABA,

max for a replicate study.
Eighteen subjects were recruited for the study and 17 completed the study.
An analysis using the usual approach for the TTTP design, as discussed
above, is not recommended.The FDA (1) recommends use of a mixedmodel
approach as in SASPROCMIXED (7).The recommended code is:

PROCMIXED;
CLASSES SEQ SUBJ PERTRT;
MODELLNCMAX¼SEQPERTRT=DDFM¼SATTERTH;
RANDOMTRT=TYPE¼FA0 (2) SUB¼SUBj G;
REPEATED=GRP¼TRT SUB¼SUBJ;
LSMEANSTRT;
ESTIMATE ‘T VS.R0TRT1^1=CLALPHA¼0.1;
RUN;

Note that theCIusing the complete design (0.0592^0.1360) is notmuch
di¡erent from that observed from the analysis of the ¢rst two periods
(above), 0.0438, 0.1564.This should be expected because of the small varia-
bility exhibited by this product.

4. INDIVIDUAL BIOEQUIVALENCE�

Individual bioequivalence (IB) is anassessment that accounts for productdif-
ferences in the variability of the PK parameters, as well as di¡erences in their
averages.The IB evaluation is based on the statistical evaluation of a metric,
which represents a ‘‘distance’’ between the products. In average BE, this
distance can be considered the square of the di¡erence in average results. In
IB, in addition to the di¡erence in averages, the di¡erencebetween thewithin
subject variances for the two products, and the formulation� subject inter-
action (FS) are evaluated. In this section,wewill not discuss the evaluation of
population BE.The interested readermay refer to the FDAguidance (1).

Although analysis of data using IB criteria is not recommended at the
present time, the FDA will consider IB analysis if, a priori, the sponsor
requests this analysis.

�Recently, the FDAhas indicated that BE data should only be analyzed using average bioequiva-
lence, unless there is a compelling reason to use an alternative analysis.
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The abbreviated output is shown inTable 3.



The design and analysis of replicate studies for IB can be very complex
and ambiguous. The practitioner is encouraged to follow FDA guidelines
when designing such studies.

The metric to be evaluated for IB is

y ¼ ½d2 þ s2I þ ðs2T � s2RÞ�=s2R ð2Þ

where d to the di¡erence between means of test and reference, sI
2 the

subject� treatment interaction variance, sT
2 the within subject test

variance and s R
2 the within subject reference variance.

The evaluation of IB is based on a 95% upper con¢dence limit on the
metric, where the upper limit for approval, theta (y), is de¢ned as 2.4948.
Note that we only look at the upper limit because the test is one-sided, i.e.,
we are only interested in evaluating the upper value of the con¢dence limit,
upon which a decision of passing or failing depends. A large value of the
metric results in a decision of inequivalence. Referring to Eq. (2), a decision
of inequivalence results when the numerator is large and the denominator is
small in value.Large di¡erences in the average results,combinedwith a large
subject� formulation interaction, a large within subject variance for the test
product and a small within subject variance for the reference product, will
increase the value of theta (and vice versa).

Using the within subject variance of the reference product in the
denominator as a scaling device, allows for a less stringent decision for BE
in cases of large reference variances. That is, if the reference and test
products appear to be very di¡erent based on average results, they still may
be deemed equivalent if the reference within subject variance is large. This
can be a problem in the interpretation of BE, because if the within subject
variance of the test product is su⁄ciently smaller than the reference, an
unreasonably large di¡erence between their averages could still result in
BE (see Eq. (2)). This could be described as a compensation feature or
trade-o¡, i.e, a small within subject variance for the test product can
compensate for a large di¡erence in averages. To ensure that such
apparently unreasonable conclusionswill not be decisive, the FDAguidance
has a provision that the observedT=R ratiomust be notmore than1.25 or less
than 0.8.

4.1. Constant Scaling

The FDA Guidance (1) also allows for a constant scaling factor in the
denominator of Eq. (2). If the variance of the reference is very small, the IB
metricmay appear very large,even though the products are reasonably close.
If the within subject variance for the reference product is less than 0.15,
a value of 0.15 may be used in the denominator, rather than the observed
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variance.This prevents an arti¢cial in£ation of themetric for cases of a small
within subject reference variance. This case will not be discussed further,
but is a simple extension of the following discussion. The reader may refer
to the FDAGuidance for further discussion of this topic (1).

4.2. Statistical Analysis for Individual Bioequivalence

For average BE, the distribution of the di¡erence in average results (log
transformed) is known based on the assumption of a log-normal distribution
of the parameters. One of the problems with the de¢nition of BE based on
the metric, Eq. (2), is that the distribution of the metric is complex, and
cannot be easily evaluated. At an earlier evolution in the analysis of the
metric, a bootstrap technique, a kind of simulation,was applied to the data
in order to estimate its distribution.The nature of the distribution is needed
in order to construct a CI so that a decision rule of acceptance or rejection
can be determined. This bootstrap approach was time consuming, and not
exactly reproducible. At the present time, an approximate ‘‘parametric’’
approach is recommended (8), which results in a hypothesis test that
determines the acceptance rule. We refer to this aproach as the ‘‘Hyslop’’
evaluation.This will be presented in more detail below.

be used. This data set has been studied by several authors during the
development of methods to evaluate IB (9).

The details of the derivation and assumptions can be found in the FDA
guidance (1) and a paper by Hyslop et al. (8).

I will make an e¡ort to describe the calculations as simply as possible.
First, let us de¢ne some terms that are used in the calculations.The various
estimates are obtained from the data of Table 4, using SAS (6), with the
following code:

proc mixed data¼ lasix;
c1ass seq subj per trt;
mode1 ln¼ seq per trt;
random int subject =subject¼ trt;

repeated=grp¼ trt sub¼ subj;
estimate ‘t vs. r’ trt 1�1=cl alpha¼ 0.1;

run;

results for each product from the data of Table 4.
Basically, the Hyslop procedure obtains an approximate upper CI

on the sum of independent terms (variables) in the IB metric equation
(Eq. (2)). However, the statistical approach is expressed as a test of a
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To illustrate the use of the Hyslop approach, the data of Table 4 will

Table 5 shows the estimates of the variance components and average



hypothesis. If the upper limit of the CI is less than 0, the products are deemed
equivalent, and vice versa. The following discussion relates to the scaled
metric, where the observed reference within subject variance is used in
the denominator. An analogous approach is used for the case where
the reference variance is small and the denominator is ¢xed at 0.15 (see

TABLE 4 Data From aTwo-Treatment,Two-Sequence, Four Period Replicated
Design (9)

Subject Sequence Period Product LnCmax

1.00 1.00 1.00 1 5.105339
1.00 1.00 3.00 1 5.090062
2.00 1.00 1.00 1 5.59434
2.00 1.00 3.00 1 5.45916
3.00 2.00 2.00 1 4.991792
3.00 2.00 4.00 1 4.693181
4.00 1.00 1.00 1 4.553877
4.00 1.00 3.00 1 4.682131
5.00 2.00 2.00 1 5.168778
5.00 2.00 4.00 1 5.213304
6.00 2.00 2.00 1 5.081404
6.00 2.00 4.00 1 5.333202
7.00 2.00 2.00 1 5.128715
7.00 2.00 4.00 1 5.488524
8.00 1.00 1.00 1 4.131961
8.00 1.00 3.00 1 4.849684
1.00 1.00 2.00 2 4.922168
1.00 1.00 4.00 2 4.708629
2.00 1.00 2.00 2 5.116196
2.00 1.00 4.00 2 5.344246
3.00 2.00 1.00 2 5.216565
3.00 2.00 3.00 2 4.513055
4.00 1.00 2.00 2 4.680278
4.00 1.00 4.00 2 5.155601
5.00 2.00 1.00 2 5.156178
5.00 2.00 3.00 2 4.987025
6.00 2.00 1.00 2 5.27146
6.00 2.00 3.00 2 5.035003
7.00 2.00 1.00 2 5.019265
7.00 2.00 3.00 2 5.246498
8.00 1.00 2.00 2 5.249127
8.00 1.00 4.00 2 5.245971
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The IB criterion is expressed as

y ¼ ½d2 þ s2d þ ðs2T � s2RÞ�=s2R ð2Þ

It can be shown that

s21 ¼ s2d þ 0:5ðs2T � s2RÞ ð3Þ

where sd
2 is the pure estimate of the subject� formulation interaction

component.
We can express this in the formof a hypothesis test,where the IBmetric

is linearized as follows.
Substituting Eq. (3) into Eq. (2), and linearizing:

Let Z ¼ ðdÞ2 þ s2i þ 0:5s2T � s2Rð�1:5� yÞ ð4Þ

We then form a hypothesis test with the hypotheses:

Ho : Z > 0 HA : Z < 0

Howe’s method (Hyslop) e¡ectively forms a CI for Z by ¢rst ¢nding an upper
or lower limit for each component in Z. Then, a simple computation allows
us to accept or reject the null hypothesis at the 5%level (one-sided test). This
is equivalent to seeing if an upper CI is less than the FDA speci¢ed criterion,
y. Using Hyslop’s method, if the upper con¢dence limit is less than y, the
test will show a value less than 0, and the products are considered to
be equivalent.

The computation for the method is detailed below.
We substitute the observed values for the theoretical values in Eq. 4.

The next step is to compute the upper 95% con¢dence limits for the
components in Eq. (4). Note that d is normal with mean, true delta,

TABLE 5

m¼mean of test; estimate¼5.0353
m¼mean of reference; estimate¼5.0542
d¼difference between observedmean of test and reference¼�0.0189
sI

2¼ interaction variance; estimate¼MI¼0.1325
sT

2¼within subject variance for the test product; estimate¼MT¼0.0568
sR

2¼within subject variance for the reference product; estimate¼MR¼0.0584
n¼degrees of freedom
s¼number of sequences
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The observed values are shown inTable 5.

Parameter Estimates fromAnalysis of DataofTable 4With SomeDefinitions



and variance 2sd
2=N. The variances are distributed as (s 2) w2(n)=n,

(where n¼d.f.) For example,MT� s T
2 (n) w2(n)=n.

The equations for calculations are given inTable 6 (4).
Table 7 shows the results of these calculations.
Examples of calculations:

HD ¼ ½j0:0189j þ 1:94ðð1=4Þ0:1325=2Þ1=2ÞÞ�2 ¼ 0:07213;

HI ¼ ðð6Þ0:1325Þ=1:635 ¼ 0:486;

HT ¼ ð0:5ð6Þ0:0568Þ=1:635 ¼ 0:104;

HR ¼ ð�ð1:5þ 2:4948Þð6Þ0:0584Þ=12:59 ¼ �0:1112:

If the upper CI exceeds theta, the hypothesis is rejected, and the
products are bio-inequivalent. This takes the form of a one-sided test of
hypothesis at the 5% level.

Since this value exceeds 0, the products are considered to be
inequivalent.

TABLE 7 Results of Calculations for Data ofTable 6

Hi¼confidence limit Ei¼point estimate Ui¼ (H�E)2

Hd¼0.07213 Ed¼0.000361 0.0052
Hi¼0.486 Ei¼0.1325 0.1251
Ht¼0.104 Et¼0.0284 0.0057
Hr¼�0.1112 Er¼0.2333 0.0149
Sum �0.0720 0.1509

H¼S(Ei)þS(Ui)0.5¼�0.0720þ .0.3885¼ 0.3165

TABLE 6 Computations for Evaluation of Individual Bioequivalence

Hq¼ (1�alpha) level upper confidence limit Eq¼point estimate Uq¼ (Hq�Eq)
2

HD¼ [ jdj þ t (1� a, n� s)
(1=s2 Sni

�1MI)
1
2]2

ED¼ d2 Ud

HI¼ ((n� s)MI)=w
2(a, n� s) EI¼MI Ui

HT¼ (0.5(n� s)MT)=w
2(a, n� s) ET¼0.5MT Ut

HR
� ¼ (�(1.5þ yI)(n� s)MR)=
w2(1� a, n� s)

ER¼�(1.5þ yI)MR Ur

�Note that we use the1� apercentile here because of the negative nature of this expression.
n¼Sni, s¼number of sequences and ni are the number of subjects in sequence i.
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5. THE FUTURE

At the present time, the design and analysis of BE studies useTTTP designs
with a log transformation of the estimated parameters. The 90% CI of the
back-transformed di¡erence of the average results for the comparative
products must lie between 0.8 and 1.25 for the products to be deemed
equivalent. Four period replicate designs are recommended for controlled
release products and, in some cases, very variable products. However, FDA
recommends that these designs be analyzed for average BE. The results of
these studies will be analyzed for IB by the FDA in order to assess the need
for IB, i.e., is there a problem with formulation X subject interactions and
di¡erences between within subject variance for the two products? If the
result of this venture shows that replicate designs are not needed, i.e.,
the data does not show signi¢cant interaction or within subject variance
di¡erences, it is likely that IB will be reserved for occasions where these
designs will be advantageous in terms of cost and time. For example, IB
analysis may be optimal for very variable drugs, requiring less subjects than
would be required using anTTTP design for average BE.On the other hand,
if IB analysis shows the existence of problems with interaction and within
subject variances, it is likely that the four period replicate design and IB
analysis will be required for at least some subset of drugs or drug products
that exhibit problems.

Based on experience at this time, it does seem likely that we will see
more of IB as time progresses. This may be accompanied with new ways of
assessing and analyzing these complex problems and designs.
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12

Scale-up, Post-approval Changes, and
Post-marketing Surveillance

Sadie M. Ciganek, Aruna J. Mehta,
Frank J. Mellina, and Leon Shargel

1. INTRODUCTION

Approval of an Abbreviated New Drug Application (ANDA) is only the
beginning of a generic drug product’s history. Frequently, changes are
made to the chemistry and manufacturing controls of an ANDA following
approval and continue throughout the life of the product. A pharmaceutical
manufacturer may make changes in the drug formulation, batch size, pro-
cess, equipment, or manufacturing site, which a¡ects the identity, strength,
quality, purity, and potency of the ¢nished product. Therefore, any change
must be fully evaluated prior to implementation to determine its impact on
the ¢nished product as they may relate to safety or e¡ectiveness.

Changes to an approved ANDA can be initiated for a number of rea-
sons, i.e., revised market forecast a¡ecting batch size requirements, quali¢-
cation of a new active pharmaceutical ingredient source, optimization of the
manufacturing process, upgrade of the container=closure system, or
enhancement of the analytical testmethods and speci¢cations tonamea line.

A change within a given parameter can have varied adverse e¡ects
depending on the type or dosage form of the product. For example, a change
in the container=closure system of a solid oral dosage form will have less
impact on thedrug product than it would for a semisolid or oral liquid dosage
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form where the primary packaging component becomes critical for the
shelf life of the ¢nished product. To illustrate further, a small change in the
concentration ratio of an inactive ingredient may have less impact on an
immediate release drug product than it would for amodi¢ed release product,
where that same ingredient may adversely a¡ect the release rate, thereby
impacting bioequivalence.Under such circumstances, the reporting require-
ments for one will di¡er from those for the other depending on the dosage
form and route of administration.

Single or multiple changes within the same ANDAover time can have
an impact and must be considered in the overall life of the drug product as
well. Numerous changes to the manufacturing parameters occurring over
time may render the drug product approved in the original ANDA substan-
tially di¡erent than the one on the market. Therefore, data submitted in an
application to support most changes should include a comparison to the
original exhibit batch or bio-batch wherever possible.

Pharmaceutical manufacturers are also required to ¢le periodic Post-
Market Reports for an approvedANDAto FDAthrough thePost-Marketing
Surveillance System,whichwill be described in greater detail in this chapter.

2. HISTORY AND BACKGROUND

2.1. FDAMA

On November 21, 1997, the Food and Drug Administration Modernization
Act (FDAMA) was signed into law.The FDAMA initiative was directed at
providing more de¢nite language to the current Food, Drug, and Cosmetic
(FD&C) Act and further de¢ning the statutory requirements for marketing
approved drugs in the United States. FDAMA added section 506A
(21U.S.C. 356a) to the FD&C Act, which provided speci¢c language for
manufacturing changes to an approved application, and reporting require-
ments for those changes. Following FDAMA, and further decodifying
the statutory requirements for post-approval changes, the FDA issued
aGuidance for Industry: Changes to an Approved NDA or ANDA inNovem-
ber 1999 (1). This guidance is the current standard used in the pharma-
ceutical industry to assess and report manufacturing changes.

FDAMA was e¡ectively a rewrite for Title 21 Code of Federal
Regulation (CFR) part 314.70, which had previously de¢ned post-approval
changes, but not to the extent that FDAMA considered. FDAMA also
relaxed certain requirements for changes that were determined to have little
or no impact on the ¢nished products.Thiswas intended to lessen the regula-
tory burden for FDA and industry alike. In addition to relaxing certain
change requirements, FDAMA also provided a new reporting category

282 Ciganek et al.

5460-3 Shargel Ch12 R2 112204

Copyright © 2005 by Marcel Dekker, Inc.



known as Supplement�Changes Being Effected in 0 Day (CBE 0 day). The
CBE 0 day enabled sponsors to implement changes immediately after ¢rst
notifying FDAwithout a waiting period. In e¡ect, the current CBE 30 days
reporting category already provided for in (CFR) part 314.70 was expanded
to include another level of noti¢cation less stringent than what existed.

In summary, FDAMA provided for four reporting categories as
follows:

1. Prior Approval Supplement: Major changes that require FDA
approval before implementation

2. Supplement�Changes Being Effected (30 Days): Moderate
changes that require 30 days’ notice before implementation

3. Supplement�Changes Being Effected (0 Day): Moderate changes
that can be implemented immediately

4. Annual Report:Minor changes that can be implemented immedi-
ately and ¢led in the next Periodic Report

2.2. SUPAC

Prior to FDAMA, the basis for revision of the FD&C Act was the Guidance
for Industry: Immediate Release Solid Dosage Forms�Scale-Up and Post-
Approval Changes (SUPAC ) (2). This guidance was a ¢rst attempt beyond
the Case of Federal Regulation (CFR) to provide industry with clear and
de¢nitive language regarding the regulatory noti¢cation process and
requirements for post-approval changes. It also attempted to reduce the reg-
ulatory burden for industry. SUPAC classi¢ed changes according to‘‘levels’’
and provided requirements to support each level. The reporting category
for the change was determined by the ‘‘level’’ classi¢cation, which will be
described in greater detail below. When SUPAC was ¢rst introduced, it
became a milestone for the pharmaceutical industry.The criteria for the dif-
ferent level changes and the documentation required to support the change
were based on three independent studies: (a) research conducted by theUni-
versity of Maryland in Association with the FDA, (b) results from a
workshop between the American Association Pharmaceutical Scientists
(AAPS), US Pharmaceutical Convention, and FDA, and (c) research
conducted at the University of Michigan and the University of Uppsala.

In summary, the SUPAC guidance expanded 21 CFR part 314.70 and
de¢ned in much greater detail the types of changes and reporting category
required.The guidance describe the following areas where change is likely:

� Components and composition of the drug product
� Manufacturing site change
� Scale-up of the drug product

Scale-up, Post-approval Changes, Surveillance 283

5460-3 Shargel Ch12 R2 112304

Copyright © 2005 by Marcel Dekker, Inc.



� Manufacturing equipment
� Packaging

The SUPAC guidance describes three levels of change and the recom-
mended chemistry, manufacturing and controls tests, in vitro dissolution
tests, and bioequivalence tests for each level. It also describes the documents
required to support the change. The three level changes as described by
FDA are provided below.

Level Definition

1 Changes that are unlikely to have any detectable impact on formulation
quality and performance

2 Changes that could have a significant impact on formulation quality and
performance

3 Changes that are likely tohave a significant impact on formulationquality and
performance

A level 1 change such as a small change in the excipient amount (e.g.,
starch, lactose) is unlikely to alter the quality or performance of the drug
product, whereas a level 3 change where the qualitative or quantitative
change in the excipients is outside an allowable range, particularly for drug
products with a narrow therapeutic range, may require an in vivo
bioequivalence study to demonstrate that the drug quality and performance
were not altered by the change.

A manufacturing change must be assessed for its e¡ect on the identity,
strength, quality, purity, and potency of the product, as these factors may
relate to the safety or e¡ectiveness of the product (506A(b)).The assessment
of the e¡ect of a change should include a determination that the drug sub-
stance, in-process materials, and=or drug product a¡ected by the change
conforms to specifications, which are provided in the approved application.
Moreover, the manufacturer must con¢rm the quality of drug substance,
drug product, and in-process materials. If a speci¢cation needs to be revised
as a result of the change, this is considered a multiple change. Additional
testing such as chemical and physical behavior, microbiological, biological,
bioavailability, and=or stability may also be required in order to ensure that
the identity, strength, quality, purity, or potency of the product is not
changed. The type of additional testing that an applicant should perform
depends on the type of manufacturing changes, the type of drug substance
and=or drug product, and the e¡ect of the change on the quality of the
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product, e.g.,

� Evaluation of changes in the purity or degradant pro¢le
� Toxicology tests to qualify a new impurity or degradant or to qualify

an impurity that is above a previously quali¢ed level
� Evaluation of the hardness or friability of a tablet
� Assessment of the e¡ect of a change on bioequivalence,which may

include multipoint and=or multimedia dissolution pro¢ling and=or
an in vivo bioequivalence study

� Evaluation of extractables from new packaging components or
moisture permeability of a new container=closure system

If an assessment concludes that a change has adversely a¡ected the
identity, strength, quality, purity, or potency of the drug product, the change
should be ¢led in a Prior Approval Supplement, regardless of the reporting
category of the change.

Following the publication of the SUPAC-IR, FDA issued numerous
other SUPAC guidances speci¢c for modi¢ed release drug products, active
pharmaceutical ingredients, analytical equipment, etc. The same principles
of assessment of changes, i.e., level1, 2,or 3, are used in these guidances. This
discussion will focus mainly on the original SUPAC Immediate Release
Drug Products guidance.

3. CURRENT REQUIREMENTS FOR POST-APPROVAL
CHANGES

3.1. Components=Composition

In general, changes to the qualitative=quantitative composition of the
formulation are considered major changes. Therefore, these changes must
be considered carefully before implementation.Such changes require a Prior
Approval Supplement unless otherwise exempted by regulation or guidance
documents. The current guidance for industry, Changes to an Approved
ANDA or NDA,does not address components=composition in detail; there-
fore, the SUPAC guidance remains in e¡ect for de¢ning components and
composition changes and the reporting category thereof.

The addition or deletion of an ingredient can have an adverse e¡ect on
the dissolution pro¢le of the ¢nished product and on the in vivo bioequiva-
lence to the reference listed drug. In general, any addition or deletion of an
ingredient must be ¢led as a Prior Approval Supplement. The exception to
this applies to colors,which can be removed or reduced from the formulation
and ¢led in an annual report. Only in certain circumstances can changes to
the components=composition be made with a less stringent reporting cate-
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TABLE 1 Components=Composition Change

Level Definition Category and example Test documentation Filing documentation

1 (Minor
changes)

Changes unlikely to have
any detectable impact
on formulation quality
and performance

i. Deletion=partial dele-
tion of color or flavor
or change in the ingre-
dient of the printing
ink

ii. Changes in excipient
(%w=w) of total for
mulationnot greater
than 5%

i.Chemistry: Compen-
dial release and stabi-
lity testing
Stability: Long-term
stability testing on one
batch in annual report

ii.Dissolution: None
beyond application=
compendial require-
ment

iii. In vivo BE: None

Annual Report (all
information including
long-termstabilitydata)

2 (Moderate
changes)

Changes could have
significant impact on
formulation quality and
performance as a
result of change in
therapeutic range,
solubility, and
permeability (low
or high)

Changes in technical
grade of an excipient or
changes in excipient
amount greater than
expressed in level1,
but total additive effect
of all excipients should
not be greater
than10%

i.Chemistry:Compendial
release,batchrecord
Stability:onebatch
with3months’
acceleratedstability
datainsupplement
andonebatchon
long-termstability

ii. Dissolution: Using
caseA, B, and C
as described in the
guidance

iii. InVivo BE:None if
situation does not
meet above dissolu-
tion description

Changes Being Effected
(CBE) Supplement
with long-term
stability data

2
8
6
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3 (Major
changes)

Changes likely to have a
significant impact on
formulation quality and
performance as a
result of change in
therapeutic range,
solubility, and
permeability (low
or high)

i. Qualitative and quan-
titative changes to a
narrow therapeutic
drug beyond the
ranges of excipients
noted in level1

ii. High solubility and
permeability drug,
low permeability and
high solubility drug
and high permeability
and low solubility
drugs not meeting the
dissolution criteria as
stipulated in the gui-
dance

iii. Changes in the excipi-
ent ranges of low
solubility, low perme-
ability drugs listed
under level 1

i. Chemistry: Compen-
dial release and batch
records
Stability: (a) 3 months’
accelerated stability
testing on one batch
in supplement and long-
term stability data onone
batch in Annual
Report if significant
body of information
is available; (b) 3
months’accelerated
(supplement) and
long-term stability
(Annual Report) on
up to three batches

ii. Dissolution:Multi-
point dissolution pro-
file in compendial
medium at15, 30, 45,
60, and120min or
until asymptote is
reached

iii. InVivo BE: Full BE
study except for the
cases when in vitro=
in vivo correlation is
established

PriorApproval
Supplement on all
information including
accelerated stability
and long-term stability
in Annual Report
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3.2. Site Changes

The sponsor of an ANDAmust include in its application the site of manufac-
ture, where the drug product will be produced, tested, packaged, and=or
labeled. A change in any of these sites can adversely a¡ect the identity,
strength, quality, purity, or potency of the ¢nished product. Therefore, any
site change under SUPAC-IR calls for the new site to be in compliance with
goodmanufacturing practice (cGMP) regulations. A stand-alone packaging
operation site change, utilizing container(s)=closure(s) in the approved
application, may be submitted as a Change Being E¡ected Supplement.The
facility should also have a current and satisfactory cGMPcompliance pro¢le
with FDA for the type of packaging operation in question before submission
of the supplement. If the facility has not received a satisfactory cGMP
inspectionwithin the previous two years for the type of packaging operation
involved, a PriorApproval Supplement with the same commitment for stabi-
lity is recommended.The supplement should also contain a commitment to
place the ¢rst production batch of the product on long-term stability studies
using the approved protocol in the application and to submit the resulting
data in annual reports. Likewise, a stand-alone analytical testing laboratory
site change may also be submitted as a Change Being E¡ected Supplement
if the new facility has a current and satisfactory cGMP compliance pro¢le
with the FDA for the type of testing operation in question.

Di¡erent levels and the regulatory requirements for site changes are

3.3. Change in Batch Size

Change in batch size from pivotal=pilot scale bio-batch to larger or smaller
production batches tends to change the operating parameters. Therefore, all
the parameters, such as mixing time, speed, etc., are adjusted according to
the equipment (large or small) used in the process.This requires proper vali-
dationof thebatches before submission of additional information in the appli-
cation. Any change in the production batch for which the operating
parameter falls within the range established for the ANDA batch and valida-
tionbatcheswill be regarded as a level1change.If it falls outside the validation
ranges, the change would be permitted under SUPAC-IR as a level 2 change.
Regardless, SUPAC-IR does not address scale-down below 100,000 units.

3.4. Manufacturing

This includes any change made in equipment and the process used in
manufacturing a drug product.
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discussed inTable 2.

Changes in batch size are characterized in two levels as cited inTable 3.



TABLE 2 Site Change

Level Definition Test documentation Filing documentation

1 (Minor changes) Site changewithin facility and
using same equipment,
SOPs, environment
conditions (temperature and
humidity), and controls, no
changes made inmanu-
facturing batch records

i. Chemistry: Compendial release
ii. Dissolution: Compendial release
iii. In-vivo BE: None

Annual Report

2 (Moderate changes) Site changewithin a
contiguous campus or
between facilities in adjacent
city blocks using same equip
ment, SOPs, environment
conditions (temperature and
humidity), and controls, no
changes made tomanu-
facturing batch records

i. Chemistry: Updated batch records, com-
pendial release, Stability: Long-term sta-
bility on one batch reported in Annual Report

ii. Dissolution: Compendial release
iii. InVivo BE:None

Changes Being
Effected (CBE)
Supplement,
Annual Report

3 (Major changes) Changes inmanufacturing site
to a different campus. Same
equipment, SOPs, environment
conditions and controls should
be used at the new site. No
changes in themanufacturing
batch records

i. Chemistry: Updated batch records, com-
pendial release, Stability: 3 months’
accelerated stability data reported in
supplement, long-term stability data on
up to three batches in Annual Report

ii. Dissolution: Case Bof the guidance,
multipoint profile in compendialmedium
at15, 30, 45, 60, and120min or until an
asymptote is reached. Dissolution profile
should be similar at both current and pro
posed site

iii. InVivo BE: None

Changes Being
Effected (CBE)
Supplement,
Annual Report
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TABLE 3 Batch Size Change

Level Definition Test documentation Filing documentation

1 (Minor changes) Change in batch size by
10 times the pilot=bio-batch
using equipment having the
same design and operating
principles as that used to
produce the test batch.The
batch should be manufac-
turedunder full compliance
with cGMPs and SOPs using
the same formulation and
manufacturing procedures

i. Chemistry:Compendial
release, notification of
changes, andupdated
batch records in annual
report, Stability: Long-
term stability on one batch

ii.Dissolution: Compendial
release

iii. In vivo BE:None

Annual Report including long-
term stability data

2 (Moderate changes) Change in batch size beyond a
factor of10 times the size of
the pilot= bio-batchusing
equipment having the same
design and principles.The
batch should be manufac-
turedunder full compliance
with cGMPs and SOPs using
the same formulation and
manufacturing procedures

i. Chemistry: Compendial
release, notification of
change, andupdated
batch records, Stability:
3month’accelerated stabi-
lity and long-term stability
on one batch

ii. Dissolution: Case Bof the
guidance, multiple point
profile in compendialmed-
ium at15, 30, 45, 60, and
120min or until an asymp-
tote is reached

iii. In vivo BE:None

Changes Being Effected
Supplement, Annual Report
including long-term
stability data
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3.4.1. Equipment Change

Any change in manufacturing equipment other than that used in the
approved application requires appropriate validation studies to demon-
strate that the new equipment is similar to the original equipment. Equip-
ment within the same class and subclass would be considered to have the
same design and operating principal under SUPAC-IR. For example, a
change inV-blender from one manufacturer to another manufacturer would
not represent a change in operating principle, and hence be considered to
be the same under SUPAC-IR,whereas a change in equipment fromone class
(V-blender) to a di¡erent class (ribbon blender) would be considered a
change in design and operating principle and would be considered di¡erent
under SUPAC-IR. A guidance for industry, SUPAC-IR=MR: Immediate
Release and Modified Solid Oral Dosage Forms�Manufacturing Equipment
Addendum, 1999 (3), explains in detail about various changes in equipment
and the regulatory requirements.

The two di¡erent levels of change and regulatory requirements on

3.4.2. Process Change

Change in manufacturing process or technology from that currently used by
the applicant may have the potential for adverse e¡ects on the identity,
strength,quality, purity,or potency of a drug product.The safety or e¡ective-
ness of the product depends on the type of the manufacturing process and
the changesbeing instituted for the drug substance or drug product.Any fun-
damental change in the manufacturing process, e.g., dry to wet granulation
or change from one type of drying process to another (e.g., oven tray, £uid-
bed) is considered amajor change,whereas change in mixing time, operating
speed, etc., within an approved range is considered a minor change. The

3.5. Specifications

Speci¢cations are the standards a drug product must meet to ensure confor-
mance to predetermined criteria for consistency, reproducibility, and quality.
Suchchangesgenerally requireaPriorApproval Supplementunless thespeci¢-
cation is tighteningor otherwise exempted by regulation guidancedocuments.

Prior approval is required on the following major changes in speci¢ca-
tion except as provided in the SUPAC-IR guidance:

� Relaxing an acceptance criterion
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change in equipment are summarized inTable 4.

guidance de¢nes three levels of in-process change, as indicated inTable 5.



TABLE 4 Equipment Change

Level Definition Test documentation Filing documentation

1 a. Changes fromnonautomated
to automated equipment to
move ingredients

b. Changes to alternative equip
ment of the same design and
operating principles (same or
different capacity)

i. Chemistry: Notification of change, compendial
release, and Updated batch records Stability: Long-
term stability on one batch

ii. Dissolution: Compendial release
iii. In vivo BE: None

Annual Report including long-
term stability data

2 Changes in equipment to a dif
ferent design and Different
operating principles.

i. Chemistry:Compendial release, notification of
change, updated batch records
Stability: (a) Significant body of data available, which
includes 3 months’accelerated stability data in sup-
plement and long-term stability ononebatch reported
in Annual Report; (b) significant body of data not
available,Which includes 3 months’accelerated stabi-
lity onup to three batches in supplement and long-
term stabilityonup to threebatches reported inannual
report

ii. Dissolution: Case C dissolution profile of the gui-
dance, which is multipoint dissolution, provides in
water, 0.1NHCl, and USP buffer media at pH 4.5, 6.5,
and 7.5 for the proposed and currently accepted for-
mulation

iii. In vivo BE: None

PriorApproval Supplement
with justification for change,
Annual Report including
long-term stability data

2
9
2
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TABLE 5 Process Change

Level Definition Test documentation Filing documentation

1 Changes such as mixing times
and operating speeds within
application=validation
changes

i. Chemistry: Compendial release
ii. Dissolution: Compendial release.
iii. In vivo BE: None

Annual Report

2 Any changes outside of appli-
cation=validation ranges
(mixing time, operating
speed)

i. Chemistry: Compendial release, notification of change,
updated batch records
Stability: Long-term stability on one batch

ii. Dissolution: Case B dissolution profile of the guidance, mul-
tipoint dissolution in the application=compendialmedium at
15, 30, 45, 60, and120min or until an asymptote is reached

iii. In vivo BE: None

Changes Being Effected
(CBE) Supplement,
Annual Report includ-
ing long-term stability
data

3 Any change in process such as
wet-granulation to direct
compression

i. Chemistry: Compendial release, notification of change,
updated batch records
Stability: (a) Significant body of data available, which is 3
months’accelerated stability on one batch in supplement
and long-term stability on one batch reported in Annual
Report; and (b) significant body of data not available 3 this
includes 3 months’accelerated stability onup to three
batches in supplement and long-term stability onup to three
batches reported in Annual Report.

ii. Dissolution: CaseBdissolutionprofile of the guidance,mul-
tipoint dissolution profile in the application=compendial
medium at15, 30, 45, 60, and120min or until an asymptote
is reached

iii. InVivo BE: Full BE study. BE studymay bewaived if IVIVC is
established

Prior Approval Supple-
ment with justification,
Annual Report
including long-term
stability data
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� Deleting any part of a speci¢cation
� Changing or establishing a new regulatory analytical procedure

that does not provide the same or increased assurance of the iden-
tity, strength, quality, purity, or potency of the material being tested
as the analytical procedure described in the approved application

A 30 days’Changes Being E¡ected Supplement needs to be ¢led in case
ofmoderate changes in speci¢cations, e.g.,

� Change in regulatory analytical procedures other than editorial or
identi¢ed as major

� Achange in analytical procedure or deletionof a test for rawmateri-
als used in drug substance manufacturing or in-process materials
prior to the ¢nal intermediate

The following include changes in speci¢cations that are considered to
haveminimal potential for an adverse e¡ect on the identity, strength, quality,
purity,or potency of a product as theymay relate to the safety or e¡ectiveness
of the product, and therefore can be submitted in an annual report:

� Change in speci¢cation made to comply with an o⁄cial
compendium

� Change in analytical procedure for testing raw material, drug
substance or drug product that provides the same or increased
assurance of identity, strength, purity, or potency of the material
being tested as the analytical procedure described in the approved
application

� Tightening of acceptance criteria

3.6. Packaging

A container=closure system for a solid oral dosage form tends to be low risk
and will have little impact on the shelf life of the ¢nished product.Therefore,
under the new guidance for industry, and the stability guidance, the require-
ments for packaging changes have been relaxed signi¢cantly.

4. COMPARABILITY PROTOCOLS

A comparability protocol is a plan for anticipated future CMC changes. FDA
recently published a draft guidance, Comparability Protocols�Chemistry,
Manufacturing, and Controls Information, to provide recommendations on
preparing and using comparability protocols for post-approval changes in
the CMCsection of anNDAorANDA (4).Although applications for protein
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products are not included in the guidance, well-characterized synthetic
peptides are included within the scope of this guidance.

According to the guidance,‘‘A comparability protocol is a well de¢ned,
detailed,written plan for assessing the e¡ect of speci¢c CMC changes in the
identity, strength, quality, purity, and potency of a speci¢c drug product as
these factors relate to the safety and e¡ectiveness of the product. A compar-
ability protocol describes the changes that are covered under the protocol
and speci¢es the tests and studies that will be performed, including analyti-
cal procedures that will be used, and acceptance criteria that will be
achieved to demonstrate that speci¢ed CMC changes do not adversely a¡ect
the product.’’

A comparability protocol may be submitted with an ANDA or NDA
application or as a Prior Approval Supplement (post-approval).The bene¢t
of the comparability protocol is that an FDA request for additional informa-
tion to support a change is less likely when the change is covered under an
approved protocol. Thus, the sponsor could implement a CMC post-
approval change as described in the comparability protocol. This would
allow the sponsor to place the product in distribution sooner.

5. POST-MARKETING SURVEILLANCE

Once the FDA approves a generic drug product, manufacturers are respon-
sible for conducting post-marketing surveillance. Post-marketing reporting
requirements for an approved ANDA are set forth in the US Federal Code
of Regulations, 21 CFR 314.80 (5) and 314.98. The main component of this
requirement is the reporting of adverse drug experiences(ADEs). According
to 21 CFR 314.80(a), an adverse drug experience is de¢ned as ‘‘any adverse
event associated with the use of a drug in humans,whether or not considered
drug related’’ (6). The de¢nition continues by stating that adverse events
include those that occur in the course of the use of a drug product in profes-
sional practice, occur from drug overdose (accidental or intentional), abuse,
or withdrawal, or involve failure of expected pharmacological action.
According to the de¢nition, it is irrelevant whether or not an event is con-
sidered drug related. A known or proven cause and e¡ect relationship
between the drug and the event is not required. The fact that an adverse
event occurred while a person was using a drug product is reason enough to
consider it an adverse drug experience.

It is important to examine who is involved in the process of ADE
reporting.Generally, there are three members that take part in this process:
a reporter, a manufacturer, and the FDA. Essentially anyone can report an
ADE.The reporter can be a patient,doctor, pharmacist, nurse,or anyone else
aware of such an event.This person can report it to either the manufacturer
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of the drug product or directly to the FDA. If the manufacturer receives the
report ¢rst, the manufacturer is responsible for investigating the ADE and
reporting it to the FDA. If the FDA is noti¢ed directly by the reporter, the
agency informs the manufacturer so that the ADE can be investigated. Part
of investigating an ADE may include, but is not limited to, contacting the
patient’s physician, the prescriber (if di¡erent from the physician), and the
pharmacy that ¢lled the prescription.Other investigations include perform-
ing all required testing of the retain sample from the lot of the product that
was used by the patient.Of course, there aremany timeswhen the lot number
is not known and therefore, this testing cannot be conducted. Once an
investigation is complete, the manufacturer is responsible for submitting
the information in a report to the FDA.

There is certain information that must be known, though, before a
report is submitted to the FDA. Among this information are four elements:
an identi¢able patient, an identi¢able reporter, a suspect drug=biological
product, and an adverse event or fatal outcome. If any of these basic
elements remain unknown after being actively sought by the applicant=
manufacturer, a report on the incident should not be submitted to the
FDA, because reports without this information make interpretation of
their signi¢cance di⁄cult, if not impossible. In these cases, the appli-
cant=manufacturershould track the steps taken to acquire the additional
information in their safety ¢les for the product. To facilitate the reporting
process, FDA created the MedWatch program (7). MedWatch is the FDA
Medical Products Reporting Program. It was originally designed to
emphasize the responsibility of healthcare providers to identify and report
ADEs. Through the MedWatch program, healthcare professionals can
report ADEs with the use of FDA Form 3500 (6) (MedWatch Form). How-
ever, this reporting is done on a voluntary basis.Currently, there are no reg-
ulations that require healthcare professionals to report adverse drug
experiences to the FDA or the manufacturer. In contrast, a manufacturer
aware of an ADE is required by law to report it to the FDA (provided the
four elements noted earlier are known). The FDA= MedWatch Form
3500A is used for mandatory reporting by manufacturers. It is interesting
to point out that on the bottom portion of both MedWatch forms there is
a note that reads: ‘‘Submission of report does not constitute an admission
that the product caused or contributed to the event.’’ This is a reiteration
of what was stated earlier in the CFR de¢nition of an ADE.

After an adverse event is reported to a manufacturer, two classi¢ca-
tions must be made. First, the adverse event must be categorized as either
serious or nonserious. Second, it must be determined whether the ADE is
expected or unexpected. Again, these terms are de¢ned in 21 CFR 314.80.
A serious adverse drug experience is ‘‘any ADE occurring at any dose that
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results in any of the following outcomes: death, a life-threatening adverse
drug experience, inpatient hospitalization or prolongation of existing
hospitalization, a persistent or signi¢cant disability=incapacity, or a conge-
nital anomaly=birth defect.’’ In addition, the regulations include an ‘‘impor-
tant medical event’’ that may endanger the patient and may require medical
involvement to prevent one of the outcomes listed above. A nonserious
ADE is one that does not result in any outcome listed in the de¢nition of a
serious ADE.

In regards to the expected and unexpected designation, the labeling of
the product is used to determine the type of ADE. If the product labeling lists
a particular adverse event, it is considered expected. If not, it is considered
unexpected. This classi¢cation of ADEs is not always clear. Unexpected
ADEs also include events thatmay be symptomatically and pathophysiologi-
cally related to an event listed in the labeling, but di¡er from the event
because of greater severity or speci¢city. For example, if a report is received
that a patient experienced complete loss of vision while using a marketed
product and the labeling of the product lists visual disturbances in the
adverse e¡ects section, the manufacturer may consider this an expected
event.However, since complete loss of vision ismore severe than the descrip-
tion in the labeling, this ADE would be classi¢ed as unexpected rather than
expected. The key here is that manufacturers should not give the FDA the
impression that reports or details of reports are being hidden or glossed over.
It is important to note that by submitting an ADE report to the FDA, manu-
facturers are simply notifying FDA. As discussed earlier, it is not an admis-
sion of guilt or even agreement that the product caused the event.

It is important to correctly classify an ADE as either serious or nonser-
ious and either expected or unexpected. The classi¢cation of the ADE will
determine the type of report that is submitted to the FDA. ADEs that are
considered both serious and unexpected must be submitted to the FDA in
an expedited manner and are known as 15-Day Alert Reports. Manufac-
turers must submit these reports to the FDA as soon as possible, but in no
case later than 15 calendar days of the initial receipt of the information. All
other ADEs (those that are serious and expected, nonserious and expected,
or nonserious and unexpected) should be reported to the FDA as Periodic
Reports. Periodic Reports must be submitted at quarterly intervals for three
years from the date of FDA approval of the product, and then annually. Any
follow-up information received after the initial submission to the FDA
should be submitted to the FDA and should follow the same rules depending
on whether the original ADE report was classi¢ed as a 15-DayAlert Report
or Periodic Report.

During the investigation and submission of the ADE report to the
FDA, patient privacy should be maintained. The manufacturer should
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not identify patients by name or address in the reports. Instead, the
manufacturer should assign a unique code (e.g., patient’s initials or a
tracking number) to each report. In addition, names of patients, healthcare
professionals, hospitals, and geographical identi¢ers in adverse drug
experience reports are not releasable to the public under FDA’s public
information regulations.

Although there is some complexity at times, theADE reporting system
is e⁄cient and straightforward.The main goal of the requirement is to iden-
tify new or previously unrecognized adverse events that are caused by drug
products. This often results in the addition of safety information to a pro-
duct’s labeling, but can also lead to more severe actions like product recalls
or withdrawals. In any case, the objective is to expand the information avail-
able to the medical community and the public regarding a product’s adverse
event pro¢le and therefore increase public safety.
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Outsourcing Bioavailability and
Bioequivalence Studies to Contract
Research Organizations

Patrick K. Noonan

PKNoonan & Associates, LLC, Richmond,Virginia, U.S.A.

1. WHY OUTSOURCE?

1.1. What is the Goal/Reason for Outsourcing?

Contract Research Organizations (CROs) provide amuch needed service to
the pharmaceutical sector. Full service CROs o¡er a comprehensive
selection of capabilities,while smaller ‘‘niche’’CROsmay focus on a narrow
segment of services (e.g., clinical or analytical only). All of these organi-
zations ful¢ll a need in that they provide the services necessary for the
approval of new clinical entities or generic drug products. A sampling of

Many of the larger pharmaceutical companies have in-house capabil-
ities for most, if not all, of these services. For example, many often have their
own clinical and bioanalytical units that provide full support for Phase I
studies. However, even these internal resources can become saturated due
to the drive to develop more compounds in shorter time intervals.

Unlike their larger counterparts, the smaller companies, virtual ¢rms
and generic companies do not have the luxury of their own dedicated clinical
unit or full in-house capabilities and are required to outsource their clinical
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these services is included inTable1.



trials, including bioavailability (BA) and bioequivalence (BE) studies.
Although generic companies have internal resources for product
development, manufacturing and release testing, they do not have clinical
and bioanalytical capabilities.

It is critical that the CRO and client realize the importance of close
collaboration and seamless communication between their organizations.
This collaboration is necessary to achieve study success in a timely manner.
Key elements necessary for success include:

� Communication at all levels between the CRO and the pharma-
ceutical company.

� Sensitivity to both the project speci¢c requirements and timelines.
� Flexibility to recognize and adjust to unexpected events throughout

the project timeline.

As the number of outsourced services may vary with each client, it is impor-
tant that the CROs demonstrate a £exible attitude and responsive approach
that will enable a better partnership with the pharmaceutical company.

1.2. Outsourcing Relationship: Vendor vs. Partnership

Prior to selecting a CRO,a company needs to evaluate their goal for outsour-
cing and assess the relationship they wish to have with the CRO. The most
common relationships include the CRO as a vendor, a preferred provider or
a development partner.

TABLE 1 Check Sheet ProvidingTypical Services Outsourced for BA=BEStudies

Service Sponsor (�) CRO (�)

Bioanalytical Analysis
Bioanalytical Site Selection and Qualification
Clinical Study Design
Clinical Protocol Development
Clinical Site Selection and Qualification
Clinical Conduct
Clinical Monitoring
DataManagement
Pharmacokinetic Analyses
Statistical Analyses
Pharmacokinetic ReportWriting
Integrated ICHReportWriting
ProjectManagement
FDA=Regulatory Consultation
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1.2.1. Vendor

Some projects may require only a ‘‘one-o¡ ’’ type of relationship; that is,
the outsourced project is a one-time event and there is no need for a
long-term relationship with the CRO. Some questions that need to be
resolved include:

� Is the project a one-time event?
� What is most critical to the company: timing or cost?
� Will the deliverable be a commodity that is awarded to the CRO

with the lowest price?
� Will the study be awarded to the CRO with the earliest dosing date

and fastest timelines?
� Does the ¢rm require a single service CRO (e.g., bioanalytical

services)?

Outsourcing managers are cautioned to avoid the ‘‘commodity’’ mindset.
Many CRO services are considered to be or are evaluated as if the service
was a commodity. Commodities are purchased based on price; quality
and value are all considered to be equal (between brands, or CROs).
Unfortunately (for the accountants), this mindset is not generally successful
in the drug development arena and the phrase ‘‘you get what you pay for’’ is
applicable. In the long run, it is important to also focus on quality, timelines,
and service level when considering contracting a single service.

1.2.2. Preferred Provider

A preferred provider or vendor relationship=agreement works in two direc-
tions. It is assumed that the company or sponsor prefers to give work to those
companies with which it has developed this relationship. In return, the
CRO is expected to provide better than average timelines and prices. Often
these agreements provide for a tiered discount (that is, the more studies that
a client places with the CRO, the greater the discount on the pricing).

1.2.3. Partner

As mentioned above, an e¡ective CRO=client relationship requires close
collaboration and seamless communication to achieve study success in a
timely manner. The best outsourcing results are obtained when pharma-
ceutical ¢rms develop a long-term partner relationship with a quality CRO
(or at least assume a partner ‘‘mentality’’or perspective).

Partners work towards a common goal and bene¢t. It is important
to realize that CROs are made up of individuals who value their work. To
them, their work is more than just a commodity. Partnering with these
individuals results in a feeling of ownership; this type of relationship will
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motivate individuals to gobeyond theminimum requirements andwill result
in a higher quality end product.

As a full development partner, a CRO will help to develop the entire
program. As a partner, the CRO has a vested interest in the success of the
program and will run with it as if it were its own drug product. Virtual
pharmaceutical companies, that do not have the in-house expertise for full
development, must rely on consultants or a full service CRO to assist
with the successful development and execution of their program. Although
most CROs do not provide the capabilities for full partnership, a few have
demonstrated that they can successfully develop a drug product from
inception to clinical proof-of-concept.

1.3. Timing/Cost Considerations

Outsourcing becomes attractive, even to those companies who have
in-house resources, when these resources are committed to di¡erent pro-
jects. Timing and costs are two major considerations that come into play
when a pharmaceutical company decides to outsource.

Timing is a major consideration for many projects. Although most
Phase I studies are not a critical path to an NDA submission, there are times
that bioavailability data are necessary to design aPhase IIor III study.Occa-
sionally, a bioequivalence study, comparing the Phase III formulation with
the ¢nal marketed product, becomes rate limiting for an NDA submission.
At these times, outsourcing is necessary and cost e¡ective since approval
(and marketing) delays can be quite costly when compared to lost revenue.

Generic BE studies are often on very tight timelines since the com-
pany’s objective is to ¢le an ANDAwithin 3^4 months of manufacturing the
clinical lot. The goal of most Generics is to be the ¢rst to market because
the ¢rst generic approval provides that manufacturer with a higher pro¢t
margin. Each additional approval increases competition and decreases
prices (eroding margins).Timing is even more critical when a generic manu-
facturer intends to ¢le an ANDAwith a paragraph IV patent certi¢cation.
The ¢rst generic to ¢le (as a paragraph IV) is entitled to 6months of exclusiv-
ity (i.e., no generic competition). Six months of exclusivity (for branded or
generic products) provide a substantial ¢nancial incentive to the
pharmaceutical ¢rm. Therefore, since it is critical that the bioequivalence
trial be completed expeditiously, these companies approach CROs to
provide dedicated resources that can meet the company’s timeline.

For those studies where timing is not critical, many companies evalu-
ate cost as a basis for outsourcing. These companies will send an RFP
(request for proposal) to a number of CROs.The CROs, in turn,will provide
study quotations that detail the price for the services. Interestingly, many
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companies will compare internal costs vs. the cost to outsource. However,
this comparison often includes only ‘‘out-of-pocket’’costs (internal salaries)
and does not include overhead expenses (bene¢ts, o⁄ces, computers,
training, etc.).

It is important to compare ‘‘apples to apples’’ when comparing costs=
prices (both internal and external). Companies comparing internal
costs should utilize all costs (not just salaries).When comparing bids from
multiple CROs, it is also important to assess both the prices and deliverables
from each CRO. An RFP that is not clearly written may yield a number
of proposals with a wide range of prices. It is important for each CRO to
identify the assumptions and deliverables behind each proposal. Firms may
be disappointed with the end-results if they select a CRO based on price
alone.

2. IDENTIFICATION OF APPROPRIATE CROS

It is important that your CROhas validated corporate procedures for all seg-
ments of clinical study conduct. These procedures are used to ensure that
all aspects of a study, including but not limited to clinical conduct, labora-
tory analysis, data management, biostatistics, pharmacokinetics, and medi-
cal writing, are performed in compliance with Good Clinical Practices
(GCP),Good Laboratory Practices (GLP), and other applicable regulatory
practices and guidelines.These procedures, in short, guarantee the credibil-
ity of the data and protect the rights and integrity of the study subjects.

2.1. Assessment of Capabilities and Experience

Before ‘‘shopping’’ for a CRO or vendor, a company needs to ¢rst identify
speci¢c services to be outsourced. If the pharmaceutical company has pro-
ject management resources available, then it may be able to work withmulti-
ple vendors to complete a single study. For example, the company could
separately contract with a clinical facility (a university clinic, a commercial
standalone clinic or a CROwith clinical capabilities), an analytical unit and
a pharmacokineticist to write the report. Note that the company could also
contract the project management duties to one of these three vendors.Alter-
natively, the company could contract with a CRO that provides clinical,
bioanalytical, pharmacokinetic, statistical and report writing services.This
‘‘one stop shopping’’ generally facilitates the conduct of these studies,
assuming that the CRO can provide the experience and meet the company’s
timeline and pricing expectations.

In order to identify the CRO that will conduct a potential study, it is
necessary to ¢rst develop a list of potential CROs. The list will be made up
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of those CROs that provide all services and those that provide clinic only or
analytical only services. The list is often comprised of those CROs with
which the company (or individuals) have worked with in the past. Although
there are many CROs that advertise in the trade publications, most of these
will not have the necessary BA=BEexpertise or capabilities that are required
for the study.Thus, the company will need to evaluate all CROs andwill need
to make the initial ‘‘cut’’. Evaluating the experience and capabilities of the
CROand their ability tomeet the company’s timeline are the ¢rst two screen-
ing criteria.For the purpose of this discussion, it is assumed that the pharma-
ceutical ¢rm will use a single CRO for all services. For those companies
who prefer to subcontract the clinical, bioanalytical, and pharmacokinetic
resources, the mechanism to identify the most appropriate vendor is the
same, but must be repeated for each vendor.

2.2. Clinical Capabilities

The ¢rst step to CROquali¢cation is the assessment of their capabilities and
experience.The ability of a CRO to recruit a particular patient or volunteer
population is a primary requirement.The CRO should be able to recruit the
entire study population at a single center, preferably as a single group.
Healthy volunteer populations are the easiest to recruit; however, some stu-
dies may require large numbers of subjects or replicate designs. In these
cases, the ability of the CRO to recruit this large population as a single group
should be assessed.When conducting replicate design studies, the dropout
rate is often higher than a simple two period crossover design. As always,
the CRO clinic should be capable of recruiting an adequate number of
subjects to account for dropouts. Some drug products also require special
populations. For example, estrogens are generally dosed to postmenopausal
females. Other drugs may be targeted to an elderly population. It is
essential that the CRO be assessed for its ability to recruit these special
populations.

2.3. Bioanalytical Capabilities

Just as the clinical capabilities must be assessed, the bioanalytical
capabilities are equally important. Validation lists (lists of analytical
methods that are currently available and validated) are available from most
CROs. It is critical that the bioanalytical facility be experienced in analyzing
the drug (and metabolite, as appropriate) and should be able to provide a
written validation report.The validation should be assessed prior to award-
ing the study, or at least prior to dosing. In addition to having an appropri-
ately validated method, the facility should follow cGLPs and have a clean
FDA inspection history.
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2.4. Pharmacokinetic Capabilities

Most companies focus primarily on the clinical and bioanalytical capabil-
ities for CRO selection. However, the pharmacokinetic capabilities should
also be critically assessed.The CRO should have validated pharmacokinetic
and statistical programs in place and should be compliant with 21 CFR
Part11 (especially in regard to change control).

2.5. Timeline Assessment

The list of CROs that meet the company’s clinical, bioanalytical, and phar-
macokinetic criteria must be assessed for their ability tomeet thecompany’s
timeline. The CRO must be able to meet the timelines as established by the
company management team. In the rare instance that no CRO can meet the
timeline, then the company may need to reassess their strategy and internal
submission timelines.

Often the large list of commercial CROs and=or laboratories can be
whittled down to between one and three candidates at this point. Once the
list has been narrowed, the candidate CRO sites should be evaluated
‘‘in person’’. If, however, too many sites are viable candidates, the sites can
be ‘‘interviewed’’ via telephone to evaluate their quali¢cations. However,
the ¢nal candidate should be quali¢ed with an on-site inspection.

3. CRO QUALIFICATION

3.1. Due Diligence

If the pharmaceutical ¢rm has used the CRO in the past, they should objec-
tively evaluate their past experience with this CRO. If the experience was
good, the ¢rm should identify those components that were successful and
insure that they are used for their new study. However, caution should be
exercised anddue diligence pursued if the new study requires a di¡erent sub-
ject population or analytical technique. For example, a CROmay specialize
in recruiting healthy male and female volunteers, but may have di⁄culty in
the recruitment of postmenopausal females. Similarly, a successful bio-
analytical project using LC does not guarantee success with more complex
methods such as LC=MS. On the other hand, if the ¢rm had a negative
experience with a particular CRO, the ¢rm should objectively assess the
cause of that experience.

All CRO evaluations should begin with an assessment of information
in the public domain.The ¢rm should obtain copies of past FDA inspection
reports (483s and Establishment Inspection Reports fEIRsg) through the
Freedom of Information (FOI). Also, the ¢rm should request any FDA
warning letters that may have been issued to the CRO.
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TheCROshould provide the client with awritten and signed statement
that neither theCROnor any of its employees or any subcontractors hasbeen
debarred by the Food and Drug Administration (under the provisions of the
United StatesGenericDrug EnforcementAct of1992).TheCROshould also
provide performance metrics used for tracking timelines and ¢nancial
metrics. The company should request ‘‘references’’; these references should
include those companies which outsourced studies that resulted in
successful ANDAor NDA approvals.

The ¢rm should carefully evaluate any external providers (subcontrac-
tors) that the CRO proposes to employ (for example, clinical labs, medical
specialists, specialized assay laboratories). The success of the clinical
program (in this case a BAor BE study) is dependent on the weakest link.

Another important aspect (but one that is di⁄cult to objectively assess)
is the support that will be provided by the study programmanager.This indi-
vidual is responsible for overseeing the various functions within the CRO
and often functions as the ‘‘program champion’’, and must be capable of
managing a multi-disciplinary development team. The program manager
also manages timelines and serves as communication facilitator within the
CRO team and between team and sponsor. This individual has a focus on
overall objectives with eye on the ¢nal deliverable and timelines.

The larger CROs have expertise in a number of therapeutic areas and
can provide consulting capabilities if needed. Although some CROs provide
some limited gratis consulting, the real expertise is usually available on an
hourly billing rate.The consulting that is available in the larger CROs covers
regulatory, medical, clinical, biopharmaceutics, pharmacokinetic, and sta-
tistical issues. Availability of this consulting is key when the ‘‘unexpected’’
happens during the study conduct. The unexpected can include analytical
failure or unanticipated adverse events, abnormal pharmacokinetic
behavior or inability to prove bioequivalence.

After evaluating the credentials and performance metrics of each
CRO, the sponsor should physically visit and audit the clinical, bio-
analytical, and pharmacokinetic capabilities of the CRO.

3.2. Clinical Site Qualification/Audit

The sponsor should conduct a site quali¢cation visit. In addition to a
cGCP site audit, this evaluation should include an assessment of the areas

3.3. Bioanalytical Site Qualification

Candidate CROs for bioanalytical laboratory work (for drug, metabolite
and=or biomarker assays) should also be assessed. The personnel, their
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quali¢cations, and analytical method, and validation should be assessed
prior to awarding the study. The company audit should also include cGLP
compliance and an assessment of the laboratory’s inspection history. Copies
of the inspection history with all FDA 483s and EIRs should be reviewed.
Laboratory project management should be assessed for their ability to
coordinate all processes with the client, clinic, and pharmacokineticist.

Finally, the CRO should provide written documentation as to the
content of the ¢nal analytical report that should contain additional project
speci¢c validation data (e.g., frozen matrix stability determined for the
length of sample storage�i.e., from time of ¢rst clinical sample collection
to the time that the last sample is analyzed) to support the BA=BE study.
The FDA requires that full validation be performed to support bioavailabil-
ity and bioequivalence studies in new drug applications (NDA) and
abbreviated new drug applications (ANDA) (1,2).

TABLE 2 List ofThoseAreas to be Included in the Clinical SiteAssessment

Check (�) when complete

Clinical site evaluation
Assess the volunteer (or patient) population pool
Evaluate CROprocedures for handling anunexpected
and serious adverse event (AE) investigation

Assess training records for the clinical team
Evaluate CRO’s ability to coordinate plasma=urine
shipments to different bioanalytical facilities

Assess ability to coordinate functional handoffs (e.g.,
timely delivery of protocol to clinic, samples to lab,
bioanalytical data to the pharmacokineticist)

Assess clinical project management capabilities

Clinical data management
Assess the validation of the data collection system
Evaluate query generation, SOPs, CRF and database
correction, change control

Evaluate clinical deliverables
CRFs (CRO or sponsor format)
Data Base (when applicable)
Blood=plasma=urine collection procedures=SOPs and
transport procedures to bioanalytical unit

Content of the written clinical report (i.e., CRO
clinical report to be incorporated into the final study
report)
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3.4. Pharmacokinetic Site Qualification

The pharmaceutical ¢rm should also qualify the CRO site (or department)
that is responsible for PK and statistical analyses and completion of the ¢nal
integrated report (and possibly the EVA). The group should have all
programs fully validated according to FDA programming guidelines.
During the pharmacokinetic site audit, the following areas should be
carefully assessed:

� Quali¢cations of pharmacokinetic and statistical personnel.
� Validation of pharmacokinetic and statistical programs (usually

SAS).
� Compliancewith 21CFR Part11.At the time of this publication, full

and complete compliance with Part 11 was not being enforced.
However, the CRO should have a written plan and timeline for
bringing all postlaboratory functions into compliance.

� Evaluate format and completeness of pharmacokinetic tables and
graphs, statistical output (listings) and a mock ¢nal report.

3.5. Culture

Although culture can not be quantitatively assessed, it is important to con-
sider the following key areas:

� Is the culture of the CRO compatible with that of the pharmaceuti-
cal company?

� Does the ¢rm expect the CRO to make all decisions with regard to
minor protocol deviations?

� Does the ¢rmwish to manage all communications and decisions?

4. COMPETITIVE BIDS/DEFINING THE DELIVERABLES

In an e¡ort to quickly place a clinical study, the development of the RFP
(request for proposal) may be rushed and result in a document that is subject
to various degrees of interpretation. In light of this, it is important for
companies to carefully evaluate competitive bids to assure that each CRO
has made the same set of assumptions.

4.1. Final Report Content and Format

Ideally, the development of an e¡ective RFP and proposal should begin with
the outcomes in mind. That is, the focus on the proposal should begin
with the objective of a ¢nal deliverable (the report) and should include a
description of the content and format of the ¢nal report.
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4.1.1. FinalWritten Report

CROs work with a large number of di¡erent clients; each client often has
their own report format preferences.Therefore, if the RFP does not speci¢-
cally address the report format, the CRO often will make an assumption
regarding the report format. This assumption may or may not be explicitly
stated in the resulting proposal.This assumption canmake or break a propo-
sal since the report format assumes anumberof other importantdeliverables.

A full ICH-formatted report requires a substantial amount of data ana-
lysis of all data in theCRFs (CaseReport Forms).Thus,theCROstatisticians
will provide additional statistical tables, analysis listings, and graphs. This
additional work increases the cost of the study due to the additional statisti-
cal and medical writing man-hours needed. Although these data may be
required for an NDABA study, they are not required for a generic BE study.

Many CROs have developed their own ‘‘standardized’’ format for bio-
equivalence studies which, although quite abbreviated, is adequate for sub-
mission to OGD (the FDAO⁄ce of Generic Drugs). These reports include
a relatively short summary of the clinical and analytical conduct and the
pharmacokinetic and statistical results. The clinical report, analytical
report, CRFs, and statistical output are merely attached to the report as
supportive documentation. This report format requires fewer man-hours
and is substantially less expensive that its ICHcounterpart.

If the client requires a report thatmay alsobe submitted (at a later date)
to the European Authorities, then they may expect a report suitably for-
matted for ICH.However, if the CRO assumes a report formatted for OGD,
then the client will not be satis¢ed with the ¢nal product (i.e., report). On
the other hand, if the CRO assumes that an ICH format and content are
necessary, but the client requires only the more abbreviated OGD report,
then the price of the study will be much higher than needed. The CRO
will appear to be noncompetitive with other CROs that assumed an OGD
format.

4.1.2. Electronic BE Study Reports (EVA) (6)

The FDAO⁄ce of Generic Drugs currently recommends that all BE studies
be submitted electronically within 30 days of submission of the ‘‘paper’’
application. The EVA (Entry Validation Application) is not a requirement,
and not all companies submit an EVA. If a sponsor company anticipates that
they will be submitting an EVA, then this fact should be included in the
RFP. In order to meet the 30-day timeline, the CRO needs to work on the
EVA in parallel (at the same time) as the paper report.

Once a sponsor decides that the EVAwill be included as part of thedeli-
verables, then a number of additional considerations must be addressed.
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The EVA and ‘‘companion document’’ contain all data needed for an FDA
Biopharm review. This includes a number of CMC-related items (for all
product strengths within the ANDA) that are not normally provided to
CROs. For example, qualitative and quantitative composition, dissolution
pro¢les, batch sizes, and manufacturing dates are required ¢elds that
should be entered into the EVAdatabase.

The FDAprovides a degree of latitude for these data; that is, a sponsor
(or the CRO) does not have to enter these data but can reference the paper
application.However, if these data are going to be included in the EVA, then
the sponsor must decide (early in the process) as to whether the CRO or the
sponsor will enter these data into the database. If the CRO provides the data
entry, then these data must be provided in a timely manner. However, many
sponsors consider these CMC data to be highly con¢dential and may insist
that their own regulatory a¡airs department enters these data. In this case,
the CRO must have both the report and the EVA prepared one to two weeks
before the deadline in order to allow su⁄cient time for the client to enter
and review these data.

4.2. Clinical

4.2.1. Protocol Development

Prior to 1999, the FDAO⁄ce of Generic Drugs published a large number of
drug-speci¢c guidances that provided the basic information needed to con-
duct a generic BE trial. However, FDA determined that they could not sup-
port the development and maintenance of these guidances and provide
timely reviews of abbreviated drug applications.With the publication of gen-
eral BA=BEGuidance, the Agency ‘‘withdrew’’ the drug-speci¢c guidances.
Although the FDA now expects the Pharmaceutical Industry (and CROs)
to determine the optimal protocol design and criteria necessary to establish
bioequivalence (or bioavailability), they will review protocols on a case-by-
case basis. However, at the time of this publication, these protocol reviews
were placed in the review queue at FDA and this review often took between
three and six months.

Since these drug product speci¢c guidances are no longer available (3),
it is important that an RFP speci¢es the expectations for protocol develop-
ment.Three possible options exist, each with a di¡erent cost structure:

Level 1: Client provides ¢nal clinical protocol.
Level 2: Client provides protocol ‘‘outline’’ including design and all

speci¢cations; CRO provides ¢nal protocol.
Level 3: Client provides objective; CRO provides design and

protocol.
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Unless the sponsor provides the ¢nal clinical protocol (as in Level 1),
the following items must be addressed in the RFP in order to obtain an
accurately priced study.

4.2.2. Protocol Format

Some pharmaceutical ¢rms are quite strict when it comes to formatting
requirements. If the ¢rm requires the CRO to follow a speci¢c format
(developed by the company) then this information (and the format) should
be provided within the RFP. On the other hand, many companies do not
have a preference for protocol format. They are only concerned that all of
the relevant parameters are included in the protocol. For these companies,
CROs can often provide a standardized (and shorter) format for less money.
Another advantage to using this standardized approach is that the CRO
clinical personnel are often more familiar with the CRO format which will
result in fewer questions back to the client.

4.2.3. Clinical Study Population

Many, if notmost,BA=BEstudies are conducted in healthy volunteers. In the
past, apparently in order to reduce variability and liability, most sponsors
chose to perform most BA=BE studies in healthy, young, male volunteers.
However, the most recent FDA guidance for BA=BE studies (3) states as
follows:

Unless otherwise indicated by a speci¢c guidance, subjects
recruited for in vivo BE studies should be 18 years of age or older
and capable of giving informed consent.This guidance recommends
that in vivo BE studies be conducted in individuals representative
of the general population, taking into account age, sex, and race
factors. If the drug product is intended for use in both sexes, the
sponsor should attempt to include similar proportions of males and
females in the study.

The FDA guidance provides leeway for the clinical study population. How-
ever, the RFP needs to speci¢cally address the expected composition of the
volunteer population. In order to expedite recruitment, it is best to usemales
and femaleswithout specifying a speci¢c ratio of males to females.The study
population is also de¢ned by the drug product; for example, an oral contra-
ceptive BE study would be conducted only in females while that for a
hormone replacement product should be conducted in postmenopausal
females. Given the di⁄culties in recruiting some of these special
populations, it is important that the sponsor de¢ne (up-front) the maximum
number of dosing groups that may be allowed.
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4.2.4. Inclusion=Exclusion Criteria

The protocol inclusion=exclusion criteria such as acceptable ranges for age
andweight, race restrictions andwhether smokerswill be allowed to partici-
pate can a¡ect the clinic’s ability to recruit and can have a signi¢cant e¡ect
on the cost of the clinical trial. The FDA BA=BE guidance (3) continues as
follows:

If the drug product is to be used predominantly in the elderly, the
sponsor should attempt to include as many subjects of 60 years of
age or older as possible. The total number of subjects in the study
should provide adequate power for BE demonstration, but it is not
expected that there will be su⁄cient power to draw conclusions for
each subgroup. Statistical analysis of subgroups is not recom-
mended. Restrictions on admission into the study should generally
be based solely on safety considerations. In some instances, it may
be useful to admit patients into BE studies for whom a drug product
is intended. In this situation, sponsors and=or applicants should
attempt to enter patients whose disease process is stable for the
duration of the BE study. In accordance with 21 CFR 320.31, for
some products that will be submitted in ANDAs, an IND may be
required for BE studies to ensure patient safety.

Since a BA=BE study for any given drug product may or may not require
special inclusion criteria, it is best that any expectations be documented in
the RFP. These criteria will a¡ect recruitment and the study cost; when
comparing proposals between di¡erent CROs, it is best to evaluate any
additional assumptions that the CROmade with regard to these criteria.

4.2.5. Lab Chemistries=SpecialTests=Physicals

The number of lab chemistries, physical examinations (by a physician), and
special tests (such as ECGs, x-rays, blood glucose monitoring, special
biomarkers, etc.) will have a signi¢cant e¡ect on the cost of the study.
Although the protocol may be very speci¢c regarding the timing and
numbers of tests, this information must be present in the RFP in order to
provide an accurate proposal.

4.2.6. Dose and Safety Considerations

Formostdrug products,theRLD(reference listeddrug) and strength(s) tobe
used in the BE study are provided in the FDA‘‘Orange Book’’ (4).Generally
the dose of the RLD is safe to administer to healthy volunteers. However,
for some drug products, that dose may cause adverse events and the clinical
trial will require additional safety considerations. For example, prazosin
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has a signi¢cant ¢rst dose e¡ect that is exhibited by marked postural
hypotension; prazosin studies usually require that volunteers stay in a
reclined position for several hours after dosing and that blood pressure be
routinely monitored. Diltiazem and other calcium channel blockers can
cause signi¢cant AV block; studies with this drug should include serial lead
II ECGs in order to monitor for cardiac adverse events.

Since it is in the best interest (and required by the IRB) for both the
CRO and the pharmaceutical company to ensure subject safety, any known
adverse events should be communicated early in the RFP process so that
safety procedures can be included in the study budget. If this information is
left out of the RFP, then competitive bids may or may not include safety
considerations (depending on each CRO’s experience with the drug) that
could result in two proposals with very di¡erent prices.

4.2.7. Clinical Conduct

Clinical bids are based on the version of the study outline or protocol
submitted with the RFP. A number of factors a¡ect the price of clinical
studies. Some of these are shown below:

� Population (volunteers vs. patients, males vs. males and females,
postmenopausal females).

� Number of volunteers or patients.
� Inclusion=exclusion criteria.
� Volunteer stipend.
� Number of lab chemistries and special tests (ECGs, blood glucose

monitoring, etc.).
� Dose (with regard to safety and adverse events).
� Washout period.
� Number of blood draws and urine collections and times of

sampling.

Protocol revisions or amendments that change or add services, including but
not limited to labs, samples, procedures, personnel or clinical summary
report writing,will usually require a revised or amended cost quotation.

4.2.8. Clinical Database

Aclinical database (which contains all of the information on the case report
forms) is not necessary for BE submissions to the O⁄ce of Generic Drugs.
Also, it is rare that such a database would be required by FDA for a single
dose BE or BA study (in volunteers) to support an NDA submission. How-
ever, some companies require all CRF data to be entered into a database so
that these data can be included in the overall safety database for the NDA.
It should be apparent that inclusion of such a database will increase the cost
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of the study. Companies should carefully review proposals from CROs to
determine if such a database has been included.

4.3. Bioanalytical

Any bioanalytical method used for a human BA=BE study should conform to
current FDA guidance (2) on analytical validation and should be conducted
according to FDAcGLP (current good laboratory practices).

4.3.1. Bioanalytical Method=Technology Requirements

Generally the technology used for bioanalysis is dependent on the require-
ments for sensitivity, speci¢city, accuracy and precision, and throughput. It
is not necessary to use a mass spectrometry (MS) assay when these needed
criteria can be met using HPLC or GC methods. In fact, most CROs charge
more for assays that are based onMS as compared to those using HPLC.

Ideally, any CRO should have a validated analytical method in place
prior to dosing the clinical trial. On occasion, a pharmaceutical company
may need to contract the method development and validation to a CRO.
Since the method ruggedness is dependent on the development and
validation processes, these processes should be closely evaluated prior to
committing a BAor BE study to any CRO.

4.3.2. ProjectTimelines andTurnaroundTimes

Project timelines are highly method-speci¢c. Sample analysis timing and
throughput should be discussed,understood, and agreed uponbefore project
agreement. Most CROs have standard turnaround times that will apply
unless they are otherwise negotiated. It is also important to negotiate the
timeline for the ¢nal written analytical report otherwise standard CRO
timelines will be assumed. These standard timelines may be acceptable;
however, it is important to get all timelines committed in writing.

4.3.3. Analytical Report and Data Format

If a client-speci¢c bioanalytical report format, template, or ¢le is to be used
to record data, the format, template,or ¢le, along with any instructions,must
be provided to the laboratory before or with the shipment of samples.
Sponsors should be aware that implementation of client-speci¢c formats
may result in additional charges.

4.3.4. Assay of Samples from Placebo-treated Subjects

Generally, samples from placebo-treated subjects are not an issue with BE
studies. However, some BA studies may include placebo treatments so that
safety can be more appropriately evaluated. For these studies, it is essential
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to communicate with the CRO regarding the handling and analysis of these
samples. All CROs will charge for each sample that is assayed; some CROs
will assay all samples, whether or not they were generated in a placebo-
treated subject. If the ¢rm does not require placebo-treated samples to be
analyzed (since they generally would not provide anymeaningful pharmaco-
kinetic data), it is important to provide the randomization schedule to the
laboratory before analysis.

4.3.5. SOPs

There must be prior agreement and upfront expectations with regard to
SOPs. Some ¢rms require that the CROs follow the ¢rm’s SOPs while other
companies permit the CRO to operate under their own SOPs. Since the
scope of work is a¡ected by the standard operating procedures, this speci¢-
cation must be de¢ned during the RFP process and in the CROs proposal.

4.3.6. Bioanalytical Sample Handling, Shipping, and Storage

Samples originating inHIV-exposed,or other infectious subject populations
may involve liabilities to clients, clinics, couriers, and laboratories. These
samples will require special documentation, shipping, and handling. The
clinic, shipping service, regulatory agencies, customs authorities, and the
bioanalytical laboratory must be formally noti¢ed of all special handling
requirements before shipment to the laboratory. Thorough documentation
of potentially infectious samples must be included with each shipment
container.

Incomplete, illegible, or con£icting information in the sample inven-
tory documentation may delay analytical timelines. Most CROs will accept
electronic sample inventory information ¢les; these should be received with
the samples provided to the CRO with the electronic information that will
be used to support the ¢nal analytical report.

Sample storage conditions must be described in the protocol and are
usually dependent on the conditions used for the analytical validation. The
samples should be stored using conditions consistent with the validation.
Long-term storage charges should be negotiated with each CRO.

4.3.7. QualityAssurance

All bioanalytical data should be reviewed by and released from the labora-
tory’s Quality Assurance Unit. Although the laboratory may provide data
that are reviewed via a quality control process, these data should not be
considered ¢nal until after the QA audit and release.Note that QA approved
data are especially important for GLP studies. The timelines for the ¢nal
QA-approved data and bioanalytical report should be part of the
negotiations with each CRO.
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4.3.8. Miscellaneous Bioanalytical Billing Practices

As mentioned earlier, most CROs charge on a per-sample pricing basis
(based on the number of samples assayed).However, it is important to point
out that the sample count may change without the laboratory’s knowledge.
For example, the study protocol may be altered to dose fewer (or more) sub-
jects or subjects may drop out of the study due to adverse events. Thus the
¢nal analytical price (based on the number of samples received and assayed)
may di¡er from that in the proposal. Also, some CROs charge for additional
sample analyses when sample concentrations exceed the calibration range;
in these cases, the samplesmust be diluted and reassayed.Additionally, some
CROs may charge for client-requested repeat analyses (e.g., for reanalyzing
samples that appear to be pharmacokinetic outliers or fall outside of the
calibration range). Although FDAdiscourages this practice, many pharma-
ceutical clients still require aberrant samples to be repeated. In these cases,
it is important that the company consider the CRO policy for reassays prior
to awarding a study to any particular CRO.

4.4. Pharmacokinetic and Statistical Analyses

4.4.1. Pharmacokinetic Analyses and Statistical Assessment
of PKData

The costs of providing pharmacokinetic services are dependent on a number

in the protocol or be explicitly stated in the RFP.

4.4.2. Statistical Assessments

The costs of providing statistical services are also dependent on a number of
variables. This information must be explicitly stated in the RFP or must be
available to be extracted from the protocol:

� Since the statistical analysis plan (SAP) is a long and comprehen-
sive document, the number of review cycles that the client company
expects can have signi¢cant e¡ect on the cost of this document.

� Expedited timelines for production of statistical tables, listings and
graphs can a¡ect the cost of this deliverable.

� Requirements for client-speci¢c table, listing, and graph formats
can a¡ect the cost of these services.Most CROs o¡er standard for-
mats (which are ready for ICH-recommended NDA appendices).
These standard formats should be considered if cost is a signi¢cant
factor for the client company.
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� The number of unique tables, listings, and graphs will a¡ect the
cost.

� The complexity of the statistical analyses will a¡ect the cost.

5. PROPOSAL REVIEW

Once the RFP has been compiled and submitted, each CRO will provide a
detailed proposal. These proposals should be carefully evaluated to assure
that eachCROused the same set of assumptions.This is especially important
when the company has submitted an RFP with only minimal information
or with information that could be subject to interpretation.When comparing

TABLE 3 Checklist of Pharmacokinetic Study Requirements that Should Be Included
in the RFP

Check (�)

Pharmacokinetic analyses Noncompartmental
Compartmental
modeling

Specific software requirements SAS
WinNonlin
Other (Specify)

Bioequivalence analysis Average BE
Population BE
Individual BE

The number of analytes andmatrices (e.g.,
parent drug only in plasma vs. parent plus
threemetabolites in plasma andurine)

Enter the number
of plasma analytes

Enter the number
of urine analytes

Enter the number
of analytes in ‘‘other’’
matrix and identify

Pharmacokineticist responsible to
evaluate bioanalytical data for aberrant values

CRO
Client

Analytical and data base file formats CRO
Client

Timelines (i.e., expedited turnaround
within1^2 days may be a significant
cost variable for the CRO)

Normal
Expedited
Other (define)

Format requirement of pharmacokinetic
tables and graphs

CRO
Client
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the resulting proposals, it is important to make sure that all of the
pharmaceutical company’s criteria are met.

Often, study costs contained in proposals from di¡erent CROs may be
substantially di¡erent. These di¡erences may be explained by additional
assumptions contained within the proposal. For example, one CRO may
have assumed a larger dropout rate (due to adverse events) based on previous
experience with the drug. In order to meet the expected timeline, the CRO
may require (1) a larger stipend and (2) to dose a larger number of volunteers
in order to complete the required number of subjects. A di¡erent CRO may
not have had experience with the drug product and would have based their
proposal on dosing and completing the same number of subjects in the RFP
while providing a stipend that would be appropriate for drug studies which
have little or no adverse events.Thus, it is obvious that a simple comparison
of cost alone is not su⁄cient when evaluating the proposals.

A number of case examples are provided below which some of the
proposal di¡erences in BA and BE studies are demonstrated. These cases
were selected since they illustrate the dependency of cost on the complexity
of the data management, pharmacokinetics, statistics, and ¢nal report.

5.1. Generic BE Studies

A Generic Manufacturer wishes to outsource a BE study (or studies)
intended to establish the bioequivalence of their generic formulation with
that of the reference listed product.The goal of this program, then, is to pro-
vide a ¢nal written report containing all BE data required by O⁄ce of Gen-
eric Drugs (OGD), in a format acceptable to OGD. In this case, the CRO
should bid on either one or two studies (a fasting and perhaps a fed study
(5), depending on the FDA requirement for the food e¡ect study for this par-
ticular drug product). Since OGDdoes not require a comprehensive clinical
database, it is not necessary for the CRO to include a database in the propo-
sal. Also, since the client is only submitting the application to the OGD, a
fully integrated=ICH-formatted report is not necessary. Thus the proposal
should re£ect costs for one or twoBE clinical studies, bioanalytical services
(including report), and a ¢nal pharmacokinetic report (with minimal
statistics) which provides con¢dence intervals forCmax and AUC.

5.2. Generic Scale-up and Post-Approval BE Studies

AGeneric Manufacturer wishes to outsource the BE study intended to sup-
port the BE of a reformulated solid oral dosage form that is the subject of an
approved ANDA. Since the FDA does not require a comprehensive safety
database, the CRO should base their costs on a relatively simple BE trial
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and pharmacokinetic report that establishes the bioequivalence of the
reformulated drug product (with the reference listed product).

5.3. BA or BE Study for a New Chemical Entity

A pharmaceutical company is developing an NCE (new chemical entity) for
marketing approval in the United States and Europe. This company is out-
sourcing a bioavailability study comparing the bioavailability of a tablet (to
be used in Phase II and III clinical trials) to that of a solution. This client
has determined that they need an ICH compliant report and a clinical data-
base that can be integrated into their overall NDA safety database. In this
case, the CRO’s proposal should encompass much more than that in Cases 1
and 2. In addition to clinical and bioanalytical services, the proposal should
also include datamanagement, biostatistics, pharmacokinetics, andmedical
writing.

5.4. Drug Interaction Study (BA); Short Turnaround Time
from RFP to Proposal

An international pharmaceutical company is developing an NCE for
marketing approval in the United States and Europe. This company is out-
sourcing a drug interaction study; the RFP is based on a draft protocol and
the proposal had to be received within 3 days. This client speci¢ed that
they needed an ICHcompliant report and a clinical database for integration
into the NDA safety database.

In this case,oneCRObased their costs on the information contained in
the summary sections (a single analyte in plasma and a simple statistical ana-
lysis) while another CRO based their costs on a more in-depth analysis of
the protocol.Unfortunately, since the protocol was a draft, it provided con-
tradictory speci¢cations.The second CRO provided a budget based on addi-
tional data that required pharmacokinetic and statistical analyses on the
parent drug and three metabolites in plasma and urine. Additionally, this
CRO included a more comprehensive statistical analysis and, obviously,
their proposal was signi¢cantly more expensive than that of the ¢rst CRO.
If the company bases their CROchoice on price alone, then the project would
be awarded to the ¢rst CRO.Also, if the company did require the more com-
plex analyses, then this CRO will ask for an out-of-scope increase in budget
(and could be accused of a ‘‘bait and switch’’). It is clear that these parties
(the client company and both CROs) failed to communicate their assump-
tions.However, this is a common event when proposals need to be delivered
within a short timeframe.

As can be seen with these case examples, it is critical that the CRO
and company fully understand the objectives of the clinical trial and the
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speci¢cations of the deliverables. If the expectations are not clear, then it is
incumbent on both parties to communicate, understand, and discuss=
con¢rm all requirements.

6. CONTRACTUAL OBLIGATIONS BETWEEN CROS
AND SPONSORS

Contract terms and conditions provide the best controls that both the com-
pany and CRO have with each other. However, in the rush to get a study
initiated, contract considerations are often overlooked. These controls are
necessary since the FDA holds the company (not the CRO) responsible for
any contractor failures. A good contract provides the company with control
and remedies in the event of poor contractor performance.

When drafting a contract, the following areas need to be considered:

� Do the individuals, responsible for drafting the contract,
understand the objectives and details of the clinical trial?

� Is the contract speci¢c as to the duties?
� Is the scope adequately de¢ned?
� Is there a legal review by both the company and CRO?
� Are there acceptable objective performance standards?What stan-

dards are used to assess performance?
� Is a schedule for critical tasks included? A detailed description of

tasks should include monitoring, audits, data handling, and timing
of the clinical, bioanalytical, and ¢nal report.

� Any contract modi¢cations should include protocol amendments.
� The contract should provide details of mutual responsibilities.
� The contract should provide remedy for contract breechor substan-

dard performance. These remedies include discussion=mediation,
arbitration, and refund=rework if performance does not meet
contract speci¢cations.

� Does the contract provide for disclosure of FDA inspections
and=or inquiries?

� The contract should address intellectual property (e.g., patents,
copyrights, trade secrets) and use and disclosure of company
technology, data, and publicity.

Master Service Agreements (MSAs) are becoming popular with many
pharmaceutical ¢rms.These agreements enable companies to work under a
single agreement; individual projects are appended as attachments (some-
times called work orders) to the MSA. It is important that each amendment
contain precise speci¢cations, timelines, and any terms that may be di¡erent
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from the MSA.The MSA is a useful concept when it is necessary to quickly
begin a study. Since most of the legal wording has already been approved, it
is usually easier to append the work order and initiate the project.

7. PROJECT MANAGEMENT AND TIMELINES

It is important that theCROs appoint a projectmanager whowill be assigned
for the duration of the project and will serve as the central contact person.
The Project Manager’s responsibilities will include managing the technical
and administrative aspects of the study as de¢ned by the company.The pro-
ject manager will also coordinate the organization, implementation, and
management of the study. In addition, the Project Manager will interact
directly with the Clinical Project Director, Medical Director, Project CRA
and Compliance, Data Management, Biostatistics, Pharmacokinetic, and
Medical Writing personnel to ensure the e¡ective and timely completion
of the study.

7.1. The CRO/Client Project Team

Although the goal of outsourcing is to minimize the amount of e¡ort that a
company is required to perform, it is still incumbent on the ¢rm to invest
resources into study management, and to develop the optimal relationship
that will drive the program to success.

7.1.1. ProjectTeam for NDABA=BEStudies

Those companies that outsource NDA BAor BE studies need to assemble a
project team that includes individuals from both the client company as well
as the CRO. In addition to the Project Manager, and in order to facilitate
communication of all deliverables and expectations to the CRO, the client
company should include representatives fromContracts, Pharmacokinetics
(and Clinical Pharmacology if these are di¡erent departments), and
Biostatistics. As mentioned earlier, although they are not part of the project
team, both the CRO and company should identify individuals responsible
for ¢nance and legal issues.

7.1.2. ProjectTeam forANDABEStudies

ANDA BE studies are often outsourced using very little client company
participation. Most services are generally assigned to the CRO. The CRO
project team should include the clinical and bioanalytical project managers,
a pharmacokineticist, and a statistician.
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7.2. CRO/Client Team Meetings and Communications

For programs involving multiple studies, a ‘‘kick-o¡ ’’or initiation meeting
between the combined project team should be held. This should be
a ‘‘face-to-face’’ meeting at a client or CRO facility. To encourage open and
frequent communication, regular team meetings should be held via tele-
conference. The frequency of these meetings should be speci¢ed in the
project or program proposal.

8. RUNNING THE STUDY—THE DELIVERABLES

8.1. Prestudy Activities

8.1.1. Regulatory Documentation

Prior to drug shipment, the sponsor should collect, review, and approve all
regulatory documents required under the United States Code of Federal
Regulations (CFR) from the clinical site. Some of the more critical
documents include the following:

� Protocol: Signed by the Principle Investigator and approved by the
IRB.

� IRB approval letter together with a list of IRBmembers.
� Copy of the IRB-approved informed consent form to be used in the

study.
� Signed FDA Form 1572 and curriculum vitae for the principal and

sub-investigators.
� Laboratory certi¢cation and normal values.

Regulatory packets containing this information should be assembled and
delivered to the pharmaceutical ¢rm prior to shipment of drug supplies.
Timely collection of these documents is critical to ensure timely shipment
of the study drug to the study site. For most studies, it is expected that the
client will submit the regulatory packet to the FDA as part of an IND
orANDA.

8.1.2. Management of theTest and Reference Formulations

It is important for the pharmaceutical company to understand that the refer-
ence and test products must be at the clinical site with su⁄cient lead-time
to inventory and repackage according to the randomization. Usually, the
sponsor provides all drug products that are to be used in the BA or BE trial.
However, some sponsors request theCRO to purchase (through a local retail
pharmacy) the reference product for BE studies. It is critical that the sponsor
ensures that the CRO will purchase a su⁄cient amount (determined by the
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sponsor) of a single lot number andwith an expiration date that will cover the
duration of the study.Note that forANDA BE studies, the sponsor must test
the reference product for potency and dissolution.

If theCRO is responsible for repackaging the study drug products (into
unit doses for each volunteer) prior to dosing, then the materials must be
compatible with the drug products. This is especially important with labile
drug products that may be repackaged days or weeks prior to dosing. Some
clinical units dispense each subject’s dose into small paper envelopes. This
type of packaging may have an impact on the performance of a labile or
hygroscopic dosage form. It is best for the sponsor to provide containers
(bottles) that the CRO can use for repackaging the drug products.

8.1.3. PrestudyMonitoring

Many smaller ¢rms often disregard the need for clinical monitoring.
However, some monitoring is needed to ensure that all regulatory
procedures are being met and that the study is conducted according to the
protocol.The following areas should be reviewed with site personnel during
the initiation visit:

� Background information, including the Investigator Brochure for
the study drug and=or the product package insert(s).

� Protocol, study procedures, and associated forms.
� Regulatory requirements.
� Personnel training records.
� Ensure appropriate signed informed consent exists for each study

participant.
� Review investigator study ¢les for completeness.

8.1.4. The Project InitiationMeeting

Prior to study conduct, the CROshould hold a kick-o¡meeting that includes
all departments (e.g., clinical, analytical, PK, data management, biostatis-
tics, medical writing) and the client. If more than one CRO is involved, then
representatives fromeachCROshould be in attendance.The following areas
should be reviewed:

� Provide contact information for all project team members
(including the client project teammembers).

� Background information, including the Investigator Brochure for
the study drug and=or the product package insert(s).

� All study procedures within the protocol.
� Case report forms.
� Monitoring visit schedule.
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� Regulatory requirements.
� The statistical analysis plan.
� Hando¡s to other departments=CROs:

� Shipment of specimens for bioanalysis.
� Data transfers (including case report forms, data base,

bioanalytical data, statistical, and pharmacokinetic data).

� Timelines.

8.2. Conduct of the Clinical Trial

Assuming that the protocol was clearly written, most outstanding clinical
questions should have been addressed during the kick-o¡ meeting and the
clinical portion of the study should run with minimal sponsor input. How-
ever, the sponsor should not become completely complacent. It is advisable
to visit the clinic at least once to monitor the ¢rst dose of the study. Ideally,
this visit should begin the day before dosing in order to review regulatory
compliance and to physically observe dosing and execution of the protocol
procedures (which often begin by 7:00 am).

8.2.1. Clinical Monitoring

If the sponsor does not have in-house clinical monitoring capabilities, this
task can be assigned to the CRO. If this is the case, the monitor should be
independent of the clinic in order to prevent any possible con£ict of interest.

Concurrent Monitoring. Concurrent monitoring (especially moni-
toring the ¢rst dose) allows the sponsor to assure that the protocol is being
conducted as according to the written speci¢cations. The tasks that need
to be completed at this time include the following:

� Ensure appropriate signed informed consent exists for all study
participants.

� Review investigator study ¢les for completeness.
� Ensure investigator compliance to the study protocol.
� Tracking protocol violations and=or protocol deviations.
� Review source documents for serious adverse events.
� Review drug records.
� Provide written site monitoring reports.

The clinical monitor should provide written site monitoring reports.
Because of the relatively short study duration, most BA=BE studies require
minimal monitoring. For example, the monitor could observe the dosing
procedures in the ¢rst study period and return for a close-out visit after study
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completion. Additional monitoring during the study can be accomplished
via telephone. Items that should be covered in these calls include veri¢cation
of patient=volunteer enrollment status, review study progress, answer
protocol questions, discuss CRFcompletion, and ensure the study proceeds
in a timely manner. The sponsor=monitor should document (in writing)
these site contacts, including any relevant observations, discussions,
questions, and commitments.

Study Close-Out Monitoring. A ¢nal close-out visit should be
conducted after all subjects have completed.This visit should include:

� Compare100% of the CRFs to the source documents.
� Review the CRFs and source documents for serious adverse events.
� Resolve CRFqueries.
� Review drug accountability.
� Review investigator study ¢les for completeness.
� Ensure investigator compliance to the study protocol.
� Review of record retention per FDA requirements.
� Review drug product accountability and reconcile number of

dosage units for FDACompliance.

8.2.2. Clinical Reviewof CRFs and Query Resolution

The Clinical ProjectManager and Investigator should review all case report
forms.These individuals should evaluate the following elements:

� Accurate transcription of data from source documents to the CRF.
� Accurate and appropriate documentation of adverse events.
� Overall study conduct and protocol compliance.
� Identi¢cation and documentation of potential protocol deviations

or violations.
� Appropriate use of medical terminology.
� Correlation of all clinical information.

8.3. Data Management

8.3.1. DataManagement forANDA-Track Studies

The O⁄ce of Generic Drugs does not require an electronic database con-
taining all CRFdata for BE trials.However, they do require that the ‘‘paper’’
CRFs be submitted with the ¢nal report. The complex data management
tasks (necessary for many NDA-track programs) are not necessary for
ANDA studies. It is often su⁄cient for the clinical CRO to provide a clinical
report that includes demographics, adverse events, and blood sampling
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time deviations. These data will be used in the pharmacokinetic=statistical
calculations and in the completion of the ¢nal study report.

8.3.2. DataManagement for NDA-Track Studies

With the advent of electronic data capture, many clinical CROs do not
require the data management function needed for NDA trials which utilize
paper CRFs. However, a number of pharmaceutical companies still require
completion of paper CRFs that are speci¢cally formatted for that organiza-
tion. These organizations will require a signi¢cant data management
component for the study conduct. For these studies, a Clinical Data
Management (CDM) Project Manager compiles a data management plan
that describes the processes and speci¢cations to be used in the project. This
plan includes documentation, logic and processes for data review and valida-
tion, critical timelines and milestones and timing and types of management
reports. The client company should carefully review this plan in order
to assure that the database will integrate with the overall NDA safety
database.

8.4. Statistical Analysis of Safety Data

As mentioned earlier for Data Management, the O⁄ce of Generic Drugs
does not require statistical analysis of safety data for ANDA BE studies.
However, many sponsors still require that NDA BA studies include these
analyses. The statistical analysis of the study ‘‘safety data’’ is usually
conducted in parallel (at the same time) with the blood=plasma bioanalysis.

When statistical analyses of safety data are required, the CRO should
develop detailed speci¢cations for the statistical analyses and tables’ pro-
duction.Generally, the programming is donewithin SAS

�

, a statistical pack-
age (acceptable to FDA), which is used to provide the ¢nal tables, graphs,
and statistical analyses. The CRO should provide a detailed analysis plan
with examples of the statistical output (including the tables, listings, and
graphs).Any programs ormacros used should be fully validated (and not just
quality controlled for accuracy). This statistical output is made available to
the project team and the client company and is used as the basis for writing
the integrated safety report.

8.5. Bioanalytical Data

The bioanalytical work is usually straightforward, assuming that both the
laboratory and the method were fully evaluated prior to dosing. Although
this proactive due diligence is a necessary ¢rst step in assuring that this
phase of the study will go smoothly, it should not be the only contact that
the CROhas with the laboratory.
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One critical area is the shipment of samples from the clinic to the
laboratory.Whether the clinic is in another building at the CRO or whether
the samples are being shipped to another location, nationally or internation-
ally, it is imperative that the samples arrive at the analytical laboratory intact
and frozen. Prior to any analyses, the CRO should conduct a detailed
inspection and inventory of all samples. The samples should then be placed
in a suitable freezer for storage until analysis takes place.

Study timelines are a¡ected by the CRO’s experience with the drug
and=or metabolite and the ruggedness of the analytical method. In fact, out-
side of clinical recruitment and dosing, the bioanalytical phase of BA=BE
studies often becomes the rate-limiting factor in the CRO’s timeline.For this
reason, it is usually essential that the analytical method be developed and
validated prior to dosing. The unpredictability of assay development and
validation timelines can have an adverse e¡ect on the overall timeline if sam-
ples arrive at the laboratory prior to validation. However, some companies
will evaluate the bene¢t=risk ratio before dosing without analytical valida-
tion. Their decision is based on their past experience with the CRO, the
anticipated complexity of the assay, and the potential for shortening the time
to get their product to market. Generic companies will carry a substantial
risk when working with a CRO that has not fully developed the analytical
method. However, for paragraph IV submissions, the bene¢t of being the
¢rst generic to submit an ANDAcan outweigh this risk.

With the advent of high throughput LC=MS=MS assays, the time
required for bioanalysis can be substantially shortened.Although this is gen-
erally regarded positively, it can also have a negative impact (especially for
those studies with limited sample volumes) if a problem goes undetected.
Therefore, it is wise to reassess the sensitivity (LOQ), speci¢city, and
standard curve range after the ¢rst couple of analytical runs:

� Are all pre-dose sample concentration values reported as ‘‘BLQ’’,
i.e., below the lower limit of quantitation (LOQ)?

� Is the chromatography ‘‘clean’’and free of interfering peaks?
� For mass spectrometry assays, is there any indication of

suppression?
� For single dose studies, do the concentrations decrease to BLQ and

remain undetectable or do the concentrations £uctuate between
BLQ and measurable values?

� The calibration range should be reassessed:

� Is the LOQ too high or low?
� Is the top end of the range su⁄ciently high enough so

that samples do not require dilution? Some CROs charge
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additional fees for diluting and reassaying samples exceeding
the range of the calibration curve.

� Is the top end of the range too high? Perhaps the method was
originally set up for a parenteral dosage form or for higher
doses that might be needed for toxicokinetic studies. FDA
reviewers have been known to question studies in which the
majority of the sample concentrations fall within only the
lower quarter to third of the calibration range.

Once this assessment is complete, the remaining samples can be assayed.
Upon completion of the entire data set, these data should again be evaluated
for ‘‘aberrant data’’, i.e., data that are pharmacokinetically uncharacteristic
of the drug. The chromatography of these samples should be closely
inspected. It is important to note that FDA has stated that samples should
not be reanalyzed without objective written criteria (2).

8.6. Pharmacokinetic Analyses

As mentioned earlier, once the project speci¢cations are known and the cli-
ent has approved the proposal, the CRO should provide a detailed analysis
plan. This detailed plan is generally unnecessary for a generic BE study
because the analyses and report formats are straightforward and similar for
most conventional BE studydesigns.ForNDA-trackBAstudies, the analysis
plan is relevant and it is important to have input from both the project
pharmacokineticist and statistician. For these studies, the analysis plan
provides details of the pharmacokinetic analyses and the statistical analyses
of the safety data.

Pharmacokinetic analyses are usually conducted in accordance with
CROSOPsunless previously arranged by the client.This is important to note
that some pharmaceutical companies insist that the CROs use their
company’s SOPs for pharmacokinetic analyses.

Noncompartmental pharmacokinetic parameters should be calculated
(using validated programs) based on ¢nal (QA-approved) bioanalytical data
and actual sampling times. If interim pharmacokinetic analyses are
necessary, it is usually adequate to conduct these analyses using preliminary
analytical data and nominal sampling times.

8.7. Preparation and Review of the Final Report

The content and format of the ¢nal report was previously included in the
overall project speci¢cations. For example, the number and layout of in-text
tables and graphs and the graphics software must be identi¢ed early and
must be compatible with any client-speci¢c report template.
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When thedata becomeavailable, theCRO team (consisting of the phar-
macokineticist, statistician, and medical writer for NDA-track programs or
only the pharmacokineticist forANDA-track programs) and the client team
should meet to discuss the study results. Usually, a teleconference will suf-
¢ce. It is useful to include the client’s project manager, pharmacokineticist,
and statistician in these team meetings. This meeting provides an opportu-
nity for the CRO to present and discuss any unusual observations (pharma-
cokinetic or statistical) that should be addressed in the report and it allows
early input from the client team. Early client input allows for a consensus as
to the clinical relevance of the pharmacokinetic results. The CRO can then
use this discussion as a basis for writing the ¢nal report.

When reviewing integrated or pharmacokinetic reports, it is good
practice for sponsors to consolidate all ‘‘internal’’ comments from each of
their (the client’s) reviewers.This consolidation is necessary because multi-
ple client reviewers can (and often do) disagree on interpretation, format,
and style.Timelines can be delayed if the CRO medical writer is required to
negotiate changes across departments within the client organization.

9. EVALUATION OF THE DELIVERABLES

Once a study hasbeen successfully concluded,theCROwill produce an inte-
grated or pharmacokinetic report. If the CRO services were contracted to
multiple CROs, then the sponsor (or one of the CROs) will need to integrate
information from as many as three di¡erent reports or areas:

� A bioanalytical report that provides all details of the analytical
method, validation, and the complete bioanalytical results includ-
ing calibrators,QC values, and appropriate chromatograms.

� Aclinical report that provides the details of the clinical conduct and
protocol deviations.

� A ¢nal report (often a pharmacokinetic report) that integrates the
clinical conduct, bioanalysis, pharmacokinetics, and statistics of
the study into a concise report in a format suitable for submission
to FDA.

9.1. Bioanalytical Report Checklist

The bioanalytical report should be assessed to con¢rm that it provides the
required information on validation. Each analyte in each biological matrix
must be validated with respect to sensitivity, selectivity, accuracy, precision,

to assist with this assessment.
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TABLE 4 BioanalyticalValidation and Report Assessment Checklist

Critical area Specific area to review Check (�)

Sensitivity The validation report should define and validate
the lower limit of quantification (LLOQ).

Chromatography should be reviewed for potential
interfering substances in a biologicalmatrix and
include endogenous matrix components,
metabolites and decomposition products that can
affect the LLOQ.

Selectivity Selectivity is the ability of an analyticalmethod to
differentiate and quantify the analyte in the
presence of other components in the sample.

If more than one analyte is required, then each
analyte should be tested (in the presence of the
others) to ensure that there is no interference.

Assay selectivity in the presence of any
concomitant medications should be assessed.

Accuracy Accuracy should be measured using aminimum of
five determinations per concentration.

Themean value should bewithin15% of the
actual value except at LLOQ, where it should not
deviate by more than 20%.

Precision Does the report include data on the precision of the
analyticalmethod (describes the closeness of
individualmeasures of an analyte when the
procedure is applied repeatedly)?

Generally, the precision determined at each
concentration level should be less than or equal to
15% (CV) except for the LLOQ, where it should
not exceed 20% (CV). If not, is justification
provided?

Reproducibility Does the report establish the relationship
between concentration and response of the
analyticalmethod? Is it linear?

Does the report demonstrate that the relationship
between response and concentration is continuous
and reproducible?

Stability Has freeze=thaw stability been assessed for at least
three cycles?

Has short-term temperature stability been assessed
at room temperature for 4^24 h?

Has long-term stability been assessed?The long-term

(Continued )
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9.2. Clinical Report Checklist

The clinical report should be assessed to con¢rm that it provides all of the

a checklist that can be used to assist with this assessment.

9.3. Integrated Pharmacokinetic Report Checklist

The integrated pharmacokinetic report (i.e., the ¢nal report) should be
assessed to con¢rm that it provides all of the information required by FDA

to assist with this assessment.

10. WORKING TOGETHER WHEN A STUDY GIVES
UNEXPECTED RESULTS

Because BA and BE studies include complex processes, it is not unusual
for unanticipated ‘‘problems’’ to arise. However, clear and e¡ective

Table 4 (Continued )

Critical area Specific area to review Check (�)

stability duration should exceed the storage
time between the date of first sample collection
and the date of last sample analysis.

Does the report document stock solution stability?
This is the stability of drug and the internal
standard stock solutions that should be evaluated
at room temperature for at least 6h.

Has the post-preparative stability been assessed?
This is the stability of processed samples,
including the resident time in the autosampler.

Additional
supportive
data

The report should include separate tables
summarizing calibrators and QC values collected
during the analysis of the study samples.

The report should include a table summarizing
all repeat analyses with explanations.

The report should include example
chromatograms. FDAOGD requires 20% of the
standard curve, QCs and study samples to be
submitted.
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TABLE 5 Clinical Study Report Checklist

Specific area to review Check (�)

Were there any protocol deviations?
Did all subjects meet inclusion=exclusion criteria?

If not, were the deviations clinically significant and did the
principle investigator and client approve all deviations?

Did the study recruit and dose the number of subjects required
by the protocol?

Were the appropriate number of men andwomen (where
applicable) dosed?
If not, are the reasons identified in the clinical report?

Did all subjects complete all phases of the study?
Are dropouts described?
Was the study dosed as a single group?

If not, are the reasons discussed in the report and did the
client approvemultiple dosing groups?

Does the report include a demographics table identifying
subject number, age, gender, weight, height, frame size,
and smoker=non-smoker status?

Are all adverse events summarized in the report?
Were any adverse events classified as serious andunexpected?
Were these reported to FDAwithin the required time interval?
Did any subjects vomit at any time during the treatment phases?

If so, are the dates and times relative to dosing recorded?
Were all blood (andurinewhen appropriate) samples collected?
Were all samples collected on time?

If not, does the report identify missing samples (with
reasons) and late=early blood andurine collections?

Does the report include a physical description of the drug
products, lot numbers and expiration dates?

Were the drug products administered in the fasting state
(except for food effect studies)with 240mL (8oz.) of water?
If not, is justification included in the report or protocol?

Were subjects allowed tohavewater (ad lib) except for onehour
before and after drug administration?

Was thewashout period identical for all subjects (and groups,
where applicable)?

Were standardizedmeals provided no less than four hours after
drug administration?

Weremeals identical in each phase of the study?
Did the subjects abstain fromalcohol for 24hprior to each study

period anduntil after the last sample from each periodwas
collected?

(Continued )
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communications, appropriate planning and willingness of both parties to
identify and ¢x the problem can prevent most of these problems or issues.
These problems can be as ‘‘simple’’as missing expected timelines to as com-
plex as failure to establish bioequivalence in a BE study. A number of issues
and problems are discussed in the following sections.

10.1. Clinical

10.1.1. Recruitment Issues Delayed StudyTimelines

Recruitment issues can lead to delayed clinical timelines and may result in
analytical delays that can cause the overall study timeline to increase.
Sponsors and CROs need to pay special attention to any protocol design
issue that may a¡ect the ability to recruit the target population. For exam-
ple, if the sponsor insists on an exact 50=50 mix of males and females, then
the CRO could have di⁄culty in recruiting the study as a single dosing
group. As another example, recruitment could be an issue if a sponsor
places a very narrow age range on an elderly subject population. In these
cases, it is prudent for the client and CRO to discuss any recruitment issues
early and to work closely during the ‘‘recruitment’’ phase so that there are
no surprises.

10.1.2. Clinical Dropouts and Clinical ‘‘No-Shows’’

Clinical dropouts and no-shows can a¡ect the clinical completion date.The
number of dropouts and no-shows should be anticipated by the CRO.Given
this information (based on past studies) the CRO and sponsor should agree
to recruit and dose additional subjects so that the required number to
complete can be met. As above, the sponsor and CRO should stay in close
communication during the planning phases to allow for this potential (but
predictable) problem.

The clinical dropouts and no-shows can alsohave a signi¢cant e¡ect on
the outcome and validity of the study. It is critical that the protocol includes
information as to the statistical treatment of data due to dropouts, the use of
replacement and=or reserve subjects, the bioanalysis of samples from drop-
outs, replacement and=or reserve subjects. Several examples=issues follow.

Table 5 (Continued )

Specific area to review Check (�)

Does the report provide a summary of dosing and the
randomization (subject, sequence, period, treatment)?
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TABLE 6 Integrated Pharmacokinetic Report Checklist

Check (�)

Is the study design appropriate?
Does the PK report provide lot numbers, expiration dates, and

potency values?
Did the test and reference product potencies differ by nomore

than 5%?
Were the appropriate moieties (analytes) measured

(as defined in section IV.Bof the general BA=BE guidance)?
Parent drug andmajor active metabolites for NDABA
studies

Parent only for BE studies, unless the metabolite is formed
as a result of gut wall or other presystemic metabolism

Was blood sampling adequate to define the PKof the drug
(and active metabolites)?
Twelve to eighteen samples including pre-dose
Cmax should not be the first point
Three to four samples should be obtained during the
terminal log-linear phase

Was thewashout period adequate (�5 times the half-life)?
Were all pre-dose values <LOQ?

If not, were all pre-dose values�5% of each respective
Cmax value?

Were all subjects with pre-dose values�5% of
Cmax dropped from all BE study calculations?

First-pointCmax: Do any of the concentrations vs. time profiles
exhibit first-pointCmax (i.e., the first sample collected is the
Cmax value)?
If so, were 3^5 samples collectedwithin the firsthour and
was one of these collected between 5 and15min
post-dose?

If these early samples were collected, no change indata
analysis is warranted.

If these early samples were not collected, then those
subjects with first pointCmax values should be
dropped from the primary statistical analysis

Did any adverse events (e.g., emesis) occur that would alter
the drug pharmacokinetics?
For IR products, did any subject vomit at or before the
medianTmax? If so, were these subjects dropped from
the analyses?

ForMR products, did any subject vomit at anytime during
the labeled dosing interval? If so, were these subjects
dropped?

(Continued )
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Acommon result of a protocol that does not allow for the replacement
of dropouts is a statistically nonbalanced study. Small di¡erences in the
number of subjects in each treatment (i.e., 1 or 2 out of a group of 12^18) will
not usually have a statistically signi¢cant e¡ect on a two period (two treat-
ment) BE study. This study design is usually robust enough to handle small
di¡erences in group sizes.However, larger numbers of dropouts can cause a
signi¢cant sequence or subject-by-sequence e¡ect.A statistically signi¢cant
e¡ect (due to an unbalanced design) can result in a ‘‘nonapprovable’’ BE
study.

Protocols that allow replacement of dropouts can experience another
problem that can potentially invalidate a biostudy. Some protocol designs
allow ‘‘make-up’’groups to be dosed if an insu⁄cient number of subjects do
not report for any one dosing period. The use of make-up groups can have
disastrous consequences for a BE or BA study.Asmentioned earlier, a statis-
tical test for pool-ability of the data from these groups is required. If these
make-up groups are unbalanced,or small in number, then it is di⁄cult to sta-
tistically prove pool-ability. If this occurs, then the data cannot be pooled
and the result is often (or usually) an inability to establish bioequivalence.

The bioanalysis of samples from dropout subjects becomes a dilemma
if not addressed in the protocol. Many companies specify (in the protocol)
that only samples from subjects completing both (or all) periods of a study
will be analyzed.The analysis of samples from‘‘incomplete subjects’’ usually

Table 6 (Continued )

Check (�)

Does the PK report provide the following information?
Plasma concentrations and actual sampling time points
Identification of subject, period, sequence, and treatment
assignments

Values forAUC0-t, AUC0-1 ,Cmax,Tmax, Kel and half-life
Subject by formulation interaction variance component
(for individualbioequivalence freplicate designg studies)

For steady-state studies:Cmin,Cave, degree of fluctuation,
Partial AUC, and % Swing for drug products inwhich
early exposure is important

Geometric and arithmetic means, ratio of the means,
and confidence intervals on log-transformed AUC
and Cmax

Do confidence intervals fall between 80.00% and
125.00%?
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will not a¡ect the statistical outcome of a study. However, an unbalanced
study may a¡ect the arithmetic mean data. Also, since the unbalanced data
are of no use in establishing bioequivalence, it is not cost-e¡ective to analyze
these samples. Unfortunately, and unless stated in the protocol, FDA
generally expects to see all data generated from samples obtained in clinical
trials.

A similar problem is encountered when dosing ‘‘reserve’’ subjects to
assure completion of a minimum number of completers. If 28 subjects are
dosed to complete 24 and all 28 complete both periods, then the compa-
ny=CROmust ‘‘decide’’ which subjects (or howmany subjects) to assay. This
problem is alleviated if the protocol speci¢cally addresses which subjects
will have samples assayed (for example, the ¢rst12 subjects fromeach dosing
sequence who complete both periods).

Dropout and=or replacement subjects can cause a number of potential
problems; some of these problems can be trivial while others can cause a
study to ‘‘fail’’ FDA criteria. It is important to address these issues within
the protocol otherwise the company=CRO will have to live with the
consequences.While addressing these problems during the protocol devel-
opment phase of the study, the company will need to come to terms with the
¢nancial implications of dosing replacement=reserve subjects (including
the bioanalytical costs) as well as the ethical implications of exposing more
human subjects to an experimental drug and possibly discarding data from
those subjects.

10.1.3. Unanticipated Adverse Events

Unanticipated adverse events, or a larger than expected number of adverse
events, can a¡ect the completion date for those studies that require a ¢xed
number of subjects to complete all treatments.The sponsor and CRO should
discuss the e¡ect of adverse events (based on the drug class if there is no
experience) on the dropout rate for the study. Although, unanticipated
adverse events are di⁄cult to estimate, it is prudent to develop protocols
that overestimate the dropout rate so that a su⁄cient number of subjects
complete.

10.1.4. Dosing Errors

Dosing errors should not occur if the protocol is clearly written and the clinic
follows the instructions. If dosing errors do occur, the credibility of the
CRO clinic comes into question. The CRO should provide the results of an
in-depth investigation together with a procedure to insure that the problem
would not be repeated. If the problem was due to vague protocol instruc-
tions, then the CRO should address any questions prior to dosing.
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10.1.5. Blood Collection Errors

Blood collection errors involving collection of the wrong time points or col-
lection of blood using the wrong anticoagulant can occur. Analytical meth-
ods are usually developed for a particular matrix and additional validation
may be required for matrix changes (e.g., plasma to serum, heparinized
plasma vs.EDTAplasma).Although,blood collection errors dooccasionally
occur, the problem may be due to con£icting instructions within the
protocol. It is incumbent on the CRO to thoroughly read all sections of the
protocol and to identify any discrepancies prior to clinical conduct.

10.2. Bioanalytical Issues

Most of these bioanalytical ‘‘problems’’ can be avoided if appropriate due
diligence is provided prior to awarding the studyor at least prior to dosing.

10.2.1. ValidatedMethods not Reproducible Under Clinical
Conditions

Bioanalytical methods are usually validated using ¢ve or six sources of
‘‘control’’ matrix (serum, plasma, etc.). However, this is often not su⁄cient
to provide assurance that the assay will be su⁄ciently rugged to measure
concentrations from 24 or more subjects. Sponsors should be cautious when
awarding studies to a CRO with an ‘‘untested’’ or unvalidated analytical
method. Experience is the key; unless timing is an issue, sponsors should
thoroughly assess validation packages and the CRO’s experience.

10.2.2. Excessive Number of Rejected Runs

This becomes a problem when an excessive number of rejected runs a¡ects
analytical timelines. This problem is often indicative of an assay that is not
rugged and has not been developed for studies with large numbers of sam-
ples.As above, lack of experiencewith themethod should have indicated that
the CRO might have a di⁄cult time in meeting aggressive timelines.
Sponsors should carefully assess the validation package for ruggedness
and should include additional analytical time for those methods without a
high experience level.

10.2.3. Number of Reassays Exceeds Freeze^Thaw
Validation Cycles

Occasionally, the number of times that some samples are reassayed exceeds
the number of freeze^thaw cycles included in the validation package. This
is another indicator that an assay was not su⁄ciently rugged for routine clin-
ical studies. If a CRO has to reassay samples several times (perhaps due to
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rejected runs), then the FDA will question the validity of the analytical
method.Close communication between the sponsor and theCRO is required
in this situation; the CRO should not ¢nalize the analytical report until the
validation report is supplemented to contain data that will support the
additional freeze^thaw cycles.

10.2.4. Clinical Samples Arrive at Laboratory Prior
toAssayValidation

Study delays occur when clinical samples arrive at the laboratory prior to
completion of assay development or validation.This is a problem that occurs
most often when a sponsor is on a tight timeline and has provided a ‘‘dosing
date’’ to their management. It is unwise and risky to begin dosing a study
while assay development or validation is still ongoing. It is usually best to
delay dosing until the assay has been fully developed and validated.

10.2.5. Insufficient Long-Term Frozen Stability Data

Delays in assay validation can have additional trickle-down e¡ects on the
conduct of BA=BE studies. This can result in a report that provides insuf-
¢cient long-term stability data necessary to support clinical trial sample
stability. FDA’s bioanalytical guidance requires that drug companies and
CROs include, in each report, long-term stability data that should exceed
the time between the date of ¢rst sample collection and the date of last
sample analysis. Clinical study delays may lengthen the storage time to
beyond that in the validation report. However, most CROs will ship
‘‘spiked frozen controls’’ to the clinical site prior to dosing. These sam-
ples are stored with the samples from the clinical trial and are shipped
back to the analytical laboratory upon completion of the trial. Assay of
these control samples will provide the necessary long-term stability
needed for FDA approval. If these control samples were not prepared
proactively, then the sponsor will have to accept a delayed timeline since
the analytical report is not considered complete without these additional
data.

10.2.6. Clinical SampleMatrix Different fromValidatedMatrix

This problem sometimes occurs when clinical protocols are not written
speci¢cally with regard to the anticoagulant. For example, a protocol may
specify EDTA as the anticoagulant but the laboratory has validated the
analytical method for heparinized plasma (using sodium heparin), then the
laboratory will be required to conduct a ‘‘cross-validation’’ to establish that
there is no matrix e¡ect. This situation may occur when multiple CROs are
involved in a single study. It is incumbent on the client to assure that the
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protocol contains the necessary collection and storage conditions that
match the analytical validation.

10.2.7. Limit of Quantification (LOQ) SetTooHigh=Calibration
Curve Range not Appropriate

The LOQ is sometimes set inappropriately based on experience with alter-
native dosage strengths, dosage forms or even based on preclinical experi-
ence. Similarly, the validated calibration range may be based on experience
with higher doses.This problem can usually be avoided by obtaining advice
from a pharmacokineticist from either the client company or the CRO.

10.2.8. Specificity not Adequately Established

FDAexpects speci¢city to be established in the presence of metabolites and
concomitant medications. All analytical methods should be validated in the
presence of all known, major metabolites. Often, the metabolites are
unknown during early phase I studies on new chemical entities. However,
once themetabolites are identi¢ed, the validation should be amended to con-
tain the additional speci¢city data. Also, analytical methods should be vali-
dated in the presence of known OTC drugs.Usually, this is accomplished by
testing a ‘‘cocktail’’ or mixture during validation. This is usually done as a
precaution since BE studies should be conducted in volunteers and in the
absence of any concomitant medications. However, it is not unusual for one
or two volunteers in a study to take an OTC drug product (e.g., ibuprofen or
acetominophen for headache relief ).Once a clinical study is completed, the
clinic should report all concomitant medications to the laboratory.
The laboratory should include additional assay speci¢city data in the ¢nal
analytical report.

10.3. Statistical (When a Study Fails)

10.3.1. Insufficient Subjects Due toAdverse Events

Adverse events (such as emesis) can alter the number of subjects that can be
included in the pharmacokinetic and statistical analysis. The FDA general
BA=BE guidance is quite speci¢c on how these events should be handled. It
is extremely important that the project pharmacokineticist, clinical, and
analytical project managers and the client discuss the impact of these
adverse events prior to completing the clinical conduct and=or the
bioanalytical analyses. If these adverse events alter the number of ‘‘pharma-
cokinetically evaluable’’ subjects, then consideration should be given to
amending the protocol (prior to assaying samples) to ensure that an
adequate number of evaluable subjects (to yield statistical power) will
complete the clinical phase of the study.
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10.3.2. Statistical Issues: Power and Failed BE Study

It is important to maintain the statistical power of a study by ensuring that
the required numbers of subjects complete the study.Often, though, statisti-
cal power is a secondary consideration. However, for generic BE studies, it
is critical that an adequate number of subjects be dosed in order to meet the
con¢dence interval criteria for bioequivalence. The inability to prove BE
may be due to dosing too few subjects or to a true formulation di¡erence. If
the ratio of the means (forAUC or Cmax) is close to unity, but the con¢dence
intervals do not include the goalposts (usually 80%^125%), then the solution
may be to dose a new study with more subjects. However, if the ratio of the
means is substantially di¡erent from 1.00, then the test formulation may
indeed be bioinequivalent. At this point, the client should discuss these data
with their drug product formulators.

10.3.3. Statistical Issues: Group Effects

Group e¡ects are relevant only when a study is unable to dose as a single
group. For example, if a CRO enrolls only 16 subjects (from a 24 subject
study), then a‘‘makeup group’’ is required.However, FDA now requires that
‘‘pool-ability’’ be tested. A signi¢cant group e¡ect often means that a BE
study may fail to establish bioequivalence since the data from the two groups
cannot be pooled and must be evaluated separately. The best solution is to
avoid using multiple groups within BE studies by recruiting and dosing an
adequate number of subjects to complete as a single dosing group.

10.4. FDA Preapproval Inspection of the CRO
and FDA Form 483

It is not unusual for FDA’s O⁄ce of Compliance to‘‘inspect’’ the clinical and
analytical conduct of most generic BE studies for ANDA applications and
to issue an FDA Form 483.This form provides a listing of observations that
are to be corrected. These observations can range from relatively minor
observations to signi¢cant cGLP or cGCP violations. However, serious
FDA 483’s can usually be avoided by conducting a thorough due diligence
assessment of the CRO prior to study assignment.

In the past, only major problems were listed on an FDA 483; however,
today, even minor observations are being recorded. One of the keys to a
successful study is to provide an acceptable and timely response to the
Agency. The CRO should notify the client company of any FDA inspection
at the time of the inspection and should provide a copy of the 483 to the client
company. The CRO response to the 483 should be discussed with the client
company prior to submitting the response to the Agency. Finally, when the
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response is submitted to FDA, a copy should be provided to the client
company.

11. SUMMARY

This chapter has provided a process for working with CROs to conduct BA
or BE studies. The process began with an assessment of a number of CROs
(and their capabilities) and included a due diligence inspection. It is critical
to the process of working e¡ectively with CROs that client companies (and
the CRO) precisely de¢ne deliverables and expectations, assign a quali¢ed
project team and develop communication systems that work for both the
CRO and client company. If the client and CRO teammembers monitor and
review deliverables and timelines, then there should be no surprises with
regard to the timeliness and quality of the ¢nal deliverables.

Finally, it is worth emphasizing that the success of an outsourced clini-
cal study is dependent on close collaboration and seamless communication
between their organizations.This collaboration (partnership) requires open
communication, sensitivity to project requirements and timelines and
£exibility on the part of both the CROand client company that are necessary
to achieve study success.
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Legal and Legislative Hurdles to Generic
Drug Development, Approval, and
Marketing

Arthur Y. Tsien

Olsson, Frank andWeeda, P.C.,Washington, DC, USA

1. INTRODUCTION

The preceding chapters have discussed a variety of scienti¢c, technical, and
regulatory considerations related to the development and approval of gen-
eric drug products. To compliment that discussion, this chapter is written
from the perspective of a lawyer specializing in the drug regulatory process.
This chapter discusses a variety of legal and legislative considerations, as
well as some miscellaneous regulatory considerations. There are, of course,
no clear lines dividing the ‘‘scienti¢c,’’ ‘‘regulatory,’’ and ‘‘legal’’ arenas in
the context of generic drug development and approval. While some of
the disputes discussed in this chapter have a ‘‘scienti¢c’’ underpinning, the
matters have often presented themselves in the litigation context.

As of this writing, there is litigation in progress that a¡ects, in particu-
lar,Orange Book patent listings.This and other areas discussed in this chap-
ter are in a state of £ux. Thus, a prudent prospective ANDA sponsor that
does not have the requisite in-house resources would be well advised to con-
sult with competent regulatory consultants or legal counsel on these issues
during the business decision-making, drug development, and drug approval
processes.
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Someof the examples described in this chapter donot involve solid oral
dosage forms. These examples have nevertheless been included because
similar situations could arise in the context of an ANDA for a solid oral
dosage form.

2. CITIZEN PETITIONS AND LEGAL CHALLENGES TO
ANDA APPROVALS

Not surprisingly, innovator drug sponsors have mounted a number of chal-
lenges to FDA approval decisions, or anticipated approval decisions, for
generic versions of their drug products. Frequently, innovator ¢rms have
¢led citizen petitions with FDA, raising reasons why FDA should not grant
an anticipated approval of a generic version of their products.

By way of background, a citizen petition is nothing more than the
formal procedural mechanism for any individual or entity to ask FDA to
take, or refrain from taking, some speci¢ed agency action.The requirements
for citizen petitions are set forth in FDA regulations (1). Citizen petitions
can also be ¢led by generic ¢rms for a wide variety of purposes.For example,
they includeANDA suitability petitions (discussed in Section 4.1below).

The submission of a citizen petition to FDAby an innovator ¢rm seek-
ing to block the approval of generic products serves several purposes. First,
it is possible that FDA may grant the requested relief. (FDA has not done
so except on very rare occasions.) Second, even if FDA does not grant the
requested relief, its consideration of a citizen petition can be a lengthy pro-
cess that may delay the approval of the generic product.Third, and perhaps
most importantly, the submission of a citizen petition helps counter the argu-
ment frequently made by FDA (and other government agencies) that a per-
son challenging an agency action in court has not ¢rst ‘‘exhausted’’ all
available administrative remedies. The reason that courts may apply the
‘‘exhaustion’’ requirement is to help conserve judicial resources, by ensuring
that courts are not asked to address situations that might have been resolved
had relief been sought from the administrative agency in the ¢rst instance.

At the present time, FDA accepts citizen petitions on any topic, with-
out limit. In1999, FDA published a proposed rule that would reform its citi-
zen petition process, so that FDAwould no longer accept citizen petitions
regarding speci¢c products that are pending approval (2). FDA stated its
tentative view that issues regarding pending products should be raised less
formally, such as by letter.To date, FDA has not ¢nalized its proposal. Even
if ¢nalized, it is not apparent to this author that there will be any meaningful
bene¢t to the generic drug industry.

On a number of occasions, adversely a¡ected innovator drug sponsors
have sought judicial review of FDA’s ANDA approval decisions. In some
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cases, FDA has denied a relevant citizen petition contemporaneously with
an ANDA approval; in other cases, FDA did not act on the petition despite
the granting of the challenged ANDA approval, and the innovator ¢rm
regarded FDA’s ANDA approval as tantamount to denial of its petition.
Generally, the innovator ¢rm has sued FDA, to block approval of the generic
product. Typically, the generic ¢rm or ¢rms involved have been allowed to
intervene in the lawsuit to protect their economic interests in their ANDA
approvals. ANDA sponsors have intervened to bring to the court’s attention
the economic consequences of granting or blockingANDAapproval, a topic
that FDA routinely ignores.

In a number of situations involving disputes over180-day generic drug
exclusivity, an adversely a¡ected ANDA sponsor has sued FDA regarding a
180-day exclusivity decision. As with challenges brought by innovator drug
sponsors, those challenges are often preceded by the submission of a citizen
petition to FDA. In these disputes, it has been commonplace for other
a¡ected ANDA sponsors�and sometimes the sponsor of the innovator
product�to be allowed to intervene in the lawsuit to protect their rights (3).

The substance of various legal challenges to ANDA approvals is dis-
cussed in the subsections below.

3. EXCLUSIVITY ISSUES

3.1. Five-Year New Chemical Entity Exclusivity

The Hatch^Waxman Amendments grant the sponsor of an NDA for a drug
product containing what is commonly referred to as a‘‘new chemical entity’’
or ‘‘NCE,’’ i.e., an active ingredient that was not previously used in an
approved drug product, a ¢ve-year period, which starts running with the
date of NDA approval, during which FDA cannot accept any ANDAs for
review (4). However, if the ANDA sponsor challenges an Orange Book
patent on the innovator product by submitting a Paragraph IVcerti¢cation
(which contends that the patent is invalid or not infringed), the ANDA may
be submitted four years after the date of initial NDA approval, thereby
potentially saving theANDA sponsor one year.

Hatch^Waxman exclusivity operates independently of any patents
that protect the active ingredients or other aspects of the innovator product.
In most (but not all) cases, the innovator product is protected by one ormore
‘‘blocking’’ patents (on the active ingredient itself, the use of the active ingre-
dient, or both) until well after the expiration of the ¢ve-year new chemical
entity exclusivity. Because challenges to these ‘‘blocking’’ patents usually do
not succeed, ¢ve-year exclusivity is generally not a determinative factor in
when generic competition will begin.
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3.2. Three-Year Exclusivity for Product ‘‘Improvements’’

TheHatch^WaxmanAmendments also provideNDA sponsorswith a three-
year period free fromgeneric competition for the approval of anNDAor sup-
plemental NDA for a drug product containing a previously approved active
ingredient, when the approval is supported by new clinical studies (other
than bioavailability studies) essential to the approval (5). Unlike ¢ve-year
new chemical entity exclusivity, three-year exclusivity does not bar the sub-
mission of ANDAs to FDA; it only prohibits ¢nal approval of an ANDA.

When FDA grants three-year exclusivity for the approval of a newdrug
product or new form of an approved drug product containing a previously
approved active ingredient, generic competition is e¡ectively blocked for
three years with little recourse to an ANDA sponsor.While an ANDA spon-
sor could challenge FDA’s determination that a particular clinical study is
essential to support the approval, such a challenge is unlikely to prevail. In
an analogous situation involving Rogaine� (minoxidil), the NDA sponsor
challenged FDA’s decision to deny three-year exclusivity, because FDA had
concluded that the sponsor’s clinical study was not essential to support the
approval. The court rejected the challenge, noting that FDA’s evaluation of
clinical trials and related determinations are within its area of expertise and
that the courts must grant wide deference to these determinations (6).

A situation that is of far greater practical signi¢cance to the generic
industry is three-year exclusivity granted for the approval of a supplemental
NDA that provides for revised labeling. In general, FDA has interpreted
three-year exclusivity narrowly in this situation. In the case of FDAapproval
of a new (additional) indication, FDA allows the generic sponsor to seek
ANDA approval based on the ‘‘old’’ labeling, ‘‘carving out’’ or deleting the
newly approved, additional indication (7). This practice has been upheld in
a judicial challenge (8).

The situation becomes more problematic where the NDA sponsor
obtains three-year exclusivity for revised labeling that provides for replace-
ment of certain aspects of the previously approved labeling. For example, a
titration-dosing requirement may be eliminated or the duration of an infu-
sion schedule may be entirely changed. As of this writing, FDA has issued a
draft guidance and has tentatively determined that it will permit ANDA
approvals based on the former labeling, if the ANDA sponsor petitions
FDA to determine that the ‘‘old’’ labeling was not withdrawn for safety or
e¡ectiveness reasons and the agency makes such a ¢nding (9). However,
FDA has not issued any ¢nal ANDA approvals using the rationale set forth
in the draft guidance. It remains to be seen how FDAwill ultimately handle
this situation. Further litigation to de¢ne the extent of approvals based upon
‘‘old’’ labeling is a de¢nite possibility.
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A particularly thorny situation involved the grant of three-year exclu-
sivity to an NDA sponsor for labeling information regarding pediatric use
of the product. As the result of a 1994 rulemaking, FDA regulations require
all drug labels to include pediatric use information,basedon the premise that
pediatric use information is necessary for the safe and e¡ective use of drug
products (10).Based on that regulation, the innovator industry took the posi-
tion that FDA could not approve generic versions of innovator products
with the pediatric use labeling information ‘‘carved out’’.Congress addressed
this situation in late 2001 by amending the Hatch^Waxman Amendments
so that the omission of pediatric use labeling information would not make
an ANDA ineligible for ¢nal approval. FDA is authorized to require the
labeling of the generic product to include appropriate pediatric contrain-
dications, warnings, or precautions, as well as a statement that the drug
product is not labeled for pediatric use (11). Based on this statutory change,
FDA started granting ANDA approvals without exclusivity-protected
pediatric use labeling information in early 2002.

3.3. 180-Day Generic Drug Exclusivity

The Hatch^Waxman Amendments provide for a 180-day period of exclu-
sivity, where the ¢rst Paragraph IV ANDA sponsor (which challenges an
Orange Book patent on the innovator product being copied) is entitled to a
180-day period during which it is the only generic product on the market-
place (12). This provision has been the source of much litigation in recent
years, with a number of unresolved issues. In 1999, FDA proposed a major
revision of its 180-day exclusivity regulations (13), but the proposal has been
withdrawn because of several court decisions (14).

As currently interpreted by the courts and FDA, 180-day exclusivity
is available to the sponsor of the ¢rst substantially complete Paragraph IV
ANDA, regardless of whether it prevails in patent litigation (15) or is even
sued for patent infringement at all (16).The availability of 180-day exclusiv-
ity where the ¢rst Paragraph IVANDAsponsor loses its patent infringement
litigation, or discontinues its patent challenge in a settlement with the
innovator drug sponsor and patent holder, is unsettled (17). It appears to be
FDA’s view that an ANDA sponsor that settles Hatch^Waxman patent
infringement litigation�even by conceding patent validity or patent
infringement�and as part of the settlement obtains a patent license, is
entitled tomaintain its Paragraph IVcerti¢cation and, therefore, its eligibil-
ity for 180-day exclusivity. If the patent license is only e¡ective at a future
date, the net result is the entire generic market is blocked.

An ANDA sponsor’s 180-day exclusivity is ‘‘triggered’’, or starts
running,with the earlier of two events: the date that ANDA sponsor begins
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commercial marketing, or the date of a ‘‘court decision’’ ¢nding the patent
in question invalid or not infringed (18). As interpreted by the courts and
FDA, the court decision of invalidity or non-infringement is the ¢rst court
decision involving that patent and anyANDA sponsor; it need not involve
the ANDA sponsor entitled to exclusivity (19). By guidance document,
FDA ¢nally acquiesced in a number of district court decisions that the
‘‘court decision’’can be the decision of a district court (20). However, FDA’s
guidance takes the position that the new interpretation will only be applied
prospectively; that position appears vulnerable to challenge in an appropri-
ate case.

For 180-day exclusivity purposes, each strength or form of an innova-
tor drug product is treated separately. Thus, a court decision involving
one strength will not serve as the ‘‘court decision trigger’’ for a di¡erent
strength (21).

Under the current judicial and FDA interpretations of 180-day exclu-
sivity, 180-day exclusivity is available in connection with every innovator
product where a Paragraph IVANDA is ¢led. This exclusivity has become
an important business consideration for ANDA sponsors.Without doubt,
180-day exclusivity is highly valuable, as the ¢rst ¢rm to enter the generic
marketplace can often ‘‘¢ll the pipeline’’and derive a long-term bene¢t from
its 180-day head start. Unfortunately, business planning in this important
area is sti£ed by FDA’s refusal to disclose whether a ¢rm is entitled to 180-
day exclusivity before its ANDA is ready for ¢nal approval. As of this writ-
ing, FDA’s website (22) only discloses whether a Paragraph IVANDA has
been submitted in connection with a particular innovator drug product; no
additional details are provided. In some cases, ANDA sponsors can draw
reasonable inferences about their actual entitlement to 180-day exclusivity
from publicly available information in patent infringement litigation, or
even from publicly available information about ANDA reference numbers
of tentatively approved ANDAs. However, this information is not always
available (for example, some or all of Paragraph IVANDA applicants may
not be sued) and may not be reliable in all regards.

FDA recognizes that 180-day exclusivity is a valuable property right
that can be sold or traded.This recognition provides a valuable opportunity
for an ANDA sponsor entitled to 180-day exclusivity that is, for whatever
reason, not positioned to receive meaningful bene¢t from its exclusivity.
(For example, that sponsor is unable to obtain ¢nal ANDA approval.) FDA
permits exclusivity to be ‘‘selectively waived’’ in favor of another ANDA
sponsor otherwise eligible for ¢nal approval, but only if the exclusivity
has been ‘‘triggered’’ and is then running (23). If the exclusivity has
not been ‘‘triggered’’, FDA only permits it to be ‘‘relinquished’’ in its
entirety, permitting all otherwise eligible ANDA sponsors to receive
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¢nal approval. In a particular situation, there may be no meaningful
di¡erence between a ‘‘selective waiver’’ and a complete ‘‘relinquishment’’of
180-day exclusivity.

In some situations, the entire genericmarket can be blocked because of
the existence of180-day exclusivity.This situation can occur if no Paragraph
IVANDA applicant is sued for patent infringement (so the ‘‘court decision
trigger’’ is never activated), and the ¢rst Paragraph IV ANDA applicant
(entitled to 180-day exclusivity) is not able to begin commercial marketing
(because it is unable to obtain ¢nal approval or, for example, supply pro-
blems keep it from beginning manufacture even if it has received ¢nal
approval). It can also happen if the ¢rst Paragraph IVANDA sponsor settles
patent litigation in exchange for a patent license that starts on a future date.
One possibility is for a subsequent Paragraph IVANDA applicant to ¢le a
declaratory judgment lawsuit against the patent holder, seeking a declara-
tion that the patent is invalid or not infringed. If obtained, such a declaratory
judgment will serve as the ‘‘court decision trigger’’ that starts the running of
the180-day exclusivity period.

The problem with this declaratory judgment approach is that the
patent holder will typically take the position that it has no plans to sue the
ANDA sponsor for patent infringement. As a result, there will be no actual
‘‘case or controversy,’’ a constitutional pre-requisite for litigation in federal
court. Although one judicial decision concluded that the patent holder’s
statements that it would not sue for patent infringement, coupled with the
resulting dismissal of the declaratory judgment lawsuit, would serve as
the ‘‘court decision trigger’’ for starting 180-day exclusivity, that decision
appears to have depended on the particular form of the documents involved
(24). Thus, there can be no guarantee that the dismissal of a declaratory
judgment lawsuit would necessarily serve as the ‘‘court decision trigger’’ in
a di¡erent case. From a business perspective, the ¢ling of a declaratory
judgment lawsuit is undercut by the fact that a favorable decision bene¢ts
all generic sponsors, not just the company that bears the burden and cost of
initiating the lawsuit.

FDA states that it is regulating ‘‘directly from the statute’’ in the area of
180-day exclusivity (25).Because of the ambiguous statutory language, some
situations are unresolved. One unresolved situation is the availability of
180-day exclusivity when multiple Paragraph IV certi¢cations to di¡erent
Orange Book patents are involved. FDA’s proposed (now withdrawn) rule
on 180-day exclusivity would have made 180-day exclusivity available only
in connection with the ¢rst Paragraph IV certi¢cation to an Orange Book
patent (26). Regulating ‘‘directly from the statute’’, it is FDA’s position that
a separate 180-day exclusivity period is potentially available in connection
with each Orange Book patent.
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Thus, in one1999 situation involving generic versions of Platinol� (cis-
platin injection), twoANDA sponsors were each the ¢rst to ¢le a Paragraph
IV certi¢cation on a di¡erent Orange Book patent. One patent expired
before the 180-day period associated with that patent had been triggered.
FDA concluded that that patent and its associated 180-day exclusivity per-
iod were of no continuing relevance, and did not prevent a 180-day exclusiv-
ity period in favor of the ¢rst Paragraph IV applicant on the later expiring
Orange Book patent (27).

In 2002, FDA invoked the concept of ‘‘shared exclusivity’’ in connec-
tion with generic versions of Prilosec� (omeprazole delayed release cap-
sules) (28). Two ANDA sponsors, each of whom was the ¢rst to ¢le a
Paragraph IVcerti¢cation to a di¡erent Orange Book patent, were allowed
to share a single 180-day exclusivity period. The exclusivity period would
begin running with the earlier of onset of commercial marketing by either of
the two ¢rms sharing exclusivity or a court decision involving either Orange
Book patent. Absent this pragmatic solution, the two ¢rms would have had
overlapping and con£icting 180-day exclusivity periods. Litigation in this
area is in progress as of the time of this writing (29).

3.4. Six-Month Pediatric Labeling Exclusivity

An innovator drug sponsor is entitled to an additional six months of exclu-
sivity if it conducts a clinical study to study the safety or e¡ectiveness of its
drug product in a pediatric population. The additional six months is added
to the term of an unexpired Orange Book patent or three-year or ¢ve-year
non-patent exclusivity (30). FDA cannot grant ¢nal approval to an ANDA
until the expiration of the six-month period. Six-month pediatric labeling
exclusivity appears to be easy for innovator ¢rms to obtain; the key statutory
elements are that FDA issue a ‘‘written request’’ for a pediatric study and
the drug sponsor submit a study that ‘‘fairly responds’’ to FDA’s written
request.

When engaging in business planning, many generic drug sponsors
assume that FDAwill grant pediatric labeling exclusivity, even if only at the
last moment. In one recent situation, FDA denied the innovator ¢rm’s
request for pediatric exclusivity on the day of patent expiration and issued
¢nal approvals for several ANDAs. After the innovator ¢rm challenged
FDA’s denial of pediatric exclusivity for Mevacor� (lovastatin), the court
concluded that FDA had applied an overly stringent standard in reviewing
the study.Thereafter, FDAagreed to re-evaluate the study, and subsequently
concluded that the innovator drug sponsor was in fact entitled to pediatric
exclusivity (31). While the overall e¡ect was a six-month delay in generic
competition, there were di¡ering e¡ects on di¡erent generic drug sponsors.
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The several ¢rms that had received ¢nal approvals and were ready to begin
product distribution before the grant of pediatric exclusivity lost the bene¢t
of being early entrants in the generic market. In comparison, those ¢rms that
did not expect to receive ¢nal approvals until later or were not prepared to
launch upon original patent expiration apparently bene¢ted from the delay
of generic competition.

One issue that was the subject of considerable recent attention was the
interplay between 180-day exclusivity and six-month pediatric labeling
exclusivity. In early 2002, a statutory change clari¢ed the situationbyprovid-
ing that any portion of the180-day period lost due to‘‘overlap’’ with 6-month
pediatric exclusivity will be restored (32).

4. DIFFERENCES BETWEEN INNOVATOR AND
GENERIC PRODUCTS

4.1. ANDA Suitability Petitions

The Hatch^Waxman Amendments permit a generic drug product to di¡er
from its brand name counterpart in one of four regards if the di¡erence is
petitioned for and approved before ANDA submission (33).These petitions,
commonly known as ANDA suitability petitions, are submitted to FDA
using the format for a citizen petition and are, upon ¢ling, in the public
domain. For this reason, many prospective ANDA sponsors prefer to have
petitions submitted for them by a consultant or law ¢rm, on a ‘‘blind’’ basis.
In this way, the identity of a ¢rm that intends to ¢le an ANDA for a modi¢ed
form of an innovator product is not publicly disclosed.

TheHatch^WaxmanAmendments permit ANDAsuitability petitions
for only four types of changes: dosage form, strength, route of administra-
tion, or active ingredient in a combination product.To date, over 800ANDA
suitability petitions have been submitted to FDA (34).The great majority of
ANDA suitability petitions have sought changes in dosage form or strength.
If properly prepared, these petitions are routinely granted. About 70 peti-
tions have sought permission to ¢le an ANDA for a new combination. In
FDA’s view, these petitions are appropriate only if the proposed change of
active ingredient is the substitution of one active ingredient for another in
the same pharmacological or therapeutic class, such as the substitution of
aspirin for acetaminophen in a combination product. A substantial percen-
tage of ANDA suitability petitions seeking a change in active ingredients
have been denied, on the basis that the proposed change cannot be ade-
quately evaluated in the context of an ANDA. Very few ANDA suitability
petitions have been submitted seeking a new route of administration; most
of these have been denied.
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FDA is required by the Hatch^Waxman Amendments to approve or
disapprove an ANDA suitability petition within 90 days (35). In practice,
while FDA has generally not met that deadline, its decisions have typically
not taken more than six months.

A generic drug product authorized by an ANDA suitability petition
will not be rated as therapeutically equivalent to the innovator product upon
which it is based in FDA’s Orange Book. Thus, under the pharmacy laws of
the great majority of states, no substitution at the pharmacy level is per-
mitted. The lack of substitution at the pharmacy level may pose new sales
and marketing challenges for many generic drug ¢rms, as the new product
will have to be ‘‘detailed’’ to physicians.

FDA’s pediatric use information regulation may create an obstacle to
obtaining approval of newdosage forms.This regulation requires, in relevant
part, the sponsor of an application seeking approval for a new form of an
approved drug product to provide data regarding the safety and e¡ectiveness
of the proposed drug product in pediatric sub-populations (36). The pedia-
tric studies requirement can be waived by FDA, in whole or in part, if the
proposed drug product does not represent a meaningful therapeutic bene¢t
over existing treatments for pediatric patients and is not likely to be used in
a substantial number of pediatric patients. While the rule is likely to be
applied by FDA in situations where the proposed new dosage form is parti-
cularly amenable to pediatric use (e.g., proposed generic drug product in
liquid form,where the innovator drug product is a solid oral dosage form),
its applicability is not necessarily so limited.Thus, prospectiveANDAspon-
sors�which typically may have very little or no experience in conducting
clinical trials�may ¢nd themselves having to conduct a clinical trial to
support ANDAapproval, even though the approval of the innovator product
is not supported by comparable clinical trials in a pediatric population.
As of this writing, the pediatric studies regulation has been declared invalid
by a federal district court; FDA’s response is not known (37). Legislation is
possible (38).

4.2. ‘‘Same’’ Active Ingredient

Except for the limited changes authorized by an ANDA suitability petition,
the Hatch^Waxman Amendments require a generic product to have the
‘‘same’’ active ingredient as the innovator product upon which it is based.
While the ‘‘sameness’’of the active ingredient has generally not been a con-
cern for chemically synthesized active ingredients, several challenges have
been raised in connection with drug products of natural origin.

In an important decision for the generic drug industry, the United
States Court of Appeals for the District of Columbia Circuit concluded that
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FDA has the scienti¢c expertise and discretion to determine ‘‘sameness’’ for
ANDA approval purposes; exact chemical identity is not required (39).
That case involved a challenge to FDA’s approval of a generic version of
Pergonal� (menotropins for injection), a fertility drug. Rather than being
chemically synthesized, the active ingredient of the product is derived from
natural sources; natural variations lead to slightly di¡erent chemical side
chains in di¡erent batches of the active ingredient. Based on these natural
variations, the sponsor of the innovator product challenged FDA’s ANDA
approval decision, contending that the active ingredient in the generic
product was not the ‘‘same’’ as the active ingredient in its product. That
challenge was rejected.

A noteworthy administrative challenge to a proposed generic product
on the basis that its active ingredients are not the ‘‘same’’ as the innovator
product involved Premarin� (conjugated estrogens tablets), for treating the
symptoms of menopause and preventing osteoporosis. As Premarin is
derived from natural sources, not all active constituents have been fully
characterized. Ultimately, FDA decided that it could not approve any gen-
eric version of Premarin using chemically synthesized active ingredients
until the active constituents of Premarin have been better characterized
and more information is available about them (40). Thus, even though Pre-
marin has been marketed for two generations and relevant patents are long
expired, it is not readily available for generic copying because the innovator
drug sponsor has not su⁄ciently characterized its active constituents.

At some levels, FDA’s decisions onPergonal andPremarin seem incon-
sistent. FDA’s administrative decision on generic versions of Premarin was
not challenged in court. Had it been challenged, presumably FDA would
have received substantial deference from the court on the agency’s scienti¢c
and medical decisions, just as the agency received in connection with a
generic version of Pergonal.

4.3. ‘‘Same’’ Dosage Form

Except for changes authorized by the granting of an ANDA suitability peti-
tion, the Hatch^Waxman Amendments require a generic product to be in
the ‘‘same’’ dosage form as the innovator product upon which it is based.
While several innovator ¢rms have challenged ANDA approval decisions
on the basis of apparent distinctions between dosage forms, FDA and the
courts have had little di⁄culty disposing of these challenges.FDA’s decision
that a generic product using conventional extended release tablet technology
was the‘‘same’’dosage form as the innovator product using patented osmotic
pump extended release tablet technology (Procardia XL�, nifedipine) for
ANDA approval purposes has been upheld (41). Similarly, the courts have
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upheldFDA’s determination that a generic drug product described as a tablet
inside a gelatin capsule was the ‘‘same’’dosage form as the innovator’s cap-
sule (Dilantin�, phenytoin sodium) (42).

4.4. ‘‘Same’’ Labeling and Inactive Ingredient Differences

Except for di¡erences related to the identi¢cation of the di¡erent ¢rms
involved or changes authorized by the granting of an ANDA suitability
petition, the Hatch^Waxman Amendments require the labeling of the
proposed generic product to be the ‘‘same’’ as the labeling of the innovator
product (43).

FDA’s decision to approve a generic version of a parenteral innovator
product, Diprivan� (propofol),with a di¡erent preservative and slightly dif-
ferent labeling,was upheld in a judicial challenge. In this case, the innovator
product contained the preservative disodium edentate (EDTA) to prevent
microbial contamination. FDA approved a generic version of the product
with sul¢te as the preservative rather than EDTA.Because some individuals
are allergic to sul¢te, the labeling of the generic product included a sul¢te
warning. The innovator ¢rm challenged the ANDA approval, on the basis
that the generic product did not have the ‘‘same’’ labeling as the innovator.
The court rejected that contention, ruling that FDA’s decision to allow the
sul¢te warning was entitled to substantial deference (44).

4.5. Bioequivalency

Although the Hatch^Waxman Amendments de¢ne bioequivalency solely
in terms of the rate and extent of absorption of the innovator and proposed
generic products (45), FDA has long taken the view that alternative ways of
establishing bioequivalence may be warranted (46). FDA’s waiver of in vivo
bioequivalency for generic versions of a non-systemically absorbed drug
(Intal NebSol, cromolyn sodium for inhalation using a nebulizer) has been
upheld (47). Similarly, a court rejected a challenge to an FDA guidance that
allowed the use of in vitro testing to establish bioequivalence for generic
versions ofQuestran� (cholestyramine) (48).Acourt rejected a judicial chal-
lenge that contended that the statutory de¢nition of bioequivalence was the
only acceptable measure of bioequivalence, in a case involving generic ver-
sions of non-systemically absorbed inhalation (Proventil�, albuterol) and
topical anti-fungal (Lotrimin�, clotrimazole) drug products (49). In uphold-
ing FDA’s decision to rely on an assay for the metabolite rather than the par-
ent drug itself in assessing bioequivalency for generic versions of Eldepryl�

(selegiline hydrochloride), one court concluded that the appropriatemethod
to be used for determining bioequivalency is a matter of scienti¢c judgment,
squarely within FDA’s discretion (50).With this history of judicial deference
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to FDA’s interpretation of bioequivalence, it seems unlikely that a successful
challenge will be mounted in the future.

4.6. OTC Switches

The innovator sponsor’s decision to switch its drug product from prescrip-
tion to over-the-counter status could present additional obstacles to generic
¢rms. If the supplemental NDA providing for OTC labeling is supported by
clinical studies, the innovator ¢rm is entitled to three years of exclusivity
during which no ANDA could be approved. Moreover, under FDA policy,
an ANDA could no longer be approved based on the previously approved
prescription labeling (51). Even if the innovator is not entitled to exclusivity,
a prescription to OTC switch near the end of the innovator’s patent expira-
tion is likely to cause some delays in ANDA approvals, as generic ¢rms
would be required to create, and obtain FDA approval for, new labeling and
packaging. If the innovator product is switched to OTC status after ¢nal
ANDA approval, FDAwould presumably give theANDA sponsor a reason-
able length of time to supplement its approved ANDA to provide for an
OTCproduct.However, if the innovator ¢rm received three-year exclusivity,
the generic ¢rm would be forced o¡ the market until exclusivity expiration,
despite having an approved ANDA for a prescription product. Finally, the
marketing and distribution of an OTC product could present new challenges
for many generic ¢rms that have no experience competing in this market,
which is dominated by private label products marketed by large retail
pharmacy chains.

5. PATENT-RELATED ISSUES

5.1. Scope of Hatch–Waxman Patent Listing Provisions

The Hatch^Waxman Amendments require the NDA sponsor to submit for
Orange Book listing ‘‘any patent which claims the drug for which the appli-
cant submitted the application or which claims a method of using such drug
and with respect to which a claim of patent infringement could reasonably
be asserted if a person not licensed by the owner engaged in themanufacture,
use, or sale of the drug’’ (52). If such a patent issues after the NDA is
approved,patent informationmust be submitted to FDAwithin 30 days after
patent issuance (53). The scope of these provisions has been the subject of
much controversy,which continues as of the date of this writing.

In its implementing regulation, FDA interpreted these provisions to
provide for the listing of drug substance (ingredient) patents, drug product
(formulation and composition) patents, and method of use patents. Drug
substance patents are eligible for listing only if they claim a ‘‘component’’of
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the approved drug product, and drug product patents are eligible for listing
only if they claim an approved drug product.Method of use patents are eligi-
ble for Orange Book listing only if they claim approved indications or other
conditions of use. Process patents are not eligible for Orange Book listing
(54). In connection with each formulation, composition, or method of use
patent submitted for Orange Book listing�but not for drug substance
patents�the NDA sponsor must submit a declaration, that the patent ‘‘cov-
ers the formulation, composition, and=or method of use’’of the drug product
for which approval is being sought or which has been approved (55).

Considerable controversy has surrounded the appropriate inter-
pretation of FDA’s patent listing regulation. Innovator drug ¢rms have
increasingly interpreted FDA’s patent listing regulation to their bene¢t.

The general approach of FDA’s implementing regulation�that
product patents are eligible for listing only if they claim an approved drug
product�has been upheld. In one suit against FDA, a district court rejected
the innovator’s argument that any product patent related to the active ingre-
dient in an approved drug product is eligible for Orange Book listing (56).
In that situation, the patent claimed a drug product in tablet form,whereas
the approved drug product (Procardia�, nifedipine) was in capsule form.

In a handful of cases, an ANDA sponsor has sued the sponsor of the
NDA product to compel the ‘‘delisting’’ of an Orange Book patent. In one
case, the active ingredient in the approved drug product (Hytrin�, terazosin
hydrochloride) was in dihydrate form; the NDA sponsor submitted a patent
claiming the active ingredient in anhydrous form for Orange Book listing.
An ANDA sponsor,which had ¢led an ANDA using the anhydrous form of
the active ingredient, sued the NDA sponsor to compel delisting. Under
FDA policy, di¡erent waters of hydration are generally regarded as the
‘‘same’’ active ingredient for ANDA approval purposes. The district court
held that the patent was properly listed, because di¡erent waters of hydra-
tion are the ‘‘same’’ active ingredient for ANDA purposes (57). In another
case involving di¡ering waters of hydration, the active ingredient in the
approved drug product (Aredia�, pamidronate disodium)was in lyophilized
form,with no water of hydration.The innovator drug sponsor listed a patent
for the active ingredient in pentahydrate form. An ANDA sponsor sued to
compel delisting, on the theory that a drug substance must actually be
present in the ¢nished product before a patent is eligible for Orange Book
listing. The district court rejected that argument, holding that the patent
was properly listed because the pentahydrate form had been used as a
‘‘component’’ in the manufacturing process, consistent with FDA’s
regulation (58).

In another controversy, the NDA sponsor obtained a method of use
patent that claims a method of using a metabolite of the active ingredient in
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the approved drug product (Buspar�, buspirone).The patent was submitted
to FDA for Orange Book listing, on the rationale that it claimed a method of
using the approved drug product for all approved indications. After some
hesitancy, FDA listed the patent. A district court considered in detail the
prosecution history of the patent in question before the Patent and Trade-
mark O⁄ce, and concluded that the particular claims in question had been
abandoned. On this basis, that district court concluded that the patent was
not eligible for Orange Book listing (59).

The decision of the US Court of Appeals for the Federal Circuit on
appeal of this case was a major setback for the generic industry.The Federal
Circuit decided that an ANDA sponsor cannot sue an NDA sponsor seeking
the delisting of an Orange Book patent (60). Thus, at this time there is no
meaningful direct remedy for an ANDA sponsor to challenge the innovator
drug sponsor’s decision to list a patent in the Orange Book.

FDA has long taken the position that its role in the listing of Orange
Book patents is strictly ministerial, and that it will not become involved in
disputes between NDA sponsors and others (61). In a lawsuit against FDA,
one district court concluded that FDAwas entitled to accept the patent list-
ing declaration at face value and the court would not second guess FDA’s
decision (62). Recently, however, FDA has shown at least a little willingness
to play some role in determining whether patents are in fact appropriate for
Orange Book listing. As noted above, FDA delayed listing the method of
use patent that claimed a metabolite of the active ingredient in the approved
drug product. In a di¡erent lawsuit involving a generic version of Tiazactm

(diltiazem hydrochloride), FDA ¢led a document in district court in which
it tentatively took the view that the challenged Orange Book patent listing
was not in fact eligible for Orange Book listing because the innovator drug
sponsor’s own court briefs showed that the formulation patent did not claim
an approved drug product (63).

There is pending litigation against FDA, asserting interpretations of
the Hatch^Waxman Amendments that would impose limitations on the list-
ing of patents in the Orange Book, and the corresponding need to certify to
the patents.The impetus for this lawsuit is patents that issue well after initial
FDA approval of the innovator product, and typically during the time that
ANDAs are pending before FDA. In that case, it has been posited that only
patents that claim the drug product as initially approved in the NDA, and
not product improvements approved in supplements to theNDA,are eligible
for Orange Book listing; that an ANDA sponsor is not required to certify to
any patents that are ¢rst listed in the Orange Book after the time of initial
ANDA submission; and that patents that issue after initial NDA approval
can be listed in the Orange Book only if there is no patent available for
Orange Book listing at the time of initial ANDA approval. As of the time of
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this writing, these arguments have been rejected by a federal district court;
an appeal is pending (64). Previously, the US Court of Appeals for the Fed-
eral Circuit had recognized that these arguments are judicially cognizable,
under the usual standards that apply to challenges to federal agency decision
making (65).

In October 2002, FDA proposed to revise its regulations with new
interpretations of the Hatch^Waxman patent listing provisions. If adopted
as a ¢nal rule, an innovator company would be required to list patents claim-
ing those chemically di¡erent forms of the active ingredient or ingredients
in its approved drug product that are regarded as the ‘‘same’’active ingredi-
ent for ANDA purposes (66).Typically, this would include patents claiming
di¡erent waters of hydration and di¡erent polymorphs. FDA also proposed
that patents claiming intermediates or metabolites of the approved drug
product would not be eligible for Orange Book listing. FDA clari¢ed that
product by process patents are eligible for Orange Book listing. FDA
proposed to adopt a more detailed declaration to be used as a ‘‘checklist’’ by
innovator sponsors submitting patent information, to ensure that only
appropriate patents are listed in the Orange Book. FDA proposed that its
new interpretations would be prospective in operation. The provisions of
FDA’s proposed rule are unquestionably controversial. In this author’s
opinion, it remains to be seen when, or if, the proposed requirements will be
¢nalized. Moreover, a ¢nal rule could be challenged by an innovator ¢rm, a
generic ¢rm, or very possibly by both.

5.2. Thirty-Month Delay of ANDA Final Approval

The Hatch^Waxman Amendments provide that ANDA ¢nal approval is
automatically delayed by 30 months following a Paragraph IVcerti¢cation
to an Orange Book patent, notice of the certi¢cation to the NDA sponsor
and patent holder, and the timely ¢ling of a Hatch^Waxman patent infringe-
ment lawsuit. The 30-month period can the lengthened or shortened by the
court hearing the patent case‘‘because either party to the action failed to rea-
sonably cooperate in expediting the action’’ (67).

One district court’s decision to shorten the 30 months, based on what
it viewed as the NDA sponsor’s improper conduct before FDA in connec-
tion with the listing of the patent, was rejected on appeal by the Federal
Circuit. The Federal Circuit concluded that the 30-month period could be
shortened based only on delay related to the particular infringement
lawsuit (68).

At the time of this writing, ANDA sponsors are asserting in several
pending lawsuits that the Hatch^Waxman Amendments only permit a
single 30-month delay of ANDA approval for each ANDA, not successive
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30-month delays. In one pending lawsuit, theDistrict Court ruled against the
plainti¡ ANDA sponsor without expressly reaching the single 30-month
delay argument; the case is on appeal (69).

In October 2002, FDA proposed to adopt a regulation that would
change its longstanding interpretation of the 30-month delay requirement
(70). If FDA’s proposal is adopted as a ¢nal rule, there would be a maximum
of one 30-month delay period imposed for eachANDA.AnANDAapplicant
would still be required to certify to any relevant patents that are listed in the
Orange Book after ANDA submission, but would not be required to give
notice of its Paragraph IV certi¢cation to such a patent. As the 30-month
delay is tied to the receipt of notice of a Paragraph IV certi¢cation, there
would be no additional 30-month delay periods in connection with these
subsequently listed patents. If adopted, FDA’s new interpretation would be
prospective in operation. As previously noted, the provisions of FDA’s pro-
posed rule are unquestionably controversial. In this author’s opinion, it
remains to be seen when, or if, the proposed requirements will be ¢nalized;
litigation is a distinct possibility.

5.3. Hatch–Waxman Patent Infringement Litigation

Under the current interpretation of 180-day generic drug exclusivity, 180-
day exclusivity is available whenever a Paragraph IVANDA is ¢led.While a
discussion of patent infringement litigation is beyond the scope of this book,
two brief points are worthy of note.

First, the sponsor of a Paragraph IVANDAalways stands a reasonably
likelihood of being sued for patent infringement in the Hatch^Waxman
45-day window.While ANDA sponsors may, as a matter of business tactics,
want to be aggressive in ¢ling Paragraph IVANDAs and pursuing patent
challenges, the merit�or lack of merit�of any particular challenge
should be viewed objectively. In one recent case, the Paragraph IVANDA
applicant was liable for the NDA sponsor’s and patent holder’s attorneys’
fees for pursuing what the court characterized as a baseless patent challenge
(71). In such cases, attorneys’ fees often amount to several million dollars
or more.

Second, in some cases Paragraph IV ANDA applicants have been
sued, within the Hatch^Waxman 45-day window, for infringement of
patents not listed in the Orange Book. The US Court of Appeals for the
Federal Circuit ruled that the patent holder can seek a declaratory judg-
ment that its process patent (which is not eligible for Orange Book listing)
will be infringed by the ANDA sponsor (72). In other cases, Paragraph IV
ANDA applicants were sued, again within the 45-day Hatch^Waxman
window, for alleged inducement to infringe an Orange Book method of
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use patent for an unapproved use.Whether a patent holder can bring such a
lawsuit before commercial marketing of the generic product is pending
before the Federal Circuit (73). The relevant point is that a Paragraph IV
ANDA applicant may be inviting more patent infringement litigation than
anticipated.

5.4. Bolar-Type Considerations

The Hatch^Waxman Amendments permit an ANDA sponsor or pro-
spective sponsor to engage in activities reasonably related to seeking
government approval for its generic drug, without infringing any patents
covering the innovator drug (74).This provision is commonly known as the
Bolar provision. Because FDA requires validation data from three commer-
cial size manufacturing batches as a condition of ANDA approval, the
Hatch^Waxman Bolar provision e¡ectively permits an ANDA sponsor to
stockpile reasonable quantities of product for product launch in anticipation
of ANDA ¢nal approval. However, it does not provide a safe harbor from
infringement for any additional product manufactured before ANDA
approval.To the extent that an ANDA sponsor’s product is manufactured in
a foreign country, di¡ering patent laws will apply and there may be no safe
harbor for commercial production beforeANDA approval.

6. AMENABILITY TO ANDA SUBMISSION

6.1. ANDA Vs. 505(b)(2) NDA

Section 505(b)(2) of the FDC Act, added as part of the Hatch^Waxman
Amendments, authorizes an NDAwhere some of the safety or e¡ectiveness
investigations required to support NDA approval were not conducted for
the applicant, and for which the applicant has not obtained a right of refer-
ence or use (75). In the interest of simplicity, 505(b)(2) NDAs have generally
not been discussed elsewhere in this chapter.

A 505(b)(2) NDA sponsor must certify to any patents listed in the
Orange Book on the innovator product on which the 505(b)(2) application
is based, and the e¡ective date of approval may be delayed, just as with an
ANDA (76).The e¡ective date of approval of a 505(b)(2) may also be delayed
by ¢ve-year or three-year non-patent exclusivity for the innovator product
upon which it is based, or by six-month pediatric labeling exclusivity (77).
Unlike an ANDA, a 505(b)(2) NDA is not eligible for, and not a¡ected by,
180-day exclusivity.

A 505(b)(2) NDA sponsor is eligible for its own three-year exclusivity
if its application is supported by a clinical study essential to the approval;
this exclusivity would delay by three years the e¡ective date of approval of
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another 505(b)(2) application or ANDA based on the 505(b)(2) sponsor’s
drug product (78).

A 505(b)(2) NDA may be suited for modi¢ed ‘‘generic’’ versions of
innovator products, such as extended or delayed release versions of regular
release innovator products. It may also be appropriate for drug products that
present bioequivalence di⁄culties, where it may be easier to conduct a
clinical trial to assess product comparability rather than a traditional
bioequivalence trial. Although FDA’s regulations provide that the agency
may refuse to accept a 505(b)(2) application where the product may be
addressed through an ANDA (79), FDA has not strictly enforced this
requirement.

A 505(b)(2) application is appropriate for changes from an innova-
tor product that are not permitted to be addressed through an ANDA.
These situations include di¡erent salts or esters of the active ingredient
in the innovator product and di¡erent indications and conditions for use,
neither of which can be addressed through the ANDA suitability petition
process.

Although, in theory, an ANDAcan be based on any innovator product
that was approved under an NDA, special hurdles exist for biological-type
drug products. These problems stem from the inherently variable nature of
biological-type products. Recombinant protein products, such as human
growth hormone and insulin, are regulated as drugs under the NDA provi-
sions of the FDC Act. However, FDA has to date taken the position that it
will not approve an ANDA for a generic version of these products. FDA’s
view appears to be that it is not able to evaluate these products under the
Hatch^Waxman ANDA provisions; however, a 505(b)(2) NDA may be
appropriate. As noted above, at this time, FDAwill not approve synthetic
conjugated estrogens tablets drug product using the ANDA route, on the
basis that the active constituents of the innovator product have not been
su⁄ciently characterized. However, a synthetic version of the innovator
product has been approved through a 505(b)(2) NDA (Cenestin�, synthetic
conjugated estrogens A). That synthetic product is not rated as therapeuti-
cally equivalent to Premarin in the Orange Book.

A drug product approved through a 505(b)(2) NDA is not automati-
cally rated as therapeutically equivalent to its brand name counterpart, and
thus could not be substituted for the innovator product by a pharmacist
under typical state pharmacy laws. It may be necessary to‘‘detail’’such a pro-
duct to physicians, thereby creating newmarketing hurdles for some generic
¢rms. However, where the innovator and 505(b)(2) products are regarded
by FDA as pharmaceutically equivalent, it may be possible to conduct addi-
tional testing to demonstrate bioequivalence and therapeutic equivalence
with the innovator product.
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6.2. Withdrawal of Approval of Innovator Drug

The Hatch^Waxman Amendments provide that an ANDAmay be based on
an innovator drug that is no longer marketed, provided the innovator drug
was not withdrawn from sale for safety or e¡ectiveness reasons (80). An
ANDA sponsor that wants to base its product on a discontinued innovator
drug must petition FDA to make a determination that the product was not
discontinued for safety or e¡ectiveness reasons (81). In addition, an ANDA
may not be based on an innovator product for which FDA has begun the for-
mal administrative process to withdraw NDA approval for safety or e¡ec-
tiveness reasons (82).

The withdrawal of approval of the innovator product upon which an
ANDA is based can present special obstacles. In one case, the approved
innovator product was in tablet form (Eldepryl�, selegiline hydrochloride).
Less than one month before the expiration of non-patent exclusivity on the
innovator product, the innovator ¢rm obtained FDA approval for a capsule
form of its drug product. It then discontinued the tablet form, and attemp-
ted to attribute a safety reason for this decision: prevention of counterfeit
versions of its tablet product and the elimination of mix-ups of the tablet
product with other, similar appearing drug products. Thereafter, FDA
determined that the innovator tablet product had not been withdrawn for
safety or e¡ectiveness reasons.This determination allowedANDA sponsors
to seek approval for generic version of the tablet product, even though the
innovator tablet product was no longer being marketed.When the innovator
¢rm challenged that FDA decision, FDA’s decision was upheld, with the
court stating that the determination that the withdrawal was not for safety or
e¡ectiveness reasons was, in the ¢rst instance,within FDA’s discretion (83).

7. COMPLIANCE ISSUES

7.1. In General

Regulatory compliance issues may pose a hurdle to approval of an ANDA in
the ¢rst instance, to approval of supplements to an approved ANDA seeking
permission to change the formulation or manufacturing process or make
other product improvements, or to the continued manufacture and distribu-
tion of an approved drug product. These issues generally ¢rst come to light
during FDA inspections. FDA may conduct inspections as part of its statu-
tory obligation to inspect all drug manufacturers once every two years (84),
the agency’s investigation of complaints or other reports about product fail-
ures, or pre-approval inspections.

If an FDA investigator observes what he or she views as signi¢cant
problems, particularly in the area of current good manufacturing practices,
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the investigator is likely to leave a Form FDA-483 listing ‘‘Inspectional
Observations’’ at the close of the inspection. Depending on the seriousness
of the perceived deviations, FDA may send the inspected ¢rm a Warning
Letter,which is a cease-and-desist letter.While a further discussion of com-
pliance issues is beyond the scope of this book, it should be noted that a
‘‘483’’ or Warning Letter should be taken seriously and responded to in an
appropriate fashion. Firms that do not have the requisite in-house resources
should consult with knowledgeable technical, regulatory, and legal person-
nel, as appropriate.

If a drug manufacturer fails to resolve alleged violations that are
addressed in the Warning Letter, and particularly if the alleged violations
continue over a series of inspections, federal court legal action may result.
By going to federal court,where FDA is represented by the USDepartment
of Justice, the government can seek to seize and condemn violative products,
enjoin a ¢rm and its employees from continued violations of the law, and
impose criminal sanctions against a ¢rm and its management (85).

The approvability of an ANDA or supplemental ANDA may be
a¡ected not only by the compliance status of the sponsor’s own facilities,
but also by the regulatory status of active pharmaceutical ingredient (API)
suppliers, clinical research organizations, testing laboratories, and other
¢rms referenced in the ANDA that have a role in the development and pro-
duction of the generic drug product.This situation is complicated by the fact
that, under typical commercial arrangements, the ANDA sponsor has no
direct access to its suppliers’ internal procedures and similar documents,
which are typically made available to FDA in the form of a drug master ¢le
(DMF) that the ANDA sponsor has the right to reference but not actually
review. Similarly, correspondence between FDA and a supplier may not be
available to the ANDA sponsor. Thus, the ANDA sponsor may be at the
mercy of others,without having any ability to resolve the compliance issues,
or even ¢nd out about them.

7.2. Recalls

Problems uncovered during FDA inspections, as well as problems uncov-
ered by a manufacturer itself, can lead to product recalls. In general,
FDA has no legal authority to compel a ¢rm to conduct a recall; thus,
recalls are nominally ‘‘voluntary.’’ As a practical matter, however, ¢rms
often have no alternative but to conduct a recall of product that violates
legal and regulatory requirements in some manner. The factors that
support a decision to conduct a ‘‘voluntary’’ recall include FDA’s ability
to issue adverse publicity about the ¢rm, the threat of legal action,
and mitigation of product liability exposure. FDA has issued recall
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‘‘guidelines,’’ and strongly prefers that ¢rms conducting a recall follow the
guidelines (86).

While a discussion of the conduct of a recall is beyond the scope
of this book, it should be noted that every drug manufacturer should
have contingency plans for conducting a recall. If properly handled, the
impact of a recall can be minimized. A ¢rm’s recall plan should address
assessing the health hazard associated with a product problem; contacting
regulatory authorities; contacting customers; public relations; handling
physician, pharmacist, and consumer inquiries; and collecting and
handling returned product. Of course, in any particular situation, some of
these steps may not be necessary, depending on the nature of the product
and a ¢rm’s operations. A ¢rm that does not have the requisite in-house
expertise should seek the assistance of quali¢ed outside help in this area,
preferably before the need arises.

Recalls are commonplace and a¡ect all drug ¢rms ranging frommulti-
national innovator companies to small niche generic ¢rms. In a typical year,
approximately 500 recalls of drug products are reported by FDA.The great
majority of these recalls involve the failure of a product to comply with its
speci¢cations in some manner, such as dissolution problems or subpotency
near the endof the product’s shelf life.For themost part, these recalls present
technical violations that present either no or minor public health issues.

7.3. ‘‘Fraud Policy’’

In response to widespread problems involving the submission and review of
ANDAs in the late1980s and early1990s, FDAadopted its application integ-
rity policy, commonly known as the ‘‘fraud policy,’’ in 1991 (87). The fraud
policy is triggered if FDA concludes that the sponsor of an ANDA (or other
pre-market approval application) has committed fraud, bribery, illegal gra-
tuities, or other unlawful acts that call into question the integrity of data
supporting the sponsor’s application. The policy can also be triggered by a
pattern of material errors due to sloppiness and similar causes. If FDA noti-
¢es a ¢rm that the fraud policy is applicable, FDAwill stop reviewing the
¢rm’s applications until the ¢rm has rehabilitated itself. Rehabilitation
consists of removal of all individuals who were associated with the improper
acts, followed by a validity assessment to determine the reliability of data in
the ¢rm’s applications.Validity assessments are typically conducted by inde-
pendent consultants, retained at the ¢rm’s expense, followed by FDA spot-
checking of data. FDA’s decision to invoke the fraud policy with respect to
an ANDA sponsor, or even a contract manufacturer with a signi¢cant role
in preparation of anANDA,could result in delays of one to a number of years
in ANDA approval.
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7.4. Debarment

In response to irregularities in the generic drug industry, the Federal Food,
Drug, and Cosmetic Act (FDC Act) was amended in 1992 to include debar-
ment provisions (88). Both individuals and business entities can be debarred
if convicted of certain crimes associated with a lack of trustworthiness (e.g.,
fraud, perjury, obstruction of justice); a high managerial agent can also be
debarred if he or she had knowledge of such activity and failed to take reme-
dial action. An ANDA is required to include a certi¢cation that the sponsor
did not use and will not use in any capacity the services of a debarred person
in connection with the application. Thus, ANDA sponsors have an obliga-
tion to ensure that they do not employ debarred individuals and do not use
the services of a company that has been debarred.

8. LEGISLATIVE ISSUES—HATCH–WAXMAN REFORM

Asof thiswriting, reformof some of theHatch^Waxman provisions adopted
in1984 within the next several years is a de¢nite possibility (e.g.) (89). In par-
ticular, from the generic industry’s perspective, provisions that have been
widely discussed as in need of revision include the patent listing provisions
for NDA sponsors, the automatic 30-month delay of ANDA ¢nal approval,
and 180-day exclusivity. Any reform will undoubtedly involve trade-o¡s
between the rights and obligations of the innovator and generic drug indus-
tries. For the bene¢t of the innovator side, possible trade-o¡s include
enhancements to the exclusivity and patent term restoration provisions of
the Hatch^Waxman Amendments.

As enacted in 1984, the abbreviated approval and non-patent exclusiv-
ity provisions of the Hatch^Waxman Amendments do not apply to biologi-
cal products licensed by FDA under the Public Health Service Act.
(However, biological products are within the scope of the patent term
restoration provisions of Title II of the Hatch^Waxman Amendments (90).)
Some generic drug ¢rms have advanced the notion of extending the ANDA-
type abbreviated approval mechanism to generic versions of biological pro-
ducts. While such an extension is likely to receive serious consideration,
there is at this time no agreement on the underlying scienti¢c standard for
assessing comparability or equivalence.

9. MISCELLANEOUS

9.1. ‘‘Moving Target’’ and Disagreements with FDA

A longstanding industry complaint with the FDA pre-market approval
process (not limited to generic drugs, by any means) is the so-called ‘‘moving
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target,’’ in which product sponsors satisfy what they believe were the applic-
able requirements,only to be told that the requirements have changed or that
additional requirements are now applicable. In an e¡ort to address this
longstanding concern, the FDC Act was amended in 1997 to provide for a
binding ANDA pre-submission conference. Assuming written agreement is
reached, the agreement is not to be changed after testing begins, except with
the sponsor’s consent or based upon an FDAdetermination that a new, sub-
stantial scienti¢c issue essential to the safety or e¡ectiveness of the drug has
been identi¢ed (91). In practice, the provision has been of limited use. By its
terms, it applies only to agreements on the design and size of bioavailability
and bioequivalence studies. Even within that limited scope, very few pro-
spective ANDA sponsors have reached written agreements with FDA
regarding study design.

To reduce the ‘‘moving target’’ problem to the maximum extent possi-
ble, prudent ANDA sponsors should attempt to get written con¢rmation
whenever possible from FDA regarding any understandings reached. If that
is not possible, the sponsor should memorialize the understanding reached
at a meeting or during a telephone conference, send a copy of the document
to FDA, and ask that it be reviewed and any inaccuracies be brought to the
attention of the ¢rm as soon as possible.

Disagreementswith FDAsta¡ over scienti¢c or technical issues can be
appealed up through the chain of command (92). If a disputed technical issue
cannot be resolved through the appeals process, judicial review is probably
not a realistic option. Before seeking judicial review, a drug sponsor
generally must seek a formal evidentiary hearing on whether its application
should be approved. This procedure calls for a formal evidentiary hearing
before FDA’s Administrative Law Judge (ALJ), an initial decision by the
ALJ, and a ¢nal agency decision by the FDACommissioner or his delegate.
Only then is judicial review available (93). Unfortunately for industry, this
administrative process is unlikely to result in a satisfactory decision on the
merits for the drug sponsor.Moreover, it is very time consuming and is likely
to take a number of years to run its course.Thus, as a practical matter, it has
very seldom been used by industry. In some cases, it may be possible to
characterize an ANDAdispute in legal terms, thereby increasing the chance
of obtaining judicial review without ¢rst resorting to the administrative
hearing process.

9.2. ANDA Approval Delays

Although Hatch^Waxman Amendments provide that FDAwill approve or
disapprove anANDAwithin180 days (94), themedian ANDAapproval time
is, as of this writing, approximately 18 months. While there have been
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substantial improvements in recent years in ANDA review and approval
times, these times are still far longer than the statutory timeframes. One
court challenge to compel FDA to review a sponsor’s ANDA in timely fash-
ion was rejected (95).

Much of the delay in reviewing and approving ANDAs can be attribu-
ted to the successful Prescription Drug User Fee Act, which requires drug
sponsors to pay user fees in connection with NDAs for prescription drugs
(96). The user fee legislation includes a commitment by FDA that it will
review and take action on 90% of all complete NDAs within 12 months, and
FDA has done so. The user fee legislation has had the practical e¡ect of
diverting agency resources that would otherwise have been used for the
review of ANDAs to the innovator product side of FDA’s Center for Drug
Evaluation and Research.

Delay is a particular problem for thoseANDAs that require a‘‘consult’’
opinion from the corresponding new drug review division.Examples of such
ANDAs include sustained release products with complex bioequivalency
issues and non-systemically absorbed drug products where a small clinical
trial is used to assess bioequivalency.These ‘‘consults’’are typically assigned
a low priority by the new drug review division because they do not count
against FDA’s user fee deadlines and quotas. In appropriate situations, a
505(b)(2) NDAmay be preferable to an ANDA, as the 505(b)(2) application
will get the bene¢t of the user fee time commitments.

9.3. State Formulary Issues

Under most state pharmacy laws, a pharmacist may (or must) substitute a
generic version of an innovator product when the physician prescribes
the innovator product by brand name, unless the physician or patient
objects to substitution. The substitution provisions of most state phar-
macy laws cover all ANDA products that have been approved by FDA
as therapeutically equivalent to their brand name counterparts. However,
in a small number of states, state formulary boards may conduct their
own review of the information and data submitted to FDA to support
an ANDA approval, and may make their own decisions on product
substitutability within that state. Although senior FDA o⁄cials are on
record as stating that there is no evidence that an FDA-approved generic
product cannot be safely and e¡ectively substituted for its brand name
counterpart, these states that engage in making their own drug sub-
stitution decisions provide another opportunity for innovator drug
sponsors to block substitution. Most recently, these e¡orts have focused
on so-called ‘‘narrow therapeutic index’’ drugs, such as Coumadin�

(warfarin sodium).
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9.4. Copyrighted Labeling

One innovatordrugmanufacturer attempted toblock generic competitionby
copyrighting portions of its FDA-approved labeling, and then seeking an
injunction under federal copyright law against the ANDA sponsor on the
basis that its copyrightwasbeing infringed.Thecourt ultimately rejected this
argument, concluding that the Hatch^Waxman requirement for the ‘‘same’’
labeling takes precedence over copyright law. However, that court
recognized that useof thecopyrightedmaterials in a contextother than label-
ing (such as advertising) could well constitute copyright infringement (97).

9.5. Anti-trust Considerations

Agreements between competitors or potential competitors that have the
e¡ect of restricting competition may run afoul of federal and state antitrust
laws and similar laws.Particularly noteworthy in this respect are agreements
between the innovator drug sponsor and theANDA sponsor entitled to180-
day exclusivity to settle Hatch^Waxman patent infringement litigation in a
way that blocks or signi¢cantly delays the entire market for generic versions
of the innovator product. These arrangements have led to enforcement
action by the Federal TradeCommission (FTC) (whichwith theDepartment
of Justice is charged with enforcing federal anti-trust statutes) e.g., (98), as
well as lawsuits seeking damages ¢led by state governments, health care
insurers, and consumer groups. The FTC has studied these agreements
(99), which may result in additional investigations. Exclusive supply
arrangements between an ANDA sponsor and theAPI supplier are also sus-
pect, particularly if no other sources of theAPI are available.

The actions of innovator companies that have the e¡ect of delaying all
generic competition are also under FTC scrutiny and the subject of private

ing of patents in theOrangeBook thatmay notmeet the statutory and regula-
tory criteria for listing.

10. CONCLUSION

In addition to the technical hurdles that a prospective generic drug sponsor
must overcome, there are a number of obstacles that many would character-
ize as being of a legal nature.Uncertainties about how FDA is implementing
and interpreting some statutory provisions, such as 180-day generic drug
exclusivity, along with the possibility of litigation, complicate business
planning in some cases.A prospectiveANDAsponsor facing a situation that
could pose hurdles of this type would be well advised to seek appropriate
regulatory and legal advice.
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Glossary

Abbreviation Definition

ABRating Products listed in the ‘Orange Book’ that
meetnecessary bioequivalence requirements.

ADME Absorption,Distribution,Metabolism andExcretion
ADR Adverse Drug Reaction
AE Adverse Event
Agency The United States Food and Drug Administration
ANDA Abbreviated NewDrug Application
ANOVA Analysis of variances
API Active Pharmaceutical Ingredient (see Drug

Substance)
AUC Area Under the Curve (an expression of exposure or

extent of systemic drug absorption)
BA Bioavailability
BACPAC Bulk Actives Post-Approval Changes
Batch A speci¢c quantity of a drug substance or drug

product intended to have uniform character and
quality,within speci¢ed limits, and produced
according to a single manufacturing order during
the same cycle or manufacture (see alsoBiobatch)

BCS Biopharmaceutics Classi¢cation System
BE Bioequivalence
Biobatch The lot of drug product formulated for purposes of

pharmacokinetic evaluation in a
bioavailability=bioequivalence study.

Biostudy An in vivoBAor BE study
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Biowaiver A request to theFDAtowaive the requirements for an
in vivo bioequivalence study. Biowaivers are often
requested for lower dosage strengths whose
formulations are dose proportional to the dosage
strength used in a bioequivalence study.

BLA Biologics LicenseApplication
CANDA ComputerAssisted NewDrug Application
CBE Changes Being E¡ected
CBE-30 Changes Being E¡ected�30 days
CBER Center for Biologics Evaluation and Research

CDER Center for Drug Evaluation and Research

CDMA Canadian DrugManufacturers Association

CFR Code of Federal Regulations�Comprehensive drug
regulations are found inTitle 21of the Code of
Federal Regulations Part 300, Subchapter D:
Drugs for Human Use (21CFR Part 300)

Critical
Manufacturing

Variable

Includes those manufacturing materials, methods,
equipment, and processes that signi¢cantly a¡ect
drug release from the formulation (e.g., coating
thickness, particle size, crystal form, excipient
type, and tablet hardness)

Critical Processing
Variable

A speci¢c step, unit process, or condition of a unit
process that can a¡ect a speci¢c performance
variable critical to the ultimate and predictable
performance of the dosage form and the drug
substance.

cGMP Current GoodManufacturing Practices
CMC Chemistry andManufacturing Controls
CMCCC Chemistry andManufacturing Controls

Coordinating Committee (CDER)
COSTART Coding Symbols forThesaurus of Adverse Reaction

Terms
CRO Contract Research Organization
DEA Drug Enforcement Administration

DMF DrugMaster File
Drug Product A ¢nished dosage form (e.g., tablet, capsule, or

solution) that contains a drug substance generally,
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but not necessarily, in association with one or
more other ingredients.

Drug Substance An active ingredient that is intended to furnish
pharmacological activity or other direct
e¡ect in the diagnosis, cure, mitigation,
treatment, or prevention of disease or to a¡ect
the structure or any function of the human body,
but does not include intermediates used in
the synthesis of such an ingredient.
(Also considered as the active pharmaceutical
ingredient.)

EFPIA European Federation of Pharmaceutical Industries
Associations

EIR Establishment Inspection Report
EMEA European Agency for the Evaluation of Medicinal

EPA
EU European Union
FDA United States Food and Drug Administration

FDA Form 483 FD-483 is the written notice of objectionable
practices or deviations from the regulations that
are prepared by the FDA inspector at the end of an
investigation.

FD&CAct Federal Food, Drug, and Cosmetic Act
FOI Freedom of Information

FR Federal Register�the Federal Register is the o⁄cial
daily publication for Rules, Proposed Rules,
andNotices of Federal agencies and organizations,
as well as Executive Orders and other Presidential

FTC
GGPs Good Guidance Practices.GGPs de¢ne how the

FDAdevelops and uses guidance documents
GLP Good Laboratory Practices
GMP GoodManufacturing Practices
GPA Generic Pharmaceutical Association

GRAS Generally Recognized as Safe
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Guidance A guidance refers to any written communication that
explains the FDA policy or procedure.The term
guidance generally refers to guidance for industry.
Guidances are prepared to establish clarity and
consistency in FDA policies and in inspection and
enforcement procedures.Guidances re£ect FDA’s
current thinking on an issue.Guidance documents
contain recommendations about how best to do
things, but do not legally bind the FDAor the
public.

Hatch^Waxman Drug Price and Patent Restoration Act of1984
HFD Routing code for mail to CDER
HPB Health Protection Branch (Canada’s equivalent to

IBE Individual Bioequivalence
ICH International Conference on Harmonization of

Technical Requirements for Registration of
Pharmaceuticals for Human Use

IFPMA International Federation of Pharmaceutical

Impurity Any component of a drug substance that is not the
entity de¢ned as the drug substance.

IND Investigational NewDrug
Installation

Quali¢cation (IQ)
The documented veri¢cation that all key aspects of
the equipment and ancillary systems installations
adhere to the approved design intentions (plans)
and the recommendations of the manufacturer are
suitably considered.

InVitro^InVivo
Correlation
(IVIVC)

A predictive mathematical model describing the
relationship between an in vitro property of an oral
dosage form (usually the rate or extent of drug
dissolution=release) and a relevant in vivo response
(e.g., plasma drug concentration or percentage of
drug absorbed)

IRB Institutional Review Board (ethics committee that
reviews biostudies)

MAPP Manual of Policy and Procedures
NCE New Chemical Entity
NDA NewDrug Application
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NME NewMolecular Entity
NTI NarrowTherapeutic Index or NarrowTherapeutic

Range Drugs
OGD O⁄ce of Generic Drugs

Operational
Quali¢cation (OQ)

The documented veri¢cation that the equipment and
ancillary systems perform as intended throughout
anticipated operating ranges.

Orange Book Approved Drug Products withTherapeutic
Equivalence Evaluations

PAI Pre-approval Inspection
PD Pharmacodynamics
Pilot Scale Themanufacture of a drug substance or drug product

on a reduced scale by processes representative of
and simulating that to be applied on a larger
commercial manufacturing scale.

PDR Physician’s Desk Reference,Medical Economics
Company,Montvale, NJ (published annually)

PDUFA Prescription Drug User FeeAct of1992
PRMA Pharmaceutical Research andManufacturers of

PK Pharmacokinetics
PQRI
Process validation Establishing documented evidence that provides a

high degree of assurance that a speci¢c processwill
consistently produce a product meeting its
predetermined speci¢cation and quality
characteristics.

QA QualityAssurance
QC Quality Control
RLD Reference Listed Drug
RTF RefuseTo File, the decision by the FDA to refuse to

¢le an application
Speci¢cations A set of criteria to which a drug substance or drug

product should conform to be considered
acceptable for its intended use.

SUPAC Scale-Up and Post-Approval Changes
TPD Therapeutics Products Directorate

(part of Canada’s Health Protection Branch)
USAN
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USP-NF United States Pharmacopeia�National Formulary

WHO World Health Organization

378 Glossary

5460-3 Shargel Glossary R1 102504

Copyright © 2005 by Marcel Dekker, Inc.

(http:==www.usp.org)

(www.who.int=home-page)

http://www.who.int
http://www.usp.org

	Generic Drug Product Development: Solid Oral Dosage Forms
	Preface
	Contents
	Contributors
	Glossary

	Chapter 1: Introduction to Generic Drug Product Development
	1. SELECTION OF A GENERIC DRUG PRODUCT FOR MANUFACTURE
	2. LEGISLATIVE AND REGULATORY ISSUES
	3. GENERIC DRUG APPROVAL
	3.1. Approved Drug Products with Therapeutic Equivalence Evaluations (Orange Book)

	4. PATENTS
	4.1. Exclusivity

	5. RESOURCES FOR ANDA SUBMISSIONS
	5.1. Guidance Documents for ANDAs
	5.2. Manual of Policies and Procedures
	5.3. Freedom of Information (FOI)
	5.4. Additional Resources Regarding Drug Development
	5.5. Drug Master File
	5.6. United States Pharmacopeia
	5.7. International Conference on Harmonisation

	6. SUMMARY
	REFERENCES
	Glossary

	Chapter 2: Active Pharmaceutical Ingredients
	1. INTRODUCTION
	2. SOURCES OF ACTIVE PHARMACEUTICAL INGREDIENTS
	3. PATENT RESTRICTIONS AND EXCLUSIVITY GRANTED TO AN NDA SPONSOR
	4. COMPARISON WITH INNOVATOR API
	4.1. Chemical Structure
	4.2. Impurity Profile
	4.3. Physical Form

	5. SPECIFICATIONS
	Identity testing
	Impurity testing (includes degradants formed post-manufacture of the material)
	Other specified tests

	6. DRUG MASTER FILE (DMF)
	7. REGULATORY OVERSIGHT OF API MANUFACTURERS
	8. BACPAC (BULK ACTIVE CHEMICAL, POST APPROVAL CHANGES)
	9. TECHNICAL PARTNERSHIP BETWEEN THE API MANUFACTURER AND THE DRUG PRODUCT MANUFACTURER
	10. IDENTIFYING AND QUALIFYING API SOURCES
	11. CONCLUSION
	REFERENCES
	Glossary

	Chapter 3: Analytical Methods Development and Methods Validation for Solid Oral Dosage Forms
	1. INTRODUCTION
	1.2. Method Development and its Importance

	2. METHOD DEVELOPMENT
	2.1. API Test Methods
	2.1.1. In-Process Test Methods

	2.2. Finished Dosage Form Test Methods

	3. METHOD VALIDATION
	3.1. Objectives of Method Validation
	3.2. Method Validation Requirements
	3.2.1. Compendial Analytical Procedures
	3.2.2. Non-compendial Methods

	3.3. Development of a Validation Protocol
	3.4. Validation Planning and Protocol Execution
	3.5. Validation Report
	3.6. Method Equivalency Study

	4. METHOD TRANSFER
	4.1. Objective of the Method Transfer
	4.2. Documentation of Method Transfer
	4.2.1. Method Transfer Protocol
	4.2.2. Method Transfer Report


	5. ADDITIONAL VALIDATION AND RE-VALIDATION OF THE TEST METHOD
	6. SUMMARY AND CONCLUSIONS
	REFERENCES
	Glossary

	Chapter 4: Experimental Formulation Development
	FORMULATION DEVELOPMENT STRATEGIES
	1. Patent Search(es)
	1.1 Formulation Patents
	1.2 Combination Patents
	1.3. Use Patents

	2. Literature Search
	3. Regulatory Strategy
	4. Sourcing of the Active Raw Material(s)
	4.1 Alternate Vendor Sourcing

	5. Formulation Development
	6. Equipment Selection for Formulation Development
	7. Assessment of the Final Formulation and Exhibit-Batch Production
	8. The Development Report
	9. Master Manufacturing Document
	10. Exhibit-batch Production

	REFERENCES
	APPENDIX 1: PRODUCT DEVELOPMENT FLOW CHART
	APPENDIX 2: DESCRIPTION OF THE FORMULATION-DEVELOPMENT AND SUBSEQUENT EXHIBIT-BATCH MANUFACTURE OF A GENERIC SOLID ORAL DOSAGE FORM (TABLET)
	A. Acquisition of API and Technical Package Following Comprehensive Literature and Patent Reviews
	B. Preformulation studies on the API
	C. Innovator Product Characterization
	D. Formulation Development
	D.1. Manufacturing Method

	E. Range Studies—Investigation of Formulation and Process Variables
	E.1. Formulation Variables
	E.2. Process Variables


	SIMILARITY AND DIFFERENCE FACTORS
	Glossary

	Chapter 5: Scale-Up, Process Validation, and Technology Transfer
	1. INTRODUCTION
	2. PRODUCT DEVELOPMENT
	2.1. Preformulation Studies
	2.1.1. Particle Shape, Size, and Surface Area
	2.1.2. Solubility in Water and Granulating Fluid
	2.1.3. Crystallinity and Polymorphism
	2.1.4. Moisture Sensitivity and Equilibrium Moisture Content (EMC)
	2.1.5. Bulk and Tapped Densities of Major Components
	2.1.6. Flow Parameters
	2.1.7. Granulation Properties
	2.1.8. Drying Properties
	2.1.9. Compaction Behavior

	2.2. Formulation Development and Process Optimization
	2.3. Scale-Up of Manufacturing Process
	2.3.1. Dry Blending
	2.3.2. Wet Granulation
	2.3.3. Roller Compaction
	2.3.4. Drying
	2.3.5. Milling
	2.3.6. Extrusion/Spheronization
	2.3.7. Compression
	2.3.8. Encapsulation
	2.3.9. Coating

	2.4. Process Validation
	2.4.1. Equipment Qualification
	2.4.2. Cleaning Validation

	2.5. Process Demonstration and Technology Transfer
	2.5.1. Process Demonstration
	2.5.2. Technology Transfer

	2.6. Documentation
	2.7. Post-Approval Changes—SUPAC

	3. CONCLUSION
	REFERENCES
	Glossary

	Chapter 6: Drug Stability
	1. INTRODUCTION
	1.1. Why Stability for Generic Drugs?
	1.2. Terminology

	2. API STABILITY
	2.1. Pharmacopeial and Non-Pharmacopeial APIs
	2.2. Specifications and Test Methods
	2.3. FDA and ICH Guidelines
	2.4. Issues for Multisource APIs
	2.5. Method Validation
	2.6. Shelf-life Development and Assignment
	2.7. Packaging
	2.8. Shipment

	3. INTERMEDIATES FOR DRUG PRODUCTS
	3.1. Specifications
	3.2. Holding Time

	4. DRUG PRODUCT STABILITY
	4.1. Pharmacopeial and Non-pharmacopeial Products
	4.2. Specifications and Test Methods
	4.3. Method Validation
	4.4. FDA and ICH Guidelines
	4.5. Stability Protocol
	4.6. Shelf-life Development
	4.7. Action Limits
	4.8. Expiration Date Assignment
	4.9. Annual Stability
	4.10. Extension of Expiration Dating Period
	4.11. Bulk Holding
	4.12. Bracketing
	4.13. Matrixing
	4.14. Controlled Room Temperature
	4.15. Stability of Products Containing Iron
	4.16. Reprocessing and Reworking
	4.17. Packaging
	4.18. Shipment

	5. CONTROLLED DRUGS
	5.1. Storage Requirements for CI to CV Drugs

	6. SUBMISSION REQUIREMENTS
	6.1. ANDA Submission
	6.1.1. General Requirements for ANDA Submissions for Generic Products

	6.2. Postapproval Changes
	6.3. Site Transfer

	7. COMPLIANCE ISSUES
	7.1. Drug Substance (API) Stability
	7.2. Drug Product Stability
	7.3. cGMP Considerations
	7.4. FDA Inspection
	7.5. Documentation
	7.6. Training
	7.7. Out of Specification (OOS) Investigation
	7.8. Annual Product Review
	7.9. Field Complaint
	7.10. Recall

	8. STABILITY SOFTWARE
	8.1. Computer Validation
	8.2. CFR Part 11

	9. VALUE OF STABILITY
	10. COST OF STABILITY
	11. CONCLUSIONS
	REFERENCES
	Glossary

	Chapter 7: Quality Control and Quality Assurance
	1. INTRODUCTION
	2. EQUIPMENT
	3. DOCUMENTATION
	4. OPTIMIZATION OF PROCESS PARAMETERS AND JUSTIFICATION OF IN-PROCESS SPECIFICATIONS
	5. BATCH SIZE
	6. DEVELOPMENT REPORTS OR LOGS
	7. PRE-APPROVAL INSPECTIONS
	8. QUALITY ASSURANCE INVOLVEMENT IN R&D
	9. CONCLUSION
	REFERENCES
	Glossary

	Chapter 8: Drug Product Performance, In Vitro
	1. INTRODUCTION
	2. IMPORTANCE OF IN VITRO DRUG PRODUCT CHARACTERIZATION
	3. TYPES OF SOLID ORAL DOSAGE FORMS
	4. FACTORS AFFECTING IN VITRO DRUG PRODUCT DISSOLUTION
	4.1. Factors Related to Drug Substance
	4.1.1. Solubility of the Drug Substance
	4.1.2. Polymorphism
	4.1.3. Salt Factor and ‘pH’ of the Diffusion Layer
	4.1.4. Surface Area and Particle Size

	4.2. Formulation Factors
	4.3. Manufacturing Process Factors
	4.4. Dissolution/Drug Release Test Conditions

	5. IN VITRO DRUG PRODUCT PERFORMANCE EVALUATION
	5.1. Disintegration Test
	5.2. Dissolution Test—Immediate-Release Solid Oral Dosage Forms
	5.2.1. Apparatus
	5.2.2. Media
	5.2.3. Tolerance

	5.3. Drug Release Test—Modified-Release Solid Oral Dosage Forms
	5.3.1. Apparatus
	5.3.2. Media
	5.3.3. Tolerances

	5.4. Dissolution/Drug Release Profile Comparisons

	6. APPLICATIONS OF IN VITRO DISSOLUTION
	6.1. Product Development
	6.2. Quality Assurance
	6.3. Product Stability
	6.4. Comparability Assessment
	6.5. Waivers of In Vivo Bioequivalence Requirements
	6.5.1. Formulation Proportionality
	6.5.2. Biopharmaceutics Classification System
	6.5.3. In Vitro/In Vivo Correlations


	7. LIMITATIONS OF IN VITRO DISSOLUTION
	8. SUMMARY
	9. WEBSITES
	REFERENCES
	Glossary

	Chapter 9: ANDA Regulatory Approval Process
	1. FILING REVIEW OF ABBREVIATED NEW DRUG APPLICATIONS (ANDA)
	2. COORDINATION OF THE GENERIC DRUG REVIEW PROCESS
	3. BIOEQUIVALENCE REVIEW PROCESS
	4. CHEMISTRY REVIEW PROCESS
	5. LABELING REVIEW PROCESS
	6. PUTTING IT ALL TOGETHER
	APPENDIX A
	Glossary

	Chapter 10: Bioequivalence and Drug Product Assessment, In Vivo
	1. INTRODUCTION
	2. OBJECTIVES OF BIOEQUIVALENCE STUDIES
	3. HISTORY OF BIOEQUIVALENCE EVALUATION OF GENERIC DRUG PRODUCTS
	4. STATISTICAL EVALUATION OF BIOEQUIVALENCE DATA
	5. CURRENT METHODS AND CRITERIA FOR DOCUMENTING BIOEQUIVALENCE
	6. TYPES OF EVIDENCE TO ESTABLISH BIOAVAILABILITY AND BIOEQUIVALENCE
	7. WAIVERS OF IN VIVO BIOEQUIVALENCE BASED ON IN VITRO DISSOLUTION TESTING
	8. COMPLEX DRUG SUBSTANCES
	9. NARROW THERAPEUTIC INDEX DRUGS
	10. FAILED BIOEQUIVALENCE STUDIES
	11. BIOEQUIVALENCE EVALUATION OF GENERIC DRUG PRODUCTS IN OTHER COUNTRIES
	11.1. Canada
	11.2. Japan
	11.3. European Union

	12. SUMMARY
	ACKNOWLEDGMENTS
	REFERENCES
	Glossary

	Chapter 11: Statistical Considerations for Establishing Bioequivalence
	1. INTRODUCTION
	2. TWO-TREATMENT–TWO-PERIOD (TTTP) DESIGNS—ANALYSIS OF AVERAGE BIOEQUIVALENCE
	2.1. Statistical Analysis
	2.1.1. Analysis of Variance
	2.1.2. Analysis Using the Log Transformation
	2.1.3. Test for Differential Carryover


	3. REPLICATE STUDY DESIGNS
	4. INDIVIDUAL BIOEQUIVALENCE
	4.1. Constant Scaling
	4.2. Statistical Analysis for Individual Bioequivalence

	5. THE FUTURE
	REFERENCES
	Glossary

	Chapter 12: Scale-up, Post-approval Changes, and Post-marketing Surveillance
	1. INTRODUCTION
	2. HISTORY AND BACKGROUND
	2.1. FDAMA
	2.2. SUPAC

	3. CURRENT REQUIREMENTS FOR POST-APPROVAL CHANGES
	3.1. Components/Composition
	3.2. Site Changes
	3.3. Change in Batch Size
	3.4. Manufacturing
	3.4.1. Equipment Change
	3.4.2. Process Change

	3.5. Specifications
	3.6. Packaging

	4. COMPARABILITY PROTOCOLS
	5. POST-MARKETING SURVEILLANCE
	REFERENCES
	Glossary

	Chapter 13: Outsourcing Bioavailability and Bioequivalence Studies to Contract Research Organizations
	1. WHY OUTSOURCE?
	1.1. What is the Goal/Reason for Outsourcing?
	1.2. Outsourcing Relationship: Vendor vs. Partnership
	1.2.1. Vendor
	1.2.2. Preferred Provider
	1.2.3. Partner

	1.3. Timing/Cost Considerations

	2. IDENTIFICATION OF APPROPRIATE CROS
	2.1. Assessment of Capabilities and Experience
	2.2. Clinical Capabilities
	2.3. Bioanalytical Capabilities
	2.4. Pharmacokinetic Capabilities
	2.5. Timeline Assessment

	3. CRO QUALIFICATION
	3.1. Due Diligence
	3.2. Clinical Site Qualification/Audit
	3.3. Bioanalytical Site Qualification
	3.4. Pharmacokinetic Site Qualification
	3.5. Culture

	4. COMPETITIVE BIDS/DEFINING THE DELIVERABLES
	4.1. Final Report Content and Format
	4.1.1. FinalWritten Report
	4.1.2. Electronic BE Study Reports (EVA) (6)

	4.2. Clinical
	4.2.1. Protocol Development
	4.2.2. Protocol Format
	4.2.3. Clinical Study Population
	4.2.4. Inclusion/Exclusion Criteria
	4.2.5. Lab Chemistries/SpecialTests/Physicals
	4.2.6. Dose and Safety Considerations
	4.2.7. Clinical Conduct
	4.2.8. Clinical Database

	4.3. Bioanalytical
	4.3.1. Bioanalytical Method/Technology Requirements
	4.3.2. Project Timelines and Turnaround Times
	4.3.3. Analytical Report and Data Format
	4.3.4. Assay of Samples from Placebo-treated Subjects
	4.3.5. SOPs
	4.3.6. Bioanalytical Sample Handling, Shipping, and Storage
	4.3.7. Quality Assurance
	4.3.8. Miscellaneous Bioanalytical Billing Practices

	4.4. Pharmacokinetic and Statistical Analyses
	4.4.1. Pharmacokinetic Analyses and Statistical Assessment of PK Data
	4.4.2. Statistical Assessments


	5. PROPOSAL REVIEW
	5.1. Generic BE Studies
	5.2. Generic Scale-up and Post-Approval BE Studies
	5.3. BA or BE Study for a New Chemical Entity
	5.4. Drug Interaction Study (BA); Short Turnaround Time from RFP to Proposal

	6. CONTRACTUAL OBLIGATIONS BETWEEN CROS AND SPONSORS
	7. PROJECT MANAGEMENT AND TIMELINES
	7.1. The CRO/Client Project Team
	7.1.1. Project Team for NDA BA/BE Studies
	7.1.2. Project Team for ANDA BE Studies

	7.2. CRO/Client Team Meetings and Communications

	8. RUNNING THE STUDY—THE DELIVERABLES
	8.1. Prestudy Activities
	8.1.1. Regulatory Documentation
	8.1.2. Management of theTest and Reference Formulations
	8.1.3. Prestudy Monitoring
	8.1.4. The Project Initiation Meeting

	8.2. Conduct of the Clinical Trial
	8.2.1. ClinicalMonitoring
	8.2.2. Clinical Review of CRFs and Query Resolution

	8.3. Data Management
	8.3.1. Data Management for ANDA-Track Studies
	8.3.2. Data Management for NDA-Track Studies

	8.4. Statistical Analysis of Safety Data
	8.5. Bioanalytical Data
	8.6. Pharmacokinetic Analyses
	8.7. Preparation and Review of the Final Report

	9. EVALUATION OF THE DELIVERABLES
	9.1. Bioanalytical Report Checklist
	9.2. Clinical Report Checklist
	9.3. Integrated Pharmacokinetic Report Checklist

	10. WORKING TOGETHER WHEN A STUDY GIVES UNEXPECTED RESULTS
	10.1. Clinical
	10.1.1. Recruitment Issues Delayed Study Timelines
	10.1.2. Clinical Dropouts and Clinical ‘‘No-Shows’’
	10.1.3. Unanticipated Adverse Events
	10.1.4. Dosing Errors
	10.1.5. Blood Collection Errors

	10.2. Bioanalytical Issues
	10.2.1. Validated Methods not Reproducible Under Clinical Conditions
	10.2.2. Excessive Number of Rejected Runs
	10.2.3. Number of Reassays Exceeds Freeze-Thaw Validation Cycles
	10.2.4. Clinical Samples Arrive at Laboratory Prior to Assay Validation
	10.2.5. Insufficient Long-Term Frozen Stability Data
	10.2.6. Clinical Sample Matrix Different from Validated Matrix
	10.2.7. Limit of Quantification (LOQ) Set Too High/Calibration Curve Range not Appropriate
	10.2.8. Specificity not Adequately Established

	10.3. Statistical (When a Study Fails)
	10.3.1. Insufficient Subjects Due to Adverse Events
	10.3.2. Statistical Issues: Power and Failed BE Study
	10.3.3. Statistical Issues: Group Effects

	10.4. FDA Preapproval Inspection of the CRO and FDA Form 483

	11. SUMMARY
	REFERENCES
	Glossary

	Chapter 14: Legal and Legislative Hurdles to Generic Drug Development, Approval, and Marketing
	1. INTRODUCTION
	2. CITIZEN PETITIONS AND LEGAL CHALLENGES TO ANDA APPROVALS
	3. EXCLUSIVITY ISSUES
	3.1. Five-Year New Chemical Entity Exclusivity
	3.2. Three-Year Exclusivity for Product ‘‘Improvements’’
	3.3. 180-Day Generic Drug Exclusivity
	3.4. Six-Month Pediatric Labeling Exclusivity

	4. DIFFERENCES BETWEEN INNOVATOR AND GENERIC PRODUCTS
	4.1. ANDA Suitability Petitions
	4.2. ‘‘Same’’ Active Ingredient
	4.3. ‘‘Same’’ Dosage Form
	4.4. ‘‘Same’’ Labeling and Inactive Ingredient Differences
	4.5. Bioequivalency
	4.6. OTC Switches

	5. PATENT-RELATED ISSUES
	5.1. Scope of Hatch–Waxman Patent Listing Provisions
	5.2. Thirty-Month Delay of ANDA Final Approval
	5.3. Hatch–Waxman Patent Infringement Litigation
	5.4. Bolar-Type Considerations

	6. AMENABILITY TO ANDA SUBMISSION
	6.1. ANDA Vs. 505(b)(2) NDA
	6.2. Withdrawal of Approval of Innovator Drug

	7. COMPLIANCE ISSUES
	7.1. In General
	7.2. Recalls
	7.3. ‘‘Fraud Policy’’
	7.4. Debarment

	8. LEGISLATIVE ISSUES—HATCH–WAXMAN REFORM
	9. MISCELLANEOUS
	9.1. ‘‘Moving Target’’ and Disagreements with FDA
	9.2. ANDA Approval Delays
	9.3. State Formulary Issues
	9.4. Copyrighted Labeling
	9.5. Anti-trust Considerations

	10. CONCLUSION
	REFERENCES
	Glossary

	Glossary

