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I. Introduction
Before 1938 in the U.S., there were practically no Food and Drug Adminis-
tration (FDA) regulations dealing specifically with drugs. A law in 1906
banned adulteration and misbranding, and it was enforced by court actions
based on inspections and the laboratory analysis of drug samples. The U.S.
Congress designated the U.S. Pharmacopoeia and the National Formulary
as official standards for the strength, quality, and purity of drug products.
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A drug that did not meet these standards simply had to be labeled to show
the differences.

The toxicity law approved on June 25, 1938, required that regulations be
drafted to carry out its provisions. One of these contained the first version
of the prescription legend. Another regulation defined what constituted
“newness” in a drug and required the filing of a new drug application (NDA)
to show the drug’s safety. Also included in these first regulations were those
for the control of cosmetics. Medical devices, however, were covered in the
general regulations for human and veterinary drugs. Far from inhibiting
drug innovation, the required additional research seems to have increased
innovation; at least 90% of the drugs marketed since 1938 are considered to
be new in a medical and legal sense. Drug regulation based on NDAs
consequently became the principal system of drug control in the U.S.

World War II greatly stimulated the development of drugs. The most
important of these drugs was penicillin, which was critically needed to treat
battlefield casualties. Because penicillin was subject to unpredictable varia-
tions in purity and potency, which could make the difference between a
lifesaving drug and a dangerous one, arrangements were made by the War
Production Board to have every batch tested by the FDA. In 1945, when
output of the drug justified civilian distribution, Congress enacted amend-
ments to continue the controls originally set up for military procurement.
Antibiotic drug regulations are still in effect as of today.

The greatest change in U.S. drug regulation occurred in 1962, when
Congress passed a series of amendments dealing with the prescription-leg-
end drugs. These amendments usually are referred to as the drug effective-
ness amendments because they added effectiveness to safety as a requirement
for FDA approval. Equally important, if not more so, was the requirement
that drug manufacturers operate in conformity with current good manufac-
turing practices (cGMPs). Wide differences in quality control had existed
among drug firms. Congressional hearings showed that this variability was
a dangerous situation. Public safety required an improved way to ensure that
all drug producers met standards already shown to be attainable.

As stated in the FDA’s 1962 annual report, “These drug amendments,
designed to ensure greater safety, effectiveness, and reliability in prescription
drugs, are a milestone in the protection of public health. Drug manufacturers
will be required to conduct their establishments in conformity with good
manufacturing practices, using controls that will rule out inadequate facili-
ties and poorly trained operators, to ensure that drugs have the identity and
strength and meet the quality and purity characteristics they are represented
to possess.”1

Industry expertise was the major component of the cGMP regulations,
combined with the FDA’s experience gained in thousands of inspections and
hundreds of court cases. Put simply, cGMPs spell out proper ways to run a
drug-manufacturing business. The regulators work to protect consumers by
preventing errors and violations of the law instead of merely punishing
violators after harm has been done. In 1973, the U.S. Supreme Court strongly
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endorsed this type of regulation. In deciding cases that involved drug effec-
tiveness, the court held that FDA regulations could spell out the specifics of
what the law requires and how to comply with it.

In recent years, the science of biopharmaceutics has shown convincingly
that products containing the same active ingredients can exhibit marked
differences in therapeutic effect. In other words, the medical usefulness of a
pharmacologically active substance may depend greatly, or even entirely, on
its administration in a properly devised dosage form. From this knowledge,
delivery systems have been developed that administer drugs to patients at
rates that take proper account of the pharmacokinetic properties of the drug.
Rate-controlled systems have shown potentially significant applications in
pharmaceutical development and marketing under the Drug Price Compe-
tition and Patent Restoration Act, which was enacted in 1984. This act has
fundamentally reordered the methods by which drugs are developed and
marketed, and has lead to the discovery and exploration of exciting new
therapies for new and existing pharmaceutical agents. It has also created
vast new markets for generic drugs. At the same time, it has rewarded
research-based manufacturers that can distinguish their products from the
competition by features such as longer dosage schedules, better safety pro-
files, new indications, or new combinations.

Incorporating distinguishing features in a product is possible with cur-
rently available rate-controlled delivery systems. It is made easier, moreover,
by provisions of the act, such as those governing the release of safety and
effectiveness data and ANDA (abbreviated new drug application)-variance
provisions — or combinations of these. For a pioneer firm, using rate-con-
trolled technology to refine drug selectivity and thereby reduce adverse
reactions and unwanted side effects entitles a manufacturer to ANDA-exclu-
sivity for an approved product. In the process, the technology provides the
manufacturer with an opportunity to establish specifications and seek label-
ing tailor-made to the pharmacokinetics of the product — including its
specific action and the onset, intensity, and duration of that action. This
serves to make the product difficult or costly for generic manufacturers and
marketers to replicate, even after the product becomes ANDA-eligible. For
innovators who are not the originator of the drug, rate-controlled technology
provides an opportunity to enter a market by way of applying some thera-
peutic advance to an established pharmaceutical agent and developing the
market for that product during the period of ANDA-exclusivity.

ANDA-exclusivity is a recent, if not entirely new, concept in drug law,
originating in the 1983 Orphan Drug Act. ANDA-exclusivity may be defined
as a time-limited statutory exemption from generic competition for a drug
product that possesses some distinctive feature or innovation that makes it,
in effect, a new or better therapy. There are similarities between
ANDA-exclusivity and patent protection, but in most respects, the two are
quite different. Patent-term restoration extends only to a patent covering an
NCE (new chemical entity) and will not be in effect until the end of the
17-year patent life of the new entity. ANDA-exclusivity, on the other hand,
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protects the finished dosage form of a drug product, whether patented or
not, provided that the product in its finished form is sufficiently distinguish-
able from current therapy.2

The ANDA-exclusivity provisions take effect immediately upon the
approval of the drug. ANDA-exclusivity provisions can even protect prod-
ucts that are composed of off-patent drugs or naturally occurring or other
nonpatentable substances. They can also protect new combinations of exist-
ing drugs. Finally, they can protect drugs that have been marketed overseas,
but the remaining patent life of which is so short that they have never been
thought to be worth the expense involved in seeking U.S. approval. More
than 25% of the 200 largest-selling drugs, totaling sales of some $2.5 billion,
became ANDA-eligible the day the act took place, and 50 of these are pre-1962
drugs and account for some $1.4 billion in sales. Existing drugs utilizing new
and novel delivery systems can conceivably fall in this category.

The regulatory requirements relating to controlled-release dosage forms
first appeared in a regulation published approximately 25 years ago by the
FDA. It defined the conditions under which the drugs delivered in a con-
trolled-release formulation would be regarded as new drugs within the
meaning of the federal Food, Drug, and Cosmetic Act, Section 201. Since
then, there has been a proliferation of controlled-release dosage forms that
have little rationale and provide no advantage over the same drugs in con-
ventional dosage forms. There has also been an increase in the use of con-
trolled-release labeling claims. Controlled-release dosage forms have been
described in various ways, such as delayed-action, extended-action, grad-
ual-release, prolonged-release, protracted-release, repeated-action,
slow-release, sustained-release, depot, retard, and timed-release dosage
forms. Any of these terms, or similar terms which impart the same idea, are
permitted by the FDA in labeling to designate a controlled-release product.

A milestone in the evolution of controlled-release dosage forms was
made with the development of several new innovations. For example, the
inventions of polymer-medicated controlled-release drug delivery systems
for long-term medication. The development of the progesterone-releasing
Progestasert intrauterine device (IUD) for 1-year intrauterine contraception,
the pilocarpine-releasing Ocusert system for weekly management of glau-
coma, and the scopolamine-releasing Transderm-Scop system for 72-h pre-
vention and treatment of motion sickness exemplify it. Regulatory approval
of these controlled-release drug delivery systems has been granted by the
FDA, and, in the future, the FDA plans to expedite NDAs or ANDAs,
provided the industry improves on submission of data for approval.

II. Current status of drug delivery technology
A. Regulatory requirements

As the world of pharmaceutical research and development matures, so do
FDA regulations. Issues that faced early drug developers are now accepted
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as a matter of course by the FDA. Regulatory reverberations are painful and
costly for those who do not comply. Commonly, the development for mar-
keting of drugs and biological therapeutics occurs in three stages: preclinical
investigation (for IND submission), clinical investigation (for NDA submis-
sion), and marketing approval. Traditionally, the period of clinical investi-
gation is divided into three phases, namely, Phase I, Phase II, and Phase III.
Phase IV can be invoked for post-marketing surveillance.

The Center for the Study of Drug Development estimates the cost of
developing a new drug at $230 million. The Pharmaceutical Manufacturers
Association estimates the average time for drug development at over 10
years — at least 1 year in preclinical development and an average of 6.4
years in human clinical trials. A prudent approach for quality regulatory
planning throughout these phases, and ultimately product introduction into
the market, is to know the system well, seek FDA advice, and develop data
and submissions that will expedite the regulatory process. The FDA now
cites manufacturers for deficiencies that the agency previously found accept-
able. The FDA can, and does, seize products, request recalls, enjoin manu-
facturing, and, if it finds a manufacturer chronically not in compliance, it
can take legal action to close the facility.3–8

The FDA recognizes that expediting the drug review process is impor-
tant to maintaining the pharmaceutical industry’s vitality and independence.
Regulatory affairs leading to product development and registration after the
IND is filed are important. Once the matter of determining the appropriate
FDA-center jurisdiction is determined, the IND receives a nontechnical
administrative review. Assuming the submission is complete, it is then sent
for technical review, and a team of reviewers convenes to evaluate it. Each
team member reviews the application and submits a report to the group
leader. The group leader makes a recommendation to the division director.
The director may approve the application or request additional studies.

It is important to recognize that the product’s medical, legal, and mar-
keting future can depend on its package insert. Typically, this may include
the following: proprietary name of the drug; the established U.S. adopted
name (USAN); the dosage form; a statement of sterility (if applicable); the
pharmacologic or therapeutic class; the chemical name and structure of the
drug; and any other important physical or chemical information, such as
radiation data, clinical pharmacology, indications and usage, contraindica-
tions, warnings, precautions, adverse reactions, drug abuse and dependence,
overdosage, and information about how it is supplied. In addition, the pack-
age insert may contain specific labeling requirements.

The following is a brief summary of some of the categories of
pre-approval drug applications evaluated by the FDA. IND is the short name
for a “Notice of Claimed Investigational Exemption for a New Drug.” The
filing of an IND with the FDA exempts a new drug shipped in interstate
commerce for clinical testing from the requirement that an approved new
drug application be on file with the FDA. An IND submission consists of
essential chemical, manufacturing, and quality-control information; preclin-
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ical (animal) information; a plan of clinical study (including information
about the investigator and facilities for the study); and certain legal commit-
ments relating to the new drug.

As mentioned previously, NDA is the abbreviation for “New Drug
Application.” An approved NDA is required before a new drug may be
legally marketed in interstate commerce. An NDA includes full reports of
investigations to show that the drug is safe and effective; a full list of com-
ponents; a full statement of the composition of the drug; a full description
of the methods, facilities, and controls used for manufacture, processing, and
packaging the drug; samples of the drug, components, and standards that
may be required; and specimens of the labeling.

Drugs approved for safety only (approved before the passage of the 1962
amendments) were reviewed under a contract with the National Academy
of Sciences-National Research Council (NAS-NRC) for effectiveness. The
FDA published its findings based on its review of the NAS-NRC reports.
Additional data from industry were accepted and also reviewed. On the basis
of this review, if the FDA concluded a drug was ineffective for an indication,
it required the indication be deleted from the labeling. Approval for market-
ing was withdrawn for drugs for which there were no effective indications.

This overall process is known as the Drug Efficacy Study Implementation
(DESI) Project. When the FDA concluded that a drug approved between 1938
and 1962 on the basis of safety only was also effective, the indications for
which the drug could be labeled and promoted were published in the Federal
Register. Subsequent manufacturers of the same drug products are not
required to provide animal and clinical evidence of the drug’s safety and
effectiveness. They are required, however, to obtain approval of an ANDA
before the drug product can be marketed. These applications contain infor-
mation on the formulation, composition, manufacture, and labeling of the
product and on its bioequivalence to a standard product.

Prior to passage of the Drug Price Competition and Patent Term Resto-
ration Act of 1984, ANDAs were accepted only for products that were iden-
tical to the specific drugs and dosage forms cited in the Federal Register
notices; such notices were, in turn, limited to drugs that were originally
approved prior to 1962. With passage of new legislation, similar ANDA
requirements are now in effect for drugs approved after 1962. In practical
terms, drugs approved between January 1, 1982 and September 24, 1984 will
not be eligible for ANDAs for 10 years after their approval. New chemical
entities (NCEs) approved after September 24, 1984 must have at least five
years of exclusive marketing before an ANDA can be submitted.

The first step in the ANDA process is submission of the application to
the Division of Generic Drugs. The application is dated, and this date of
receipt, in most instances, signals the start of the 180-day statutory review
period. The application is then routed to the Consumer Safety Officer or
Consumer Safety Technician for the administrative review. At this point, an
application is reviewed for acceptability and completeness. The criteria for
acceptability are inclusion in the list entitled “Approved Prescription Drug
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Products List with Therapeutic Equivalence Evaluations (the Orange Book)”6

and approval of an NDA prior to January 1, 1982. The latter requirement
assures that the drug is not subject to any exclusivity provision of the Wax-
man–Hatch legislation. If a firm is interested in submitting an ANDA for a
drug product not on this list, the firm may seek a determination as to whether
or not the drug product is an acceptable candidate for submission as an
ANDA. In order to get this determination, the firm is required to file a
citizen’s petition, as indicated in the Federal Register. If the application is
acceptable and complete, it is assigned an ANDA number and a request is
prepared for inspection of the applicant’s facility, the actual manufacturers
of the active ingredient(s), and any outside facilities involved in the manu-
facturing, testing, or packaging of the drug product. The applicant may not
market the drug until notified that the ANDA has been approved.

“Paper NDA” was a term applied to NDAs submitted in response to the
FDA’s policy to accept for evaluation NDAs for drugs first marketed after
1962 that relied totally upon the published scientific literature for evidence
of safety and effectiveness. This policy was implemented in a memorandum
dated July 31, 1978, by the Associate Director for New Drug Evaluation (the
Finkle Memo). With the passage of the ANDA/patent restoration legislation
in 1984, there is little or no value in using the paper NDA route.

A supplemental NDA is a proposal by the applicant to make a particular
change in an already approved NDA. This change may be a new indication
for use or a change in manufacturing methods or controls, labeling, con-
tainer, etc. An NDA may also be subject to a supplement proposing a change
after approval.

Antibiotic Form 5 is a “Request to Provide for Certification of a New
Antibiotic Product.” This application is similar to the NDA (i.e., a Form 5
must be approved for safety, effectiveness, labeling and manufacture, just
like an NDA, before the new antibiotic product can be legally marketed). In
addition, a monograph must be developed describing the tests and specifi-
cations for the antibiotic product. Whether exempt from certification by the
FDA or not, the applicant still must assure that each batch meets the mono-
graph’s specifications.

Antibiotic Form 6 is “Data to Accompany or Precede Every Initial
Request for Certification of a Batch of an Antibiotic Drug.” After a Form 5
is approved and a monograph is published in the Federal Register, a new
manufacturer may propose to duplicate an approved antibiotic drug by filing
a Form 6. The Form 6 is analogous to an NDA. After obtaining an approved
Form 6, unless exempted from certification, each batch of the antibiotic is
tested by the FDA. Each batch must pass the tests and specifications in the
published monograph for certification before marketing. The approval pro-
cess for antibiotics was not affected by the ANDA/patent restoration legis-
lation approved in 1984.

DMF is the abbreviation for “Drug Master File.” In order to protect trade
secrets, and at the same time disclose sufficient information to the FDA to
get marketing approval, it is important to prepare regulatory submissions
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carefully. This is an important role of the regulatory affairs professional, who
often finds submitting a master file an attractive solution. A master file is
unusual in the sense that the FDA neither approves nor disapproves it; the
agency reviews it only in association with other submissions. The primary
submission may be declared approved, approvable, or not approved. If the
information in the master file is unacceptable, the FDA may recommend
modifications to the master file. Although the agency may refuse to approve
the primary submission, it will not disapprove the master file. Unlike many
other regulatory submissions, a master file is required by neither the law
nor FDA regulations.

A sponsor can use master files in different ways. One is to incorporate
information into a regulatory submission by reference to the master file. This
strategy can be useful when a sponsor produces several products that contain
a common active ingredient or uses a common procedure to manufacture
several products. The sponsor can describe the manufacture of the drug
substance in a single-drug master file and can then incorporate this infor-
mation into each NDA by cross-reference to the DMF.

Five types of master files are currently recognized by the FDA: 

1. Type I — Manufacturing site, facilities, operating procedures and
personnel

2. Type II — For drugs: drug substance, drug intermediate, drug prod-
ucts, or material used in preparation of drug substance or interme-
diate. For devices: materials or subassembly 

3. Type III — Packaging materials 
4. Type IV — For drugs: components used in drug products (excipients,

colors, flavors, essences). For devices: contract packaging or other
contract manufacturing 

5. Type V — FDA accepted reference information.9

Because one of the primary uses of master files is to allow a second party
to cross-reference the information therein, the master file holder is responsible
for identifying to the FDA who is authorized to do so. All or any part of the
master file may be incorporated into an IND, NDA, ANDA, another DMF, an
export application, or an amendment or supplement to any of these. A master
file holder may make additions, changes, or deletions to the master file, but
must inform all persons authorized to reference the master file of these changes.

The master file holder is responsible for filing an annual update report.
The report must contain an updated list of persons authorized to reference
the DMF. A master file holder may appoint an agent or representative for
the master file. Domestic master file holders need not appoint an agent;
foreign master file holders, however, are encouraged to engage a U.S. agent.

Biotechnology companies rarely use Type I master files for biological
products because the establishment license application (ELA) usually con-
tains the information included in Type I master files. The Center for Devices
and Radiological Health (CDRH) accepts device master files only if the
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information will be cross-referenced in a second party’s device-related sub-
mission. Submission of a device master file for cross-reference to the holder’s
own device submission is unacceptable. An organization that does contract
manufacturing, sterilization, or packaging for an investigational device
exemption (IDE), pre-market approval application (PMA), or 510(k) holder
may submit a master file describing facilities, manufacturing procedures, or
quality-control procedures. When the operation is subject to cGMP regula-
tions, the master files must address all appropriate cGMP issues.

As with all new drugs in conventional dosage forms, the regulatory
approval of a controlled-release drug product (new drug delivery system)
requires submission of scientific documents from the pharmaceutical firm
to substantiate the clinical safety and efficacy of the controlled-release prod-
uct and to demonstrate its controlled-release characteristics. The require-
ments for regulatory approval can be outlined as follows:

1. For drugs that have been published in the Federal Register as safe
and effective in conventional dosage forms:
a. Controlled clinical studies may be required to demonstrate the

safety and efficacy of the drugs in a controlled-release formulation.
b. Bioavailability data of drugs delivered in controlled-release for-

mulations are also required and may be acceptable in lieu of
clinical trials.

2. For drugs that have been published in the Federal Register as safe
and effective in controlled-release dosage forms:
a. Bioavailability data are required and acceptable when comparable

to data from an approved controlled-release drug product.
b. The labeling must be identical to the reference standard with

regard to effectiveness and side effects. Without appropriate clin-
ical studies, the labeling cannot be modified to make any different
claims of clinical effectiveness and side effects.

c. Bioavailability studies that have been performed under
steady-state conditions to demonstrate comparability to an ap-
proved immediate-release drug product are acceptable for sup-
porting a labeling for dosage administration.

B. Bioavailability data

Bioavailability data are required in the submission of a new drug application
for a controlled-release drug product in accordance with the “Bioavailability
Requirements for Controlled-Release Formulations,” as specified in the Fed-
eral Register. The FDA bioavailability regulations call for firms to provide
the following information for their controlled-release drug products:

1. The drug product meets the controlled-release claims made for it.
2. The bioavailability profile established for the drug product rules out

the possibility of any dose dumping.
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3. The drug product’s steady-state performance is equivalent to a cur-
rently marketed noncontrolled-release or controlled-release drug
product with the same active drug ingredient or therapeutic moiety
which has been subjected to an approval for full new drug application.

4. The drug product’s formulation provides consistent pharmacokinetic
performance between administrations.

C. The reference standard

The reference standard for comparative studies should include one of the
following:

1. A solution or suspension of the same active drug ingredient or ther-
apeutic moiety

2. A currently marketed, approved, noncontrolled-release drug product
containing the same active drug ingredient or therapeutic moiety

3. A currently marketed controlled-release drug product subject to an
approved full new drug application containing the same active drug
ingredient or therapeutic moiety.

The bioavailability data, consisting of blood level or urinary excretion
rate profiles performed under steady-state conditions, may be acceptable in
lieu of clinical trials if it can be demonstrated that the blood levels or urinary
excretion rates are comparable to those achieved by multiple doses of the
same drug in appropriate conventional dosage forms (for drugs under clas-
sification A-1), or to an equivalent dose of the same drug in appropriate
controlled-release dosage forms (for drugs under classification A-2). In this
case, the labeling must clearly state the recommended dosing regimen, and
the claims of effectiveness and side effects must be identical with the refer-
ence dosage forms. At times, a multiple-dose steady-state study design in
normal subjects or patients may be required for drugs under classification
A-1 to establish comparability of dosage forms or to support drug labeling.

Any labeling claims of clinical advantage, such as greater effectiveness
or reduced incidence of side effects, must be substantiated by appropriate,
well-controlled clinical studies.

Clinical testing would also be required if there is substantial evidence
that the drug effectiveness is related to a rate of change in drug level, i.e.,
pseudo-steady-state, rather than to the absolute blood level achieved at
steady-state.

D. Requirements to demonstrate drug controlled-release

To demonstrate the performance of a controlled-release formulation or drug
delivery system, two kinds of data are required.
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1. In vitro drug release data
The drug release-rate profiles are generated from a well-designed, reproduc-
ible in vitro testing method, such as the dissolution test for solid dosage
forms. The test should be sensitive enough to detect any changes in formu-
lation parameters and lot-to-lot variations. A meaningful in vitro/in vivo cor-
relation should have been established. The key elements are reproducibility
of the method, proper choice of medium, maintenance of perfect sink con-
ditions, and control of solution hydrodynamics.

2. In vivo bioavailability data
The key elements in in vivo data are pharmacokinetic profiles; bioavailability
data, either comparable to the reference dosage form with the same labeling
for indications and side effects or nonequivalent to the reference dosage form
with demonstration of safety and efficacy to support a different labeling;
and reproducibility of in vivo performance. It should be feasible to demon-
strate the controlled-release nature of a drug from a controlled-release for-
mulation through both in vitro and in vivo methods. The manufacturers of
controlled-release drug products are urged to develop reproducible and
sensitive in vitro methods to characterize the release mechanisms of the con-
trolled-release drug products they have developed and intend to market.
The in vitro tests developed can be utilized to predict the bioavailability of
the controlled-release dosage forms and can also be relied upon to assure
lot-to-lot performance.

Any new controlled-release formulation should offer two advantages. It
should allow the maximum percentage of the dose in the formulation to be
absorbed and, second, it should be capable of minimizing patient-to-patient
variability. One commonly used approach in the development of con-
trolled-release formulations is to modify the rate of release of a drug from
the formulation by pharmaceutical manipulation. This may result in alter-
ation of the drug-absorption rate and its plasma levels. Therefore, one must
assure that the absorption efficiency of the drug is not appreciably impaired
and that variability is not increased.

The selection of drug candidates for controlled-release formulation is of
vital importance. Drugs which are known or suspected of undergoing
hepatic, first-pass metabolism should not be formulated in a con-
trolled-release dosage form that slows down their rate of absorption, unless
this is justified by the fact that an active metabolite is generated in the
process. On the other hand, there is little medical rationale for drugs with a
long biological half-life (i.e., greater than 12 h) to be formulated in a con-
trolled-release formulation, since the drugs are long-acting themselves,
unless the development of a controlled-release formulation will offer some
convenience to the patient and result in better patient compliance.

In recent years, novel drug delivery systems have been designed to
deliver drugs at predetermined rates over prolonged periods of time. Among
them can be included such therapeutic systems as the Ocusert, Progestasert,
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and Transderm systems. All such new drug delivery systems are considered
new drugs requiring full new drug applications as a basis of approval.

In addition to safety and efficacy considerations for these drug products,
biopharmaceutic and pharmacokinetic issues need to be addressed by the
manufacturer. The key elements that need to be established are reproduc-
ibility of the new delivery systems, a defined bioavailability profile that rules
out the possibility of dose dumping, demonstration of reasonably good
absorption relative to an appropriate standard, and a well-defined pharma-
cokinetic profile that supports the drug labeling. The basis for the approval
of such a controlled-release drug delivery system, from a biopharmaceutic
standpoint, consists of the following data: reproducibility of plasma drug
levels, defining of pharmacokinetic parameters to support drug labeling; and
demonstration that the plasma concentrations are within reasonable thera-
peutic limits of those achieved with the oral dosage form.

In general, clinical trials might be needed to support certain dosage
claims (i.e., every 12 or 24 h). Such trials may not only support maintenance
dosage recommendations, but may also document more reliable drug deliv-
ery. Regulatory approval of a controlled-release drug product in terms of
bioavailability requirements requires demonstration of bioavailability, con-
trolled-release characteristics, reproducibility of in vivo performance, and
evidence to support clinical safety, efficacy, and the rationale, as reflected in
the labeling.

For the clinical development of new products, compliance with cGMP
regulations is required when producing clinical trial materials. The product
must be produced in a qualified facility, using qualified equipment and
validation processes. At early clinical stages, when a single batch of drug
product may be produced, and when significant formulation and processing
changes may make batch replication difficult or inexact, only limited vali-
dation may be possible. The FDA, nonetheless, believes that it is vital to
make investigational products in conformance with cGMPs. Product con-
tamination and wide variations in potency can potentially produce substan-
tial toxicity and wide variability in pharmacological activity of the drug.
Product safety, quality, and uniformity may affect the outcome of a clinical
investigation that will, in large measure, determine whether or not the prod-
uct will be approved for marketing.

Both nonclinical and clinical research are required to conform to qual-
ity-control principles. cGMP regulations govern nonclinical laboratories
engaging in studies intended to support applications for research or mar-
keting permits for regulated products. Facilities are inspected routinely,
approximately every two years, and any time the FDA has reason to carry
out a “for cause” inspection. Establishment inspection reports are issued,
and, when necessary, the FDA may issue a warning letter or disqualify a
facility or an investigator. Criminal investigations can lead to charges of
fraud, untrue statements of material facts, bribery, illegal gratuities, or crim-
inal negligence. Studies carried out at disqualified facilities or by disqualified
investigators can be rejected; that is, they cannot be used to support claims
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of safety and efficacy — an important factor to consider when identifying
contract vendors of toxicology and clinical research services.10

Protocols are narrative documents that describe the general conduct of
operations or activities in GMP facilities. Protocols contain company policies
or commitments and cite more specific documents — such as standard
operating procedures (SOPs) — that unify individual activities within or
between departments. In effect, protocols describe systems of cGMP for the
routine rituals of conduct in a facility that ensure consistent, reliable opera-
tions. Protocol commitments usually include company or departmental pol-
icy, standards, and acceptance criteria. Neither the Code of Federal Regula-
tions nor guideline documents specifically mention protocols, except in
association with validation. Although they are not required documents, the
information and commitments they contain are required. Using protocols
may minimize FDA prior-approval requirements. The article by DeSain11

discusses protocols as documents that unify, direct, and control activities in
a GMP manufacturing environment. Throughout inspections and audits by
clients and regulators, protocol documents provide a clear, organized map
of the often overwhelming sea of SOPs, specifications, and product-process-
ing events.

The FDA has increased its attention to preapproval activities and is now
giving more scrutiny to GMP and NDA integrity issues. The FDA policies
for system validation during new drug development have undergone sig-
nificant changes. The FDA expects firms to provide adequate assurances that
drugs have the identity, strength, quality, and purity characteristics that they
are purported or represented to possess. Even before the 1978 GMP revisions
introduced the requirement for validations, the agency expected firms to use
sound scientific methods during the development of new drugs and during
their manufacture for clinical trials.

In the wake of the generic drug scandal, the FDA has increased the
number of preapproval inspections. As the FDA increased its scrutiny of
integrity and GMP compliance for new drugs, many firms were found to
have problems. When preapproval inspections detect problems with either
integrity or inadequate validation of equipment or processes, there are prob-
lems for all concerned. The FDA must decide if the problems are significant
enough to withhold approvals of NDAs. Firms have to be in a position to
justify at all times the validity of their processes.12

Since 1987, the FDA has published a large number of guidelines that
describe the format and content of applications and documents submitted
to the agency. Examples include guidelines on such topics as general prin-
ciples of validation, aseptic processing, stability, pharmacokinetics, docu-
mentation, drug master files, microbiology, etc. In 1991, the agency published
two guidelines that are particularly significant for manufacturing and sys-
tems validation for new drug products. In March 1991, the agency published
a revised edition of the Guideline on the Preparation of Investigational New Drug
Products (human and animal).11 This document provides information about
some of the unique aspects of GMPs for research and development activities
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and highlights some of the GMP sections about which questions are often
asked. These guidelines address many of the unusual aspects of scaling up
from research to commercial production, and provide guidance about
record-retention requirements.

In September 1991, the FDA published a revision to the Guide to Inspection
of Bulk Pharmaceutical Chemicals. This document is relevant to the raw-mate-
rial active ingredients that may be used in formulating new drug products.
The guide identifies some of the important systems that may have an influ-
ence on bulk drug quality. GMPs (Part 211) apply only to finished pharma-
ceuticals, but the guide emphasizes the requirement that drugs must be made
in accordance with good manufacturing practices. The guide cites a dozen
specific manufacturing and control systems that parallel the sections con-
tained in the GMP regulations, including raw materials, buildings, equip-
ment, production and process control, etc. Guidance is provided about
acceptable practices. The agency considers it important that firms have ade-
quate data to demonstrate the suitability of ingredients used to make finished
pharmaceuticals. This document helps clarify some of the issues that have
been controversial in the past.

Tetzlaff12 presents information about the FDA preapproval inspection
program that has been in effect since October 1990. During the past few years,
the policies and procedures used by the agency were designed to ensure that
information submitted to the FDA is factual and complete. The FDA is giving
greater priorities to NDA integrity and process validation for new drugs.
Manufacturers should realize that the FDA will be giving greater scrutiny to
the data submitted, and they must be prepared to support the validation of
their equipment, facilities, and processes. The FDA and the industry must
work closely together to ensure that the needs of each are satisfied.13,14

In another article, Tetzlaff15 describes current issues in documenting
computer-system validation and operation from the standpoint of an FDA
investigator. The GMP regulations require that automated systems be rou-
tinely calibrated or checked according to a written program designed to
ensure proper performance. Written records of the checks and inspections
must be maintained to demonstrate adequate performance monitoring. Each
firm must develop its own record-keeping system to define completely and
clearly what the systems are supposed to do and to provide documented
evidence that processes perform in the manner expected, and that automated
system documentation will conform to the intent of the GMP guidelines.

Early in the drug-development phase, a drug is first prepared in small
quantities for initial clinical studies. Larger amounts of the drug are pre-
pared, usually varying in formulation, as the number and size of the studies
increase. Although the formulation used in the definitive clinical studies
requires a bioavailability determination, it is not unusual for bioavailability
studies to have been conducted early on a number of formulations.

Shah et al.16 discuss the FDA’s views regarding the scale-up of con-
trolled-release dosage forms. In the development of a new version of an
already approved and marketed drug product (i.e., for an ANDA), the usual
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custom is first to determine the marketed product’s in vitro release charac-
teristics. A small batch formulation is prepared matching the in vitro release
characteristics of the patented marketed product. It is then studied to deter-
mine in vivo performance. The product is approved for marketing if it meets
stability requirements, the usual ANDA criteria, and appropriate in vitro and
in vivo requirements. In this instance, the issue of scale-up becomes quite
important (unlike the approval process for NCEs), since the investigator not
only lacks formulation development experience with the critical manufac-
turing variables, but also lacks knowledge of the in vivo-in vitro formulation
normally obtained through the IND phase.

Dissolution is commonly considered the most significant in vitro mea-
surement of product performance for solid dosage forms. Although disso-
lution is only one of the processes involved in drug absorption, it is an
essential step. Consequently, until more refined models for predicting oral
bioavailability are developed, this one measure of performance must be
relied upon. Because performing biostudies on every manufactured batch is
impractical, formulators must be able to rely on in vitro testing to ensure
batch-to-batch uniformity and consistency in bioavailability. For the in vitro
test to be predictive, and therefore, useful and meaningful, it should correlate
well with the product’s in vivo performance. Also, for the in vitro test to be
reliable, its specifications must be relevant to critical manufacturing and
bioavailability variables. The manufacturing variables critical for batch
scale-up depend on the nature of the product, especially for oral con-
trolled-release formulations, which vary, from extended-release suspensions
to soluble, insoluble, and erosion matrices to microencapsulated products.

The FDA’s Office of Generic Drugs has recently established an interim
guideline regarding the minimum batch size and scale-up considerations for
nonantibiotic, immediate-release, solid oral dosage forms. The pilot-batch
size should be ≥10% of the proposed commercial scale-up production batch,
contain ≥100,000 solid oral dosage units, and have 3 months of accelerated
stability and comparative dissolution data (for ANDAs). The drug product
is required to be manufactured in a production facility that is in compliance
with GMPs and using equipment appropriate for production of that mar-
keted product. The Office of Generic Drugs’ interim guideline permits a
tenfold batch scale-up, provided that the company submits appropriate pro-
cess controls, validation data, finished-product test data, dissolution data,
and stability data from the scale-up batch.

The objective of batch scale-up is to develop an economically feasible
procedure that ensures bio- and therapeutic equivalence. Production is gen-
erally a more efficient process than the experimental process. The successful
scale-up of any process involving pilot or production-size equipment
depends greatly on the existence of an effective laboratory development
program. Scale-up of a batch from laboratory to pilot to production usually
requires a number of scale-up stages or phases. Each stage or phase of the
scale-up should be carefully evaluated. All aspects of the development pro-
gram should be understood and validated. All process and product data
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should be collected and analyzed to define the process equipment require-
ments and to determine product quality achieved. Raw material variability,
process control latitude, product quality variations, and process equipment
limitations should be considered and, when appropriate, characterized by
sensitive in vitro dissolution studies or other appropriate objective measures.

During the scale-up phase, it is essential to critically analyze process
parameter sensitivity (flexibility) in order to optimize the in-process vari-
ables. The most common variables, especially in the manufacture of tableted
dosage forms, include the raw materials, processes, and equipment involved
in mixing, drying, milling, and coating. Some of the variables are also com-
mon to other finished dosage forms, such as capsules. As mentioned previ-
ously, the in vitro dissolution test is recognized as the single most important
quality-control test to assess lot-to-lot product uniformity and bioequiva-
lence. Consequently, this test has been used to measure the influence of
different manufacturing variables on the finished product. Other important
factors for consideration are raw material processing, coating process,
in vitro-in vivo correlation, and relationships between critical manufacturing
variables and in vitro dissolution.

The production batch formula often provides for the use of a range of
inactive ingredients. It is important to know what happens to in vitro disso-
lution rates when the batch is prepared with either extreme of the ingredi-
ents. All ranges identified in the batch formula should ensure the quality of
the final product. The effect of variation in process modification sometimes
may not be apparent or detectable by in vitro testing when the freshly man-
ufactured product is evaluated. However, effects on product stability and
shelf life may be different and should be investigated carefully. Following
approval of the generic drug biobatch or of the NDA pivotal clinical trial
batch, complete records should be maintained concerning any changes in
formulation or manufacturing process. Such changes — including scale-up
— should be reported.

Every production batch must have the same performance characteristics
as those of the FDA-approved batch. This will ensure that the product meets
the standards of the lot submitted in support of the application, and thus
can be assumed safe and efficacious. With present state-of-the-art knowl-
edge, it may be impossible to develop an appropriate, sensitive, in vitro
procedure that can be used to characterize certain controlled-release prepa-
rations. In these cases, the test is not useful for detecting process changes,
and scale-up will require biostudies. Finally, it should be emphasized that
these scale-up considerations have been developed based on accumulated
experience and knowledge in the field of biopharmaceutics and have not
been challenged in the manufacturing arena. These considerations should
be revised as the current state of knowledge progresses and with increasing
expertise of pharmaceutical technology.17–21

The FDA considers transdermal drug delivery (TDD) systems to be new
drugs intended for the treatment or prevention of a systemic disease or con-
dition, as opposed to topical drugs intended for a local effect. All such drugs
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are considered to be controlled-release dosage forms and, therefore, require
a demonstration of controlled-release characteristics to support drug labeling.
ANDA submissions of a transdermal dosage form are approvable, provided
that the release mechanism, adhesives, etc. are similar and the blood level or
urinary data are equivalent to the approved product. TDD systems require
demonstration of safety, both in terms of local irritation and systemic toxicity.

In the event that systemic toxicity of an active therapeutic moiety is
defined in the scientific literature, e.g., nitroglycerine, scopolamine, etc., the
agency may waive the demonstration of animal systemic toxicity, but may
require additional clinical testing for safety or efficacy in human subjects.
Where blood level comparisons of the transdermal medication to an already
established systemic route of administration of the same drug (e.g., IV, IM,
or PO) are available, and comparable, systemic safety issues may be ruled out.

Clinical testing for efficacy is required for TDD systems involving new
drug entities and may be required to support new efficacy claims on already
marketed drugs. Biopharmaceutic considerations can play an immense role
in the latter determinations, since the FDA may be able to rely on blood level
comparisons in cases where the pharmacodynamic effects of a drug are well
defined, employing a systemic or oral route of drug administration. Clinical
efficacy data should be supplied to support a new indication or any claim
of superior efficacy. Any claim as to enhanced or superior reproducibility or
prolonged therapy will require appropriate bioavailability/pharmacokinetic
studies to support drug labeling. In certain instances, additional metabolic
studies in man may be required to define the metabolism of the drug where
it is suspected that significant alteration in metabolic pathways may be
encountered due to differences in hepatic-portal or GI metabolism.

The types of studies required as a basis for approval of an NDA need
to be customized and are largely dictated by the following considerations:
nature of the active drug; availability of marketed systemic dosage form of
the same drug; medical and biopharmaceutic rationale; literature data on
safety, efficacy, and pharmacodynamics of the drug entity; and agency expe-
rience with the drug or drug delivery system.

It should be stressed that these drug delivery systems require careful
scientific evaluation based on the pharmacologic and pharmacokinetic prop-
erties of the drug and drug delivery systems. Drugs with a narrow thera-
peutic index or drugs that require patient titration may need additional
specialized studies to define safety, efficacy, and labeling requirements. Such
studies need to be customized. In most instances, where systemic toxicity of
the drug entity is well known, further animal toxicity testing is obviated.
Where toxicity data are required, such requirements should parallel other
systemic drugs of the same pharmacological class.

E. Bioequivalence

Biopharmaceutic considerations are pivotal for TDD systems since they
determine which specific kinds of clinical or toxicological studies need to be
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performed. There is an absolute need to define the dosage for the delivery
system in terms of the rate and extent of drug delivery; the pharmacokinetics
and metabolism of the active therapeutic moiety itself, where such informa-
tion is lacking; and in vivo reproducibility of the drug delivery system. It
should be stressed that the pharmacokinetics and metabolism of a drug
delivered from a TDD system may differ significantly from that administered
orally due to bypassing of liver or GI metabolism. In such instances, the
pharmacokinetic profile of the drug should be similar to intravenous infu-
sion, which delivers the drug by a zero-order mechanism. In evaluating TDD
systems, there is a need to evaluate the site of drug administration in order
to optimize drug delivery (since skin permeability varies, only tested sites
are approved and indicated in labeling); consider parameters such as optimal
skin area for drug administration and blood flow at that site, etc.; and assess
the role of the skin in controlling (and in some instances, sustaining) drug
delivery to the systemic circulation.22

For most drugs, the bioavailability and pharmacokinetic parameters are
defined using oral or intravenous dosage administration. TDD systems in
general deliver the drug at a rate comparable to an intravenous infusion
rate. Therefore, ideally, the bioavailability and pharmacokinetics of a TDD
system should be defined in comparison to an intravenous dose. In cases
where an IV dose is not available, an oral or IM dose may be employed.
Transdermal scopolamine, for example, has been compared to oral and intra-
muscular drug administration, as well as intravenous infusion. In that study,
scopolamine was comparable to a zero-order infusion over a three-day
period. The rate of drug delivery was designed to maintain plasma levels
necessary for its antiemetic effect (for motion sickness) while at the same
time avoiding side effects (e.g., drowsiness and tachycardia) associated with
oral dosing.

In considering systemically effective drug delivery systems using
absorptive surfaces other than the GI tract, one cannot ignore the likelihood
that such dosage forms will generate significantly different metabolites and
pharmacokinetic profiles than those obtained from oral dosage forms. For
example, where a first-pass effect is associated with oral drug delivery, it
would be necessary to demonstrate that a systemically effective TDD system
avoids first-pass liver metabolism associated with the oral dosage form. In
addition, the transdermal dosage form is likely to deliver a drug over a
longer period of time. These pharmacokinetic differences have been demon-
strated in two systemically effective nitroglycerine products (sublingual tab-
lets and transdermal patches). The data showed that cutaneous absorption
of nitroglycerine from a TDD system results in detectable plasma levels for
24 h, in contrast to plasma levels for only 15 min following a sublingual
administration.

In the case of clonidine, steady-state blood levels and urinary recovery
have been compared following transdermal and oral administration. The
transdermal patch, applied on the upper outer arm, was worn for 7 days.
Oral drug was administered twice daily for 4 consecutive days. The

© 2004 by CRC Press LLC 



steady-state blood levels, Cmax, Cmin, and urinary excretion data from the
patch were comparable to that obtained with the oral dosage regimen.22

In addition to defining the pharmacokinetic profile of a new drug deliv-
ery system, it is necessary to demonstrate the brand-to-brand and
batch-to-batch (within a brand) drug-release reproducibility. This can be
achieved by comparison of different batches of the drug delivery system in
the same patients or by development of a suitable in vitro procedure.

The stratum corneum, especially the deeper, horny layers, can sometimes
act as a drug reservoir and modify transdermal permeation characteristics
of some drugs. Therefore, at the time of evaluating TDD systems, the protocol
should be designed to allow for a determination as to whether the tissue
serves as a drug reservoir or not. In the case of scopolamine, the skin does
serve as a tissue reservoir, whereas in the case of transdermal nitroglycerine,
it does not. This can be accomplished by following blood or urinary drug
levels after the patch is removed.

The basis of approval of TDD systems from a biopharmaceutics stand-
point consists of a demonstration that the plasma concentrations of the active
moiety are comparable to those of an approved dosage form (if the profile
of active metabolites generated is different from the administration of the
approved dosage form, some clinical studies may be required), demonstra-
tion of batch-to-batch reproducibility, and, defined pharmacokinetic param-
eters to support drug labeling. It may not always be feasible or desirable to
define the bioavailability profile of a TDD system relative to an IV dose
(bolus or zero-order infusion). The use of other routes of drug administration
providing additional pharmacokinetic data may be desirable in order to
permit appropriate labeling.

Bioavailability data are required as part of the submission of an NDA,
as noted earlier. Because of the lack of acceptable correlative in vivo/in vitro
data for controlled-release products at this time, in vitro data is not acceptable
for approval of additional dosage strengths. In the case of multiple-strength
controlled-release products, the Division of Biopharmaceutics (FDA)
requires multiple-dose, steady-state and single-dose studies on the highest
strength of all controlled-release products. In addition, a single-dose cross-
over study will be required for each additional lesser-dosage strength for
NDA/ANDA approval, provided the system is linear and dose proportion-
ality can be established. The single-dose crossover study will include the
dosage strengths on which multiple studies were done. In the case of con-
trolled-release capsule dosage forms involving identical beaded material,
where the various dosage strengths differ from each other only in the amount
of material each capsule contains, then a single- and multiple-dose study
will only be required for the highest dosage strength. Other strengths could
be approved solely on the basis of comparative dissolution, depending upon
the ancillary information provided.

Typically, the FDA evaluation of controlled-release drug products con-
tains the following aspects. In conventional (i.e., immediate-release) prep-
arations, drug absorption is usually quite rapid and most often dependent
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upon the concentration of the drug in the GI fluids. Elimination is usually
slower in that the elimination rate constant, Ke, is considerably smaller
than the absorption-rate constant, Ka. An important fact about con-
trolled-release preparations is that they often involve the opposite, i.e., Ka

is considerably smaller than Ke. The purpose of a controlled-release prep-
aration is to deliver sustained drug levels. In this particular case, absorption
is considerably less rapid, and, in fact, is designed into the drug-dosage
system to be slower than the rate of elimination. Because in these (con-
trolled-release products), Ka is smaller than Ke, pharmacokineticists have
termed it a “flip-flop model.” Consideration must also be given to the
“therapeutic window.” In this case, one is concerned with what percentage
of time steady-state systemic drug concentration is within the clinically
effective range.

The selection of a particular drug candidate for controlled-release for-
mulation is obviously of vital importance. Depot preparations of penicillin
provide an outstanding example of a useful controlled-release formulation.
Insulin is another example of a drug that has been prepared in con-
trolled-release forms, with the result that the management of diabetes has
been simplified.

It is usually not possible for a controlled-release drug product to be
properly evaluated by single-dose administration. There usually is a need
to determine whether controlled-release dosage can achieve well-defined
therapeutic plasma levels or equivalent plasma levels obtained by an
immediate-release dosage form administered to healthy volunteers or
patients. It should be emphasized that bioequivalence employing the
superimposition principle need not be demonstrated for purposes of prod-
uct approval.

By definition, the rate of absorption for a controlled-release dosage form
will differ appreciably relative to the immediate-release dosage forms or
other systems and provide greater convenience or better patient compliance.
What needs to be established is satisfactory bioavailability and pharmacok-
inetics to support drug labeling. The following criteria should be met: sat-
isfactory steady-state plasma levels should be obtained with the test drug
and reference drug in sufficient patients or volunteers to warrant compari-
son; determination of adequate steady-state should be established by com-
parison of Cmin values (trough values) on three or more consecutive days;
failure to achieve satisfactory steady-state in a large percentage of subjects
indicates either lack of patient compliance or dosage failure; comparison of
pharmacokinetic parameters (e.g., Cmin, “AUC” values, etc.) should be lim-
ited only to subjects who achieve steady-state conditions; comparison of
“AUC” during a dosing interval is only proper if both the test drug and
reference drug are at steady-state.

Other relevant information regarding these aspects can be found in the
Code of Federal Regulations, the U.S. Pharmacopoeia, and symposia pre-
sented through several Controlled Release Society workshops.23
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III. Submission of documents for manufacture and quality
A. Control of drug products

The following section considers the documentation of the manufacturing
process used to produce dosage forms and the accompanying quality-con-
trol systems intended for raw materials, in-process materials, and the fin-
ished dosage form suitable for administration. The information contained
herein does not necessarily involve mandatory requirements; however, it
offers guidance on acceptable approaches to meeting regulatory require-
ments. Different approaches may be followed, but the applicant is encour-
aged to discuss significant variations in advance with the FDA reviewers
to preclude expending time and effort in preparing a submission that the
FDA may later determine to be unacceptable. The information and data
discussed here relate to the identity, strength, quality, and purity of the
dosage form and the procedures for assuring that all batches manufactured
conform to the appropriate specifications. Information relating to the con-
tainer, closure, stability, and labeling is not included here, since it can found
be in the FDA’s guidelines.

Information included in a DMF to satisfy the documentation needed to
evaluate any particular part of the manufacture and quality control for a
drug product is acceptable, provided the reference is specific, current, and
applicable to the drug product described in the application. However, the
agency will consider the information in a DMF only if written authorization
is granted with specific reference to pertinent sections, including dates of
submission of the DMF.

1. Drug product (NDAs and ANDAs) 
The following information should be included in the application:

Components: Provide a list of components, including all substances and
process materials used in producing a defined finished drug or a placebo
product. List all substances used in the finished product, whether or not they
remain in the finished product, and state the quality designation or grade
for each material. Identify each component by its established name, if any,
or by complete chemical name, using structural formulas when necessary,
for specific identification. If any proprietary preparations or other mixtures
are used as components, their identity should include a complete statement
of composition and other information that will properly describe and iden-
tify these materials. Justify proposed alternatives for any listed substances
by demonstrating that the use of these alternatives does not significantly
alter the stability and bioavailability of the drug product and the suitability
of manufacturing controls.

Composition, statement of composition: A statement of the quantitative
composition should specify, by unit dose, a definite weight or measure for
each active drug substance and a definite weight, measure, or appropriate
range for all other ingredients contained in the drug product. 
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Batch formula: Provide a complete list of the ingredients and the
amounts to be used for the manufacture of a representative batch of the drug
product. Submit a separate batch formula for each formulation of the drug
product. All ingredients should be included in the batch formula whether
or not they remain in the finished product

Specifications and analytical methods for inactive components: Pro-
vide acceptance specifications and the corresponding analytical methods for
all inactive components of the formulation, regardless of whether they
remain in the finished product. Limits and methods (applicable to the fin-
ished dosage form) for components that are removed in the manufacturing
process should be included. Limits and methods must be included for poten-
tially toxic components.

Manufacturer: State the name, location, and, where applicable, building
number of each facility having a part in the manufacturing or controls of
the drug product. This should include manufacturers of the bulk drug sub-
stances and the bulk drug product; contract packagers or labelers; contract
laboratories performing quality-control tests on raw materials, drug sub-
stance, or the finished drug product; and suppliers of components used in
the manufacture of the drug product.

Methods of manufacturing and packaging; production operations: To
facilitate the evaluation of the production and control of the drug product,
submit a copy of the proposed or actual master batch production and control
records, or a comparably detailed description of the production process for
a representative batch. Describe the manufacturing and packaging process
for a representative batch, including a description of each production step,
actual operating conditions, equipment to be utilized, and points of sampling
for in-process controls. A schematic diagram of the production process is
often helpful. Such a diagram should include a superimposed materials flow
plan, indicating the equipment used and the points of sampling.

Processing operations: Before reprocessing a drug product, the appli-
cant should consider the effects of reprocessing on stability and bioavailabil-
ity. To permit approval of the reprocessing of batches of bulk, in-process,
and finished drug products that do not conform to established specifications,
the original submission of an NDA may include proposals for reprocessing
procedures that cover possible foreseeable deviations from specifications.
Such reprocessing may require additional amounts of one or more of the
components. However, the amounts added should not result in a component
being present beyond the reasonable variations provided for the formulation.
Reprocessing due to deviations not anticipated in the original NDA should
be covered by a supplemental application.

Approval of reprocessing procedures must be obtained before release of
the reprocessed drug or drug product. These supplements may be directed
to the reprocessing of a specific lot/batch, or may be admitted as a new
procedure. Supplemental applications for reprocessing should include a spe-
cific and complete description of the rejected material, including a statement
of the deviations from the specifications; a detailed description of the pro-
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posed reprocessing procedure, including controls beyond those established
for routine production; and a statement of the maximum time elapsed
between the initial manufacture and the time of reprocessing and the storage
conditions during this interval.

Specifications and analytical methods for the drug product: The goal
of drug product manufacture is reproducibility within all specified limits.
The significant chemical and physical parameters important to clinical
response of the drug product should be defined at an early stage in the
investigational studies, so that the transition to routine production lot man-
ufacture may be conducted rationally. A well-organized drug application
should demonstrate that the manufacturing, sampling, and control processes
have been designed to provide a consistent product that, within any lot and
on a lot-to-lot basis, does not vary beyond the established specifications.

Sampling methods: Describe the sampling plan that will be used to
assure that the sample of the drug product obtained is representative of the
batch. The plan should include both the sampling of production batches
and the selection of subsamples for analytical testing. This plan will, of
course, be applicable only to batches of that particular size, so procedures
for scale-up or scale-down of this sampling plan to other batch sizes must
also be provided. If samples are pooled, a justification must be given for
pooling them.

In-process controls: The analytical controls used during the various
stages of manufacturing and processing of the dosage form should be fully
described. Where feasible, the in-process specifications should be supported
by appropriate data that may include, but does not have to be limited to,
representative master/batch production and control records. In particular,
when these records are submitted in support of a supplemental application
that proposes the deletion or broadening of specifications, the records should
cover a consecutive series of batches. Information on in-process controls in
manufacturing is essential to a thorough review of the manufacturing and
processing of the drug.24

2. Regulatory specifications and methods for drug products
 Regulatory specifications are the defined limits within which test results for
a drug substance or drug product should fall when determined by the
regulatory methodology. The regulatory methodology is the procedure or
set of procedures used by the FDA to ascertain whether or not the drug
substance or drug product is in conformance with the approved regulatory
specifications in the NDA. The regulatory tests and specifications should be
designed to ensure that the dosage form will meet acceptable therapeutic
and physicochemical standards throughout the shelf life of the marketed
product. As such, regulatory specifications normally include all criteria that
apply to the bulk dosage form, those related to the packaged product, and
those that indicate the presence or absence of degradation.

Regulatory specifications may differ from in-house product-release spec-
ifications. All drug products require assay and identity tests and specifications.
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For compendial products, the specifications and tests in the United States
Pharmacopoeia/National Formulary (USP/NF) monographs may satisfy rel-
evant requirements. Additional specifications or alternate analytical methods
may be required as necessary. Broader limits than those in the USP/NF mono-
graph will not ordinarily be approved as regulatory specifications unless the
labeling indicates that the product differs from the official monograph. When
alternate analytical methods that are equivalent to, or that are an improvement
over, the compendial methods are submitted to the agency, the applicant is
encouraged to simultaneously ask the U.S. Pharmacopoeia Convention
(USPC) to change or modify the methodology in the monograph. Assay and
identity specifications using a well-characterized reference standard and
description of physical characteristics are required. A description of other
attributes should also be considered for inclusion, depending on the type of
dosage form. The following list is advisory, and is not exhaustive, and the
omission of a parameter from the list should not lead to the conclusion that
it cannot be the subject of a regulatory test under appropriate circumstances.

Tablets, capsules, and other solid dosage forms: Uniformity of dosage
units, rate of release of the active ingredient from the dosage form by meth-
odology as appropriate for the dosage form, moisture content, where appli-
cable. Special consideration should be given to dosage forms in which a
major component is known to be hygroscopic and softening or melting
points for suppositories.

Solutions (including sterile solids for injection): Clarity, limit of par-
ticulate matter, assay of preservative, isotonicity (for injectable and oph-
thalmic products), and pH determination; sterility of injectable and oph-
thalmic products; apyrogenicity of injectable products; leakage test for
ampoules; aerosols; pouch packets; stripes; tubes; etc., metering tests; spec-
ifications; container pressure for aerosols; completeness and clarity of con-
stituted solutions.

Suspensions: Assay of preservative and pH determination, sterility of
injectable and ophthalmic products, apyrogenicity of injectable products,
particle size specifications, resuspendibility, viscosity, sedimentation rates,
caking and syringability of suspensions, and metering tests, specifications,
and container pressure for aerosols.

Creams, emulsions, and ointments: Assay of preservative and pH deter-
mination, sterility where required, homogenicity, and uniformity of dosage
units as appropriate.

Transdermal delivery systems: In vitro release rates and uniformity of
dosage units. 

Diluent solutions: Full-acceptance specifications and analytical meth-
ods, including assays for preservatives, should be included for diluents with
dry solids or for liquid concentrates; sterile plastic devices containing active
drugs; in vitro release rates; sterility; and limits for residual ethylene oxide
and its decomposition products, as applicable; in addition to the identity of
all plastic components and additional physical tests, such as frame memory,
resiliency, tensile strength, and seal integrity of the immediate package. 
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Placebos: A suitable test demonstrating the absence of the drug sub-
stance in the placebo.

Investigational formulations (INDs): The following information should
be included in the application. Provide a list of all components, including
all substances and in-process materials used in producing a defined inves-
tigational drug product or placebo product. List all substances used in the
manufacture of a drug product, whether or not they appear in the dosage
form, and state the quality designation or grade for each material. Each
component should be properly identified by its established name, if any, or
by complete chemical name, using structural formulas when necessary for
specific identification. If any proprietary preparations or other mixtures are
used as components, their identity should include a complete statement of
composition and other information that will properly describe and identify
them. Justify proposed alternatives for any listed substances. An amendment
should be filed for any significant changes in formulation not proposed in
the initial IND. Submit a quantitative statement of composition. It should
specify an appropriate range or a definite weight or measure for each ingre-
dient contained in the investigational drug product and contain a batch
formula representative of that to be used for the manufacture of the inves-
tigational drug product. Each formulation of defined dosage forms, poten-
cies/strengths, or significant changes of inactive ingredients should be iden-
tified with a formulation number or other appropriate designation.

Include all ingredients in the batch formula regardless of whether they
remain in the investigational drug product. The content of new drug indi-
cated in the statements of composition and the representative batch formula
should be on the basis of 100% potency/strengths, as stated on the label.
Any calculated excess of an ingredient over the label declaration should be
designated as such, and percent excess should be shown. Explain any over-
age in the batch formula, other than that added to compensate for losses in
manufacturing.

3. Methods of manufacturing and packaging
A document describing proposed production and packaging operations

should be submitted for IND phases. Although it would lack certain fea-
tures of the final record, it should be as complete as possible under the
circumstances.

Specifications and analytical methods for investigational drug prod-
ucts: The product tests and specifications appropriate to investigational drug
products are not as well developed as when an NDA is submitted. However,
the safety of investigational products can be assured only if appropriate
analytical information is provided. It is necessary to realize that the devel-
opmental studies of such methods are not so clearly separated into Phases
I, II, and III as the clinical studies. The following is presented as a general
IND development sequence intended to provide guidance for the develop-
ment of product information during the investigational phases. The ultimate
goal of this sequence is the development of product tests and specifications
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in the form that will eventually be submitted with an NDA. The level of
detail for specifications and analytical methods set forth here should be
considered as an ultimate goal. However, the fact that an item may not be
included here in the discussion should not be viewed as justification for its
omission at a later development stage of an IND.

Phases I and II: An assay method including adequate acceptance spec-
ifications for content of the new drug substance in the dosage form should
be submitted. The initial limits need not be overly narrow, but should be
appropriately tightened as experience with the drug accumulates. Because
the assay alone might not serve as a satisfactory identity test, using a different
method may be necessary during these phases. Chemical and physical tests
characterizing the dosage form should be included for solid oral dosage
forms, such as uniformity and dissolution profile in an appropriate medium.
Sterility tests, a measure of particulate content, and apyrogenicity testing
should be included for injectables. The assay or other procedure should make
use of a reference standard or interim standard, and analytical data to sup-
port its integrity should be submitted. Information should also be submitted
to support the specificity, linearity, precision, and accuracy, as discussed
before, which is applicable to specific quantitative methods used to test the
dosage form. 

Phase III: Provide a full description of the identity tests, assay methods,
and acceptance specifications, as well as any other appropriate chemical and
physical characteristics of the dosage form. These should approach NDA
requirements in the level of detail provided, including the suitability of
specifications, and data to confirm the adequacy of the analytical method-
ology. In vitro dissolution rate tests and specifications should be submitted
for solid dosage forms. Information in support of any reference standard
should be comparable to that expected in an NDA submission. 

Placebos: For matching placebos used in clinical studies, a full descrip-
tion should be provided of the precautions that will be taken to ensure the
absence of the new drug substance from the placebo preparation. The pla-
cebo and active dosage form should be as similar as possible in physical
characteristics and identical in packaging.

4. Current FDA draft guidelines and regulations
The following pages include the latest developments and changes in the
FDA guidelines for drug delivery systems involving nasal aerosols and nasal
sprays, vaccines, peptide formulation, solid oral dosage forms, implants,
liposomes, monoclonal antibodies, transdermal drug delivery, access to man-
aging computer records and the relevant security requirements.

a. Nasal aerosols and nasal sprays. The draft guideline is intended
to provide recommendations to the manufacturers who are planning prod-
uct-quality studies to establish bioequivalence in support of abbreviated new
drug applications for locally acting drugs in nasal aerosols and nasal sprays.
For solution formulations, in vitro methods can be relied upon for bioequiv-
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alence and for suspension formulations. In vivo studies would have to be
conducted to determine the delivery of the drug to local nasal sites of action
and the systemic exposure of the administered dose. It is appropriate that
the ingredients of the proposed product be within 5% of the innovator
product, and the same standards for impurity profiles and degradants be
applied to both products. The guideline is specific about the need to match
the container and closure system of the innovator “as close as possible in all
critical dimensions.” Harrison26 has outlined the draft guideline for the pro-
posed in vitro testing program. Details regarding batch requirements for
in vitro bioequivalence testing, appropriate design of local nasal delivery
study, and appropriate design of systemic exposure/absorption study are
given. There are significant differences of opinion in what constitutes appro-
priate bioequivalance guidelines for nasal products, which have broad impli-
cations for the industry in particular. The FDA has formed the oral inhalation
and nasal drug products expert panel in an attempt to resolve the several
issues. Uppoor discusses bioavailability and bioequivalence studies for new
oral inhalation aerosols and nasal spray products.28 According to this author,
bioavailability and bioequivalence characterization for locally acting, orally
inhaled, and nasal products generally necessitates in vitro/pharmacokinetic/
pharmacodynamic/clinical studies For systemically acting drug products,
however, pharmacokinetic data alone may be sufficient to demonstrate
bioequivalence. Pharmacokinetic studies are the first choice to characterize
systemic exposure of nasal and oral inhalation products. Hansen et al.29

discuss developing consensus-based guidelines or orally inhaled and nasal
drug products.

Between October 1998 and June 1999, the FDA issued three draft guide-
lines for the industry for metered-dose inhaler, dry-powder inhaler, drug
products chemistry, manufacturing and controls documentation, nasal spray
and inhalation solution, suspension and spray drug products, including
dose-content uniformity. While a few issues have remained unsolved, the
industry and the FDA have taken significant steps to address the need for
science-based regulations for orally inhaled and nasal products. Finally,
Woodhouse25 has listed important tests for inhalation products: dose/med-
ication delivery, dose-content uniformity, dose through life, shot weight,
number of actuations, particle/droplet sizing, cascade impaction, laser dif-
fraction, microscopic testing, particle size, particulate matter, spray patterns,
plume geometry, assay, total drug content, impurities and degradation prod-
ucts, net content fill weight, identification, appearance, moisture, pressure
testing, exciepient testing, microbial limits, and extractables and leachables
testing. Some of these listed are common for other forms of drug delivery.

Delivery of drugs via the inhalation route poses some unique safety and
efficacy considerations. These issues are both product- and indication-spe-
cific. Drug products developed for pulmonary indications must consider the
sensitivity of the population to irritants and allergens. In addition, it cannot
be assumed that different populations (COPD versus asthma versus CF;
adult versus pediatric) will respond identically to device/formulation
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changes. Conversely, drug products developed for systemic delivery must
always take into account that chronic disease or acute lung processes may
change absorption and delivery characteristics. The International Pharma-
ceutical Aerosol Consortium on Regulation and Science (IPAC-RS) is an
industry association formed with the explicit purpose of advancing sci-
ence-based, data-driven regulations for orally inhaled and nasal drug prod-
ucts (OINDP). Pulmonary route is preferred for the treatment of many pul-
monary diseases, but each patient population presents unique safety/
efficacy challenges. Pulmonary route used for systemic delivery must con-
sider airway function, acute and chronic lung processes, special sensitivities,
and other issues for safety, efficacy, and consistency of effect. The Nasal Spray
and Inhalation Solution, Suspension and Spray Products-Chemistry, Manu-
facturing and Controls Documentation was published in the July 5, 2002,
Federal Register. The guideline notes that the closure system’s ability to
properly deliver the drug is crucial to the formulation’s effectiveness. The
selection of a suitable pump for a given set of formulation characteristics
(e.g., viscosity, density, surface tension, rheological properties) is of para-
mount importance for the correct performance of the pump, and ultimately,
the drug product, according to the guideline.27,28

b. Vaccines. The Center for Biologics evaluation and research
(CBER) regulates biological products, including vaccines. The regulations
provided in Title 21 of CFR describe the following areas relevant to vaccine
development: standards to be used in biologics production, adequate and
well-controlled clinical trials, good manufacturing practices, institutional
review boards, environmental impact assessment requirements and the pro-
tection of human subjects. Passive surveillance systems, such as the vaccine
adverse event reporting system, coadministered by the Centers for Disease
Control and Prevention and the FDA, have been post-licensure to gather
additional data on vaccine safety. Pregnancy registries have been established
for varicella and lyme vaccines. Pregnancy registries should be considered
for new vaccines administered to women of childbearing age, particularly
those with novel components not previously licensed or with live, attenuated
products. As part of an efficacy study, attempts should be made to identify
immune correlates of protection. Immunogenicity data are critical for evalu-
ating manufacturing consistency and for bridging across different popula-
tions and different vaccine regimens. For U.S. licensure of combination vac-
cines, the FDA follows the specific provisions in the CFR. In 1997, the FDA
issued a “Guidance for industry for the evaluation of combination vaccines
for preventable diseases: Product testing and clinical studies,” which dis-
cusses the general considerations for the production and testing of combina-
tion vaccines. This document provides general guideline on how the regula-
tions might be implemented in the preclinical and clinical testing of
combination products. During the preclinical development of combination
vaccines, the issue of compatibility of the combined components is a major
issue. It is important to evaluate the compatibility of all components of the
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combination vaccine. Regulatory challenges in demonstrating the clinical
safety of combination vaccines include the choice of the appropriate control
arm, i.e., separate injections of the components or, alternatively, a “standard
of care” vaccine, such as a U.S. licensed vaccine. Demonstrating the effective-
ness of combination vaccine has certain regulatory challenges. Large-scale
field trials demonstrating field efficacy may be needed if a combination vac-
cine consists of novel components or if the product is the first application of
a particular combination to a new target population. Such efficacy studies
should be conducted in the intended or closely similar target population. 

The use of live, attenuated viral and bacterial organisms for delivering
foreign antigens is an active area of product development. Vectored vaccines
often pose challenges for the development of appropriate informed consent.
As with any live organism, careful consideration should be given to the ease
with which a vector can be eliminated from the host if such a situation
becomes necessary. Finally, the impact of the vector on the environment
should be evaluated. In evaluating the efficacy or immunogenicity of vec-
tored vaccines, appropriate immunological assays should be developed and
standardized prior to initiating pivotal studies. If the vectored vaccine is
intended to protect against multiple diseases, demonstration of efficacy or
immunogenicity is necessary for all components for which an indication is
sought. Currently, the only adjuvant used in U.S.-licensed products is alu-
minum compounds. In the case of novel adjuvants, it is recommended that
additional preclinical toxicity studies be performed. Clinical studies should
be aimed at demonstrating the clinical advantage of the new adjuvant, as
well as the compatibility of the adjuvant with other vaccine components in
terms of efficacy or immunogenicity. 

As new methods for antigen delivery are developed, CBER faces new
regulatory challenges. According to Falk and Ball,30 for novel vaccine deliv-
ery systems, the demonstration of safety should consider possible long-term
effects, such as prolonged stimulation of the immune system and the poten-
tial for inducing immunological tolerance. Clinical studies evaluating the
safety of DNA vaccines should consider potential for incorporation into the
host genome. In determining the effectiveness of novel vaccine delivery
systems, such as transgenic edible, intranasal, and transcutaneous vaccines,
one challenge has been determining the optimal dose of the study agent. As
these products enter clinical development, discussions between the sponsor
and CBER to address these areas of concern should be initiated as early in
the clinical development as possible.31,32,34,46

c. Peptide formulation. Recently, demands for effective delivery
systems for peptide drugs and vaccines has led to research and development
in the area of new drug delivery technology. In addition to parenteral admin-
istration, other peptide delivery systems have been developed to administer
peptides through the gut, sinus, mouth, and lungs. Niu and Chiu33 have
discussed peptide formulation and stability issues with regards to
parenteral, oral, and nasal delivery systems. In the parenteral delivery sys-
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tems, aspects such as solution formulation, lyophilized powder formulation,
and depot formulation are important. In the latter system, poly(lactic-co-gly-
colic) (PLGA) copolymer is commonly used. During manufacture of the
PLGA depot formulation, the following common assurances should be con-
sidered: copolymer, organic solvents, copolymer-peptide complexes, steril-
ization, in vitro and in vivo correlation of peptide release, peptide size, and
the diluent or the suspending vehicles. In the case of oral delivery systems,
there are two issues involved with respect to the manufacture of the peptide
tablets. They are heat granulation and the dissolution test. In the case of
nasal delivery systems, particle size, preservatives, and adsorption are the
important issues. According to these authors, many peptide delivery sys-
tems have been approved for marketing. Formulations for each route of
administration are unique and have special characteristics, but in careful
examination of these delivery systems, common features appear to surface.
For example, in both liquid and lyophilized powder formulations, the ster-
ilization process and loss of peptide concentration (potency) due to adsorp-
tion are critical issues during formulation. During manufacture of
PLGA-depot formulations, issues of purity and average molecular weight
of the PLGA copolymer, residual organic solvents, duration, temperature
used to remove solvents, and water, particle size, and sterilization process
need to be carefully considered.

d. Solid oral dosage forms. Dissolution testing remains a potentially
powerful and nearly always useful method for obtaining data related to
quality and potentially clinical performance of dosage forms, especially solid
oral dosage forms. However, dissolution is not always a surrogate for
bioequivalence, which necessitates human testing for determination of
bioequivalence in many instances. The key confidence in dissolution testing
is the strength of the relationship between dissolution and bioequivalence,
or the ability of dissolution testing to predict in vivo performance. Therefore,
the availability of an IVIVC, as well as the type of dissolution testing con-
ducted, are important considerations. Please refer to FIP guidelines for dis-
solution testing of solid oral products, Final Draft and the FDA draft guid-
ance extended-release solid oral dosage forms-development, evaluation and
application of in vitro/in vivo correlations. 

Malinowski35 has discussed regulatory concerns regarding these aspects
for Europe, Japan, and North America. In the U.S., the draft guidance was
released in 1996. This guidance provides recommendations to pharmaceuti-
cal scientists related to various aspects of IVIVC for oral extended-release
drug products, particularly as utilized in the NDA/ANDA review process.
It presents a comprehensive perspective on methods of developing IVIVC,
appropriate means of evaluating the predictability of IVIVC, and relevant
applications for IVIVC in the areas of changes (e.g., formulation, equipment,
process, and manufacturing site) and setting dissolution specifications. In
vitro testing is important for: providing necessary process control and quality
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assurance, determining stability of the relevant release characteristics of the
product, and facilitating certain regulatory determinations and judgments
concerning, for example, minor formulations changes or changes in the site
of manufacture. The author, in this review, has discussed important aspects
such as biowaivers and setting dissolution specifications. Malinowski,35 in
another review, discussed different levels used in the correlation of IVIVC
data. Experimental data considerations should be given to dosage form
properties, internal versus external predictability, and therapeutic index of
the drugs.

5. Implants
The FDA has proposed rules regarding pre-market approval for dental,
silicone breast, intraocular implants in existing bone, and endosseous
implants, among other things. The Office of Device Evaluation within the
Center for Devices and Radiological Health of the FDA is the primary com-
ponent responsible for pre-market review of medical devices. Dental devices
are reviewed by the Dental Device Branch within ODE. Pre-market submis-
sions to the FDA for dental endosseous implants should include complete
characterization of the device and often may necessitate the inclusion of
mechanical and other bench-testing and clinical data. 

FDA documents are available that outline the information that should
be included in the submissions. The guideline document also provides
guidelines on clinical trials for dental implants. This guideline document
addresses such issues as the number of patients and study sites, length of
follow-up, post-implant assessment, and pooling of data. The central issue
facing federal regulation of breast implants is that while such devices are
not functionally necessary or needed for survival, the side effects may be
harmful and have not been proven otherwise. The Medical Device Amend-
ments of 1976 appear to require such evidence prior to the FDA permitting
the unrestricted marketing of these devices. However, only recently have
such requirements been imposed by the FDA. Recently, the FDA has
approved the NuvaRing contraceptive implant, and Chiron Vision has filed
an application to market intraocular implants for CMV retinitis. These
implants release drugs into the systemic circulation, and the manufacturer
would be require to follow the FDA guidelines and regulations that are
similar to those described earlier.36–39

6. Monoclonal antibodies
In reviewing proposals that include several methods, the animal research
committee is required by federal regulations to determine that the use of
the methods for producing monoclonal antibodies (Mabs) is scientifically
justified; that methods that avoid or minimize discomfort, distress, and pain
(including in vitro methods) have been considered, and that such alterna-
tives have been found unsuitable. The National Research Council Commit-
tee, on methods of producing monoclonal antibodies, states: “It is incum-
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bent on the scientist to consider first the use in vitro methods for the
production of mAb. When hybridomas fail to grow or fail to achieve a
product consistent with scientific goals, the investigator is obliged to show
that a good-faith effort was made to adapt the hybridoma in in vitro growth
conditions before using the particular (ascites) method and that in vitro
methods for producing mAb are appropriate in numerous situations, and
it is the responsibility of the researcher to produce scientific justification for
using the mouse ascites method.”

The guidelines for the Ascites method include, e.g., priming, inoculation,
harvesting Ascites fluid, and euthanasia. For immunomodulatory molecules,
particular attention is paid to defining potential for increased risks of lym-
phoproliferative disorders, opportunistic infections, and immune impair-
ment. To address the issues, a wide variety of preclinical studies, mainly in
nonhuman primates, have been performed for the purpose of assessing the
potential risk of drug-induced human toxicity. In some cases, homologous
forms of the biologic agent and “humanized” transgenic models have been
used to assess potential clinical risks. The sponsor’s and regulatory author-
ity’s experienced judgment should determine whether or not purported
benefits of the novel therapeutic agents are balanced by the potential short-
and long-term risks. 

In this field of development, preclinical models often need to reflect
recent technology innovations; therefore, these models are not always “val-
idated” in a conventional sense. Key components of protocol design for
preclinical studies addressing the risks of the agents derived from the use
of biotechnology include a safe starting dose in humans, identification of
potential target organs and clinical parameters that should be monitored in
humans, and identification of at-risk populations. One of the distinct aspects
of the safety evaluation of biotechnology-derived pharmaceuticals is the
use of relevant and often nontraditional species and the use of animal
models of disease in preclinical safety evaluation. Subsequent to product
approval, the incremental database of test results serves as a natural con-
tinuum for further evolving/refining specifications. While there is consid-
erable latitude in the kinds of testing modalities finally adopted to establish
product quality on a routine basis, for both drug products and drugs, it is
important that the selection takes into consideration relevant significant
product characteristics that appropriately reflect on identity, purity, and
potency. Recently, the FDA has approved rituximab and indium-111 satu-
momab pendetide.40–42

For transdermal, liposomal, and monoclonal antibody delivery systems,
Guidelines for Industry S7A Safety Pharmacology studies for human phar-
maceuticals should also be followed. This guideline was developed within
the Expert Working Group (Safety) of the International Conference of Har-
monization of Technical Requirements for Registration of Pharmaceuticals
for Human Use (ICH) and has been subjected to consultation by the regula-
tory parties, in accordance with the ICH process. This guideline generally
applies to new chemical entities and biotechnology-derived products for
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human use. This guideline can be applied to marketed pharmaceuticals when
appropriate (e.g., when adverse clinical events, a new patient population, or
a new route of administration raises concerns not previously addressed). The
size of the groups should be sufficient to allow meaningful scientific inter-
pretation of the data generated. The sample size should take into consider-
ation the size of the biological effect that is of concern for humans.

Safety pharmacology studies may not be needed for locally applied
agents (dermal or ocular) where the pharmacology of the test substance is
well characterized and where systemic exposure or distribution to other
organs or tissues is demonstrated to be low. For biotechnology-derived prod-
ucts that achieve highly specific receptor targeting, it is often sufficient to
evaluate pharmacology endpoints as a part of toxicology or pharmacody-
namic studies; therefore, safety pharmacology studies can be reduced or
eliminated for these products. For these products that represent a novel
therapeutic class, or those products that did not achieve highly specific
receptor targeting, a more extensive evaluation by safety pharmacology
studies should be considered. For the timing of safety pharmacology studies
in relation to clinical development, studies prior to first administration to
humans, studies during clinical development, and studies before approval
are important and, therefore, should be considered. Available information
from toxicology studies adequately designed and conducted to address
safety pharmacology endpoints, or information from clinical studies, can
support this assessment and may replace safety pharmacology studies. The
FDA is considering evaluating alternatives to dermatopharmacokinetics for
determining bioequivalence of topical dermatological products. The FDA’s
draft guideline on determining bioequivalaence of topical dermatological
drug products issued in June 1998 recommended the DPK skin-stripping
technique. The human cadaver skin and transepidermal water-loss assays
to assess the bioequivalence was considered. Both techniques predicted
bioequivalence between the generic and brand products.

According to the FDA draft guideline, dosing for liposome drug prod-
ucts could be determined through comparative pharmacokinetic studies of
liposomal and nonliposomal products containing the same active moiety.
The draft guideline recommends a single-dose pharmacokinetic study, which
would compare the absorption, distribution, metabolism, and excretion of
the liposome and nonliposome formulations of the drug. The guideline notes
that the pharmacokinetics of a drug in liposomal form are expected to be
different from those of the same drug in nonliposomal form. Also recom-
mended was the multiple-dose study and a dose-proportionality study over
the expected therapeutic dose range after administration of the liposome
drug product. The draft guideline also proposed the inclusion of a warning
that a liposome product “is not equivalent to or cannot be substituted for
other drug products containing the same drug substance.” The Draft Guide-
line for Industry on Liposome Drug Products: CMC, Human Pharmacoki-
netics and Bioavailability and Labeling Documentation was published in the
Federal Register on August 21, 2002.43,44
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7. Computer access and security requirements
In a recent article, Lopez45 has reviewed regulatory requirements that apply
to computer resources and current technologies that can be used to mitigate
threats to and vulnerabilities in computer resources. Computer security is
used to regulate and record access to computer resources, as well as manage
records residing in a computer. It is one of the main factors to consider when
implementing environments that will manage electronic records set forth in
FDA regulations or electronic records submitted in compliance with the
Federal Food Drug and Cosmetic Act and the Public Health Service Act. The
FDA defines electronic records as any combination of text, graphics, data,
audio, pictorial, or other information represented in digital form that is
created, modified, maintained, archived, retrieved, or distributed by a com-
puter system. One example is the submission to the FDA of records and
reports supporting the safety and efficacy of new human and animal drugs,
biologics, medical devices, and certain food and color additives. 

The advantage of using computer technologies supporting electronic
submissions and inspections is that the FDA can review and analyze this
information with automated tools, thereby reducing the review time. Trust-
worthiness is the key characteristic expected of all records by existing FDA
regulations. According to the National Archives and Records Administration,
reliability, authenticity, integrity, and usability are the characteristics used to
describe trustworthy records from a record-management perspective. The
FDA addresses the subject of the security of computer records in its CGMP
regulations and associated policy guidelines. Specifically, 211.68(b) and a
recent guideline require appropriate controls of computer resources to ensure
that only authorized personnel make changes in master production, control,
or other records. The compliance policy guideline 7132a.07 (inputs/outputs
checking) includes specific requirements to establish the necessary controls
of records. The main FDA regulation affecting computer resources perform-
ing functions covered by the FDA is 21 CFR Part 11, Electronic Records,
Electronic Signatures, Final Rule. This rule allows the use of electronic records
and electronic signatures for any documents that are required to be kept and
maintained by FDA regulations. The good automated manufacturing prac-
tices (GAMPs) requirements concerning computer resources include protec-
tion of records, access controls authentication, audit-trail controls, computer
systems time controls, authority checks, device checks, technical controls of
open systems, signature/record linking, uniqueness of electronic signatures,
and electronic signatures security. These requirements are key elements. The
controls implemented as a result of security-related requirements are
intended to build trusted records. Finally, the National Security Agency
(NSA) has developed security configuration guidelines for Microsoft Win-
dows® 2000 with the purpose of providing direction about the services that
are available in the Windows 2000 environment and explaining how to inte-
grate these services into network architecture.
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