conclusions
and

recommendations

1
Current standards and regulatory practices do not
i nsure bioequival ence for drug products.

2

Variations in the bioavailability of drug products
have been recogni zed as responsible for a few
therapeutic failures. It is probable that other
therapeutic failures (or toxicity) of a simlar
origin have escaped recognition.

3

Most of the analytical methodol ogy and experinental
procedures for the conduct of bioavailability
studies in man are available. Additional work may
be required to develop neans of applying themto
certain drugs and to special situations of drug use.

It is neither feasible nor desirable that studies
of bioavailability be conducted for all drugs or
drug products. Certain classes of drugs for which
evi dence of bioequivalence is critical should be

i dentified. Sel ection of these classes should be
based on clinical inportance, ratio of therapeutic
to toxic concentration in blood, and certain

phar maceutical characteristics.



Present conpendi a standards and guidelines for
Current Good Manufacturing Practice do not insure
quality and uniform bioavailability for drug
products. Not only may the products of different
manuf acturers vary, but the product of a single
manuf acturer may vary from batch to batch or may
change during storage.

6

New conpendi a standards for active ingredients,
excipients and finished drug products should be
devel oped and revised on a continuing basis to
reflect the best available technology to insure
quality and uniform bioavailability. Appropriate
statistical procedures should be specified to make
certain that the purposes of the standards are
objectively satisfied. The guidelines for Current
Good Manufacturing Practice should be expanded to
i nclude specific descriptions of all significant
aspects of manufacturing processes from the raw
materials to the final product.

7

Addi tional research aimed at inproving the assess-
ment and prediction of bioequivalence is needed.
This research should include efforts to devel op

in vitro tests or animal nodels that will be valid
predictors of bioavailability in man.

8

Current law requiring manufacturers to naintain
records and make information available to the FDA

i s ambi guous or inadequate and should be clarified
and strengthened. In particular, manufacturers

should be required to submit all information

relating the tests they conduct to the bioavailability
data they develop in order to help provide information
on the factors that nodify the bioavailability of

drug products. This information should be available
to aid in the establishnment of conpendia standards.
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Exenptions provided in current law for sone drug
products based on their year of introduction in
relation to anendnents in the Food, Drug, and
Cosnetic Act (so-called grandfather clauses) have
i npeded inprovenent in the quality of these
products.  Such exenptions should be elim nated.

10

A single organization capable of setting standards
adequate to insure the quality and uniform

bi oavail ability of drug products should be
established to replace the present USP and NF as
the official standard-setting organization of the
Federal Governmnent.

11

A system should be organized as rapidly as possible
to generate an official list of interchangeable
drug products. In the devel opnent of the Ilist,

distinctions should be nade between two classes of
drugs and drug products:

1. Those for which evidence of bioequivalence
is not considered essential and that could be
added to the list as soon as standards of
phar maceuti cal equival ence have been
established and satisfied.

2. Those for which evidence of bioequivalence
is critical. Such products should be
listed only after they have been shown to
be bioequivalent or have satisfied standards
of pharmaceutical equival ence that have been
shown to insure bioequival ence.



charge
to the
panel

The basic charge nmade to the Drug Bi oequival ence
Study Panel* by the Ofice of Technol oqy
Assessment (OTA) was to examine the relationships
between the chenical and therapeutic equival ence
of drug products and to assess the capability of
current technology--short of therapeutic trials
in man--to determ ne whether drug products with
the same physical and chemnical conposition produce
conpar abl e therapeutic effects.

As nenbers of the Panel, we agreed that a review
of the system of regulations and practices

now used to insure quality and uniformty--the
conpendi a standards, Current Good Manufacturing
Practice guidelines, and the manufacturers’
procedures for quality control and fornulation--
woul d have to be an inherent part of our assessnent.
After examning these factors, we would neke
recommendations, if necessary, for any nodifications
that we believed mght be needed to inprove the
present system for insuring the therapeutic

equi val ence of drug products.

It was clear to us fromthe outset that certain
chem cally equivalent drug products have produced
clinically inmportant and measurable differences in
therapeutic effect and that these differences were
the result of differences in bioavailability.
Conversely, we recognized that differences in

bi oavai l ability (bioinequival ence) anong sone drug
products may not be a critical concern with regard
to the equivalence of their therapeutic effects.

The Drug Bioequival ence Study Panel met for the
first time on April 12, 1974 to clarify its
charge and to forrmulate a plan for its study.
A chronological review of the activities under-
taken by the Panel is presented as the Appendi x.



As our study progressed, it becane clear to us that
we should recomend a system that, through inproved
assurance of quality and rational scientific
judgnents, would insure the therapeutic equival ence
of drug products.

Qur conclusions and recommendations are based

on considerations of current technology and of the
technol ogy that we believe could be devel oped
within the next few years. Qur report also includes
a consideration of the need and potential for new
research relevant to the devel opment of that

technol ogy and to other aspects of the problens
under consi deration.*

The Panel communicated extensively wth various
sources, requesting information and receiving
docunented replies in res?onse to questions
raised. A bibliography of the documentation
received and reviewed by the Panel appears on
page 61.



scope
of the
study

Because of the linmted time available to us, it
was necessary to restrict the scope of our study
to solid drug products (capsules and tablets, but
excluding timed-rel ease and coated products) that
are admnistered by nouth and produce a systenmic
ef fect. These are the products for which consid-
eration of the relationships between chemnical and
t herapeutic equivalence is nost inportant. In
addition, tablets and capsules constitute the great
majority of all drug products used in the United
States.

The therapeutic effect of a solid drug product

is assumed to be a function of the concentration of
the active ingredient in the systemic circulation
and is thus related to its bioavailability.
Accordingly, we directed our attention to the
principles and nethodology involved in estinmating
and conparing the bioavailability of drug products.
This nethodol ogy involves measurenment of the
concentration of the active ingredient in the
systemic circulation, either directly in blood or
indirectly through studies of wurinary excretion.

We also attenpted to identify the general
categories of drug products for which neasurenents
of bioavailability may be critical to the assurance
of therapeutic equivalence. The therapeutic

equi val ence of some categories of drug products can
be insured, however, wthout a direct assessnent of
bi oavailability, and we tried to identify the
general characteristics of such products.

Certain drug products contain the sane active

noi eties but do not have the sanme salt, ester or
dosage form  These products, although simlar, are
not chemcally equivalent but may be therapeutically
equi val ent . For exanple, tetracycline hydrochloride
tablets, capsules and syrup all nmay be expected to
produce the sanme therapeutic effect as tetracycline
phosphate capsules, but they are different in dosage



or salt fornms. Drug products which are not

chem cal ly equivalent but have the sane thera-
peutic effect may be referred to as pharnmaceutical
alternatives but not as chenmical or pharnaceutical
equivalents. W believe this distinction is
significant and that it requires further elabora-
tion; however, we did not exami ne pharmaceutical
alternatives or the extent to which they do or do
not produce equivalent therapeutic effects.

It must be recognized that beyond characteristics
of drug products that influence absorption of

the active drug from the gastrointestinal tract,

a nunmber of other factors have an inportant role
in determining the therapeutic effect produced in
any individual. Anmong these factors are the

fol | ow ng:

1. Variations from one individual to another in
absorption, netabolic conversion and excretion
of the drug. Sone individuals have rates of
i ntestinal absorption and netabolism that
differ markedly from the average rates, and
these differences nmay be exaggerated by the
di sease state. Consequently, the concentration
of the drug in the blood of such individuals
may be well above or below the average, even

if the drug is rapidly and conpletely dis-
solved in gastrointestinal fluids.

2. Appropriateness of tile prescriber’s choice
of drug.

3. Differences anong patients in conplying with
instructions for taking the drug product.

4, The simultaneous use of other drugs that can
affect or alter the action of the-prescribed
drug.

Al though such factors may greatly influence

the therapeutic effect obtained from drug products,
our nejor concern was directed at factors affecting
the efficacy of drug products that are within the
control of the manufacturer.



discussion
of
conclusions
and

recommendations



11

1

CURRENT STANDARDS AND REGULATCORY PRACTI CES DO NOT
I NSURE Bl CEQUI VALENCE FOR DRUG PRODUCTS,

Al though there is a spectrum of opinion about the
frequency and inportance of differences in the

bi oavailability of chemcally equivalent drug
products, there can be no dispute about the fact
that well-documented and significant differences
in bioavailability have been denonstrated in

chem cally equivalent products representing a
nunber of drug categories.

Probl ens of bioequival ence have received serious
investigative attention only during the past few
years. In this brief period, however, a nunber

of studies of marketed drug products containing
the same therapeutic ingredient have reveal ed
marked differences in the rate and extent of
absorption. A considerable body of literature has
accunul ated in this period that indicates the

exi stence of denonstrable differences in the

bi oavailability of products involving roughly a
score of drugs. A partial list of studies denon-
strating bioinequival ence of chemically equivalent
drug products mght include the following: tetra-
cycline (MacDonald et al, 1969; Barr et al, 1972);
chl or anpheni col (d azko et al, 1968); digoxin
(Wagner, 1973; Lindenbaumet al, 1971) ; phenyl-
but azone (VanPetten et al, 1971; Chiou, 1972); and
oxyt)etracycline (Blair et al, 1971, Brice et al,
1971).

Not only has bioinequival ence been shown to exist
in products of different manufacturers but there

al so have been substantial variations in the

bi oavailability of different batches from the sane
conpany (for exanple, see Lindenbaum et al, 1971).
It is difficult to determ ne whether differences
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such as those cited are the exception or the rule,
since positive results (in this case a denonstrable
difference) are far nore likely to be published
than negative findings. Furthernore, in some
studies in which several chenmically equivalent
products have been tested, sone have been found to
have the sane bioavailability while others have
not .

Nevert hel ess, the nunber of positive findings has
been sufficient to establish that the problem of

bi oi nequi val ence in chemcally equivalent products
is areal one. Since the studies in which lack of
bi oequi val ence was denonstrated involved narketed
products that met current conpendi a standards,

t hese docunmented instances constitute unequivoca
evidence that neither the present standards for
testing the finished product nor the specifications
for materials, manufacturing process, and controls
are adequate to insure that ostensibly equivalent
drug products are, in fact, equivalent in

bi oavail ability.



VARI ATIONS IN THE BI CAVAI LABILITY OF DRUG PRODUCTS
HAVE BEEN RECOGNIZED AS RESPONSIBLE FOR A FEW
THERAPEUTI C FAI LURES, I'T I'S PROBABLE THAT OTHER
THERAPEUTI C FAILURES (OR TOXICITY) OF A SIMLAR
ORIG N HAVE ESCAPED RECOGNI TI ON,

13

The fact that drug products differ in bioavailability

is not, initself, evidence that the use of such

products will produce significant practical problens

in the treatnent of patients. However, it is also

a fact that therapeutic inequivalence has been

observed anong certain chemnically equival ent drug

products. One exanple of therapeutic failure

arising from variations in the bioavailability of

ostensi bly equival ent products involved the
i nportant and highly potent cardiotonic drug
digoxin. A nunber of patients were observed to

require unusually large maintenance doses of digoxin

despite the absence of any condition that m ght
expl ained a high tolerance to the drug. Upon

have

investigation, the patients were found to have |ow

di goxin concentrations in their blood plasm

(Lindenbaum et al, 1971). A crossover study reveal ed

striking differences in bioavailability anmong four

di goxin preparations available in the sane hospita
at the time. The peak concentration after a single
dose was found to vary anong the four drug products

by a factor of as much as seven. It is noteworthy

that the margin of safety of this drug is
sufficiently narrow that serious or even |etha
toxic effects can result if the dose given and

absorbed is as little as twice that needed to achieve

a therapeutic effect.
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Anot her instance of therapeutic failure with a
drug product neeting conpendi a standards was
denonstrated in the case of a thyroid preparation
that met those standards but was therapeutically
inactive (Catz et al, 1962).

Wil e these therapeutic failures resulting from
probl ens of bioavailability were recognized and

wel | documented, it is entirely possible that

other therapeutic failures and/or instances of
toxicity that had a similar basis have escaped
attention. The variability anong individuals--

in the absorption, excretion and netabolic
conversion of drugs; in the individual physiological
or toxic response; and even in the regularity wth
whi ch the prescribed dose is actually taken--is
such that the source of an abnormal or inadequate
therapeutic effect in an individual patient is not
readily identifiable. Differences owing to the

bi oavallability of the admnistered product are
likely to be recognized only when information is
collected in an organized nmanner or effects are
noted in a significant number of patients under
sufficiently close observation by an unusually
alert and observant physician. Mre inportant,

for drugs that, because of relatively narrow margins
of safety, are generally administered in doses that
produce plasnma levels not nuch higher than the

m nimum required for efficacy, therapeutic

i nequi val ence must certainly occur whenever there
are substantial differences in bioavailability.

Therefore, although the nunber of instances of
denonstrabl e therapeutic inequivalence is snmall,
the problemis an inmportant one and, in the case
of drugs with narrow margins of safety, assurance
of bioequivalence is vital.
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3

MOST OF THE ANALYTICAL METHODOLOGY AND  EXPERI MENTAL
PROCEDURES FOR THE CONDUCT OF BI CAVAILABILITY STUDI ES
I'N MAN ARE AVAI LABLE.  ADDI TI ONAL WORK MAY BE

REQUI RED TO DEVELCP MEANS OF APPLYING THEM TO CERTAIN
DRUGS AND TO SPECI AL SI TUATI ONS OF DRUG USE,

The conduct of bioavailability studies in nman
requires that a drug product be administered to a
group of individuals and that the time-course of
the concentration of the drug in the blood be
evaluated either directly or indirectly.* It is
necessary, therefore, that there be available

(1) analytical methods for determining the concen-
tration of the active ingredient in body fluids;
(2) standardized procedures for admnistering the
drug product and obtaining appropriate blood and/or
urine sanples; and (3) adequate nethods for

statli stical analysis and interpretation of the
results.

ANALYTICAL METHODS

It may be necessary to measure, in a small volume of
bi ol ogi cal fluids, an anount of the intact drug that

In 1972, the Acadeny of Pharmaceutical Sciences
of the Anerican Pharnmaceutical Association
published the Cuide for Biopharnmaceutical Studies

in Man, which presents a systematic approach to
the conduct of bioavailability studies based on
anal ytical determination of drug in blood and/or
urine.
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is only one nmillionth to one billionth of the dose
admi ni st ered. Fortunately/, such recent advances

as gas-liquid chronatography, high pressure liquid
chromat ography, fluorescence techniques, mass
spectronetry, radioimune assays, and microbiol ogical
assays have greatly increased our capability of
measuring such mnute amounts of drugs. The nethods
used nust have not only adequate sensitivity and
accuracy, but also the selectivity that will make it
possible to quantify the drug in the presence of its
net abol i zes or of endogenous conpounds that may
interfere with the determination of the conpound in
bi ol ogi cal fl uids.

In instances in which no sufficiently sensitive
chemical method is available to detect the active
i ngredient, radioactively |abeled nolecules may be
utilized. It must be verified, however, that the
nmeasured radioactivity is contained in the intact
compound that has been separated fromits neta-
bolites. One nust also be assured that the dosage
form containing the radioactive drug to be

adm ni stered possesses, insofar as possible,
physical and chemical properties identical to those
of the usual (unlabeled) dosage form

Sone of these methods are cumbersone and rather
time-consumng, but they are capable of providing
relatively accurate measurenents at the required
| evel s. Unfortunately, some of the early

phar macoki netic studies were based on methods
subject to anbiguities. Continuing efforts,
therefore, are still required to sinplify and

i nprove the existing methods and to devel op new
ones.

PROCEDURES FOR ADMINISTERING THE DRUG PRODUCT

The mpst common experinental plan for conparing the
bi oavailability of two drug products is a sinple
crossover study. In this design, each individual
in a group of subjects receives both drug products
(at different times) so that there is a direct
conpari son of the absorption of each product in the
sane i ndividual . Speci al care nust be taken to
allow sufficient time to elapse between the adminis-
tration of the first and second drug products so
that there are no carryover effects. In order to
mnimze the influence of such effects on the
outcone of the study, good experimental design
requires that each drug product be adm nistered
initially to half of the subjects.
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In some instances, nore than two drug products are
to be conpared in a single investigation. If three
products are to be studied, all three can be

adm ni stered to each individual in a suitably

bal anced order. However, investigations involving
nore than three drugs may require alternative
experinmental designs, as it may be inpractical to
give nore than three drug products to the sane
individual. A suitable way of planning such
investigations is to utilize statistical experinental
plans called inconplete-block designs. The
statistical methodology for such experimental plans
is readily available.

For some applications of some drug products, the

st eady-state concentration of the drug in the blood,
attained after repeated administration of the drug
product at regular intervals, nmy be a nore appropriate
i ndex of bioavailability than the time-concentration
curve after a single dose.

STATISTICAL METHODOLOGY FOR BIOAVAILABILITY STUDIES

The statistical nethods to be used in bioavailability
studi es should be chosen with careful attention
being given to the effect of the variations anong

i ndividuals and anong batches of nominally identical
manufactured drug products. The planning, analysis
and interpretation of these experinents are not
routine problens but, rather, require considerable
care, consonant with the purpose for which the data
are to be used.

INDIVIDUAL VARIABILITY AND BIOEQUIVALENCE

Wien drug products are administered to individuals,
the investigator inevitably finds differences in
one or nore of the variables measured. These
differences are due partly to factors related to
dosage form and partly to biological factors unique
to each individual, since each person has his own
characteristics for absorption, nmetabolism and
excretion of each drug. Through appropriate use of
statistical procedures, it is possible to identify
the variations that result from differences anong
individuals and thus to isolate those that result
from differences in the bioavailability of the drug
products.
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BATCH-T

SAMPLE-

O-BATCH VARIABILITY AND BIOEQUIVALENCE

Sonme drug products may exhibit substantial batch-
to-batch variation with respect to inportant

bi oavailability characteristics. If the batches
are manufactured under adequately controlled
conditions, then one could regard the different
batches to be theoretically bioequivalent. However,
one woul d expect the average |levels of some of the
bi oavail ability characteristics to vary from batch
to batch. The neasurement of the effects of batch-
to-batch variations on bioavailability is inportant
in assessing the effect of changes in the manu-
facturing process which may take place in the future.

The problem arises as to how to judge whether two
chem cally equivalent drug products are bioequivalent.
The solution to this problem depends on the batch-
to-batch variation of the bioavailability. A
working rule for judging the bioequival ence of two
drug products mght be that the two are considered
equivalent if the differences between them are
simlar to what one would expect from the batch-
to-batch variation of the original product.
Unfortunately, there is little information concerning
the effects of batch-to-batch variation on

bi oavail ability. Studies to examine this question
have not often been carried out, since they require
in vivo tests of bioavailability unless there are

in vitro tests whose results have been shown to

have a high correlation with bioavailability.

SIZE CONSIDERATIONS

One of the nost inportant and difficult problens in
pl anning bioavailability investigations is the
selection of the appropriate sanple size. I|f
conventional statistical tests of significance are
used to analyze the data, then it is possible that
studies involving small nunbers of observations
(subjects) may fail to yield differences that are
statistically significant even if the drug products
being compared are, in fact, different. Alternatively,
if large nunmbers of observations are used, then one
may find statistically significant differences
between drug products, even if the real differences
are small and of no pharmaceutical or therapeutic
signi ficance.

Therefore, in planning bioavailability investigations,
one nust deternmine the difference in nmean val ues

of the parameters of bioavialability that it is
practically (pharmaceutically or therapeutically)
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inmportant to detect. The choice of sanple size
requires that the probability of failing to detect

i nportant differences be small, when such differences
exi st.

METHODS OF ANALYSIS

The experinental results of bioavailability studies
can be analyzed statistically in nany different ways.
The statistical methods of analysis depend on (1) the
statistical nodel of the concentration-time curve,
(2) the statistical nodel of the various sources of
variation (for exanple, person-to-person variations,
or noni ndependent measurenents) |, and (3) the
experinental plan that specified how the neasure-
ments were to be made.

Perhaps the sinplest way to use concentration-tine
curves for conparing two drug ‘products is not to
conpare the entire curves but to conpare charac-
teristics of the curves that are deened inportant
with regard to the drug product under study--for
exanpl e, area under the curves, peak heights, or
rates of absorption. If only a single characteristic
is involved, an appropriate nethod of analysis is
the nethod of paired conparisons, in which each

i ndividual generates a paired difference. There
are also adequate statistical procedures for the
conparison of two or nore sets of variables, and

t hese, can be used when nore than two drug products
are studied.
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4

IT IS NEl THER FEASI BLE NOR DESI RABLE THAT STUDI ES
OF BI OAVAI LABI LI TY BE CONDUCTED FOR ALL DRUGS OR
DRUG PRODUCTS,  CERTAI N CLASSES OF DRUGS FOR

VWH CH EVI DENCE OF BI OEQUI VALENCE |S CRITI CAL

SHOULD BE | DENTIFIED,  SELECTI ON OF THESE CLASSES
SHOULD BE BASED ON CLI NI CAL | MPORTANCE, RATIO OF

THERAPEUTI C TO TOXI C CONCENTRATION IN BLOCOD, AND

CERTAIN PHARVACEUTI CAL CHARACTERI STI CS,

More than 20,000 prescription drug products are
presently available from drug nmanufacturers. For
only a few of these are there adequate data
docunenting their bioavailability 1n man. Because
of the large number of drug products for which
studies of bioavailability mght be conducted, the
enor mous nunber of human volunteers that ‘would be
needed, and the large nunber of clinical investi-
gators and other sciefitific personnel who would be
needed to do the work, it is clearly not feasible
to carry out studies of bioavailability in man for
all drug products.

Furthernore, even were it feasible to do so, it

woul d not, in our opinion, be ethically justifiable.
The administration of drugs to man is never without
sone hazard, although in sonme cases the risk is

very small. In addition, subjects always experience
sone inconveni ence and usually some disconfort. It
is axiomatic that these hazards and inconveniences
should not be incurred unless they are outweighed
by the prospective benefits of the studies. en
studies of bioavailability are necessary to insure
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the effectiveness and safety of therapeutically

i nportant drugs, such studies are ethically
justified and necessary. For any |esser purpose,
they will rarely be justifiable. W do believe,
however, that bioavailability studies should be
required for products if the active ingredient in
thek product has not yet been introduced on the
mar ket .

In asserting that studies of bioavailability will

not be required for all drug products, it becones
inportant to set forth general criteria to guide

the selection of those products whose bioavailability
should be docunented by testing in nman. A necessary,
albeit not a sufficient, condition is that the drug
be one that serves a clinically inportant purpose,
especially if it is used in the treatment or the
prevention of severe or life-threatening conditions.
However, the clinical inportance of a drug alone
woul d not be an adequate reason for conducting an

in vivo study of its bioavailability.

Beyond questions of feasibility and ethical
justifiability, there are other good reasons to
refrain from conducting studies of bioavailability
of a nunber of drugs, including many that are
therapeutically inmportant. Mny drugs are given in
fairly standard dosage with little regard to the
body size of the patient or to the titration of
dosage to exactly the desired therapeutic effect.
Such practice reflects the fact that for many drugs
there is a wide margin between the concentration of
the drug in the body fluids needed to produce the
desired therapeutic effect and the concentration at
which undesirable toxic effects begin to appear.
Thus, the standard dose is usually one that will
produce in the vast nejority of patients a con-
centration in the blood well above the levels needed
for the therapeutic effect w thout reaching
unacceptable levels of toxicity. Cearly, under
such, circunmstances a wide range in bioavailability
?oulld be tolerated w thout hazard of therapeutic
ailure.

For exanple, no one would question the clinical

i nportance of penicillin, nor the seriousness of
many of the conditions for which it is used. But
the margin between its effective concentration and
its toxic level is so great that the prescribed
dosage can be aimed at achieving a concentration
in the blood far above the mininmm effective |evel,
thus insuring a therapeutically effective level in
virtually all users. Mderate differences in the
concentration achieved in the blood owing to
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differences in the bioavailability of chemcally
equi valent penicillin products would be easily
tol erat ed.

Conversely, drugs that have a relatively narrow
range between the concentration needed for the
desired therapeutic effect and the concentration
associated with significant toxicity would be

candi dates for testing of bioavailability, since
relatively nodest changes in the concentration
achieved in body fluids might well be associated
with large changes in the frequency of therapeutic
failure or significant toxicity. Exanples of drugs
that mght fall into this category include a nunber
of cardioactive drugs (digitalis glycosides,

qui ni di ne), anticonvul sant agents (di phenyl hydantoin) |,
sone corticosteroids, and certain antibiotics

(chl or anpheni col and cephal ospori ns)

The pharmaceutical properties of drugs and drug
products affecting volubility and di ssol ution
characteristics in gastrointestinal fluids
constitute additional factors to be considered in
the selection of chemcally equivalent drug products
for which evidence of bioavailability may be required.
The drugs thenselves may differ in particle size or
crystal form and these differences can affect
volubility. In addition, the nethod of nanufacture
of other ingredients, such as excipients, diluents
or fillers may alter dissolution characteristics.

For many drugs and drug products, however, high
volubility of the drug and rapid dissolution of

the product neke it relatively unlikely that major
differences in absorption from the gastrointestinal
tract will occur. However, there are certain
conditions in which even these drugs may show
differences in bioavailability.

Sust ai ned-rel ease and enteric-coated products
constitute a separate problem that we have not
considered in any detail, but it is clear that
there is a particular need for tests of the

bi oavailability of many such preparations.

In summary, neasurenents of bioavailability nay be
critical to assuring therapeutic equival ence of
drugs or drug products that:

o Are used for treatnment or prevention of
serious illness;

+ Have steep dose-response curves or unfavorable
therapeutic indices; or
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«Contain active ingredients that are relatively
insoluble or are converted to insoluble forns
in gastrointestinal fluids.

In view of (1) the demand on limted resources
(particularly the tine and effort of trained
investigators and other scientific personnel), (2)
the hazards, however mnimal, of exposure of
volunteers to additional drugs and the associated

i nvestigational procedures, and (3) the unnecessary
addition to the cost of drug products that such
studies would entail, we consider it desirable

that studies of bioavailability in man be carried
out only in the case of drugs with characteristics
such as those described above. W believe that
appropriate panels of experts would have little
difficulty in distinguishing between those drugs
for which bioavailability studies in man should be .
required and those for which they should not. (See
di scussi on on page 59.)
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PRESENT COMPENDI A STANDARDS AND GUIDELINES FOR
CURRENT GOOD MANUFACTURING PRACTICE DO NOT INSURE
QUALITY AND UNIFORM BIOAVAILABILITY FOR DRUG
PRODUCTS, NOT ONLY MAY THE PRODUCTS OF DIFFERENT
MANUFACTURERS VARY, BUT THE PRODUCT OF A SINGLE
MANUFACTURER MAY VARY FROM BATCH TO BATCH OR MAY

CHANGE DURING STORAGE,

As we have pointed out, the fact that several

mar ket ed drug products that are chem cally equival ent
have been found to differ significantly in bioavail-
ability is a clear indication that present

conpendi a standards and gui delines for Current

Good Manufacturing Practice (CAGW) do not insure

bi oequi val ence. A consideration of these standards
and guidelines may clarify the reasons for their

i nadequacy.

COMPENDIA STANDARDS

HI STORY

The official drug conpendia originated independently
of the Federal Government and have been maintained
through a convention and conmmittee system conposed
of interested health professionals. The United
States Pharmacopei al Convention, Inc., (USP) dates
back to 1820, and the National Fornulary Board

(NF), subdivision of the American Pharnmaceuti cal
Associ ation, was established in 1888. The conpendia
that have been published by these organizations
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since their founding were developed to help insure
that drug products of an acceptable |level of quality
woul d be available to physicians. They set forth
standards for drugs used in dispensing and conpounding
prescriptions. Later, they provided pharmaceutical
manuf acturers with descriptions of recognized
standards for products conforming to certain criteria
of strength, purity and quality.

Pharnaecists in early Anerica were responsible for
identifying and establishing the quality of the raw
materials they used in conpounding prescriptions.
In the 1880s, the pharnaceutical industry becane
the primary supplier of drug products and accepted
responsibility for standardizing the products.
However, the conpendia tests for strength and

purity still retained their basic sinplicity,
requiring mniml instrumentation and anal yti cal
skill, so that a pharmacist could still perform the
assays.

Reliance on sinple approaches to specifications ,of
materials and the control of quality persists to
this day. These shortcomings in present-day
assessnent of drugs particularly pertain to the
tests for identity, purity and potency that form
the legal basis upon which conpliance or |ack of
conpliance is established (Federal Food, Drug,
and Cosnetic Act) . In some cases, physical tests
and assay procedures of much greater sensitivity
than” those in the conpendia are known-; many of
these tests are fully automated.

The FDA, at its National Center for Drug Analysis
in St. Louis, has found it necessary to establish
its owmn set of tests for nmonitoring the quality and
uniformty of drug products. Many of these tests
are also autonated and reflect nore advanced
technol ogy than do the conpendia tests. Nevert he-
less if a given drug product fails to pass these
advanced automated tests, the FDA is still required
to repeat the analyses using official, and
frequently less accurate, manual nethods in order
to establish a lack of legal conpliance. I'n any
case, it is difficult to defend the current selection
of methods when it is apparent that they are, in
sone cases, inaccurate, insensitive and nondiscrim
inating, as can be seen by a conparison of several
of the present conpendi a nmonographs with the data
published in nore recent sources.

One such current source is Analytical Profiles
of Drugs, edited by Kl aus Florey and (continued)
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COMPENDIA MONOGRAPHS

The selection of active ingredients and finished drug
products for inclusion in the United States

Phar macopoei a (USP) and the National Formulary (NF)
is based primary on their therapeutic inportance
as judged by the revision conmmttees; the basis

for selection of excipients is not clearly specified
A large nunber of active ingredients and a nunber of
excipients are not included in the conpendi a.
Certain excipients are included, but specific tests
and standards applicable to their special use as
conponents of tablets and capsules are not |isted
For excipients not described in the conpendia, the
drug manufacturer may set his own specific require-
ments or accept the specifications of the firm

that supplies these ingredients to him Since

these so-called inert substances can influence the
stability and/or release of the active conpound
fromthe dosage form the |lack of standards for
excipients may well lead to variation in inportant
properties of the final drug product.

The dosage form nonographs contained in the officia
compendi a deal with end products. They do not
descri be inactive conponents or processes of

manuf act ur e. Thus, they do not assure exclusion of
the possibility that drugs might interact wth

exci pients, sone of which can cause deconposition,
and do not exclude the formation of conplexes not
detectable by present official tests. There are
also no specifications for the granulation or
preconpression nmixture as a prelimnary neans of
insuring uniformty of content and dissolution
properties. Nor do the monographs include adequate
tests to specify characteristics of the active
ingredients needed to insure quality and standardized
}evels of bioavailability of the finished dosage
orm

Beyond the tests for weight and uniformty of content,
the nost inportant tests included in the nonographs
for tablets or capsules are those for disintegration
and dissolution. The disintegration tests currently
called for in the conpendia are relatively crude and
require that an observer record the time necessary
for the disintegration of six tablets. Since the
average time for disintegration is about 30m nutes,

(Conti nued)

publ i shed by Academic Press. ™0 vol unes have” been
published to date, the first in 1972 and the second
in 1973.

36-690 () -74- 3
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a period |ong enough for the manufacture of hundreds
of thousands of tablets, disintegration tests are
clearly unsuitable for use in the nonitoring and
control of the manufacturing process.

The dissolution tests, which have been specified
in the conpendia since 1970, are carried out in
apparatus that may introduce extraneous sources of
variation in the dissolution process. The test
specifications for individual drug products have
been established somewhat arbitrarily without
sufficient consideration of the physical chenical
properties of the active ingredient and of bio-

| ogical factors that may be critical in the dis-
sol ution process.

Wiile uniformty in testing equipnent is desirable,

a single apparatus will not cover all test conditions
for meaningful studies of dissolution. I't should be
noted that in a New Drug Application (NDA), the FDA
allows the pharmaceutical industry to use all

avail abl e analytical techniques and to establish

uni que anlytical and quality control specifications
for a new drug product. Bef ore approval of the

NDA, the Washington |aboratories and the district

| aboratories of the FDA establish their own capa-
bilities to conduct these analytical tests, in case
they should be needed for their regulatory activities.
It 1s unfortunate that the official conpendia are
restricted to neasurenent systens with severe
limtations in design.

STATISTICAL IMPLICATIONS

Irrespective of the technical soundness of the tests,
t he adequacy of which we have questioned above, the
conpendi a standards for finished drug products have
been established without any serious consideration of
the adequacy of the statistical procedures for the
detection of defective finished products. In fact,
the sanpling procedures are generally inadequate.

No consideration is given to (1) the nethod of
drawing the sanple, (2) the rationale for specifying
the nunmber of units of the product to be tested

and (3) the statistical criteria for permtting a
batch or lot of a finished product to pass. Thus,
current conpendi a standards offer insufficient
protection against the possible narketing of
substantial batches of defective products.

A.  THE OFFICIAL TABLET DISINTEGRATION TEST
The USP and NF tablet disintegration tests require

that six tablets be tested initially. If all tablets
di sintegrate under the conditions described, then it
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is assuned that the lot or batch of tablets from
which the sample of six was drawn is satisfactory.
Alternatively, if one or two of the initial six
tablets fail the test, then the test is repeated

on 12 additional tablets. The criterion of
acceptability is then that at least 16 of the total
of 18 tablets disintegrate conpletely within the
tinme specified. Table A summarizes the probability
that the sample will neet the specified requirenments
as a function of the percentage of defective tablets
in the batch from which the sanple is drawn.

Table A Probability of Acceptance as Function
of Percentage of Defective Tablets
(Disintegration Test)

Percent Defective Probability of Acceptance
1% . 995
5% .96
10% 79
20$% .39
30% .15
40% .004

Thus, for exanple, batches of tablets of which 20%
are defective with regard to the disintegration
tests would pass the specified disintegration test
39% of the tine. This test procedure offers a
high order of assurance of detecting defective
lots only if the lots contain at |east 40%
defective tablets.

B. DISSOLUTION TEST

The USP and NF dissolution tests state that six
tablets initially are to be tested for dissolution
properties. If all six meet the specifications

It is assumed that the batch from which the sanple
is drawn is acceptable. If one or two units fal
to neet requirements, then the test is repeated on
six additional units. If the testing reaches this
point, at least 10 of the 12 units tested nust neet
the requirenments of the dissolution test in order
to conply with conpendi a standards. Table B
sunmmarizes the probability of acceptance in this
test as a function of percentage of defective
tablets or dosage units in the batch from which
the sanple is drawn.



Table B. Probability of Acceptance as a Function of Percentage of
Defective Tablets or Dosage Units (Dissolution Tests)

Percent Defective Probability of Acceptance

1% . 9998
5% .98

10% .90

20% .58

30% .28

40% .10

50% . 03

60% . 006

Note that the criteria for acceptance in this test
result in even poorer protection than in the
disintegration test. A batch having 20% defective
tablets or dosage units will be accepted 58% of the
time. Only when the percentage of defective units
in a batch is 60% or greater do these requirenents
offer high assurance of detecting defective batches.

c. CONTENT UNIFORMITY

The requirenents for satisfying conpendi a standards
for uniformty of content are sonewhat nore
conplicated than the dissolution and disintegration
tests. The standards specify the following -
procedures:

o« Ten capsules or tablets from batch are
initially assayed. The requirenments are
satisfied if nine or 10 of these units fall
within the limts of 85% to 115% of the
content specified and all results fall
within 75% to 125%

o If two or three of the initial 10 units
yield results that fall outside the range
of 85% to 115% of the specified content
and none fall outside the range of 75%
to 125% an additional 20 units are tested.
The requirenments are then net if all 30
results fall within the limts of 75%
to 125% and if not nore than three results
fall outside the limts of 85%to 115%
Table C sunmmarizes representative val ues
of the percent defective versus the
probability of accepting the batch from
which the sanples are drawn.
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Table C. Probability of Acceptance Versus Percentage of Defective
(cont ent’ uniformity Test)

bPercent Defective Percent Detective
Total Percent in Range Outside Range Probability of
Defective 754-854 and 115%-125¢ 754-125% Acceptance
54 5% 0¢ 97
54 4.5% 0.5% .92
54 4. 04 1.0% .88
10% 104 04 .82
104 9% 14 .12
104 54 54 .56
254 254 0% .25
254 154 104 17
25% 104 154 13
504 504 04 01
504 404 . 104 . 009
504 254 254 . 006

This sanpling procedure for content uniformty

cannot, with any assurance, be depended upon for
detecting defective batches. For exanple, note
that a batch of capsules or tablets having 25%

defective units woul d nmeet conpendi a standards
as frequently as 25% of the tine.

D. SAMPLING PROCEDURES

The conpendi a standards are vague with regard to
how the sanmples of tablets or dosage forms are to
be chosen for testing. If the standards are to
have any utility for judging the quality of a
batch, then it is essential that careful attention
be given to the drawing of a sanple. In order to
be able to draw inferences about a batch being
tested, it is absolutely essential that the sanple
of dosage units from that batch be randomy

sel ect ed. Al'l dosage units in the batch nust have
an equal chance of being selected for the sanple.
Yet, the conpendia standards nmake no nention that
a random sanpl e of dosage forms is necessary, nor
are guidelines given as to how the sanple should
be drawn.

COMPENDIA REVISION PROCESS

An examination of the USP revision process “reveals
the inherent weaknesses in the devePopment of
present conpendia standards. As a nonprofit,

I ndependent organi zation, the USP draws its menber-
ship from a broad base of organizations and



institutions concerned with drugs. I[ts Committee
on Revision, conposed of 20 medical and 40

phar maceutical scientists, is selected once each
five years by the 300 USP Convention menbers. Each
nmenber of the Committee on Revision draws upon the
expertise of other scientists, thus expanding the
nunber of scientists contributing to the effort to
about 200. The contributions of these persons, in
sonme cases, may be very superficial, since both the
USP and the NF lack the funding and the scientific
staff needed to pernit serious scientific pro-
spective searches to be conducted for potential or
suspected probl ens.

Except for out-of-pocket expenses, all work done

by committee nenbers is voluntary. The USP (and

NF) are dependent on funds derived primarily from
the conpul sory purchase of their published com
pendi a by pharmacies in nmpst states and from the
sal e of reference standards of official conpendia
subst ances. Mpjor conmittee revisions are too in-
frequent to stay abreast of advancing technol ogy.

One factor that delays conpendia revision and the
devel opnent of test methods is the shortage of per-
sonnel to acconplish these tasks; in 1973 there

was a full-time-equivalent staff of only 42

persons involved in the devel opnent of conpendia

st andar ds. (I'n 1967, the corresponding figure

was 1.7.) Thus, the USP and the NF both lack the
internal and external resources required to devel op
rational and nodern standards. Their continued
reliance upon such limted resources is anachronistic
and inadequate for the scientific activities necessary
to insure pharmaceutical equivalence of drug products.

It should be noted, however, that the Food, Drug,

and Cosnetic Act contains a section enacted by
Congress in 1944 entitled The Revision of the USP,
Devel opnent of Analysis and Mechani cal and Physi cal
Tests In which the Secretary of Health, Education,
and Welfare is “authorized hereafter to cooperate
with the associations and scientific societies in the
revision of the USP and in the devel opment of nethods
of analysis and nechanical and physical tests necessary
to carry out the work of the FDA." It aﬁpears t hat
very little has been done to inplement this section
of the Act during the last 30 years. W have been
advised that the FDA allocated only $75,000 to the

i npl enentation of this section of the Food, Drug,

and Cosnetic Act in 1974.
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CURRENT GOOD MANUFACTURING PRACTICE

The regul atory neasures of the FDA are based on the
Food , Drug, and Cosnetic Act, as anended up to

August 1972, and the FDA's supplenentary regul ations
and gui delines established under the authority of

the Act. In recent years, the FDA has established
gui delines under the title Current Good Mnufacturing
Practi ce. Unfortunately, these guidelines are based
primarily on the official conmpendia standards and
are limted to rather general-statements that may be
subject to wide differences in interpretation.

They correctly enphasize environnental factors,
including control of air supply and organization of
manufacturing plants, to mininize cross-contanination
of products or errors in packaging or Iabeling;

they also focus on the integrity of quality control
and production records. These guidelines have
greatly inproved the handling of materials,
cleanliness, and consistency in production, but they
do little to mnimze lot-to-lot variation in the
output of manufacturers generally or bioinequival ence
anong the chenically equivalent” products of different
manuf act urers.

A manufacturer of a duplicate product can request

and receive approval to nmarket his product on the

basis of an Abbreviated New Drug Application (ANDA)

specifying only the official conmpendia standards

for controlling the qualital_ of the raw naterials and
[

final drug product, including both the active
i ngredi ents and the excipients used in the
product . Further, the raw materials can be included

by the manufacturer on the basis of an identity

test and a certification from the supplier of the
raw materials that they passed the official

conpendi a tests. Exci pients not covered in an
official nonograph may be accepted from the supplier
without any particular specifications at all. The
manuf acturer using these raw materials is expected
only to assure hinmself that the raw material

manuf acturer maintains an acceptable level of quality
assurance.

Current Good Manufacturing Practice guidelines do

not nention preformulation tests or internediate
testing and refer only vaguely to in-processing

tests. Although a manufacturer of duplicate products
is required only to neet the conpendia specifications,
with all their limtations, the original nmanufacturer
of the product is required to continue neeting all
specifications of production and quality control
described in the approved NDA. Undoubt edly, some
duplicate products undergo tests and are manufactured
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according to specifications that go beyond those
in the conpendia standards. There are, then, two
sets of standards: those in the approved NDA and
those established by the official conpendia. It is
hardly surprising that pharnaceutical equivalence
is not guaranteed by the present procedures.

A mllion or nore individual batches of tablets and
capsul es are manufactured each year in approximately
800 pharnaceutical manufacturing plants in the U S
Sone of these batches include several mllion units.
I nspection of plants is required only once every two
years by the FDA, although it usually is done at

| east once a year. The National Center for Drug
Analysis in St. Louis has the capacity to test only
a few thousand batches of drug products per year.
The |arge nunber of different drug products and

the sizes and nunber of batches produced make it
difficult to establish assurance of quality using
the present system of inspection.

In many parts of the country having very few.

phar maceutical nmanufacturing plants, FDA agents
trained in food inspection also serve “as drug

i nspectors. These inspectors are often trained for
their ancillary assignnents in short courses in
pharmacy schools; nost of them are not trained
sufficiently to determne whether adequate testing
of the final product has been perforned. The very
nature of the present Current Good Manufacturing
Practice-guidelines forces inspectors to concentrate
on plant design and nmintenance practices and to
rely on inspection of records to insure manufacturers’
conpliance wth conpendia standards.
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6

NEW COMPENDIA STANDARDS FOR ACTIVE INGREDIENTS,
EXCIPIENTS AND FI NIl SHED DRUG PRODUCTS SHOULD BE
DEVELOPED AND REVISED ON A CONTINU NG BASIS TO
REFLECT THE BEST AVAI LABLE TECHNOLOGY TO | NSURE
QUALITY AND UN FORM BI CAVAI LABI LITY,  APPROPRI ATE
STATI STI CAL  PROCEDURES SHOULD BE SPECIFIED TO
MAKE CERTAIN THAT THE PURPCSES OF THE STANDARDS
ARE OBJECTI VELY SATI SFIED, THE GUI DELINES FOR
CURRENT GOCD MANUFACTURI NG PRACTI CE SHOULD BE
EXPANDED TO | NCLUDE SPECI FI C DESCRI PTI ONS OF ALL
SI GNI FI CANT ASPECTS OF MANUFACTURI NG PROCESSES
FROM THE RAW MATERI ALS TO THE FI NAL PRCDUCT,

The philosophy that is applied in regulating the
preparation of sterile solutions for parenteral

use can serve as a nodel in establishing the
requirenents for insuring the quality of drug
products. In the case of parenteral solutions,

it has been determined that a zero |evel of

m crobial contamination should be the standard of
quality with respect to sterility. No anount of
testing applied only to the final product could
insure this total freedom from m crobi al

contam nation w thout destroying and testing every
package. Instead, a series of tests and procedures
has been specified for every material used and at
every stage of the process of manufacture in order
to mnimze the possibility of mcrobial contam nation




at each step and thus in the final package.

Simlarly, rather than aimng to insure the
uniformty of oral drug products by tests applied
only to the final entity, uniformity of quality
and bioavailabiTity should be pronoted by making
as specific as possible the requirenents for the
characteristics of the materials to be used, the
processes by which they are to be assenbled, and
the tests to be applied to representative sanples
of the final product. Testing at all stages of
the manufacturing process should reflect the best
avai |l abl e technology and should be based on
statistical procedures which will insure that the
purposes of the tests are objectively satisfied.

COMPENDIA  STANDARDS

TESTS TO BE APPLIED TO RAW MATERIALS

Many of the present nonographs of the USP and NF
for raw materials in drug products contain outnoded
or suboptimal procedures. Revision conmittees have
adopted the policy of specifying only a single

anal ytical nethod for determning the purity of an
active ingredient, even though the Food, Drug, and
Cosnetic Act clearly pernmits nore than one such
test. As we have noted earlier, the dpolicy of the
conpendi a bodi es has severely limted the inprove-
ment of analytical procedures. Mst nodern

anal ytical nethods are sufficiently accurate and
specific that results obtained with one can be
conpared with results obtained by other methods.

Al though for some active ingredients, a single

anal ytical procedure may be desirable, for others,
any one of a nunber of methods might be acceptable.

Beyond its chemical identity and purity, there are
characteristics of the active ingredient that could
be specified in order to increase the reproducibility
of the properties of the final drug product. These
m ght include such specifications as the distribution
of particle size, a nmaxinally acceptable particle
size, requirenents for a certain crystal form
conpressibility and a requirement for a rate of

di ssol uti on. Certainly not all such properties

need be specified for all drug products, but they
mght be critical to the quality of sone.

Raw naterial test requirenents for excipients should
be expanded in the conpendi a nonographs. The USP
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and NF do contain tests for sonme excipients. These
tests however, tend to be nonspecific, and tests
for many other excipients are not included at all.
The same degree of test specificity described
above for the clinically active material is
appropriate for those excipient nmaterials that

i nfluence bioavailability of the drug product.

SPECIFICATIONS FOR INTERMEDIATE STAGES
OF THE MANUFACTURING PROCESS

The properties of the final product will be nore
easily controlled if requirenents are inposed at

i nternedi ate stages of nmanufacturing. One such
stage is that of the preconpression mx--,the stage
after the active ingredients and various excipients
have been nixed but before the mxture is
conpressed into tablets. The qualities of the
preconpression mx could be defined by tests such
as those for bulk density, loss of weight on drying,
particle-size distribution, conpressibility, and
rate of dissolution. Again, it is not intended
that all of these tests be required for all raw
materials or at all stages of the process. However,
certain specifications for the intermediate stages
may be very inportant in establishing batch-to-batch
reproduci bility, especially if any changes are nade
in the manufacturing process.

Data from such tests might make it possible to
determ ne whether changes in processes or starting
materials have caused changes in the properties of
the final product sufficient to necessitate the
performance of new studies of bioavailability.

We have been inforned by the FDA that it has no
policy at present that outlines specific require-
ments for bioavailability testing when changes are
made in size of batches, processing equipnent or
raw materials used in the nmanufacture of drug
products. Instead, these decisions are left to the
various divisions within the Bureau of Drug?]s to be
made on a nore or less arbitrary basis. The
proposed tests for products at internediate stages
m ght provide the FDA an objective basis for

meki ng these decisions. Testing at internediate
stages would be useful when applied to certain
very insoluble active ingredients since it is
difficult to apply neaningful dissolution tests
to the final product of such drugs because of the
i nordinate volumes of fluid needed to dissolve

all of the active ingredient.



TESTS APPLIED TO THE FINAL PRODUCT

Di ssolution tests should be included in specifi-
cations for the final product. The tests specified,
however, should relate to the physical and chem cal
properties of the drug and to possible interactions
with the gastrointestinal fluids. This may require
changes in the solvent to simulate the events that
occur as the capsule or tablet is exposed first to
gastric and then to intestinal fluids. The
apparatus currently in use is not readily adaptable
to such changes of solvent. The disintegration and
di ssolution test procedures, as well as tests of
deaggregation, are in need of serious reevaluation.
Aut omat ed di ssolution apparatus is in use in a
nunber of |aboratories and is adaptable to the
nmeasurenent of deaggregation; this apparatus shoul d
al so be evaluated as a possible alternative to
disintegration testing. \Wen appropriate bioavail-
ability data have been devel oped for a specific
drug product, it is essential that the dissolution
tests for that drug product be nodified so that the
results bear a high statistical correlation with

bi oavail ability. In the absence of bioavailability
data, dissolution tests should be adopted for their
value in quality control.

tshould be noted that the present regulations for
the certification of antibiotics do not include

di ssolution tests. The published data indicating
that some preparations of antibiotics have been
subject to problenms of bioavailability clearly
denonstrate the need for standards of dissolution.

STATISTICAL PROCEDURES

W have indicated above sone of the statistical

i nadequaci es of present sanpling and testing
procedures. It should not be difficult to effect
a great inprovement in these. Statistical
procedures have reached a high degree of devel op-
ment and can be used in such a way as to yield a
high level of assurance that defective batches will
be detected. The detection of batches containing
a high proportion of defective dosage forns can be
substantially inmproved by (1) choosing sanple sizes
in accordance with the average quality that is
deenmed necessary, (2 adopting sequential sanpling
and inspection procedures, and (3) recognizing that
the acceptance or rejection of a batch should be
determined not on the basis of the individual tests
alone, but on the totality of the tests on all

i nportant characteristics.
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In order to utilize the appropriate statistical
procedures for judging the quality of batches, it
I's necessary to recognize that no sanpling plan can
guarantee that there will be zero defective dosage
forms in every acceptable batch. Statistical
sanpling plans can yield an estimate of the average
level of quality of accepted batches and the
percentage of defective dosage forns that may be
present in accepted batches. Sampling plans should .
not be the sanme for all drugs but should be designed
to take account of the cost of testing and the harm
that mght ensue when defective dosage fornms are
used for therapeutic purposes. Cearly, the
statistical sanpling plans for a drug such as

di goxin should be different from tests on many of
the antibiotics. Drugs that have narrow therapeutic
margins and/or are capable of producing serious side
effects should be nore tightly controlled than drugs
Wi t hout these characteristics.

GUIDELINES FOR CURRENT GOOD MANUFACTURING PRACTICE

The present guidelines are too general and non-
specific to insure the uniformty of dru? products.
For example, Section 133.8 of the Code of Federal

Regul ati ons states:

To insure uniformty and integrity of
products, there should be an adequate

I n-processing control, such as checking
the weights and the disintegration
times, adequacy of mxing, the hono-
geneity of the suspensions and the

clarity of solutions. I n-processing
sanpling shall be done at intervals
with suitable equipnment. Representative

sampl es of the final dosage forns shall
be tested to deternmine their confornmity
with the specifications of the product
before distribution.

A considerable period of tine will probably be
required to conplete the total revision of the

i ndi vi dual compendi a nmonographs and to expand
them to include as many of the narketed drug
products as possible. However, the FDA has the
authority to modify the CGW guidelines and should
use it as rapidly as possible to establish nore
conprehensi ve standards for drugs and drug products.
This could be acconplished by establishing a
conprehensive |ist of appropriate tests for use
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at three stages--raw naterial, internmediate, and
finished product. The individual manufacturers could
-then be '"required to devel op specific standards for
their individual preparations, and a reasonable period
of time should be allowed for the inplenentation

of these standards. o

Since different manufacturers use different equip-
ment and processes for the manufacture of tablets
and capsules and include different excipients in
them certain aspects of these specifications wll
have to be individualized. It will be necessary

to develop specific deaggregation and/or dissolution
tests for the products at internediate steps of the
manuf acturing, process as well as certain other unique
test procedures in order ‘to insure that the quality
and uniform bioavailability of the product can be
mai nt ai ned.

Finally, consideration should be given to the
probl em of determ ning how batches of fabricated
tablets that do not neet specifications should be
reprocessed. The availability of sufficiently
detailed specifications for internmediate stages
shoul d allow evaluation of whether the reworked
material possesses sufficiently similar specifi-
cations to qualify for continued processing.

We recommend that the CGW guidelines be anended to
require that every manufactured drug product have
its own quality assurance plan, with attention in
each plan given to each najor step of the manu-
facturing process. Suitable testing procedures
shoul d be specified at each key stage of manu-
facturing to insure identification of any stage
that is out of control. The design of such quality
assurance plans should be regarded as an inportant
conponent of the prefornulation investigation of
each product.

Quality assurance plans should be drawn up by the
manuf acturer and need not follow a standardized
format. The plans should take into account special
features associated with the plant, its personnel,
and the drug product. The plans need not be static
and should be nodified by the manufacturer whenever
appropriate. Thus, the CAGW would shift in enphasis
froma concern for a clean and safe working environ-
ment to the control of all major design factors in
the manufacturing process.

We also recommend nore frequent inspection of
manuf acturing plants by the FDA to assess the degree
of conpliance with new conpendi a standards and
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i nproved CGW guidelines. As we recommend bel ow
on pages 46-48ff, the FDA should also be given the
authority to request the submission of a conpany's
records that denonstrate conpliance with standards
To conduct the kind of inspection that we recommend
on a frequent basis, substantial increases will be
required in both the number and capability of

i nspectors in the FDA

The recomrendations that we have nade in this
section all have the goal of maeking far nore
specific the requirenents for the manufacture of
each drug product, including coverage of all raw
materials to be used, processes by which they are
to be assenbled, and tests to be applied at every
stage to nmake certain that the requirements are
bei ng net.

The resulting set of new standards should not be
considered to be a fixed ideal. Rather, it should
be revised on a continuing basis as new information
and advances in the state of the art are devel oped
On the other hand, we could caution against the
capricous introduction of new requirenents; changes
should be nmade only when the benefit to be derived
warrants the disruption of manufacture that they

m ght inpose. W believe that the kinds of changes
in procedure that we have recommended will greatly
increase the quality and uniform bioavailability of
drug products and warrant the new designation of
phar maceuti cal equival ents.
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ADDI TI ONAL RESEARCH Al MED AT | MPROVING THE
ASSESSMENT AND PREDI CTI ON OF BI CEQUI VALENCE | S
NEEDED, @ THI S RESEARCH SHOULD | NCLUDE EFFORTS TO
DEVELOP IN VITRO TESTS OR ANI MAL MODELS THAT

WLL BE VALID PREDI CTORS OF BI CAVAI LABILITY I N NAN,

An effective technological base is required for the
provi sion of reasonable assurance that patients will
experience adequate and predictable blood |evels of
orally admnistered drugs. Although nuch of the
necessary nethodology is already devel oped,
additional research is needed to strengthen this
technol ogy in several areas.

REFINEMENT AND DEVELOPMENT OF ANALYTICAL METHODOLOGY

The ultimate proof of bioequivalence is achieved by
denonstrating equival ent concentrations of drugs
in plasma over an appropriate period of time after
administration. Methods are now available for
measuring the concentration of most drugs in blood
and/or urine. Further, presently available

anal ytical techniques could be applied to the
analysis of sone drugs for which nmethods are not
now avai |l abl e. For some drugs, however, new

anal ytical methods will have to be devel oped and
present capabilities refined to permt reliable
nmeasurenent of their concentration in plasna.

For exanple, certain drugs used in cancer cheno-
therapy, some steroid drugs and reserpine cannot
currently be measured adequately in studies of

bi oavail ability. Whereas these analytical problens
are potentially solvable through application of
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exi sting technology, their solution is not |ikely

to be easy. It wll require substantial initial
investnent in the synthesis of drugs |abeled

with stable, and radioactive isotopes and devel opment
of appropriate antibodies for radioi nmunoassay.

SPECIAL POPULATION GROUPS

At present, there is inadequate infornation
regarding the prediction of bioequivalence in ill
patients from bioavailability studies in nornal

adul ts. The uncertainty hinges on the inportance
of differences in absorption rates. It is possible
that two drugs which are totally absorbed

but have different absorption rates in the nornal
adult mght differ significantly in the degree of
their absorption in sick patients. Simlarly, drugs
that are absorped in the normal adult may be

i nconpletely absorbed in infants since infants have
imature digestive enzyne systens and differ from
adults in other aspects of gastrointestinal
function. Addi tional research is required to
determ ne whether factors such as differences in
absorption rate do, in fact, constitute a problem
in the application of data derived from studies in
normal adult subjects. Sensitive legal and ethical
i ssues make research on drug absorption in young
humans difficult, but we believe that, where

possi bl e, attenpts should be nade to obtain useful
bi oavailability information for populations other
than healthy adults.

IN VITRO CORRELATIONS

It is not practical (or desirable) that all batches
of drugs be tested in man to assure adequate and
predi ctabl e bioavailability. Accordingly, in vitro
net hods that are predictive of bioavailability nust
be devel oped to confirm the bioequival ence of

(1) different batches of the sanme drug product nade
by the same nanufacturer, (2)drug products nmade by
di fferent manufacturers and (3) drug products held
in storage for a relatively long tinmne.

Several investigations have indicated that in vitro
tests (for exanple, dissolution tests) may be correlated
with bioavailability. However, such data are

| acking for most drug products. In addition, research
is needed on the devel opment of animal nodels that

can be used for predicting bioavailability in man.
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The devel opnent of such predictive systens woul d
greatly sinplify the establishment and nonitoring
of standards insuring adequate and uniform levels
of bioavailability. -

RELATIONSHIP BETWEEN PLASMA LEVELS AND THERAPEUTIC EFFECTS

Deci sions about which drugs do indeed require direct
proof of bioequivalence in man will be based in part
on know edge regarding the relationship of plasm
levels of the drug to its therapeutic effect. This
type of pharmacologic information in man is not

wel | devel oped for many drugs. Research on the

rel ationships between plasma |evels and efficacy
and toxicity will facilitate rational regulatory
deci si ons.

RESOURCES FOR ADDITIONAL RESEARCH

The foregoing discussion has described several Kkinds
of research needed to strengthen the assurance that
products will provide adequate bioavailability. The
particul ar agency appropriate for sponsoring this
research will depend upon the kind of research

that is initiated. For exanple, research directed
toward the inprovenent of analytical nethodol ogy
for in vivo studies of drugs, or toward investigations
of the relationships between plasma |evels of

drugs and’ their therapeutic effect, is already
included in the program objectives of several of

the National Institutes of Health, particularly

the National Institute of General Medical Sciences.
These efforts should be encouraged and supported
with clear recognition of their inportance.

Research concerned with the inprovement of nethodol ogy
for in vitro tests related to the establishnent of
new conpendi al standards might be sponsored by

the proposed new standard-setting organization,

di scussed on pages 53ff., or the FDA. These

organi zations mght also becone increasingly

i nvol ved in sponsoring research concerned wth the
application of existing technology to the formula-
tion, production and quality assurance for new drug
products.

In order for research to be sponsored by either the
new organi zation or the FDA, substantial new resources
will be required because support for such research

is almst conpletely lacking at the present tinme.
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The FDA has been only minimally involved in research
activities of these kinds and, of course, the new
standard-setting organization has yet to be

devel oped. Irrespective of the agency sponsoring
the research, the base of scientific staff will have
to be expanded in order to design proposals and
nonitor research activities adequately.
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CURRENT LAW REQUIRING MANUFACTURERS TO MAINTAIN
RECORDS AND MAKE | NFORVATI ON AVAI LABLE TO THE
FDA IS AMBI GUOUS COR | NADEQUATE AND SHOULD BE
CLARI FI ED AND STRENGTHENED, I'N PARTI CULAR,
MANUFACTURERS SHOULD BE REQUIRED TO SUBM T ALL
| NFORMATI ON RELATI NG THE TESTS THEY CONDUCT TO
THE BI OAVAI LABI LI TY DATA THEY DEVELOP |IN ORDER
TO HELP PROVI DE | NFORMATI ON ON THE FACTORS THAT
M2DI FY THE BI OGAVAI LABI LI TY OF DRUG PRODUCTS,
TH'S | NFORVATI ON SHOULD BE AVAI LABLE TO AID IN
THE ESTABLI SHVENT OF COVPENDI A STANDARDS,

Under the Food, Drug, and Cosnetic Act, authority
is provided to the FDA to obtain proof of safety

and efficacy (and, in sone instances, bioavailability)
of certain drug products. Section 505 of the Act
authorizes the extensive collection of data on new
drug products with respect to both the safety and

ef ficacy of the products as labeled. There Is
continued surveillance by the FDA of new drug
products after they enter the narketpl ace.

Manuf acturers with New Drug Applications are
required to establish records and meke reports
concerning clinical experience and other information
needed for regulation by the FDA

However, current law is anbiguous with respect to
providing the FDA with general authority to require
drug nmanufacturers to maintain records and to neke



reports denmonstrating their conpliance wth

conpendi a standards for drug products. Furt her -
nore, it is not clear that the law provides authority
to require manufacturers to submit Information
concerning quality control procedures and manu-
facturing processes.

It has been indicated in testinony presented before
this Panel and el sewhere that nmanufacturers often
perform tests of product quality in addition to
those set forth in conmpendia standards. Although
the FDA is informed of these tests, the frequency
with which nmanufacturers set standards that are
nore stringent than official standards is unknown
to us at this time, but it appears to vary anong
drug products and anmong nmanufacturers. I nfornmation
is also lacking about the specific kinds of tests
conducted beyond those required in the official

st andar ds.

In addition, there is currently no genera
legislative authority to require manufacturers to
submt data, generated in their research and
devel opnent activities, concerning fornulation

bi oavall ability, or new procedures correlating

bi oavailability with in vitro tests. Inits
investigations of a new drug and the devel opment
of dosage forms, a pharnmaceutical conpany may
conduct studies of bioavailability on a series

of formulations and carry out related in vitro
tests. The FDA does not have access to the results
obtained with these research fornulations

Certain kinds of information currently made avail able
to the FDA by manufacturers are required under
current law to be held confidential and cannot be
used in establishing either new conpendi a standards
or enforcement requirements. We believe this
provision is too restrictive. The fact that such
information may not be nmade public does not nean
that relevant portions of it should not be used by
appropriate experts to establish new standards or
requirenents or to revise existing ones. For
exanple, if a conpany develops infornation that can
be used to inprove procedures or methods for testing
drug products, relevant portions of this information
should be made available to appropriate experts to
aid themin establishing new or revised conpendi a
standards or enforcement requirements. This

obj ective can be achieved even though the confi-
dentiality of the specific proprietary information
i's maintal ned.
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W make the followi ng recomrendations

e The anbiguity in current law regarding
requirenents for keeping records and
reporting results of conpendia tests
shoul d be renmpved; such requirenents
shoul d be specifically mandated.
Results of batch-to-batch testing or
testing of single batches over tine
shoul d be made available to the FDA
as requested.

e The FDA should be given the authority
to request (on a routine basis if it
elects to do so) information describing
the met hodol ogy, specifications and
results of tests conducted on conmerci al
products.

e A standardized and sinple format that
facilitates clear understanding should
be designed for the presentation of
the aforementioned data to the FDA

e Mnufacturers should, upon the request
of the FDA, be required to subnmit any
information in their files that
rel ates manufacturing processes and
in vivo and in vitro tests to the
bi oavailability of any drug product.
This requirement should apply to
technical infornmation obtalned during
research related to the devel opnent
of new drug products, even when such
infornmation bears only an indirect
relationship to the final dosage form

e \Wen the FDA finds that particular
Lp vitro or in vivo tests are useful
and deserve wider application, it
shoul d be enpowered to share the
information with appropriate experts
and to incorporate those tests into
the conpendia standards to be applied
to all manufacturers of that drug
product .
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EXEMPTIONS PROVIDED IN CURRENT LAW FOR SOME DRUG
PRODUCTS BASED ON THEIR YEAR OF INTRODUCTION IN
RELATION TO AMENDMENTS IN THE FOOD, DRUG, AND
cosMETIC ACT SO-CALLED GRANDFATHER CLAUSES)
HAVE IMPEDED IMPROVEMENT IN THE QUALITY OF THESE
PRODUCTS, SUCH EXEMPTI ONS SHOULD BE ELIMINATED,

The Food, Drug, and Cosnetic Act provides authority
to establish standards and to regulate drugs and
drug products under the new drug provisions (Section
505) and under the drug adulteration and m sbranding
provisions (Section 501 and 502). However, drug
products that were marketed prior to 1938 are not
covered by the “new drug” provisions of the Act,

but are subject to so-called grandfather provisions
Thus, unless the product or the labeling is changed
these products are exenpt from regulations to

insure their quality. Simlarly, for a drug product
marketed after 1938, but prior to 1962, regulatory
authority is limted to a qualitative description

of the product’s conposition in which a concentration
range of the adjuvants, instead of an exact fornu-
lation, nay be subnmitted

We believe that these limitations have interfered
with the process of establishing standards to insure
the quality of drugs and drug products narketed
before 1962, especially those marketed before 1938
Such exenptions provide an incentive for drug

manuf acturers to maintain the status quo for those
drug products rather than to make inprovenents

based on nore recent research or advances in

technol ogy, since any change in formulation or

| abeling may open the door to reclassification of

36-690 0-74- 4
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the product as a “new drug, " subject to nore
rigorous regulatory standards.

Drug products available before 1962, and especially
those available before 1938, were fornulated under
conditions of relatively limted technol ogy
conpared with that of today. As a result, the

ol der products, as indicated on pages 11-12, are
nore likely to be subject to bioavailability
problens than products that becane available after
1962 when the New Drug Application and Abbreviated
New Drug Application requirenents were inplenented
The nost inportant exanple of such a problemwth
an ol der drug product arose with the therapeutically
i nportant and highly potent drug, digoxin. As

we discussed on page 13, the bioavailability of a
batch of this drug was found to be greatly reduced
resulting in a potentially dangerous situation for
patients using the drug. However, the only |egal
authority which the FDA was able to use in acting
to correct the situation was a provision regarding
| abeling and fornulation. Such anbiguous |ega
authority may be inadequate to prevent del ays
brought about by court actions at a tine when
imediate action is required to protect the
Arerican public.

We believe there should be a clear |egal mandate
to establish and apply regulatory standards
uniformy to all drug products, irrespective of
when they were introduced on the market. W
strongly recommend that the legal authority be
provided to establish standards for all drugs and
drug products, introduced both before and after
1938, based on the best available technology in
order to insure that the drug products nade
available to the Anerican public are of the highest
qual ity possible.
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A SINGLE ORGANIZATION CAPABLE OF SETTING STANDARDS
ADEQUATE TO INSURE THE QUALITY AND UNIFORM
BIOAVAILABILITY OF DRUG PRODUCTS SHOULD BE
ESTABLISHED TO REPLACE THE PRESENT USP AND NF

AS THE OFFICIAL STANDARD-SETTING ORGANIZATION

OF THE FEDERAL GOVERNMENT,

To carry out the task of establishing drug
standards adequate to insure the quality and

uni form bioavailability of drug products, we
strongly recommend that a single organization be
established to supersede the USP and NF as the
official standard-setting organization of the
Federal Government. W do not believe that
continuation of the current organizations with an
adnoni shnent to “do better” would be adequate to
insure the level of quality of drug products that
the public deserves. W believe there are too
many weaknesses in the structure of the present
organi zations for themto be able to do the job
adequat el y.

The basic function of the new standard-setting
organi zation should be to establish and revise drug
and drug product standards continuously on the basis
of the best available technology in order to insure
that drug products neeting these standards would
have the highest quality and uniformty.

The establishment of inproved standards for drugs
and drug products will require an expanded research
program as discussed on page 43 ff. This research
shoul d be conducted through both grants and
contracts with outside organizations as well as by



the scientific staff of the new standard-setting
body. To conduct the research, the new organization
nmust have an adequate staff of scientists actively
engaged in research. This staff nust be capable

of “eval uating research conducted by outside groups
and devel opi ng proposals for additional research.

Al though the new standard-setting organization
shoul d have a sizable scientific staff, we do not
believe that it would be efficient to try to
enconpass within this staff all the expertise
necessary for setting all drug standards. | nst ead,
a series of expert panels should be assenbled to
establish standards for drugs and drug products in
the various classes. I ndividual s who serve on

t hese panels should have expertise in pharmaceutical
and analytical chemstry, statistics and other
disciplines that are related to analytical nethod-
ol ogy, materials to be used in the manufacture of
drug products, techniques of testing, etc. A
singl e panel should not be expected to have the
know edge required to deal with all drugs and drug
products; nor should a single group be expected to
do the extensive amount of work required to
establish standards for all drugs.

In addition to neking decisions regarding the
establ i shnent of standards, the expert panels
shoul d also review the results of relevant research
conducted by outside groups as well as by staff
scientists and should reconmend additional research
to be conducted where necessary. As discussed on
page 47, the panels should also have access to
appropriate information from industry for use in
establ i shing standards.

Menbers of these panels should be objective experts
who are not in a position to derive economic or
political benefit from the manufacture of drug
products. They should be appropriately paid for
their efforts; no longer should drug standards be
set by those few individuals who can afford to

vol unteer significant ampunts of their tine to
perform this service for the public.

Al though scientists from the pharnaceutical

i ndustry should not be allowed to exert a controlling
i nfluence on the standard-setting organization,
scientific input from industry nust be encouraged.
One possible form of participation of industrial
scientists might be as nenbers of technical

advi sory commttees reporting to the panels of
experts. Individuals from industry who participate
on these technical advisory committees should be
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selected for their technical capabilities rather
than for the managerial positions they may hold.

Cooperation and coordination of the activities of
the new standard-setting body with those of several
other groups is essential to acconplish the
objectives set forth in this report. The pharna-
ceutical industry will continue to conduct a nmjor
share of the research related to the devel opnment

of new testing nmethods and technology. The industry
will also be responsible for applying the new
standards in their manufacturing processes. In
addition, health professionals, scientists, and
others responsible for prescribing and dispensing
drugs or performng the research needed to neet the
requirenents for inproved drug standards and for
data on bioavailability of drugs will also be
affected by inplementation of our reconmendations.
The functions of the new standard-setting

organi zation must be closely coordinated with those
of the FDA in order to insure a neaningful and
productive interchange of infornmation between those
who establish drug standards and t hose who nonitor
for conmpliance with those standards. It should be
the responsibility of the new standard-setting
Organi zation to insure coordination of its
activities with those of the regulatory and enforce-
ment groups.

We do not recommend a specific organizational
location for the new standard-setting body, although
we strongly recomend that it be organi zed and

| ocated in such nanner as to allow reasonable
freedom from inappropriate industrial or political

i nfluence. Drug standards should be concerned with
assurance of the highest quality drug products for
the Anerican people rather than with economc or
political considerations. W do not believe that
the standard-setting organization and the conpliance-
nmonitoring organization should be the sane; but
there should be a healthy, cooperative relationship
bet ween these groups.

Several options are readily apparent for the

| ocation of the new organization: wthin the FDA

but separate from the conpliance-nonitoring group,
within HEW but separate from FDA, or outside of

the Federal Governnment as an independent organization.
The possibility that the USP and the NF could merge
and neke sufficient changes in their structures and
functions to fulfill the criteria for an effective
standard-setting organization is not precluded, but
the changes necessary would be extensive.
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Wherever the new organization is |ocated admnis-
tratively, it will require federal funding
commensurate with its responsibilities for setting
the standards that would be enployed as a basis

for federal regulation. If the organization is
placed within the structure of HEW direct federal
funding will be straightforward. If it is esta-
bli shed as an organi zati on independent of the
federal structure, it could still receive direct
federal funding, or it could be funded through a
grant or contract from HEW In any case, we strongly
recommend that sufficient federal funds be supplied
to insure that the objectives are achieved.
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A SYSTEM SHOULD BE ORGANIZED AS RAPIDLY AS POSSIBLE
TO GENERATE AN OFFICIAL LIST OF INTERCHANGEABLE
DRUG PRODUCTS, | N THE DEVELOPMENT OF THE LIST,
DISTINCTIONS SHOULD BE MADE BETWEEN TWO CLASSES OF
DRUGS AND DRUG PRODUCTS:
1. THOSE FOR WHICH EVIDENCE OF BIOEQUIVALENCE
IS NOT CONSIDERED ESSENTIAL AND THAT COULD BE
ADDED TO THE LIST AS SOON AS STANDARDS OF
PHARMACEUTICAL EQUIVALENCE HAVE BEEN
ESTABLISHED AND SATISFIED,
2, THOSE FOR WHICH EVIDENCE OF BIOEQUIVALENCE
IS CRITICAL, SUCH PRODUCTS SHOULD BE LISTED
ONLY AFTER THEY HAVE BEEN SHOWN TO BE
BIOEQUIVALENT OR HAVE SATISFIED STANDARDS OF
PHARMACEUTICAL EQUIVALENCE THAT HAVE BEEN

SHOWN TO INSURE BIOEQUIVALENCEI

The question that led to the genesis of this study
and report addressed the economics of drug purchase;
and, although we have not given consideration to
other possibly significant econom c issues, our
charge does relate to whether drug products are or
can be nade sufficiently interchangeable so that
price can be a major factor in their selection.



tis clear from the conclusions we have alreadv
stated that we do not believe that all chenical
equivalents are, at present, interchangeable. W
do believe, however, that the goal of interchange-
abiTity 1s achievable wthin nost, if not all,
classes or oral drug products and that a system
shoul'd be organized as raprdly as possible to
establ1sh the conditions that will permt al i st i ng
of interchangeable products.

Est abli shnent of such a listing should begin with a
series of judgnents regarding classes of drugs and
i ndividual drug entities that will yield a division
of drugs into two groups: those for which evidence
of bioequivalence is considered essential and those
for which such evidence will not be required. The
eneral criteria for such decisions have been set
orth on pages 21 ff.

Upon classification of a drug as one requiring

evi dence of bioequival ence, products of that drug
should be included on the list of interchangeable drug
products only after data supporting their bioequival ence
have been provided and approved. Furthernore, beyond
the question of bioequival ence anobng interchangeable
drug products in this category, nmethods to insure

phar maceuti cal equival ence between batches of the

sanme drug product deserve special attention.

It is apparent that many drug products are
therapeutically equival ent even though they may
vary sonewhat in bioavailability. Included in this
category, for exanple, are many groups of drugs that
are custonarily given in doses that insure
concentrations in the blood well in excess of the
mnimum effective concentration. These drugs have
a wide margin of safety between effective and toxic
concentrati ons. Mboderate variation within this wde
margi n can be considered to have little or no

t herapeutic significance.

It is our opinion, however, that even within these
groups of drug products, for which evidence of

bi oequi val ence can be waived, there is roomfor
consi derabl e inmprovement of standards for the
control of manufacturing processes and the testing
of products. Such-i nprovenents as we have
recommended will have the effect of mnimzing
many inportant sources of variability anong

chemi cally equivalent products. \Wen inproved
standards of pharmaceutical equival ence have been
established, drug products neeting the standards and
falling into categories for which evidence of

equi val ent bioavailability is not essential can be
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considered to be interchangeable and listed as such
for the guidance of purchasers, prescribing
physi ci ans and dispensing pharmacists.

The official list of interchangeable drug products
need not be permanentl?/ limted to those for which
studies of bioavailability are now available or
consi dered unnecessary. As conpendi a standards
are devel oped specifying in vitro tests whose
results correlate with bioavailability, it should
be possible, in npbst instances, to use the in vitro
tests as a basis for (Jorovi ding ongoi ng evidence of
bi oavail ability. Products nmneeting these conditions
can and should then be added to the list of inter-
changeabl e drug products. The ultimte goal should
be that virtually all marketed drug products shoul d
fulfill the criteria necessary for inclusion in this
[ist.

tshoul d be recogni zed, however, that there may
remain a few drugs-- those that have |ow therapeutic

i ndi ces and, possibly, unfavorable physical
properties, but that are critically inportant in the
treatment of serious illnesses--whose products

shoul d be considered noninterchangeabl e even though
they neet these conditions, at l|east until experience
has shown that inmproved in vitro testing or testing
in animal nodel systens can be relied upon for the
precise prediction of their bioavailability.

Many decisions requiring well-infornmed judgnents
will be necessary in establishing a list of inter-
changeabl e drug products and in the continuing
operation of the system The essential judgnents
shoul d be based upon the highest |evel of expertise
in many specific areas of nmedicine, clinical

phar macol ogy and associated scientific disciplines.
The wi de range of the necessary fields of specializa-
tion and the extensive experience and depth of

know edge that will be required are not to be

found within the staff of any single organization.
Further, we do not believe that it would be efficient
for the FDA to try to enconpass all the necessary
expertise within its own ranks. Rather, it will be
essential to call upon the nost know edgeabl e
individuals in each field, wherever they may be
found, to provide the advice needed to arrive at
appropriate decisions.

To acconplish this goal, a series of groups advisory
to the FDA should be established, each to deal with
speci fic areas in which decisions nmust be made. It
is not to be expected that a single advisory group
woul d be able to deal effectively with the full range
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of responsibilities involved. For exanple, those
who are best equipped to deal with drugs affecting
the cardiovascular system are not likely to be the
same individuals best able to offer the nmost useful
advi ce about anti-infective agents. It is our belief
that an appropriate range of advisory groups

will not only make certain that decisions are reached
on the basis of the best inforned judgments but that
the acceptance of these decisions by all interested
parties will also be inmeasurably enhanced.

The nmmjor expertise required to establish a |ist of

i nterchangeabl e drug products wll be provided by
advi sory groups rather than staff personnel. However ,
capable scientific staff will be essential to

support the work of the advisory groups. Current
staffing and funding levels are not adequate for

the FDA to meet the significant new responsibilities
proposed in this reconmendation. Consequent_l?l,
additional financial and staffing support wll be
required to develop and naintain the list of

i nterchangeabl e drug products and to coordinate these
efforts with the agencies involved in setting
standards and supporting research. Such resources
should be made available as rapidly as possible.



