13



DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Healith Service
Food and Drug Administration
Cantar far Drug Evaluation and Research

DATE : May 5, 1997
o Dirxector, Center for Drug Evaluation and Research

SUBIECT: Approvability of a Synthetic Generic Versicn cf Premarin

Ta: Douglas L. Sporn
Director, QOffice of Generie Drugs

I. Introduction

This memorandum transmits the Center for Drug Evaluaticn and
Research’s (CDER) position on the circumstances under which an
abbreviated new drug application (ANDA) for a synthetic version
of Premarin could be approved at this time. The Center’s :
conclusion is that because the reference listed drug Premarin is
not adequately characterizegd at this time, the active ingredients
of Premarin canncot now be definitively identified. Until the
active ingredients are sufficiently defined, a synthetic generic
version of Premarin cannot be approved. The legal and scientific
rationale for this conclusion is described below.

Any synthetic generic conjugated estragens application based on
Premarin as the reference listed drug is not tc bhe approved until
the active ingredients of Premarin have been sufficiently well
defined to permit an ANDA applicant to establish that a synthetic
generic form of Premarin has the same active ingredients as
Premarin. In addition, I am requesting that the bicequivalence
guidance for conjugated estrogens be exanined to determine
whether it should be revised in view of this position.

II. lLagal Requiramenta for Approval of an ANDA

Under section 505(j) (2) (A) {(ii} {II) of the Federal Food, Drug, and
Cosmetic Act (the FD&C Act or the Act), 21 U.S5.C. §
355(3) (2) (A) (1ii) (IX), an abbreviated new drug application (ANDA)
that refers to a listed drug with more than one active ingredient
must contain, among other things, “information te show that the
active ingredients of the new drug are the same as those of the

listed drug....” Section 505(j) (3) (C) (ii) of the Act, 21 U.S.C.
$ 355(3)(3) (C) (ii). requires that the Secretary shall approve



such an ANDA unless the Secretary finds, among other things, that

"information submitted with the application is insufficient to
show that the active ingredients are the same ags the active
ingredientg of the listed drug....”

The implementing regqulations provide that an ANDA not based on an
appzroved suitability petition must provide infeormation to show,
amaong other things, that the active ingredients of the proposed
and the reference listed drugs are the same (21 C.F.R. § 314.94
(3) (5}). FDA will refuse to approve an ANDA if “information
submitted with the abbreviated new drug application is
insufficient to show that the active ingredients are the same as
the active ingredients of the reference listed drug” (21 C.F.R. §
314.127(a) {3} (ii)). The term “same as” means identical in active
ingredient(s).? (21 C.F.R. § 314.,92¢(a) (1))

The RAgency has defined the term “active ingredient,” as follows:

any component that is intended to furnish
pharmacolaogical activity or other direct effect
in the diagnosis, cure, mitigation, treatment, or
prevention af disease, or t¢ affect the structure
or any functicn of the bady of man ar other
animals. (21 C.F.R. §§ 60.3(b)l2), 210.3(b) {7))

In the context of ANDA approvals, a generic product with the same
active ingredients as the reference listed drug that is shown to
be bicequivalent is approeved without independent effectiveness
data.* To maeet the definition of an active ingredient in this
context, a compoenent must be intended to furnish sufficient
pharmacological activity, or other direct effect, to have some
therapeutic effect (i.e., to diagnose, cure, mitigate, treat, eor
prevent disease, or to affect the structure or function of the
body). Thus, an active ingredient performs a drug’s therapeutic
functions. The definition of “pharmaceutical equivalents” in 21
C.T.R. § 320.1(c) is consistent with this definition of active
ingredient in that it focuses on the therapeutic moiety:

Pharmaceutical equivalents means drug products

that contain identical amounts of the identical
active drug ingredients, i.e., the same salt or
ester of the same therapeutic moiety...that meet

*In mnacting the Drug Price Coppecition and Fatent Term Rastoration Ace
of 1984. Congress intended that no safety or cffoctiveness data beyond that
developed by the innovatox company be needsd to support appraval of the
generic product. (See H.R. Rep. No. 857 [Part ¥), 38th Cong. 3d Sess. 14, 16-
17 (1384)). The interpretation of the active ingredient definition in this
momorandun is intended asclely as spplied to ANDA approval.
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identical compendial or cther applicable
standards of identity, strength, quality, and

puzrity, disintegratian times and/or dissalution
rates.

Consequently, not all cempenents that “furnish pharmacolegical
activity or other direct. effect” meet the definition of an active
ingredient. A component may be considered an active ingredient
enly if it provides a clinically meaningful contribution to the
therapeutic sffect of the drug. A subjective intent for a
component to have such effect will not suffice in the ahsence of
objective evidence of a clinically meaningful contribution. (See
21 C.F.R. § 201.128; intended use refers toc cbjactive intant.)

In most cases, it will be clear what components of a drug make
clinically meaningful contributions te the drug’s therapeutic
effects and, therefore, are the drug’s active ingredients.
However, where the Agency has determined there is sufficient
evidence that a component in the reference listed drug may make a
clinically wmeaningful contribution to the therapeutic effect. FDA
cannot approve a synthetic generic drug that does not include
such component until it has been determined whether the component
makes such a contribution.

III. Ragulatory History of Cohjugated Eastrogens

FDA first permitted a new drug application for Premarin
{conjugated estrogens tablets made from pregnant mare’s urine) to
become effective in 1942 under the new drug provisions of the
1838 FD&C Act, Pub. L. 75-717, 52 Stat. 1040, based on chemistry,
manufacturing, and controls information acceptable at that time
and a showing, from reports of clinical investigations, that the
drug product was safe for its intended use in the treatment of
nenopausal symptoms and related conditions. The product was
known at that time to contain estrone and equilin, and it was
known that additional estrogens were present in smaller amounts.
The tablet strengths and estrogenic potencies of Premarin tablets
were contreolled using a colorimetric assay and a rat biocassay,
redpectively, with estrone as the reference standard. Thus, the
0.625 mg Premarin tablet was assigned this value because it
contained estrogenic potency that, in the rat model, was
equivalent to 0.625% mg of sodium estrone sulfate.

In 1970, the United States Pharmacopeia (USP) published
monecgraphs for conjugated estrogens and conjugated estrogens
tablets, establishing the rirst compendial standards for these
products.? The USP described conjugated estrogens as containing



sodium estrone sulfate and sodium equilin sulfate.® This
description appears to have been based on the known quantity, in

Premarin, of each cf the tTwo ingredients as well as their

demonstrated clinical estrogenic effects.>** The two compounds
wera known to be the most abundant estrogens in Premarin.
Clinical data showing estrone to be an active estrogen were
available, and small-scale clinical studies of sodium equilin
sulfate indicated that it was a more potent estrogen than
estrone.® Limited data from a study completed in 1963 and
published in 1971 suggested that sodium 17a-dihydrcequilin

sulfate, the third most abundant estrogen, had little clinical
activity.’

With the publication of the monographs in 1970, the rat potency
test was eliminated and replaced by a chemical assay for the two
active ingredients. However., the traditional strength assignment
was maintained, even though the tablets contained fewer
milligrams of sadium estrone sulfate and scdium equilin sulfate
than the milligram dose stated on the label.

In 1972, FDA published an assessment of the effectiveness of
Premarin.” Drugs such as Premarin that were approved prior to

1962 were required to demonstrate safety but not effectiveness at”

the time of approval. In 1962, enactment of the Harris—-Kefauver
amendments to the FD&C Act created a requirement for a
demonstratien of the effectiveness of new drugs including new
drug2 approved between 1938 and 1%62 {(Pub. L. 87-781, 76 Stat.
780) . FDA contracted with the National Academy of
Sciences/National Research Council to carry out the Drug Efficacy
Study o assess the evidence of effectiveness available for new
drugs approved prior to 1962. FDA then implemented the results
in an effort known as DESI (Drug Efficacy Study Implementation).
The 1972 Federal Register notice announced FDA’'s conclusion that
& number of estrogen products, including Premarin, had been shown
to he effective far menopausal symptoms (and several other
conditions] based on the DESI Panel recommendations and aother
available evidence. FDA also found that the listed estrogen
products were “probably effective” faor prevention of

".In the preamble to the final rule implementing Title I of the Drug
Price Campetitien and Patant Tarw Reatoration Act of 1984, FDA gtated that,
although in most cases the Agency will consider an active ingredient to be the
same as that of thm refersnce listed drug if it meets the standards of ’
identity described in the USP, “in =ome casas. FDA may prescribe additional
standarda that are meterial to an ingredient’'s samcnssa, - (S8an Federal
Reglster, vol. 57. p. 17960, 17959. April 28, 1992.) See alasc 21 C.F.R. §
320.1 (e}, vhich atacca that an identical active drug {ngredient nay mesc
*identical compandiel or otBazr applicabls standards~ (emphasia added). FOA
applics current scientific knowledge in making its regulatory decimicna, ewven
if thet kneowledge haa not yct been incorporatsd into the USP nonograph -
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osteopoxosis. For indications found to be “probably effective,”
FDA required sponsors toc eithex submit substantial evidence of
effectiveness or remove the indication from the product labeling
within a certain period of time.

In 1978, Ayerst Laboratocries praoposed that conjugated estragens
be required to contain seven estrogenic components. Ayerst
subsequently modified Chis proposal to request only that 17a-
dihydzroequilin be added to the existing USP monoqraph.? In 1982,
EDA and USP convened a public meeting to discuss Ayerst
Laboratories® proposal that the monograph for conjugated
estrogens include 17a-dihydroequilin.?!® FDA stated at that time
that the composition of conjugated estrogens should be determined
by estrogenic potency and that the proposed compound had low
potency and likely did not contribute to the clinical effect.

USP determined that l17a-dihydroequilin should not be added to the
monograph as an active ingredient.

In 1380, FDA published the first version c¢f the document now
known as the Approved Orug Products with Therapeutic Equivalence
Determinations, also known as the “Orange Back.”'! This document
lists the FDA assignment of therapeutic equivalence among
duplicate drug products based on available data pertaining to
their pharmaceutical equivalence and bicequivalence. Existing
conjugated estrogens tablet products were claasified as “BS,”
i.e., not considered therapeutically egquivalent, because of
concern that the USP moneqraph specifications for estrane sulfate.
and equilin sulfate were inadequate to ensure that praducts
meeting the monograph standard would necessarily produce
equivalent therapeutic effects in patients.?? The “BS” code is
used by FDA to indicate that drug products are not considered
therapeutic equivalents due to deficient drug standards.

In 1986, FDA anncunced in the Federal Register that a 0.625 mg
dose of Premarin daily was found to be effective for prevention
of osteoporosis in postmenopausal women.*? Two dose response
Studies evaluating the effect of Premarin on bone mineral density
had been published in the literature.?*i?

In 1986, while developing an appropriate in vitro dissolution
test standard for conjugated estrogens biocequivalence testing,
FDA discovered that Premarin tablets were a modified release
dosage form.'®* This unexpected characteristic of the Premarin
formulation meant that generic copies were unlikely to be
biocequivalent unless they also had similar modified release
characteristics. Because of this discovery, FDA changed the
“Orange Book” code for generic conjugated estrogens tablets from
“BS” tao “BP.”' The code “BP” means that generic praducts so
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labeled are not considered therapeutically equivalent due to a .
potential bicequivalence problem. FDA then bhegan to require that
generic conjugated estrogens products demonstrate bicequivalence
through in viveo human subject bisequivalence testing.!® Because
biocequivalence testing is ordinarily performed on the active
ingredients of a product, the quaestion of the active ingredients
of Premarin again was raised.

In 1383, FDA‘s Fertility and Maternal Health Drugs Advisary
Committee considered the question of the active ingredients in
Premarin.'® The Committee agreed that sadium estrone sulfate and
sedium equilin sulfate are active ingredients, but could not
reach a congsensus on whether or not other estrcgens in Premarin
were active ingredients.?® In 1990, an Ad Hoc Subcommittee of
the Fertility and Maternal Health Drugs Advisory Committee met to
consider Premarin biocecquivalence issues.?* Again, the group
agreed that the twa named active ingredients were correctly
designated, but cculd not reach a consensus on whether additional
components should be regarded as active ingredients.??

In 1890, FDA published a proposal to withdraw approval of the -
“BP” coded generic conjugated estrogens formulations for which
therapeutic equivalence could not be ensured.?® The proposal .
included withdrawing all generic conjugated estrogens marketed at
that time. The Agency withdrew approval for these products in
1991, and there are currently no approved generic conjugated
estrogens tablets on the U.S. market . 433

In February 1991, FDA's Generic Drugs Advisory Committee met to
consider issues of pharmaceutical equivalence and biocequivalence
for conjugated estrogens.? FDA proposed to the committee that
three of the additional estrogens in Premarin be recommended for
inclusion as “concomitant components” in the USP monograph for
conjugated estrogens.?'?® These particular “concomitant
components” would be required to be in the product, but would not
be considered active ingredients and, thus, would not need to be
included in bicequivalence testing.?® The Generic Drugs Advisory
Committee endorsed this proposal.’ Subsequently, the USP
monogravhs on conjugated estrogens were amended to include the
three additional “concomitant companents.*~*

On November 30, 1994, Wyeth-Ayerst submitted a citizen petition
requesting, among other things, that FDA not approve any generic
conjugated estrogens products that do not centain the compound
sodium A8, 9-dehydroestrone sulfate (DHES) . Wyeth-Ayerst alsao
submitted a petition for s stay of action requesting that FDA
Stay any decision to “receive” an ANDA for a conjugated estrogens
product that does not contain DHES and stay any approval of such
an application until FDA responds to the petition.¥
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Because of the complex scientific issues associated with
determining the active ingredients of conjugated estrogens, in
the summer of 1995, CDER formed an Ad Hoc Canjugated Estrogens
Working Group to consider these issues. That group of CDER staff
examined available data related to the compasition of conjugated
estragens and prepared a background document for the Fertility
and Maternal Bealth Drugs Advisory Committee.

on July 27-28, 1995. FDA’s Fertility and Maternal Health Drugs
Advisory Committee, with representation from FDA’s Generic Drugs
Advisory Committee and FDA’s Endocrinologic and Metabolic Drugs
Adviscry Committee, heard presentations and discussions on the
composition aof conjugated estrogens.?* At the end af the
deliberations, in answer to questions regarding what additiomal
components, if any, beyond the two recognized active ingredients
contribute ta the clinical safety and effectiveness of Premarin,
the Committee voted unanimously in faver of the following
statement:

The Committee feels that insufficient data were
presented to determine whather or net any individual.
component of Premarin ar any combination of components
in Premarin other than estrone sulfate and equilin
sulfate must be present in order for Premarin to
achieve its established levels of efficacy and safety
(emphasis added] .’

On November 1, 1996, FDA completed a “Preliminary Analysis of
Scientific Data on the Composition of Cenjugated Estrogens.”3

Oon May 1, 1997, the Ad Hoc Conjugated Estrogens Working Group
completed its final report providing a scientific background for

the Center’s decision regarding the composition of conjugated
estrogens.¥

The requlatary history of conjugated estrogens reflects the
complexity of the scientific issues involved. FDA’s positions on
these 1ssues have evolved over time as new information has becaome
available. As with any such complicated scientific issue,
differences in scientific¢ opinion arose and continue to exist
concerning how available data are To be interpreted and applied
in the regulatory context. These differing views were considered
in reaching the CDER position described in this memorandum.

Three of these views were recently documented in memorands to the
Director, CDER, and are representative of the spectrum of views
expressed during the Center discussions of these issues.®-3%.42



Charactesrization of Pramarin

A. FDA’s Histerical Position On The Active Ingredients Of
Premarin

Although FDA’s Scientific Adviscory Committees were unable to
provide definitive advice on this issue, FDA continued to
support the position taken irn the 1970 USP monograph*! that
the ingredients sodium estrone sulfate and sodium equilin
sulfate are the scle active ingredients in Premarin. The
reasons for this position were ag follows:*

1. Until recently, the scientific belief had been that all
estrogens were similar in their pharmacoclegic actioms
on the body, i.e., “an estrogen is an estrogen.”
Therefore, the pharmacologic activity of an estrogen
preparation could be described in terms of its total
estrogenic potency. It was believed that the effects
af different estrogens in a mixture were additive and
that the identity of the particular estrogen
contributing the estrogenic potency was not crucial.
Epidemiologic data did not reveal safety or
effectiveness differences among various estrogen
preparations used for hormone replacement therapy.

As a result, Premarin has historically been defined 4in
terms of total estrogenic potency rather than the sum
of the potencies of various components. In 1970, when
the first USP mcecnograph was published, little ;
information was available on the effects of estrogen
on bone, and the estimates ¢f estrogenic potency of
Premarin compeonents were derived from clinical studies
of mencpausal symptoms. Much of Premarin’s estrogenic
potency for mencpausal symptoms can be attributed to
the effects of estrone and equilin.

2. Available data on the detailed composition of Premarin
and the pharmacologic activity of its components were
limited, Much of the available data indicated that
many compounds found in Premarin were present in small
amounts and had weak estrogenic activity.

3. Based on the results of early studies, including
studies of Premarin, the effects of estrogen on bone
mineral density appeared to have a very steep dose-
response relationship, and the 0.625 mg dose of
Premarin appeared to be near the top of the dose
response curve. Therefore, small differences in the
estrogenic potency of conjugated estrogens



preparations, rasulting from omission of components
from generic copies, would not be clinically
meaningful. -

q. In additioh, the monograph ranges for the content of
Sodium estrone sulfate and sodium equilin sulfate in
conjugated estrogens are wide.*® Therefore, it was
believed that minor differences in estrogen content
between synthetic generic products and Premarin due to
the absence in the generic copies of several minor
Premarin constituents couyld not make a clinically
meaningful difference. [Note: the percent coefficient
of variation of sodium estrone sulfate is 1.98, and of
sodium equilin sulfate is 3.01, based on percent
estrogen composition in 300 batches of Premarin
Tablets.*]

B. The Center s Current Position On Premarin’s Active
Ingredients

For the reasons described below, the Center’s current
position is that Premarin is not sufficiently characterized
at this time to determine all of its active ingredients.

1. Emerging sclientific evidence demonstrates that all
estrogens do not exert their effects in a unifarm
manner with respect to different target tissues. These
differential effects may be due to variable
pharmacokinetics,® tissue metabolism, tissue-specific
receptor factors, or additional reasansg.S 16:47.48,45.50
For example, clinical studies have shown that the
potency of equilin sulfate relative to esctrone sulfate
varies depending on the pharmacodynamic?® effect being
studied.®**? A dose cf equilin sulfate that is
equipotent to estrone sulfate using one parameter may
be more or less potent when evaluated uging a different
measure. For this reason, the active ingredients of
Premarin cannot be defined solely in terms of overall
estrogenic potency in any single system, but must be
defined based on their c¢ontributions to particular
estrogenic effects.

“Pharmacokinetics can ba defined ae drug sbasorption. excretion.
metabolism. or distribution.

‘Phnm:nclynamics can be defined as a pharmacolegic or clinical respconas
to a given concentration (of a drug] 3in blood or other tissuc (S8 FR 194093,
July 22, 1393).



Put simply, the new scientific evidence shaws that one
estrogen can be more active than ancother in a specific
tisaue or organ, such as breast, uterus, or bone. The
most striking example of this is the synthetic estrogen
analog tamoxifen, which blocks estrogen actions in
breast tissue, but has estrogen-like activity on Bone.
These new findings have stimylated extensive research
into aew pharmacsuticals that coculd have selective
actions on specific tissues and thus might provide
beneficial hormone replacement therapy without some of
the undesirable side effects, or could be useful in the
treatment of cancer ar ather conditions.

Compositional analysis of Premarin using modern
analytical technigques demonstrates that it consists of
a mixture of a substantial number of compounds with
potential pharmacologic activity. In fact, the
steroidal content of Premarin has nef been completely
defined.*® Undoubtedly, many of the compounds present
in Premarin do not pravide a clinically meaningful
contribution te the therapeutic effects cf the drug and
are best thought of as impurities. However, the
clinical tests, on which the findings of the safety and
efficacy of Premarin were based, were performed on the
entire mixture, not on individual components. A basic
understanding of the chemical composition of Premarin
must be achlieved as a first step in adequately
characterizing the product, unless a complete

_ understanding of which components provide a meaningful

clinical contribution to the effects of the product isg
achieved by clinical trials alone.

Clinical studies have revealed that the assigned
pPotencies of Premarin tablets, which were based on the
rat bicassay, do not correctly reflect the tablets’
relative potencies in human studies. 5.3 For
example, clinical studies have shown that Premarin is
between 1.4 and 2.5 times more potent than estrone
sulfate for suppression of FSH and menapausal symptoms
in postmenopausal women.®7 Because the human studies
evaluating the relative potency of Premarin have been
small, a precise estimate of the estrogenic patency of
Premarin relative to estrone sulfate has not been
determined. Because the relative potencies of
Premarin, estrone sulfate, and equilin sulfate are not
clearly established, it 13 not possible to tell how
much of the effect of Premarin can be accounted for by
the effects of equilin sulfate and estrone sulfate.
Measuring these effects is further complicated by the
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fact that the importance or contribution of each
ingredient may depend an the tissue that 15 being
tested, e.g., bone, breast, pituitary, or uterus.

New clinical studies have clearly demonstrated that
there is a doge-response relationship between estrocgen
administration and bone mineral density in
postmencpausal women.®*® It follows that ensuring an
equivalent estrogenic potency is impertant in the
approval of generic copies of estrogen products
intended for preventicn of osteoporosis. In other
words, it is important for the osteoporesis indication
that synthetic generic conjugated estrogens based on

Premarin have estrogenic strength that is identical to
the Premarin tablet.

The recent findings with reqgard to A8, 9-dehydroestrone
sulfate (DHES) illustrate a number of the above points.
This compound was first detected in Premarin in
1975.%:'57 DAES represents only a small percentage of the
estrogenic compounds present in the product: 4.4% of
the “label claim” (i.e., 4.4% of 0.625 mg or
approximately 0.0275 mg of DHES per 0.625 mg tablet).
{Note: Premarin alsc contains a small amount of the
DHES metabolite sodium 178-aA8, 9-dehydroestradiol
sulfate.”™ This metabolite comprises approximately
0.003 mg per 0.625 mg tablet. Therefore, the total
DHES plus sodium 178-38, 9~dehydroestradiol sulfate
content of a 0.625 mg tablet is akhout 0.03 mg or
approximately 5% of label claim.] Until recently little
has been known about DHES or sodium 17f8-a8,9-
dehydroestradiol sulfate.

Pharmacokinetic studies submitted by Wyeth-Ayerst
demonstrate that, after single or repeated oral desing
of Premarin in women, the plasma concentration or AUC’s
of the (conjugated plus unconjugated) 17f-aB, 5-
dehydrocestradicl metabolite of DHES is the same order
of magnitude as the concentration of the 17f-diel
metabolites of the active ingredients estrone and
equilin.? -1 The 17-p AB,9-estradiol concentration 4is
approximately 34% of the combined concentrations of the
17p-diol metabolites of estrone and equilin, or 28% of
the 17p-diol metabolites from the three estrogens. The
finding that a low~level (5%) component of the tablet
would generate a significant concentration of a
potentially active metabolite was completely unexpected
and illustrates the longstanding inadequate
characterization of Premarin. These pharmacokinetic
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data do not themselves prove that the DHES in Premarin
makes a clinieally meaningful contribution toc the

therapeutic effect of Premarin. However, preliminary
clinical studies indicate that the petency of DHES may

be similar to that of equilin. (See detailed discussion
helow.) ’

6. Based on this new sclentific information, the Centex
concludes that Premarin is not adequately characterized
and that, therefore, at this time, its active
ingredients cannot be fully determined. Additicnal
information on both composition and relative potencies
of components will be necessary to adequately
characterize this product. This conclusion is in
agreement with the findings of FDA’s Fertility and
Maternal Health Adviscory Committee at its July 27-28B,
1995, meeting on this subject.*

c. Unresolved Issues Concerning the Current
Characterization of Premarin

Products such as Premaria, that are derived from natural
source material, frequently are not characterized as
completely as synthetic products at the time of marketing.
For the purposes of this memorandum, the term “adequate
characterization” is intended te mean an amount of
scientific information on a product that is sufficient to
determine what constituents in the product are responsible
for making clinically meaningful contibutions te its
therapeutic effects. In other words, it is possible to
define the active ingredients of a preduct that is
adequately characterized.

There are at least two possible ways to characterize a
product. The most straightforward method includes, first,
chemical analysis to determine what components are present
at significant levels in the product. The interpretation of
“significant levels” cannot be exact and would depend on the
specific product; however, it is desirable that compconents
present at the 0.1% level or greater be identified and
quantified. Once the conponents of the product are
identified, the next step in characterization would be to
determine which of them have potential human pharmacologic
activity. Such a determination may be based on the
following: the quantitative amount in the product,
structure-function relationships, in vitre tests, animal
Studies, human studies, or a combination of these. Finally,
for components that may contribute to the therapeutic aeffect
based on potential pharmacologic activity, a study could be
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coenducted comparing the effects of each component alcne, and
in cambhination with additional components, to the effects af
the entire product, to demonstrate that the “"candidate”
components achieved all of the therapeutic effects of the
product.

Alternatively, in cases where there is some confidence that
the “candidate” active ingredients have all been identified,
even though the product is not fully chemically
characterized, a head-to-head comparative dose-response
clinical trial comparing the effects of the combined
“candidate” active ingrediants against the original product,
could, if carried out carefully, demonstrate that the
combination contributed all the clinically meaningful
therapeutic effects of the original preduct. This approach
might not clearly identify which af the “candidates” were
actually active, but could ensure that the combination

tested included all of the active ingredients ia the
product.

The following sections discuss the available scientific
evidence on the characterization of Premarin.

1. Composition

At least ten estrogenic compounds have been identified
and quantified in Premarin. The composition data for
the ren estrogenic compounds cited in the Conjugated
Estrogens, USP monagraph, and listed in Table 1, were
generated by the Center's Division of Drug Analysis
from an analysis of two batches of Premarin 0.625 mg

tablets.® These results agree generally with other
data available to the Center.

Table 1
Sedium Estrogen Sulfate Mg/Iaklet
Batrone 0.370
Equilin 0.188
17a-Dihydroequilin 0.102
1l7a~-Eatradiol c.027 -
17p=Dinydroequilin 0.011
l7a~Dihydroequilenin 0.011
178-Dihydrosquilenin 0.021
Equilenin 0.01¢
17p-Eatzadiel 0.045
a8, 9-dehydrcestrone 0.026
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Additional information on the component DHES and its
metabalite are discussed later in this section
(IV.C.4). RAdditiocnally, the fact that Premarin
contains progestational agents (composition
unspecified) has been disclosed by Wyeth-Ayerst.S? It
i3 knewn that Premarin alss contains additicnal
steroidal compounds.® However, precise data on

Premarin’s compesition are currently very
limited. 54 65 868

Detailed analytical information on Premarin’s
composition is the necessary basis for adequate
characterizaticn of the product. Obtaining this
information is feasible. The constituents of Premarin
are small molecules that can be fully characterized by
analytical chemistry, unlike the macromolecular
constituents of most biclogical products, which are
difficult to fully characterize due to biclogic
variability. It is desirable that the components
Present in Premarin at or above 0.1% be characterized
and their biological activities determined.®®

It has been argued that DHES cannot be considered an
active ingredient of Premarin because its presence in
and percent composition of the formulation are not
specifically controlled during the manufacturing
process.® Wyeth-Ayerst has submitted data
demcnstrating that DHES is present at about 4.4% of
label claim with a range of 4.0 to 5% {(based on ten
lots of 0.625 mg Premarin tablets).”™ It is desirable
that arny active ingredients, once identified, be
controlled during the manufacturing process.

Pharmacokinetics

Pharmacekinetic data on Premarin components are
presented in the FDA report entitled A Pharmacokinetic
Analysis of Conjugated Estrogens Including 48,9
Dehydroestrone and 178-48,9 Dehydrocestradiol, dated
October 25, 1996 (OCPB Report),’ and its addendum
dated February 12, 1997 (Addendum),’ and also in
information submitted to the docket of the Wyeth-Ayerst
citizen petition by Wyeth-Ayerst.$® The OCPB Report
details plasma concentrations of estrone sulfate,
equilin sulfate, DHEES, and their metabolites, as well
as concentrations of l7a-dihydroequilin, afrer
ingestion of various doses of Premarin.” Additioenal
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pharmacokinetic data on Premarin components and
metabolites, presented in Addendum 2, dated March 31,
1997, to the OCPB Report.” and also in information
submitted to the docket by Wyeth-Ayerst on March 11,

1997,% confirm the original finding discussed in the
CCPB Report. .

Table 2 is derived from pharmacokinetic data submitted
by Wyeth-Ayerst based on seven-day dosing of women with
two 0.625 mg tablets daily.‘’ The steady-state AUC
data are calculated from day seven plasma sampling.
Table 2 summarizes the relationships among oral dose.
total ketone, and total diol for three estrogens.

Table 2 - Results of Pharmacokinatic Studies

BEatrogen Estrone Bquilin a8, 9-DHE

Measurcd dose

or AUC

mg per 2x 0.740 6.336 0.052
0.625nmg tab

Total plasma ketons 94.200 43.14s 13.810
(ngehr/mu)

Uncen.plasma katone 4.083 1.201 0.072
{ng*hr/mL)

Total plasma 178dicl 8.565 10.623 6.624
{ng*hr/mL) .
Uncon.plasma 178diol 0.659 1.060 Q.331
{(ngehr/mL)

The pharmacokinetics of Premarin components are
complex, as revealed in these data. Estrone, equilin,
A8, S-dehydroestrone, their active 178-reduced
metabolites, and other estrogenic components of
Premarin circulate in the plasma both as the conjugated
(primarily sulfate ester) and unconjugated derivatives
and with variocus degrees of Protein binding, as
discussed in the OCPE Report. There is interconversion
between the ketone and 17p-reduced forms of each
estrogen and among the cenjugated and unconjugated
derivatives. The degree of Protein binding of each
derivative may be important to its clinical activity.

Fut simply, this information shows that there is not a
one-to-one relationship between the amount of each
estrogen in the tablet and the amount of active forms
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{(derivatives) of that estrogen in the blood. Each of
the threae estrogens evaluated in this clinical trial
distributes differently intc its derivatives in the
bedy. This means that each of the three estragens
might cause different effects simply as a result af
these distributional differences.

The actual magnitude of the contributicn of each
derivative of any component estragen tc the overall
estrogenicity of Premarin is not well understoed. As
just stated, the pharmacokinetic data show that the
ratios of the concentrations of the differant
derivatives are distributed differently for those
estrogens that have been studied: estrone, equilin, and
DHE. If there are tissue-specific effects of
derivatives, then the size of a derivative’s
contribution could vary depending on the tissue tested.
The available data suggest that these tissuse-specific
differences exist. For example, in vitro potency data
for estrocne and l7g-estradiol were submitted by Wyeth-
Ayerst.’ When potency was tested by estrogen receptor
binding, estrone was shown to be much less potent than
estradiol (about 200 times less), as has been
previously shown by receptor binding and cellular
assays. 1In coatrast, when potency testing was
performed in a liver (Hep-G2) cell line using
functional activation, estrone‘s potency appeared to be
of the same order of magnitude as estradiol’s potency.
The experimenters were able to show that this increased
potency of estrone resulted from its conversion to
estradiol by the cells. Therefore, in tissues that
have the capability to metabolize ketone forms to diocls
(e.g., estrone to estradiol)., ecirculating ketone forms
could make a large contribution to cbserved effects in
that tissue. Similarly, conversion of conjugated
(sulfated)! forms of circulating estraogens to the
unconjugated forms has been shown to occocur in target
tissues such as breast.’ In these tissues, total
estrogen concentrations (i.e., conjugated plus
unconjugated) may be more important than in tissues
that cannot convert the conjugated forms to the active,
unconjugated forms.

One striking finding in the pharmacokinetic data is the
differences in the proportions of the 178-diol
concentrations resulting from the three estragens
(sodium estrone sulfate, sodium equilin sulfate, and
DHES), compared to the ratios cf the three estrogens in
the tablet. It is known that the 17p~diocl derivatives
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of equilin and estrone are potent estrogens. The
pharmacokinetic data as a whole show that, after dosing
with Premarin, the plasma conecentration of unconjugated
17g-dinydroequilin is about twice (1.6 times) as high
as the concentration of l7p-estradiol, even though
there is only about half as much equilin as estrone in
the tablet. The difference in the concentratiocn of the
active metabeolite may account for the known greater
clinical estrogenic potency of equilin. As discussed
above, an unexpected finding from the pharmacckinetic
data in the Missouri study, the moat reliable data
generated to date, was that the plasma concentration of
unconjugated 178-a8,9- dehydrocestradicl is about half
the concentration of unconjugated 178-estradiocl, even
though there is more than ten times mere estrone
sulfate than DHES in Premarin. This may account for
the high oral potency of DHES that has been found in
the limited clinical studies performed with this
compound.’¢7?

Put sinmply, these data show that a dose of DHES results
in a much higher blood level of the active metabclite
than would result from the same dose of estrone
sulfate. This finding alone suggests, but does not
prove, that a low dese cf DHES could have a much larger
than expected effect.

The above pharmacokinetic data provide a basis for
beginning to understand the complex relationship
between the compositicn of Premarin and its clinical
effects. However, this understanding is still
incomplete. The pharmacokinetics must be understood in
the context of pharmacodynamic properties of the
various camponents, including their clinical effects.

Clinical effects of Premarin

Premarin and certain Premarin components have been
tested fairly extensively in animals, particularly
rodents. Animal data, either in vitro or in vivo, have
not proven to be quantitatively predictive sf the
effects found in women.’ Therefore, animal tests,
while useful in screening compounds for activity,
canncot be used to definitively assign human clinical
effects. The most confident conclusions can be drawn
from human clinical testing. The following summarizes
what is known apout the contribution of Premarin

components to its overall activity from in vitrc ar in
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vivo human testing.

a. Pharmacodynamics of Premarin and Scme of Its
Components

The term “pharmacodynamics” refers to pharmacologic or
clinical responses to a given concentration aof a drug
in blood or other tissue.® For example, raising or
lowering blood pressure, causing dry mouth, or
constricting the pupils are pharmacodynamic effects of
various drugs. Pharmacodynamic effects can be
beneficial., harmful, or neutral. The benefits of most
drugs derive from their desired pharmacodynamic
effects, while drug side effects often result from
undesirable pharmacodynanic activity.

Premarin and its components, like other estrogens.
affect a wide variety of human tissues, including
pituitary, breast, uterus, bone, liver, and
endothelium.'” Some of these actions result in the
beneficial effects of the drug, some cause side
effects, and some (for example, cardiaovascular or
lipoprotein effects) have not been definitively
evaluated. There are studies in the literature of
effects of estrogen on each of these tissues,
especially effects on the pituitary, uterus, and bone.
This section discusses the pharmacodynamic effects of
Premarin and its components other than the relief of
menopausal symptoms and prevention of ostecporosis.

A dose-response relationship exists between estrogen
treatment and FSH suppressicn.’” Some pharmacodynamic
data on suppression of FSH, including dese-respense
data, exist for equilin sulfate, estrone sulfate, and
Premarin (see 2lso menopausal symptoms, below) . 7-50-99
In a study of suppression of urinary gonadotrophins,
equilin was found to be about twice as patent as
Premarin and five times more potent than estrone
sulfate for this effect, while Premarin was 2.5 times
more potent than estrone sulfate.” In studies of human
Serum FSH levels, Premarin has been found to be about

1.4-2.0 times as potent as estrone sulfate.®'® These
studies are in relative agreement.

The published data on the effects of Premarin and its
components on uterinfe or vaginal markers are limited.

"See footnote c, aupra.
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Beck and Friedrich found equilin sulfate to be 2-3
times more potent than Premarin for effects on vaginal
epithelium and endometrium.%® varma et al found
Premarin to be twice as potent as estrone aulfate far
endometrial changes.' Geocla et al evaluated the dose-
reaponse relationship between Premarin and vaginal
cytolagies and concluded that 1.25 mg Premarin daily
was necessary for achieving fyll replacement levels for
this parameter. These studies are not adequate for
drawing firm conclusions about the relative
contributions of equilin and estrone to the effects of
Premarin on uterine or vaginal markers.

A number of studies of Premarin aor its components have
evaluated pharmacodynamic markers of bone
effects.315.79.80.83  jJgnes et al estimated that Premarin
was twice as potent as estrone sulfate for reduction of
the urinary calcium/creatinine ratio. 7This ratio is a
measure of bene resorpticn. Geola et al performed a
dose~response study evaluating the effect of Premarin
on the calcium/creatinine ratio., and found that 0.3 mg
Premarin was the lowest dose to have a significant
effect. loba et al found that Premarin was twice as
potent as both estrone sulfate and equilin sulfate for
reduction of the urinary calcium/creatinine ratio. The
Lobe finding of a significant effect of 0.3 mg Premarin
was not duplicated in a larger study by Lindsay et
al.!® Because of limitations in study desigms and
because the pharmacodynamic markers for bone are not
sufficiently quantitative, no conclusions about

comparative pharmacodynamic effects on bone of Premarin

or its components can be drawn from these results.

Data on Premarin or Premarin cocmponent effects on
lipoproteins and other plasma proteins, or other
pharmacodynamic markers are quite limited.50-51.53.45.3¢
Having information about these effects is important for
several reasons. Stimulatory effects on liver proteins
may affect drug safety. In addition, as discussed in
the OCPB Report,™ levels of circulating unconjugated
estrogens may be affected by binding to plasma
proteins, particularly sex hormone binding globulin
(SHBG) . Stimulation of SHRG could alter drug
availability. Available data suggest that certain
Premarin components differ in the ability to stimulate
SHBG.* Human pharmacodynamic data on DHES submitted
by Wyeth-Aycrst demenstrated that 1.25 mg estrone
sulfate had a much greater effect on SHBG levels than
did 0.125 mg DHES:"® however, this result requires
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confirmation.

Taken as a whole, the available pharmacclegic data
demcnstrate that estrone sulfate (as the piperazine
salt), equilin sulfate, and Premarin have different
pharmacodynamic erffectls when potency on various tissues
is evaluated.®*-¥7.% por example, in a single study,
Premarin was found to be 1.4 times more potent than
pPiperazine estrone sulfate {expressed as the sadium
rather than piperazine salt) for FSH suppression, a
pituitary effect.*® In contrast, Premarin was 3.5
times meore potent than estrone sulfate for stimulatien
af angiotensinecgen and 3.2 times more potent for
stimulation of sex hormone binding glebulin (SHBG).
Pregumably, this difference arises because other
components of Premarin contribute to these effects in a
manner diffezrent from estrone sulfate. It is nct knewn
if these differential pharmacodynamic effects are

completely attributable to the presence of equilin
sulfate. . :

In summary, the two Premarin compenents that have been
carefully studied, equilin sulfate and estrone sulfate,
differ from each other and from Premarin in
phamacodynamic prafile. It is not well understood
which of the pharamcodynamic actions are desirable and
which contribute to unwanted side effects. Adequate
characterization of Premarin will require an
understanding, based on scientific data, of those
Premarin components that contribute toc the
pharmacodynamic effects of Premarin.

b. Clinical Effects of Premarin Components
i. Menopausal symptoms

A number of clinical studies evaluating Premarin
and Premarin components for the treatment of
menopausal symptoms have been performed.?%%0-97.86
Equilin sulfate has been found tc be about three
times more potent than Premarin for alleviating
vascmotor symptoms.®? The data submitted by
Wyeth-Ryerst on DHES show that DHES is more potent
than estrone sulfate for these effects, but the
data are not adequate to precisely assign a
potency.’® Without dose-response studies to
determine the potency of DHES for menopausal
symptoms relative to the potency of estrone
sulfate and equilin sulfate, the contribution of
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DHES to the activity of Premarin in treating
menopausal symptoms cannot be determined.
Similarly, without a head-to-head comparison of
the dase~related effects of Premarin, estzone
sulfate, and equilin sulfate in the treatment of
menopausal symptoms, the extant of contribution of
the two components to the overall estrogenic
potency of Premarin for this effect alsc cannot be

accurately determined, although it is clear that
both contribute.

ii. Ostecporosis preveﬁticn

Use of surrogate markers. The goal of preventive
therapies for cstecporosis is the prevention of
fractures and deformity. For estrogens, FDA
accepts measurement of bone mineral density as an
adequate surrogate for preventing these longer
term clinical outcomes.® A number of other
markers for evaluating pharmacodynamic effects on
bone have been developed.” None of these other
markers is sufficlently well understood or
quantitative to permit its use as a surrogate for
osteoporosis prevention effects. Therefore, in
the absence of other validated surrogate markers,
definitive data on bone effects must cowme from
human trials evaluating bone mineral density,
fractures, and/or deformity.

marker, Comments submitted to the dacket of
Wyeth—-Ayerst’s citizen petition.," as well as
statements in the scientific literature, assert
that achievement of certain levels [e.qg., 39 pg/ml
(Palacios et al) ar greater than 60 pg/ml
(Reginster et al)] of serum l7f-estradiocl is an
adequate surraogate for preservation of bone
mineral density because there is a strong
correlation between the twe both in clinical
trials and in untreated perimencpausal women. %%

The study by Palaciocs et al evaluated women who
had undergone surgical mencpause and who were
randomized to percutanecus estradiol, conjugated
estrogens (source unspecified), or no therapy over
two years. Untreated weomen lost a mean of 9% of
spine bone mineral density over twc years, whereas
the estradiol treated group and the conjugated
estrogens treated group gained 4.1% and 5.6%
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spinal bone mineral demsity respectively. Women
treated with percutanecus estradicl were reported
to have a mean serum estradiol level cf about 8Q
pg/ml cover the course cof the study. The
conjugated estrocgens treated women had a mean
serum estradiol level of about 40 pg/ml. It is
not possible to cenclude anything about a
protective level of 17f8-estradicl from the
conjugated estrogens arm of this study since
conjugatad estrogens alse contain, at a minimum,
equilin and possibly other components that
contribute to the effect on bone. The walue of 80
pg/ml fram the percutanecus estradiol arm is not
inconsistent with the data reported by Reginster
et al who found that circulating level of 178~
estradicl between 60-30 pg/ml correlated well with
pharmacodynanic markers of beneficial bone
effects. This correlation suggests, but does not
prove, that estrogen replacement therapies
achieving such levels of circulating estradicl may
be effective in preventing beone less.

FDA does not currently accept l178-estradiol levels
as an adequate surrogate for ostecporosis
prevention in women. Trials of bone mineral
density are required. In addition, the available
data do not indicate that the potentially
protective levels of 17B-estradicl are attained
after admimistration of Premarin.

The Palacios study found that treatment with
conjugated estrogens 0.€25 mg resulted in a mean
estradicl level of 40 pg/ml, which is below the 60
pg/ml minimum suggested by Reginster. However,
the Librach and Nickel study submitted to the
docket, as well as the Reginster study and other
data repcorted in the literature, found that serum
levels of 17f-estradicl above 60 pg/ml are
achieved in women treared with Premarin or a
Canadian generic copy of Premarin®- In the
Librach and Nickel study, women treared with
Premarin achieved a l17f8-estradicl level of 85.5
pg/ml while women treated with the Canadian
product had mean serum levels of 94.9%5 pg/ml.
These differences appear to relate to problems
with analytical methodolegy, possible due to
cross—reactivity of radio-imhuncassay reagents
with octher components in Premarin. When serum
l7B-estradiocl is measured by direct chemical
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means, the high 17p-estradigl levels are not found
in women treated daily with 0.625 mg Premarin.®-¢
This lactter finding is corroborated by data from a
study of the effects of esterified estrogens
(Estratab, USP) on bone mineral density, which was
recently presented in abstract.® 1In this study,
daily dosing with 0.625 mg cof esterified
estrogens, which contains approximately 0.518 mg
sodium estrone sulfate? (0.625 mg Premarin -
contains about 0.370 mg sodium estrone sulfate)
resulted in a mean plasma concentration ef 17p-
estradiel of 40 pg/ml. 1In additisn, in this same
study, daily administration of 0.3 mg esterified
estrogens, which contain about 0.248 mg sodium
estrone sulfate, resulted in a mean plasma
concentration of 26 pg/ml of l78~estradiocl. These
results are inconsistent with the serum level
results presented by Librach and Nickel, but
generally agree with Palacios’ findings and with
Wyeth-Ayerst’s bicavailability data. Therefore,
the available data on serum l7B-estradicl levels
do not indicate that levels ocver 60 pg/ml are
attained with the dose of Premarin recommended for
the prevention of osteoporosis. B

Clinical effects op bone. The clinical effects of
Premarin on bone are well established. A number
of clinical trials have confirmed the effects of
Premarin in preserving and increasing bone mineral
density in postmencpausal women.* 152 Ettinger et
al demonstrated in a nonrandomized trial that 0.3
mg Premarin, when administered with calcium
supplementation, was adegquate to prevent bone
mineral loss in the spine and hip.’® The recent
PEPI trial demonstrated that the currently
recommended 0.625 mg dose ¢f Premarin resulted in
an increase in bone mineral density in women

treated for over two years, while untreated women
lost bone.?

Estrone is approved as a single estrogen (marketed
under the brand name Ogen by Upjochn, generic name
estropipate), but as a different salt from the
estrone in Premarin (the piperazine rather than
the sodium salt of estrone sulfate) for the
treatment of menopausal symptoms and the
prevention of osteoparcosis. The recommended dose
for asteoporosis is 0.75 mg of estropipate, which
is equivalent to 0.625 mg sedium estrone sulfate.

23



Aty TR

I S

A dose-response study has shown that a daose
equivalent to 0.300 mg estrone sulfate, combined
with 1 gram daily calcium supplementation, is not
effective in preserving bone mineral density.”

In this study, 0.625 mg of estrone sulfate
resulted in preservation of bone mineral density
compared to baseline. There was nc statistically
Significant difference in bone mineral density
between patients dosed with 0.625 mg and those
given 1.25 mg: however, only the 1.25 mg group had
bone mineral densities statiatically greater than
the placebo group at two-year follow-up. Based on
the data from this trial, the amount of estrone
sulfate in Premarin (approximately 0.370 mg) is
too small to account far all of Premarin’s known
effects on bone mineral density, so other
estrogens present in the product must be
contributing to this effecr.

Additional information on the effects of equilin
on bone has recently beccme available. On Octaober
30, 1996, Duramed Pharmaceuticals submitted to the .
docket an abstract of a clinical study that had
recently been presented at a scientific meeting.®
The study provided new information germane to the
clinical effects of Premarin on bone.5® This
study, sponsored by Sclway Pharmaceuticals, was a
¢linical trial of their product, Estratab (this
trial was also discussed in the section on
estradiol blood levels). Estratab is a generic
esterified estrogens praduct. Esterified
estrogens USPF contain sodium estrone sulfate and
sodium equilin sulfate in different amounts than
are in Premarin’ (based on presentations by
Solvay, 0.300 mg of theiy esterified estrogens
product contains approximately 0.248 mg estrone
sulfate and 0.038 mg equilin sulfate).?” The
study was a two-year placebo controlled trial
testing three doses of Estratab combined with
calcium supplementation in postmencpsusal women
evaluating bone mineral density and side effects.
According to the abstract, all three doses were
effective at 12, 18, and 24 months in preserving
bone mineral density compared to placebe. The
abstract reveals a dose response among the three
Estratab doses tested. Also significant 1is the
fact that the lowest dose tested, 0.3 mg Estratab,
appeared to be cffective in preserving bone
mineral density when given caontinueusly in
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conjunction with calcium supplementation. There
are lower amounts of both estrone sulfate and
equilin sulfate in this dose of Estratab than are
required to be in the 0.62S mg tablet of generic
conjugatad estrogens according to the curreat

. conjugated estrogens USP monograph. Therefore, if
the data in the abstract are correct, it cculd be
concluded that a product containing the amounts of
estrone sulfate and equilin sulfate required in
the current monograph for conjugated estrogens USP
would be effective in preserving bone mineral
density when given continuously with supplemental
calcium. Since the study by Harris, et al.¥
showed that 0.3 mg of estrone sulfate alone is not
effective in preserving bone mineral density, then
it 1s likely that there was a contribution from
the equilin sulfate in the Solvay product,
although firm cenclusioens cannot be drawn from
cross-study comparisons. This information
addresses to some extent one of the questions
raised in FDA’'s Preliminary Analysis of Scientific
Data on the Composition of Conjugated Estrogens,
that is, the fact that the contribution of equilin
to presferving bone mineral density had not been ’
demonstrated.

Despite this additional information, the question
of what are the active ingredients in Premarin for
the indication of maintaining bone is not
completely resclved. The Solvay study
demonstrated a dese response for bone mineral
density. The lowest dose, 0.3 mg, was effective
in preserving bone density. The two higher doses,
0.625 mg and 1.25 mg, of esterified estrogen
actually increased bone density over the two-year
period. This finding is consistent with other
published data.*$ In the case of the Sclvay
study, it is not kxnown whether, atr the higher
doses, more women responded with bone preservaticn
than at lower doses, or whether women who would
have responded to 0.3 mg Simply had a larger
response to the higher deoses. In either case,
estrogenic potency has been shoun to be important
to the clinical effect on bone within this dose
range. It has been estimated that a proportion of
Women taking the recommended dose of Premarin
continue to lose bone mineral, even though mean
values are gustained or improved.?
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The finding that sodium equilin sulfate and sodium
estrone sulfate, at the doses present in Estratab,
preserve bone mineral density provides suppoert for
the propesitiaon that equilin contributes to the
bone preservation effects of Premarin. However,
as discussed at the beginning of this memocrandum,
the requirement for approval of an ANDA is not
that generic drugs have effects similar to the
reference listed drug but, rather, that they have
the same active ingredients. Only if the active
ingredients are the same can generic copies be
relied upon to have the same estrogenic potency
and, therefore, the same effects on bone.

Limited data on the pharmacodynamic effects of
DHES on bone have been submitted by Wyeth-
Ayerst.’?” These data show that DHES has a
pharmacodynamic effect on bene markers, but the
data do not shed light on whether the DHES

component of Premarin has a meaningful clinical
effect on bone.

iii. Safety

There are safety concerns about all estrogen
preparations currently appraved for long-term
administration for the prevention of osteoparosis.
Long-term estrogen administraticn 1s associated

with an increased incidence of endometrial cancer

in women whe have not undergone hysterectomy, and
there is an ongoing cantroversy about the

relationship of long-term estrogen replacement
therapy to breast cancer.

No head-to-head studies have caompared the long-
texm safety of varicus estrogen preparations when
used chronically for the prevention of
osteaporosis. The available epidemioclogic
evidence, summarized at the July 27-28, 1995,
Advisory Committee meeting, does net definitively
establish safety differences among various
estrogens.'” Thus, it is not known to what
extent, if any, differences in the types of
estregens used may affect safety.

There are nc comparative safety trials of Premarin
components avallable. There are few

pharmacodynamic markers avallable with which to
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assess safety for effects such as cancer.
Thezrefore, sufficient clinical data do not exist
to fully characterize the contributions (either
pesitive or negative) of various Premarin
components to 1ts clinical safety.

iv. Other pharmacologic effects.

There is currently intense interest in the role of
estrogen replacement therapy (ERT) in the
preventicn of cardiovascular disease and possibly
other age-related discorders in women.!®' Na
estrogen product is currently appreved by FDA for
such indications. If Premarin were to be found
effective for prevention of cardicvascular
disease, elucidating the effects of Premarin and
its components on relevant pharmacodynamic
parameters would be important in fully
characterizing the product. There are clinical
data suggesting that equine estrogens may have
differential effects on parameters such as
lipaprotein levels and 1lipid peroxidation;3-°
however, these data are as yet very incomplete.

Inclusion of A8, 9-dehydroestrone sulfate (DHES) .

Many of the issues raised by Wyeth-Ayerst in its
citizen petition submitted in November 1994, and
addressed in numerous submissions to the docket of the
citizen petition, pertain to the need to include DHES
in generic copies of Premarin. Although this
memorandum is not intended to be a response te the
citizen petitiom and should not be coustrued as one,
the scientific issues related to this compound are
addressed below insofar as they relate to the
approvability of generic copies of Premarin, which is
the subject of this memorandum.

As discussed previcusly at the beginning of this
section (IV.B.S5.), DHES is a conjugated estrogens
compound that comprises about 4.4% of the "label claim”
ef Premarin. It has been recognized as a constituent
of Premarin for twe decades.® However, little
scientific data have been available on its activity,
and it has been treated as an impurity. Information
submitted by Wyeth-Ayerst on the pharmacokinetics of
DHES in Premarin reveal that its metabolire, 17p-a8,9-
dehydroestradiol, is present in surprisingly large
Concentrations in the plasma, considering the
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compositiocn of the tablet.‘ ppa analyses support
this finding.” The 178-48, 9-dehydrocestradiol
concentration is important because the diocl form of
estrogen is usually the most active in the human body.
After taking Premarin, the concentration (or AUC) of
unceonjugated 178-a8, 9-dehydroestradiol in the plasma is
between 50% and 125% (depending on what study results
are used) of the concentration of unconjugated 178-
estradiol and is ome third the concentration of
unconjugated 17¢-dihydroequilin.

The fact that a compound is prasent at high
concentrations in the plasma does not necessarily mean
that it is clinically important. The significance of
the finding that 17p-a8, S-dehydroestrodiol is present
in high concentrations depends on the potency of 17p-
A8, 3-dehydroestradiel compared to the petency of the
cther circulating estrogens. If it is assumed that the
potency of the 178-dicl metabolites derived from
estrone sulfate, equilin sulfate, and DHES have equal
potency, then the contribution of DHES to the overall
estrogenic activity of the 178-dicl metabolites of the
three estrogens would be 16% (based on unconjugated
diol AUCs) to 26% (based on total dicl AUCs).®
However, there are several ways to evaluate relative
potency of estrogens. One method, testing in animal
spacies, is useful for determining estrogenicity, but
has not proven to be quantitatively predictive for
humans (the original rat potency test for conjugated
estrogens is a good example). This could be due to
interspecies differences in metabolism, some of which
have been confirmed.!%?

if animal testing is not adequately quantitative, in
vitro studies using human cells or receptars may be
performed, or human clinical tests may be carried out,
Scientific data of both types assessing the relative
potency of DHES have been submitted to the docket.
Wyeth-Ayerst provided data on human estrogen receptor
binding as well as functional activation data in HEP-2
cells. . In addition, Duramed Pharmaceuticals provided
data on functional aetivaticn of Ishikawa cells, a
human uterine cell line.'@ The results of these
studies are summarized in the OCPEB Report of October
25, 1996, Addendum 1 to that report dated February
12, 1997, and Addendum 2 to that report dated March

31, 1897.77 These OCPB Reports attempt to quantify the
clinical estrogenic contribution to Premarin from
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equilin, estrone, DHES, and l7a-dihydroequilin based on
the potencies derived from the wvarious in vitrc assays
in combination with the pharmacokinetic data.

The OCPB Repoert estimates that, based on the in wvitra
potencies and the known pharmacckineties. DHES and its
metabolite contribute approximately 2.8-6.53% of the

overall estzogenic potency of Premarin, depending on
the assumptions used.t!%

Just as with the animal data, it 1s important to try to
assess how reliably the in vitro data praedict the
actual clinical outcomes. A limitation of cellular
agssays is that only cne tissue type is evaluated. The
results of the OCPB 3nalysis shows that widely
differing estimates are arrived at depending on the
system used.'®™ This may be due to artifacts of the
system (i.e., metabolism of estrone ta estradicl, etc,
in the Hep-G2 cells), true tissue differences, or other
reasons. The best way to evaluate the in vitro potency
assignments is tc compare their results with known
clinical outcomes. In this case, certain comparisons
are possible because both estrone sulfate and equilin
sulfate have been tested in women as single
ingredients.®’ A number of clinical studies have
shown that, for both FSH suppression and treatment af
menopausal symptoms, equilin sulfate is roughly five
times more potent than estrone sulfate when
administered as a single ingredient. Compariscn of
this known clinical fact to the potency estimates in
Tables 3 and 4 of OCPB Addendum 2 reveals that the
Ishikawa cell potencies do not correctly predict the
oral potency of equilin relative to estrone.’ The
Ishikawa cell Qata predict that oral equilin sulfate
would be equipotent to or less potent than estrone
sulfate. Of the other in vitro estimates, the estrogen
recepter binding assay best prediets the known
differences between equilin and estrone, predicting
equilin sulfate to be between two to four times more
potent than estrone sulfate depending on the
assumptions used. Because of these widely differing
estimates, it must be concluded that in vitro assays,
even in human systems, cannot currently be relied upon

to provide precise predictions of relative clinical
potencies.

The other information available on the relative potency
©f DHES comes from human studics. Wyeth-Ayerst
submitted the results of twe human studies to the

29



docker.’" These studies were small, unblinded,
uncontrolled trials, and wauld not be cf£ the type
relied upon for determining safety or efficacy af a
drug. In addition, they did not use a dosage form
equivalent to that of Premarin, and thus their results
cannot be directly extrapclated to Premarin. However,
they are guite similar to the types of studies that
were originally used to evaluate the role of estrone
sulfate and equilin sulfate in Premarin and can be used
to assess certain comparative pharmacodynamic
parameters. In these trials, 0.125 mg of DHES was
administered daily tc postmenopausal women. This dose
of DHES is about four times the amount in a 0.625 mg
tablet of Premarin. In both studies, this dose of DHES
caused approximately 15-26% suppression of FSH after
two weeks of dosing. This is in the range of
suppression resulting from 0.625 mg of estrone sulﬁate
reported in the literature.®® The study performed in
Brazil included a comparison group given 1.25 mg
estrone sulfate. This group achieved approximately a
40% reduction in FSH levels at two weeks. This effect
is asomewhat greater than has been previously

reported, %9-%!

Based on these human data, the oral potency of DHES
(for pituitary pharmacodynamic parameters) is (very
roughly) five to six times that of estrone sulfate, or
very similar to that of equilin sulfate and is about
what would ke predicted on pharmacokinetic grounds if
the estrone and DHE derived diols were roughly
equipotent. DHE, like equilin, is a B ring unsaturated
estrogen. If DHES has the same oral potency as equilin
and if the contributions of estrone sulfate, equilin
sulfate, and DHES plus the small amount of 178-A8, 8-
dehydroestradicl sulfate were to be considered, then
DHES and its mectabolite would contribute about 8% of

the estrogenic potency from these three components, at
least for pituitary parameters.

It can be seen from the above analysis that the high
end of the estimate of the contributian of DHES to the
estrogenic potency of Premarin from the in vitreo assays
1s similar to the estimate derived from clinical
studies, i.e., about 2%, and both of the estimates are
lower than the 16% tc 26% estimate based on an
assumption that each 178-diocl metabolite is equally
potent. Unfortunately, all of the estimates have
Problems and uncertainties. A precise estimate of the
potency of DHES relative to estrone sulfate is not
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available. In addition, none of the data provide
insight into the contribution of these components to
estrogenic potency with respect to bone. As discussed
abhaove, preliminary pharmacodymamic data indicate that
DHES has an effect on bone markers. The available data
demonstrate that DHES is a poteat estrogen and may make
a clinically meaningful contributicn to the therapeutic
effects of Premarin.

V. Conclusiconas

1'

Under the Federal Food, Drug, and Cosmetic Act, for a
generic drug product with Premarin as the reference
listed drug tc be approved, the generic drug must have
the same active ingredients as Premarin. This
requirement, paired with a showing of biscequivalence of
the generic drug to the reference listed drug, is meant
to ensure that the data develeoped by the innovator
company to demonstrate The safety and effectivenesas of
the reference listed druqg will support approval of the
generic drug. Independent demonstration of safety and
effectiveness is not required for approval of generic
drugs. Approval of generic copies of Premarin
manufactured from combined synthesized components will .
require data sufficient to demonstrate that such copies
contain the same active ingredients as Premarin.

The reference listed drug Premarin is not adequately
characterized at this time. In partiecular, the
estrogenic potency of the product is not clearly
defined relative to the estrogenic potency of its
constituents. In addition, the contribution of the two
most abundant estrogens, sadium equilin sulfate and
sodium estrone sulfate, to the overall estrogenic
potency is not well understood. Furthermore, the
quantitative composition of Premarin with respect to
potentially pharmacologically active components has not
been defined. Without this information it is not
possible to define the active ingredients of Premarin.

Investigations designed to produce the scientific data
ficeded to determine the active ingredients are
feasible. Such information would allow a determination
of which components of Premarin make a a clinically
meaningful ceontribution to its overall effects. It is
both feasible and desairable for the constituent active

ingredients in Premarin to be characterized to this
extent.
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With regard to sodium 48, 9-dehydroestrone sulfate
(DHES), the available scientific evidence indicates
that DHES is an active estrogen that cantributes to the
estrogenic potency of Premarin. The clinical
significance of this contributicn has not been
determined. DHES must be included in generic copies of
Premarin unless scientific data are presented that
demcnstrate that the estrogenic acrivity of DHES is not
clinically meaningful.

Despite the fact that at this time Premarin is not
adequately characterized, the Agency could approve
generic copies of Premarin that sriginate from the same
natural source material (pregnant mares’ urine) before
the active ingredients are defined, provided that
detailed chemical composition of the preoduct is known.
This is because Premarin is manufactured and controlled
using certain methods, and there could be confidence
that generic copies using the same source materials and
controlled in the same manner, based an the known
composition of Premarin, would have the same level of
assurance that the same active ingredients are in the
generic product as are in Premarin.

In summary, the Center concludes that because the
reference listed drug Premarin is not adequately
characterized at this time, the active ingredients of
Premarin cannct now be defined. Until the active

ingredients are defined, a synthetic generic version of
Premarin cannoct be approved,

;;ESt Woedcock, M.D.
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