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MEMORANDUM 9EPAFKMENT OF HEALTH & IIUMAN SERVICES

@

. . PubiicHemh Swvica4
. ‘.. Food end DrtJg Admbdstradort

Canter for Drug Evaluatjanand Rcwiiarch~

-: Director, Center for Mug Evaluation and Research

amcz : Approvability of a Synthetic Generic Version of Premarin

m: Douglas L. Sporn
Director, Office of Generic Drugs

I. Introduction

This memorandum transmits the Center for Drug Evaluation and
Research’s (CDER] pasition an the circumstances under which an
abbreviated new drug application (ANDA) far a synthetic version “
af Premarin could be approved at this time. The Center’s
Conclusion is that because Che reference listed drug Prexuarin is
not adequately characterized at this time, the active ingredients
of Premarin cannot 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.

/+ny synthetic generic conjugated estrogens application based on
Premarin as the xeferencc listed drug is not to be appraved until
the active ingredients of Premarin have been sufficiently well
defined to permit an M’JDA applicant to establish that a synthetic
genesic form of Premarin has khe same active ingredients as
Prexnarin. In add2tion, I am requesting that the biaequivalence
guidance for conjugated estrogens be examined to determine
whether it should be revised LA view of this position.

II. Legal Requirements for Approwal of an AJH12A

Under section 505(j) (2) (A) (ii) (II) af the Federal Faod, Drug, and
Cosmetic Act (the PD&C Act or the Act], 21 U.S.C. S
355(-j) (z) (AJ (ii] (11). an abbreviated new drug application (ANDA)
that refers to a listed drug with nmre tha one active ingredient
must contain, among other things, ‘information to show that the
active ingredients of the new drug are the same as those of the
listed dreg ---- -Section 505(j) (3) (C) (ii) of the Act, 21 U.S-C.
S 35S(5) (3) (Cl (ii). re~ires that tha Secretary shall approve
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such an ANX3K unless the Secretary finds, among other things, that __
“information submitted with the appl>catian is insufficient ta
Show that the active ingredients are the s-e ag tie active
ingredients af the listed drug ....-

The implementing regtalatiens pravide that an ANDA not based on an
approved suitability petition must provide information ta show,
among other things, that the active ingredients of the proposed
and the reference listed drugs are the same (21 C.F.R. S 314.94
(a) (5)). FM will refuse to approve an AN13A if “information
submitted usth the abbreviated new drug application is
insufficient to show that the active ingredients are the same as
the active ingredients of the reference listed -g” (21 C.F.R. S
314.12?(a)(3) (ii))- The term “same as” means identical in active
ingredient(s) .x (21 c.F.R. 5 314.92(a) (11)

The Agency has defined the term “active ingredient,” as f~ll.ows:

any component that is intended to zurnish
pharmacological activity or other direct effect
in the diagnosis, cure, mitigation, treatment, or
prevention at disease, or to affect the structure
or any function of the bady of man or other
animals. {21 C.P.R. SS 6Q.3(b) [2), 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 bioequivalent is approved without independent effectiveness
data.’ To meet the definition of an active ingredient in this
context, a component must be intended to furnish sufficient
pharmacological activity, or other direct effect, to have some
therapeutic effect (i.e., to diagnase, cure, mitigate, treat, or
prevent disease, or to affect the structure or function of the
body} . Thus, an active ingredient perfozms a drug’s therapeutic
functfons. The definition of “pharmaceutical equivalents” in 21
C.F-R. 5 320-l(c) is consistent with this definition of active
ingredient in that it focuses on the therapeutic moiety:

Pharmaceutical eqzYIVaJents means drug products
that contain identical amounts of the %dentical
active dmg ingredients. i.e., the same salt or
ester of the same therapeutic moiety-- -that meet

‘InMEctka th. k $Yice Competition and Pat~k ~~ Remtorakioza ACC
or 1984. Congrese intanded that no safety or cff..civ~mam ~ta hayond that
dav.loped by th. %pnmce~ cuuGwJny be nmaded to sup~ort ●WOUml of the
s--=i= product. (S-- X.R. Bep. ??0.9S7 [Part ~j. ggth Cmg. ad sa~=. 14, 1~.
17 (19B4)].fiu inCerprutation of the accivg ~&~c d=gi~iti~ in t~is
mo.moranduw is intended moldy am a~pliad CO ANDA apJvroval-
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identical compendia or ether applicable
standards of identity, strength, quality, and
pu=ity, disintegration times andlor dissalutien
rates.

Consequently, nat all components that “furnish pharmacological
activity or other direct.effect” meet the definatiora of an active
imgrediexzt. A component may be considered an active ingredient
only if it provides a clinical.~y meaningful contribution to the
therapeutic effect of the drug. A subjective intent far a
component to have such effect will not suffice in the absence af
objective evidence of a clinically meaningful contribution. (See
2X C.F.R. s 2ol.12a: imtended use refers to objective i~t=nt.)

In most cases, it will be clear what components of a drug make
clinically meaningful contributions to the drug8s 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 meaningful contribution to the therapeutic effect, FIX
cannot approve a synthetic generic d~g that does not include
such component until it has been determined whether the component
makes such a contribution.

xxx . R6gulatozy Hiutory of Conjugated Estrogens

FDA first permitted a new drug application for Premarin
{conjugated estrogens tablets made from pregnant mare’s urine] to
became effective in 1942 under the new drug previsions of the
1938 ED&C Act, Pub. L. 75-717, 52 Stat. 1040, based on chemistry,
manufacturing, and controls information acceptable at that time
and a sh~wing, from reports of clinical investigations, that the
drUg praduct was safe for its intended use in the treatment of
menopausal symptoms and related conditions. The praduct was
known at that the to contain estrone and equilin, and it was
known that additional estrogens were present in ~allex amen.mts.
The tablet strengths and estragenic potencies of Premarin tablets
were controlled using a calorimetric assay and a rat biaassayr
respectively, with estrone as the reference standard. Thus, the
0.625 mg p~e~rin tablet was assigned this value because it
contained estrogenic potency that, in the rat model, was
equivalent tu 0.625 mg of sodium estrone sulfate.

In 1970, the United States Pharmacupeia (USP) published
monographs for conjugated estrogens and conjugated estrogens
tablets, establishing the first coxapendial standards for these
products.z The U5P described corajuqated estrogens as containing
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sodium estrone sulfate and sodium equilin sulfate. ~ This
description appears to have been based on the known quantity, i= -
Premarin, of each of the two tigredients as well as their
demonstrated clinica~ estsogen~c efZects.3-4’5 The two compounds
were known to be the most abundant estrogens in Fremari.n.
Cliaical data showing estrone tn be an active estrogen were
available, and zll-scale clinical studies ef sodi~ e~i~i~
sulfate indicated that it was a more potent estrogen than
estrone.c Limited data from a study completed in 1963 and
published in 1971 suggested that sadium 17a-dihydroequilin
sulfate, the third most abundant estrogen, had little clinical
activity.’

With the publication af the monographs in 1970, the rat potency
test was eluninated 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 estrm’ie sulfate and sodium eqllilin 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 prioc to
1962 were required to demonstrate safety but not effectiveness at
the time of approval. In 1962, enactment of thai Harxis-Kefauver
amendments to the FD&C Act created a requirement for a
demonstration of the effectiveness of new drugs including new
drugs approved between 2938 and 1962 {Pub. L. 87-781, 76 Stat.
780) - FDA contracted with the National Academy of
Sciences/National Research Council to carry aut the Drug Efficacy
Study to assess the evidence of effectiveness available far new
drugs approved prior to 1962. FDA then implemented the results
in an effozt known as DESI (Drug Efficacy Study Implementation) .
The 1972 Federal Register notice announced FDA’s conclusion that
a n-er of estrogen products, Including Premarin, had been sheb~
to be effective for menopausal symptoms (and several other
conditions] based ~n the DESI Panel recaxunendations and other
available evzdence. FDA also found that the listed estrogen
products were “probably effective” far prevention of

~Xn the Dreamble to the final rule Lmplnnentbg Title x of che -g
L&ice Competition end Patane Tarm ~=toracion Mc of 1984.w etated tlxat,
althaugh fn mogt cases the hganey vill censidcx arI accivu ~grmdienc to ba G=
eama aa ChnC of Ehq zmfcrmnce limted dXUV %E ie meets the standards of
Montity described in the USP, ‘in some cesea, FllA may preecrti. additional
etandarda tkt acm macmzial ta mn :ngr_tient.s sM_.EB.-
RegisCt3r, VaL. s7. g. ~7g60. xTgsg, ~pgil an, 1992.)

(Sea Federal

3zo.l(c?; #
Se. almo 21 c.F.R. 5

~lch atacea the an ktiacical activo drug k~edimt My meet
‘idaneical c~tiiel x e- ~Liaabl. •~ *“ (qhasia added}. _
applimscurrenteclontifk knowledge in makhg ita regulatory deeimiona. ew-
if that Iumwledg- hsu not yst bean incorporated LOEO th. U.5P n.nograph-
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osteoporosis. For indicatioras found to be “probably effectiv~,”
FDA required sponsors to eithex submit substantial evidence of
effectiveness or remove the indication from the product Labeling
within a certain period of time.

In 1978, Ayerst Laboratories proposed that conjugated estrogens
be required to cantam seven estrogenic components. Ayerst
subsequently modafied this proposal to request only that 17u-
dlhydcoequilin be added to the existing USP manogzaph.s In 19a2,
FM and USP convened a public meeting to discuss Ayerst
Labaratoriese praposal that the monograph for conjugated
estrogens include 17a-dihydroequilin-t~ FDA stated at that time
that the composition of conjugated estrogens should be determined
by estrogemic potency and that the propesed c~pound had low
potency and likely did not contribute to the clinical effect.
USP determined that 17a-dihydzoequilin should not be added to the
monograph as an active ingredient.

In 1980, EDA published the first version of the document now
known as the Approved Druq Products with Therapeutic Equivalence
Determinations, also known as the “Orange Book.”11 This document
lists the FDA assignment of therapeutic equivalence among
duplicate drug products based on available data pertaining to .
their phamceuti.cal equivalence and bioequivalence. Existing
conjugated estrogens tablet products were classified as “5S,”
i.e., not considered therapeutically equivalent, because of
caxzcern that tie USP monograph specifications for estrone sulfate
and equilin sulfate were inadequate to ensure that pmaducts
meeting the monograph standard wguld necessarily produce
equivalent therapeutic effects in patients.’z The “W” code is
used by FDA to indicate that drug products are not considered
therapeutic equivalents due to deficient drug standards-

In 1986, FDA announced in the Federa2 Register that a 0.625 mg
dose of Premarin daily was found to be effective for preventioxa
of osteoporosis in postmenopausal worneri-z3Two dose response
Studies evaluacl.ng the effect of P=emarin on bone mineral density
had been published in the literature.l”~s

In 1966. while developing an appropriate in vitro dissolution
test standard for conjugated estrogens bioequivalence testing,
FDA discovered that Prernarin tablets were a modified release
dosage form.is This unexpected characteristic of the Premarin
formulation meant that generic copies were unlikely to be
bioequivalent unless they also had sixnilar modified release
characteristics . Because of this discovery, ~ changed the
“Orange Rocak” code for generic conjugated estrogens tablets from
‘%5” to ‘BP.”~v The code “BP” means that generic praducts so
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labeled are not considered therapeutically equivalent due to a
potential blaequivalence problem. FDA then began to require that
generic conjugated estrogens products demonstrate hidequivalence
through in tivo human subject bioequivalenee testing.ie Because
bioequivalence testing is ordinarily performed on the active
ingredients of a product, the question of the active ingrediezats
Of Pzemarin again was raised.

In 1999, FDA’s Fertility and Flaternal Health Drugs Mvlsory
COnuaitCee corasidcred the question of the active ingredients in
Premarin.l~ The Ccmmdttee agreed that sodium estrone sulfate and
sodium equilin sulfate are active ingredients, but could not
reach a consensus on whether cm not other estrogens in Pre!nari.n
wexe active Ingredients.zo In 1990, an Ad Hoc Subco~ittee of
the Fertility and Maternal Health Drugs Advisory Committee met ta
consider Premarin bioequlvalence issues.al Again, the group
agreed that the cwa named active ingredients were correctly
designated, but could not reach a con6ensus on whether additional
components should be regarded as active lhgredients.zz

In 1990, FDA published a prop=sal to withdraw approval of the
“BP” coded generic conjugated estrogens formulations far which
therapeutic e~ivalence could not be ensured.Z’ The proposal
included withdrawing all generic conjugated estrogens marketed at ““
that time. The Agency withdrew approval far these products i=
1991, and theze are currently no approved generic conjugated
estrogens tablets on the U.S. market.z”zs

In February 1991, FDA’s Generic Drugs Advisory Committee met to
consider issues of pharmaceutical equivalence and bio.equivalence
fOr co~jugated estrogens.zG FDA proposed to the committee that
three of the additional estrogens in Premarin be recommended for
inclusion as “concomitant components” in the USP monagraph far
Conjugated e~trogens.z’~za These particular “concomitant
components” would be required to he in the product, but would not
be considered active ingredients and, thus, would not need to be
included in bioequivalence testing.zg The Generic Drugs Advisory
Committee endorsed this proposal.30 Subsequently, the USP
monographs an conjugated estrogens were amended to include the
three additional “cancamitant components.”’~

On November 30, 1994, Wyeth-Ayerst submitted a citizen petition
requestlngr among ather things. that FDA not approve any generic
conjugated estrogens products that do not contain the compound
sodium A8,9-dehydroestrone su~fate (DIES) .32 Wyeth-Ayerst also
submitted a petitiom for a stay of action re~e~ting that FDA
Sray any decisian to “receive” an ANDA for a conjugated estrogen9
product chat does noc contain DHES and stay any approval of such
an application until FDA responds to the petition.”

6
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Because of the complex seiehtific issues associated with
determining the active ingredients of conjugated estrogens, in
the summer of 1995, CD&R formed an M Hoc CanjugaCed Estrogens
Working Group to consider these issues. That group of CDER staff
e%amined available data related to the composition of con~ugated
estrogens and prepared a background document for the Fertility
and Maternal Health Drugs Mvisary Committee.

On July 27-28, 1995. FD?4’s Fertility and Kater&al Health Drugs
Mwisory Committee, with representation from m’s Generic Drugs
Mvisory Committee and FDA’s Endoc%inologic and Z4etabalic Drugs
Mvisory Cotittee, heard presentations and discussions on the
compositi.en of conjugated estrogens.36 At the end af the
deliberations, in answer to questions regarding what additional
Components, if any, beyond the two recognized active ingredients
contribute ta the clinacal safety and effectiveness of Premarin,
the Committee voted unanimously in favor of the following
statement;

The Committee feels that insufficient data were
presented to determine whether oz not any individual
component of Premarin or any combination af camponerats
in Premarin other than estrone sulfate and equilin
sulfate must be present in order for Premari.n to
achieve its established levels of efficacy and safety
[=mphasis added].]’

~ November 1, 1996, FDA completed a ‘Preliminary Analysis of
Scientific Data on the Competition of Conjugated Estrogens.’”6

On Hay 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 .37

The regulatory history of conjugated estrogens reflects the
complexity of the scientific issues involved. FDA’s positions an
these issues have evolved over ttie as new information has become
available. As with any such complicated scientific issue,
differences in scientific opinion arose and continue to exist
concerning how available data are to be interpre~ed and applied
b the regulatory context. These differing views were considered
in reaching the CDER position described in this memorandum.
Three of these views were recently dac~ente~ in memaranda to the
Directar, CDER, and are representative of the spectrum of views
expressed during the Center discussions of thege issues.’*-2’”40
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A. FDA’s Historical !?asition On The Active Ingredients Of
Premarin

ALthuugh ~’s scientific Advisory Comzdttees were umable to
provide definitive advice on this issue, FDA continued to
support the position taken in the 1970 USP monagraph’~ that
the ingredients sodium estrane sulfate and sodium equilin
sulfate are the sole active ingredients La Premarin. The
reasoxm for this position were as follous:’z

1. Until recently, the scientific belief had been that all
estzogens were similar in their pharmacologic actions
cm the body, i.e., “an estrogen is an estrogen.”
Therefore, the pharmacologic activity of an estrogen
preparation could be described in te~ of its total
estrogenic patency. It uas believed that the effects
af different estrogens in a mixture were additive and
that the identity of the particular estrogen
contributing the estrogenic potency uas not crucial.
Epidemiologic data did not reweal safety or
effectiveness differences among various estrogen
preparations used for hormone replacement thexapy. -

As a result, Premarin has historically beers defined in
terms of total estrogenic potency rather than the sum
of the potencies of various components. In 1970, when
the first USP monograph was published, little
information was available on the effects of eStrOgens
on bone, and the estimates of estrogenic potency of
Premarin components were derived from clinical studies
of menopausal symptams. Much of PremariR’s estrogenic
potency for menopausal symptoms can be attributed to
the effects of estrone and equilin.

2. Available data an the detailed composition of Prernarin
and the pharmacologic activity of its components were
limited. Much of the available data indicated that
many compounds found ixa Pramarin 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 0.62S 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

-., 0
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preparations. rasultlng from omission of comparaents
from generic copies, would not be clinically
meaningful. ..

4. Isa additioti, the monograph ranges far the content of
sodium estrone sulfate and sodium equilin sulfate in
conjugated estragens are wide.” Therefore, it was
believed that miuor differences in estrogen content
between synthetic generic products and Premarin due to
the absence in the 9eneric copies of several minor
Preynarin constituents could not make a clinically
meaningful difference. [Note: the percent coefficient
~f vaxiation of sodium estrome sulfate is 1.991 and of
sodium eq’uilh sulfate is 3.01, based on percent
estrogen composition in 500 batches of Premarin
Tablets.4’]

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

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

1.” Emerging scientific evidence demonstrates that all
estrogens da not eXeZt their effects in a uniforn!
manner with respect co different target tissues. These
differential effects may be due to variable
pharmacokinetics ,’ tissue metabolism, tissue-specific
receptOr factors, or addi-tional ~eason=.~S,~$.iv.~~,*9-S0
For example, clinical studies have shown that the
potency of equilln sulfate relative to escrone sulfate
varies depending on the pharmacodynamicd effect being
8tudied.S’”’ A dose af equi.lin sulfate that is
equipotent to estrone sulfate using one parameter may
be more er less potent when evaluated using a different
measure. For this reason, the active ingredients of
Premarin cannot be defined solely in terms of overall
estrogenic patency in any single system, but must be
defined based on their contributions to particular
estragenic effects-

*

‘~rmacokinatice can b defined an dxxg aborpcion. excrutian.
matabol*m6. ar diakri.bution.

9
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Put simply, the new scientific evidence shaws that anc
estrogen can be more active than axaathcr in a specific
t~ssue or organ, such as breast, uterus, or bone- The
most striking example of this is tlm synthetic estrogen
analog tazmxifen, which blscks estrogen actions in
breast tissue, but has estrogen-like activity an bone.
These new findings have stimulated extensive research
into new pharmaceuticals that cauld have selective
actions on specific tissues and thus might pzovide
beneficial hormone replacement therapy without some of
the undesirable side effects, or could be useful in the
treatment of cancer or other conditions.

2. Compositional analysis of PxemarZn using modern
analytical techniques demonstrates that it consists of
a mixture of a substantial number of compounds with
pacential pharmacologic activity. In fact, the
steroidal cantent of Pzemarira has not been completely
defined.52 Undoubtedly, many of the compounds present
in Premarin do not provide a clinically meaningful
contribution to the therapeutic effects of the drug and
are best thaught 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 achieved 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 is
achieved by clinical trials alone.

3. Clinical studies have revealed that the assigned
potencies of Premarin tablets, which were based on the
rat bioassay, do not correctly reflect the tablets’
relative pOtenCles in human studies-SO~sl~l~sJ 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 menopausal symptoms
in postmenopausal Women.SO-7 Because the human studies
evaluating the relative potency of Premarin have been
small, a Preeise estimate of the estrogenic potency of
Premarin relative to estrorae sulfate has not been
determined. Because the relative potencies of
Prexaarin, estrone sulfate, and e~ilin sulfate are not
clearly established, it is not possible to tell how
much of the effect al? Premar%n can be accounted for by
the effects of equili.n sulfate and estrone sulfate.
Measuring these effects is further complicated by the

10
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fact that the importance or contribucloxa of each
ingredient may depend on the tissue that 1s being
tested. e.g., bone, breast, patuitary, or uterus.

4. New clgmical studies have clearly demonstrated that
there is a dose-response relationship between estrogen
administratiarr and bone mineral density in
postmenopausal women.S’”S5 It follows that ensuxing an
equivalent estrogenze potency is important in the
approval of generic copies ef estrogen products
intended for prevention Of osteoporosis. In other
wnrdsr it %s important fez the osteoporosis indication
that synthetic generic conjugated estzogezzs based on
Premarin have estrogenic strength that is identical to
the Premarin tablet.

s. The recent findings with regard to A8,9-dehydroestrone
sulfate (DHES) illustrate a number of the above points.
This cumpound was first detected in Premarin in
1975.’6’57 DHES represents only a small percentage of the
estraqenic ccxmpaunds present in the product: 4.4% of
the “label claim” (i.e., 4.4% of 0.625 mg or
approximately 0.0275 mg of M’ES per 13.625 mg tablet] .
[Note: Premarin also contains a small amount of the
DHES meta.bo$ite sodium 17~-A8, 9-ciehydroestradiol
sulfate .= This metabolize comprises approximately
0.003 mg per 0.625 mg tablet. Therefore, the total
DHES plus sodium 17~-a8, 9-dehy&oestradiol sulfate
ccintent of a 0.625 mg tablet is about 0.03 nag or
approximately S% of label claim.] Until recently little
has been known about DHE.Sor sodium 179-a0,9-
dehydraescradiol sulfate.

Pharmacokinetic studies submitted by Wyeth-Ayerst
demonstrate that, after single or repeated oral dosing
of Premarin in women, the plasma concentration or AUC’s
of the (conjugated plus Uncanjugated) 17~-a8,9-
dehydrocstradiol metabolize of IM-rESis the same ozder
of magnitude as the concentration of the 176-dial
metabolizes of the active irigredients estrone and
equi lin -‘**‘O”1 The 17-P A8,9-estr@~Ol concentration is
approximately 34% of the combined concentrations of the
17p-diol metabolizes of estrone and equilin. or 26% of
the l?p-diol metabolizes from the three estrogens. The
finding that a low-level (5%) campament of the tablet
would generate a significant concentration of a
potentially active metabolize was completely unexpected
and illustrates the longstanding inadequate
characterization of Premarin- These pharmacokinetic

11
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-ta da not Themselves prove that the DH&S in Premasin
makes a Clinically meaningful contribution to the
therapeutic effect of Premarin. However. prdixulnary
c>ixaical studies indicate that the potency of DIES aiay
be similaz to that of equilin.
belaw. )

(See detai.l=d discussicxz

6. Based on this new scientific information, tbe Centes
concludes that Premarin is not adequately characterized
and that, thesefore, at this time, its active
ingredients cannot be fUlly determined. Additional
information on both composition and relative potencies
of components will be necsssary to adequately
characterize this product. This conclusion is in
agreement with the findings of FWirs 5’extility and
Maternal Health Advisory Committee at Lts July 27-29,
1995, meeting on this subject.’4

c. Unresolved Xsaues Concerning the Current
Characterization of Premarin

Products such as Premarin, that are derived from natural “
seurce mat=rial, 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 !!U2aningfUl contributions to its
therapeutic effects. In other words, it is possible to
define the active ingredients of a preciuct that is
adequately characterized.

There are at least two possible ways to characterize a
product. The most straightforward method includes, flrSt,
chemical analysis to determine what components are present
at significant levels in the product. The interpretation Qf
“significant leve19” cannot be exact and w~uld depe~d on the
specific product; however, it is desirable that components
present at the 0.1% level or greater be identified and
quantified- Once the components of the product are
identified, the next step in characterization would be to

determine which of them have potential human pharmacologic
activicy. Such a determination may be based on the
following: the quantitative amount in the product,
structure-fuction relationships, in vi~ro tests, animal
studies, human studies, or a combination of these. Finally,
far components that may contribute to the therapeutic effect
based on petential pharmacologic activity, a study could be

...” 12
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conducted comparing the effects of each component al=ne, and
in combination with additional components, to the effects of
the entire praciuct, 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 “cantidate” actim 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 ingredients against the ariginal pzaduct,
could, if carried out caxefully, demonstrate that the
combination contributed all the clinically meaningful
therapeutic effects af the original product. This approach
might nat clearly identify which of the “candidates” were
actually active, but could en5ure that the combination
tested included all of the active ingredients is the
product.

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

1. Composition

At least ten estrogenic cnxnpounds have been identified
and quantified in Premarin. The composition data for
the ten estrogenic compounds cited in the Conjugated
Estrogens, USP monograph. and listed in Table 1, were
generated by the Center’s Division of Drug Fuzalysis
from an analysis of two batches of Pr-rin 0.625 mg
tablets.U These results agree generally with ather
data available to the Center.

Table 1

Estraae
Equilin

17a-Dihydre.qui.lin
17U-EaCradiol
17P-Dlhydzoequilin

l’7--Dlhydrocquilenin
X?fi-mhydroequilenin
Equilenin

17p-e=lLz*diol
a8,9-dehydmestrone

0.370
0.1613

0.102
0.027
0.011

0.011
0.021
0.015

0.005
o-a26
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Additional info-tion on the camponerat DHES and its
xuetabalite are discussed later in this section
(IV.C.41. Additionally, tie fact that Prexaarin
contains progestational agents (composition
unspecified) has been disclosed by Wyeth-Ayerst.63 It
Zs Jcnoum Chat Premarirx also contains additional
steroidal Compounds.= However, precise data an
Premarin’s eompositian are Currently very
l~tedCg~.65.~t.n

Detailed analytical infcxznation on Premarin’s
composition is the necessary basis for adequate
characterization af the product. Obtaining this
information is feasible. The constituents of Prexnarin
are small molecules that can he fully characterized by
analytical chemistry, unlike the macromolecular
constituents of most biological products, which are
difficult to fully characterize due to biologic
variability. It is desirable that the components
presemt in Premarin at or above 0.1% be characterized
and their biological activities determined.6E

It has been argued that DHES cannot be considered an “
active ingredient of Premarin because its presence in
and pezcent composition of the formulation are not
specifically controlled during the manufacturing
process.’9 Wyeth-Ayerst has submitted data
demonstrating that DHES is present at about 4.4% of
label claim with a range of 4.0 to S% (based on tea
lots of 0.62S mg Premarin tablets] .70 It is desirable
that any active ingredients, once identified, be
controlled during the manufacturing process.

2. Pharmacokinetics

Pharmaenkinetic data on Premarira components are
presented in the FDA report entitled A PJyannacokinetic
Analysis of Conjugated Estzogens Including 68,9
Dehydroestrone and 174-A8,9 De.hydraescradiol, dated
October 25, 1996 (OCPB Report),’i and its addendum
dated February 12, 1997 (Addendum),’z and also in
information submitted to the docket of the Wyeth-Ayerst
citizen petition by Wyeth-Ayerst<3g~c0 .The OCPB Report
details plasma concentrations of estrone sulfate,
e~ilin $ulfate, DIZES, and their ~et~Olite5, a= well
as concentrations of 17a-dihydroequilin, afKer
ingestion of various doses of Prc~xin.T2 Additional
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pharmaco~etic data on Pr~m CC~IUm~ and
metabolizes, presented in AddeI@uJE 2, dated March 31,
1997, to the ~CPE Repost.7J and also in infoztion
submitted to the docket by Wyeth-AyeZst on March 11,
1997, m confirm the original f bd.ing dis~Assd in the
OCP5 Report.

Table 2 is derived from phannacokinetic data tithed
by Wyeth-Ayerst based on seven-day dosing ef women with
two 0.625 zag tablets daily.6x The steady-state AUC
data are calculated from day seven plasma sampling.
Table 2 summarizes the zelatianships among oral dose,
total ketone, and total diol for three estmagex.

Table 2 - ~aUltS Of ~c~kanati= s~~~=

&atrogea Estron= ZquiJin M, 9-DH2

~-asur~ ***
oc ALJC

mg pas 2x 0.740 0.336
~.625mg tab

0.052

Tatal plain ICeEone 94.200
lng*hrAaLl

43-14s 13.610

Uncen.plaamd kokone 4.083 1.201 0.072
(ng*h=/mL~

Total plasm 179diol 8.S6S
{ng=hr/mL]

10.623 6.624

Uncon.planua 17fidiol 0-659 1.060
(=phrfmL)

0.331

The pharmacokinetics of Pzemarin compon~ts are
complex, as revealed in these data. Estrone, equilin,
aa, 9-dehy&aestroneO their active 17&reduced
Iuetaholites, and other estrogenic components of
Premarin circulate in the plasma both as the conjugated
[primarily sulfate ester) and unconjugated derivatives
and with various degrees of protein binding, as
discussed in the OCPB Report. There is interconversion
between the ketone and 17~-reduced fa~ of each
estrogen and among the conjugated and unconjugated
derivatives. The degree of protein binding of each
derivative may be important to its clinical activity.

Put 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

1s
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(deri-kives) Of that estrogen in the blood. Each of
the thres estrogens ewluated in this clinical trial
distributes differently into its derivatives in the
bedy . T?Ms means that each of the three estrogens
might cause different effects simply as a result of
these distributional differences.

The actual magnitude of the contribution of each
derivative of any component estrogen to the averall
estrogenicity of Premaxin is not well undersvmd. As
just stated, the pharmacokinetic data show that the
ratios of the concentrations of the different
derivatives are distributed differently far those
estroge=s that have been studied: estxone, equilin, and
DEiE. If there are tissue-specific effects o<
derivatives, then the size of a derivative’s
contributi~n could vary depending on the tissue tested.
The available data suggest that these tissue-specific
differences exist. For example, in vitro potency data
for estrone and 17@-escradiol were submitted by Wyeth-
Ayerst.7’ When potency was tested by estrogen receptor
binding, estrone was shown to be much less potent than
estradlaL (about 200 tfies less) , as has been
previously showla by Zeceptox binding and cellular
assays. In contrast, 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
escradiol by the cells. Therefore, in tissues that
have the capability to metabolize ketone forms to dials
(e.g., estrone to estradiol), circulating ketone farms
cauld make a large contribution to observed effects in
that tissue. Similarly, conversion of conjugated
(sulfated] forms of circulating estragens to the
unconjugated farms has been shown to occur in target
tissues such as breast.’s In these tissues, total
estrogen concentrations (i.e., conjugated plus
unconjugated) may be more important than in tissues
that carumt convert the conjugated forms to the active?
Unconjugated forms-

One striking finding in the pharmacokinetic data is the
differences in the proportions of the 170-diol
concentrations resulting from the three estragens
[sodium estrone sulfate, sodi~ e~ilin sulfate, and
DHSS), compared to the ratios of the three estrogens in
the tablet. It is known that the 17B-diol derivatives
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of equilin and estrane are patent estroge~s. The
pharmaeokinetic data as a whole show that, aftez &sing
with Premash, the plasma concentration of Uncrxajugated
17t3-dihydraequilin is about twice (1.6 times) as high
as the coricentratioa of 17J3-estradiol, eves though
there $s only abaut half as much equilin as estrone in
the tablet. The diffe~ence in the concentration @f the
active metabolize may account for the known greater
clinical estrogenic patency of equilin. As discussed
above, an unexpected finding from the pharmacokimstic
data in the Kissouri study, the most reliable data
generated to date, was that the plasma canmsntration of
unconjuqated 17t3-48,9- dehydraestrad.iol is about half
the concentration of umconjugated 17f3-estradial, even
though there is more than ten times more estrone
sulfate than DHES in Premark. This may account foz
the high oral potency of DHES that has been found in
the limited clinical studies performed with thss
corupound.7G*77

Put simply, these data show that a dose of DHES results
in a much higher blood level of the active raetabolite
than would result from the same dose of estrone
sulfate. Thi6 finding alone suggests, but does not
prove, that a low dose of DHES could have a much larger
than expected effect.

The above pharmacokinetlc data provide a basis far
beginming to understand the complex relationship
between the composition of Prcmarin and its clinical
effects. However, this understanding is still
incomplete. The pharmacokinetics must be understood in
the context of pharmacodynamic properties of the
various components, including their clinical effects.

3. Clinical effects of Premarin

Premarin and certain Premarti components have been
tested fairly extensively in animals, particularly
rodents. Animal data, either i~ vitro or in vivo, have
not proven to be quantitatively predictive af the
effects found in wamen.’” Therefore, animal tests,
while useful in screening compounds for activity,
cannot be used to definitively assign human clinical
effects. The most confident conclusions can be drawn
from h~a~ clinical testing. The following summarizes
what is known about the contribution of Premarin
components to its overall activity from in vitro or in

17
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vivo human testing.

a. Pharmacodynamics of PremarAn and Same of Its
Components

the term “pharmacodynamics” refers ts pharmac~logic or
clinical respa~ses to a given concentration of a drug
in bleed or ocher tissue.” For example, raising or
lowering blood p~essure, causing dry mouth, or
constricting the pupils are pharxnacodynamic effects of
various drugs. Pharmacodynamic effects can be
beneficial. harmful, or neutral.. The benefits of most
drugs derive frozntheir desired pharmacodynamic
effects, while drug side effects often result from
undesirable ph=macodynamic activity.

Premarin and its components, like other estrogens,
affect a wide variety of human tissues, including
pituitary, breast, uterus, bane, liver, and
endathelium .’7 Same of these actians result in the
beneficial effects ef the drug, some cause side
effects, and some (Eor example, cardiovascular ar
lipoprotein effects) have not been definitively
evaluated. There are studies in the literature of
effects of estrogen on each of these tissuesj
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 osteoporosis.

A dose-respansa relationship exists between estrogen
treatment and FSFI suppressi.on.’g Some pharmacodynamic
C@ta on suppression of FSH, including dose-response
data, exist for equilin sulfate. estrone sulfate, and
Premarin (see alSO menopausal sympt~s, below) .6$7-s0-0”
In a study of suppression of urinary gonadotrophin,
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.7 In studies of human
serum FSTi levels, Premarin has been found to be about
1.4-2.0 times as patent as estrone sulfa~e.gt~so These
studies are in relative agreement.

The published
components on

‘S6e faotrmta c. aupra.

data on the effects of Premarin and its
UteX1l’le or vaginal markers are llmite~.

..... 10
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Beck and Friedrich found equilin sulfate to be 2-3
times more patent than Premarixz for effects on vaginal
epitheliums and endometrium.e2 Varma et al found
Premarin to be twice as petent as estrone sulfate for
endometrial changes.”: Geola et al evaluated the dose-
response relationship between Pre.marixaand vaginal
cytologies and- cancluded that Z.25 mg Premarin daily
was necessary for achieving full replacement levels for
this parameter.go These studies are not adequate far
drawing firm conclusions about the relative
Contributicms of equilin end estrane to the effects of
Premarin on uterine or vaginal markers.

A number of studies of Premarin ar its components have
evaluated pharmacodynsmic markers of bone
effects. 5z.15.39.a0,63 Jones et al estimated that Premarin
was twice as potent as estrone sulfate for reduction of
the urinary calciumfcreatinine ratio. This ratio is a
measure of bone resorption. 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. Leba et al found that Premarin was twice as ‘
potent as both estrone sulfate and equilin sulfate for
reduction of the urinary calciudcreatinine ratio. The
Labo finding of a significant effect of CI.3 mg Premarin
was mot duplicated in a larger study by Lindsay et
al. 15 Because of limitations in study designs and
because the pharmacodynamic markers for bone are net
sufficiently quantitative, no conclusions abnut
eornparacive pharmacodynamic effects on bone of Premarin
or its components can be drawn from these results.

Data on Premarin or Premarin component effects on
lipoproteins and other plasma proteins, or other
pharmacodynamic markers axe quite limited-so?sl,sl.fg.d~
Having information about these effects is important for
several reasons. Scimulatory effects on liver proteins
may affect drug safety. In addition, as discussed in
the OCPB Report,’i levels of circulating unconjugated
estrogens may be affected by binding to plasma
proteins, particularly sex hormone binding globulin
(SHEIG)- Stimulation of SHRG cou~d al~er drug
availability. Available data suggest that certain
Premarin components differ in the ability to stimulate
SHBG .50 Human pharmacodynamic data o= DHES submitted
by Wyeth-Ayerst demonstrated that 1.2S mg estrone
sulfate had a much greater effect on SHEG levels than
did o-125 mg DHES;85 however, this result requires
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Taken as a whole, the available ph~acoloqic data
demonstrate that estrone sulfate (as the pipexazine
salt), equilin sulfate, and Premaran have different
pha~codynamic erfects when patency on vakious tissues
is evaluated.-’$sa.sa Far example, in a single study,
Premarin was found to be 1.4 times more potent than
piperazine estrone sulfate {expressed as the sodium
rather than piperazine salt) far FSH suppressioxb a
pituitary effect.$’ In contrast, Premarin was 3.5
times more potent than estrone sulfate far stimulation
of angiatensinogen azad 3.2 times mere potent for
stimulation of sex hormone binding globulin (SHBG) .
Presumably, thLs difference arises because other
cmponents of Premarin contribute to these effects in a
manner different from estrone sulfate- It is naC Icna%
if these differential pharmacudynamic effects are
completely attributable to the ptesenee of equ~lin
sulfate.

In summary, the two Premarin components that have been
carefully studied, equilin sulfate and estrone sulfate,
differ from each other and from Premarin in
plmmacodyraamic profile. It is not well understood
which of the pharamcodynamic actions are desirable and
which contribute to unwantad side effects. Adequate
characterization af Premarin will require an
understanding, based on scientific data, of those
Premarin components that contribute to 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 SyZmptoznshave been perfo~ed.79~60-az”56
Equilin sulfate has been found to be about three
times more potent than Premarin fer alleviating
vasomotor symptoms.sz The data submitted by
Wyeth-Ayerst on T)HES show that DHES is more potent
than estrone sulfate far these effects, but the
data are not adequate to precisely assigzx a
potency.’6 Without dase-response studies to
determine the potency of DHZS for menopausal
symptoms relative to the potency of estrone
sulfate and equilin sulfate, the contribution of

20
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DHES to the activity of Premarixz h treating
menopausal symptoms cannot be determined.
Similarly, without a head-to-head comparison of
the dose-related effects of Prrauerin, esernxze
sulfate, and equilin su~fate in the treatment of
-rmpausal spptams, the extent of cmxtribution of
the two cmnponents t= the overall estrogenic
potency of Premaxin far this effect also caxmot be
accurately determined, although it is claar that
both contribute.

ii. Osteoporosis prevention

~- The goal of preventive
therapies fox osteoporosis is the preventiaxx of
fractures and deformity. Far estrogens, FDA
accepts measurement of bone mineral density as an
adequate surrogate for preventing these longer
term clinical outcomes.n’ A number af other
markers far evaluating pharmacodynamic effects on
bone have been developed.’S None of these Gther
markers is sufficiently well understood or
quantitative to permit its use as a surrogate for
nsteopozosis prevention effects. Thezefore, irx
the absence of other validated surrogate maskers,
definitive data on bone effects must come from
human trials evaluating bone mineral density,
fractures, and/or deformity.

od 1713-t=st~l level s a~ a
Comments submitted to the docket of

Wyeth-Ayerst’s citizen petitian.aq as well as
statements in the scientific literature, assezt
that achievement of certain levels [e.g., 39 pg/m.l
(palacios et al] or greater than 60 pgiml
(Reginster et al)] of serum 17p-estyadiol is an
adequate surrogate for preservation of bone
mineral density because there is a strong
correlation between the two both in clinical
trials and in untreated perixuenopausal women.e3*90

The study by Palaci.os et al evaluated women who
had undergo~e surgical menopause and who were
randomized to percutaneous estradiol, conjugated
estrogens (source unspecified), or no therapy ove~
two years. Untreated women lost a mean of 9% Qf
spine bone mineral density over two years, whereas
the escradi=l treated group and the conjugated
estrogens treated group gained 4-1% and 5.6%

21
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spinal bone mineral deasity respectively. Women
treated with percutaneous estradiol were reported
to have a mean serum estradiol level at about 80
pg/m.l over the course of the study. me
cmjugated estrogens treated women had a mean
serum e9tradiol level of about 40 pg/m2. It iS
not passible to canclude anythiag about a
protective level of 17~-estradiol from the
conjugated estrogens arm of this study since
con~ugatad estzagens alse contain, at a minimum,
equilin and possibly other components that
contribute to the effect on bone. The value of SO
pg/ml from the percutaneous estzadiol arm is not
inconsistent with the data reported by Reginster
et al who found that circulating level of 17p-
estradial bet~eea 60-90 pg/ml correlated well with
pharmacadynamic markers of beneficial baxae
effects. This correlation suggests, but does not
prove, that estrogen replacement therapies
achieving such levels of circulating estxadiol may
be effective in preventing bone less.

FDA does not currently accepc 17~-estradLol levels
as an adequate suzrogate for ctsteoporosis
prewent%an in women. Trials of bone mineraL
density are required. In additian, the available
data do not indicate thak the potentially
protective levels of I?p-estradiol are attained
after administration of Premarin. .

The Palacios study found that treatment with
conjugated estrogens 0.625 mg resulted in a mean
estradiol level of 4Clpg/ml, which is below the 60
pg~ml minim~ suggested by Reginster. However,
the Li.brach and Nickel study submitted to the
docket, as well as the Reginster study and other
data reported in the literature, found that serum
levels of 17&estradiol above 60 pg/ml are
achieved in women treated with Premarin or a
Canadian generic copy of Premar~eg.91 Xn the
Librach and Nickel study, women treated with
Premarin achieved a 17~-estradiol level of 85.S
pg/ml while women treated with the Canadian
preduct had mean serum levels of 94.9 pg/ml.
These differences appear to relate to problems
with analytical methociol~gy, posslblc due Eo
cross-reactivity of radio-immunoassay reagents
with other components in Premarin. When serum
17@-estradiol is measured by direct =he~~cal
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meass, the high 17j3-estxadial levels are mat found
in women treated daily with 0.625 mg Premarin. Co-ta-
This latter finding is c~rrobaxamci by data from a
study of the effects of estezified estrogens
(Estxatab. USP) on bane mineral density. which was
recently presented in abstract.= In this study,
&ily dos$ng With 0.625 xug of esterified
estzogens, which contains approx~tely 0.518 mq
Sadium eStrOne 9ulfate93 (0.62S mg Premarin
contains about 0.370 mg sodium estrone sulfate)
resulted in a mean plasma concentration of L7p-
estradial of 40 pg/ml. In additian, in this same
study, daily administration of 5.3 mg esterified
estrogens ~ which contain about 0.248 mg sodium
estrene sulfate, resulted in a mean plasma
concentration of 26 pg/ml uf 17$-estradiol. 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 bioavailability data. Therefore,
the available data on serum 17~-estradiol levels
do not indicate that levels aver 60 pg/ml are
attained Ath the dose of prema~in recommended for
the prevention of osteoporosis.

The clinical effects of
Premarin on bone are weli established. A number
of clinical trials have c~nfirmed the effects of
Premarh in pre9~rViAg and increasing bone mineral
density in postmenopausal women.~4.LSOgq Ettinger et
al demonstrated in a noaarandomized trial that 0.3
mg Premarin, when administered with calcium
supplementation, was adequate to prevent bone
mineral loss in the spine and hip.95 The recent
PEPI trial demonstrated that the currently
recommended 0-62S mg dose of Premarin resulted in
an increase in bone mineral density in women
treated for over two years, while untreated women
lost bane.gs

Estrane is approved as u single estrogen (marketed
under the brand name Ogen by Upjohn, genezlc name
estropipate) , but as a cl~fferent salt from the
estrone in Premarin (the piperazine rather than
the sodium salt of estrone sulfate) for the
treatment of ~enOpaUSZtl symptoms and the

prevention of osteoporosis. The recommended dose
far asteaporosis is o-75 mg of estropipate, which
is equivalent to 0.625 mg sedim estrone sulfate.
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A dose-response study has shown that a dose
equivalent to Q.30~ mg estrane sulfate, combined
with 1 gram daily calcium supplementation, is not
effective in preserving borae minexal density.w
In this study, 0.625 mg of estrone sulfate
resulted in presezwation of bane mineral density
compared ta baseline. There was ao statistically
Significant difference 1A bone mineral density
between patients dosed with 0.625 mg and those
given 1.2S mg; however, only ~he 1.z5 mg group had
bone mineral densities statistically greater than
the placebo group at two-year follow-up. Based on
the data frem this trial, the amount of estrone
sulfate in Presuarin (apprax&mately C1.370 mg) is
too small tn account for all of Premarin’s known
effects an bone mineral density, so other
estrogens present in the produce must be
contributing to this effeer.

Additional information an the effects of equilin
on bone has recently become available. On October
30, 1996, Duramed Pharmaceuticals submitted to the
docket an abstract of a clinical study that had
recently been presented at a scientific meeting.’g
The study provided new information germane to the
clinical effecks of Premarin on bone.Ss This
study, sponsered by Solvay Pharmaceuticals, was a
clinical trial of their product, Estratab (this
trial was also discussed in the section on
estradiol blood levels) . Estratab is a generic
esterified estrogens product. Esterified
estrogens USP contain sodium estrane sulfate and
sodium equilin sulfate in differeht amounts than
are in Premarin9E (based on presentations by
Solvay, 0.300 mg of their esterified estrogens
product contains approximately 0.248 mg estrone
sulfate and 0.038 mg equilin sulfate) .’J The
study was a two-year placebo controlled trial
testing three doses af Estrata.b cabined with
calcium supplementation in postmenopausal women
evaluating bone mineral density and side effects.
According to the abstract, all three doses were
effective at 12. Ill, and 24 months ua preserving
bone mineral density compared co placebo. The
abstract reveals a dose response among the three
Estratab doses tested. 3Usa significant 1s the
fact that the lowest dnae tested, 0.3 mg Estratab,
appeared to be efl?ective in preserving bone
mineral density when given continuously in
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coxajunCti.On With calcium supplemmtation. The~e
axe lower amounts of bath estrome sulfate and
equilin sulfate in this dose of Estzatab than are
required to be in the 0.62S mg tablet of generic
ccuxjugated estragens accorting to the curr~nt
conjugated estrogens USP monograph. Therefore. if
the data $xa the abstract are correct, it could be
concluded that a product containing the ameuats of
estrone sulfate and equilia sulfate required in
the current monograph for conjugated estrogens USP
would be effective in prese~ing bone minezal
density when given continuo~ly with supplemental
calcium. Since the study by Harris, @t al.-
showed that 0.3 mg of estrone sulfate alone is nat
effective in preserving bone mineral density, then
it is likely that there was a contribution from
the equilh sulfate im the Solvay product.
althaugh firm conclusions cannot be dxawn from
cross-study comparisons. This information
addresses to some extent one of the questions
raised in FDA’s Preliminary AmaJysls of Scientific
Data on the Composition c,afConjugated Estrogens,=
that is, the fact that the contribution of equi.lin .
to preserving bone mineral density had not been
demonstrated.

Despite this additional information, the question
of what are the active ingredients in Premaxin fo=
the indication of maintaining bone is not
completely resolved. The Solvay study
demonstrated a dose 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 1.2S mg, of esterified estrogen
actually increased bone density over the two-year
period. This finding is consistent with other
published data.s~.Gl In the case of the Solvay
study, it is not known whether, ac the higher
dases, more women responded with bone preservation
than at lower doses, or whether women who would
have responded to 0.3 !ng simply had a larger
response to the higher doses. In either case,
estrogenic potency has been shown to be important
to the cllnical effect on bone within this dose
range. It has been estimated that a proportion of
women t8klng ale recommended dose of Premarin
cantinue to lose bane mineral, even though mean
values are sustained or improved.’g

2s..-
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The finding Chat sodium equilin sulfate and sodium
estrone sulfate, at the doses present in Estratab,
preseme bone mineral density provides support for
the propcasitian that equilin contributes to the
bone presemation effects of Premarin- However,
as d~scussed at the beginn~ng of this memorandum,
the requirem=k 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 axe the same can generic cepies be
relied upon to have the same estrogenzc potency
and~ therefere, the same effects on bone.

Limited data on the phazmacodynamic effects of
DHES on bone have been submitted by Wyeth-
Ayerst.’s’” These data show that DHES has a
pharmacodynamic effect canbane markexs, but the
data do not shed l>ght on whether the DHES
companerak of Premarin has a meaningful clinical
effect on bone.

iii. Safety

There are safety concerns about all estragen
preparations currently approved far long-term
administration for the prevention of osteoporosis.
Long-term estrogen administration is associated
with art increased incidence of endometrial cancer -
in women who have not undergone hysterectomy, and
there is an ongoing controversy about the
relationship af long-term estragen replacement
therapy to breast cancer.

No head-to-head studies have compared the long-
term safety of vari.aus estrogen preparations when
used chronically for the prevention of
osteoporosis. The available epidemiologic
evidence, summarized at the ~uly 27-28, 1995,
Advisory Committee meeting, does nat definitively
establish safety differences among various
●strogens -100 Thus , it is not known to what
extent, if any, differences in the types of
estrogens used may affect safety.

There are no comparative safety trials of Premarin
components available. There are few
pharmacodynamic markers available with which to
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assess safety far effects such as cancer.
Therefore. sufficient clinical data do nat exist
t= fully characterize the cmtributions (either
positive or negative] of various Premarira
components to its clinical safety.

iv. Other pharmacologic effects.

There is currently intense interest in the role of
estzogen replacement therapy (ERT) in the
prevention of cardiovascular disease and possibly
other age-related disorders in women.iol Ne
estrogen product is currently apprcwed by FDA for
such indications. If Pmamarin were to be found
effeCtlVe for preventian of cardiovascular
disease, elucidating the effects of Pxemarin 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 an parameters such as
lipoprotein levels and lipid peraxidation;S1.09
however, these data are as yet very incomplete.

4. Inclusion of A8,9-dehydroestrone sulfate (D~S) .

Maay of the issues raised by Wyeth-Ayerst in its
citizen petition submitted in Nav~er 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
xuemorandum is not intended to be a respanse ta the
citizen petition 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 capies of premarin, which is
the subject of this memorandm.

As discussed previously at the beginning of Chis
section (IV.B.5.), DHES is a conjugated estrogens
compaund that comprises about 4.4% of the “label claim”
af Premarin. It has been recognized as a constituent
of Premarin for two decades.s’ However, little
scientific data have been available on its activity,
and it has been treated as an impurity. Information
s~mitted by Wyeth-Ayerst on the pharma~okineti.cs of
DHES in Premarin reveal that its mecabali~e, 17P-aS,9-
dehyciroestradiol, is present in surprisingly large
Concentrations in the plasmaC considering the
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eontpositian of the tablet .S9”’0 FQA analyses support
this fbwiing.’l The 17f3-a8,9-dehydroescra~ol
concentration is important because the diol farm of
estrogen is usually the most active in the human body.
Xter taking Premarira, the calcentration (or AUC) of
unccmjugated 179-a8, 9-dehytieeStradiol in the plasma is
between SO% and 125% (depending on what study results
are used) of the concentration of uncmjugated 179-
estradiol and is one third the concentration of
uncoujugated 17P-dihydroequilim.

The fact that a campaund is present at high
concentrations in the plasma does mat necessarily mean
that it is clinically important. The sigm~ficance of
the Sindlrag that 17P-A8, 9-dehydroestrodiol is present
in high concentrations depends on the potency of 17P-
A8,9-dehydroestzadiol compared to the potency of the
other circulating estrogens- If it is assumed that the
potency af the 17(3-diol metabolizes derived from
estrone sulfate, equilin sulfate, and DKES have equal
potency, then the contribution af DHES to the overall
estregenic activity of the 17~-diol metabolizes of the
three estrogens would be 16% (based an uncoxajugated
diol AUCS) to 26% (based on total dio~ AUCS) .61
However. there are several ways to evaluate relative
potency of estxagens. one method, testing in anixtal
species, is useful for determining estrogenicity, but
has not proven to be quantitatively predictive for
humans (the original rat potency test far conjugated

- estrogens is a goad example) . This could be due to
interspecies differences in metabolism, some of which
have been confirmed.loz

IX animal testing is not adequately quantitative, in
VZEZO studies using human cells or receptors may be
performed, or human clinical tests may be carried cut.
Scientific data of both types assessing the relative
potency of DHES have been submitted to the docket.
Wyeth-AyersC provided data on human estrogen receptor
binding as well as functional activation data in HEP-2
cells.>o’ In addition, Duramed Pharmaceuticals provided
data on functional activation of Ishikawa cells, a
human uterine cell line.’”’ The results of these
studies are summarized in the OCPB Repar~ of October
25, 1996,71 Addendum 1 to that report dated February
12, 1997,72 and Addendum 2 to that report dated March
31, 1997.73 These 0CP13 Reports attempt to quantify the
clinical estrogeraic contribution to Preerin from
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equilin, estmne, DKE5, and 17u-dihydroequi2in based on
the potencies derived from the various in vitro assays
in combination with the pha~acnlcineti.c data.

The OCPB Report estimates that, based an the in vitrca
poterac%es and the known pharmacokineties. DHzS and its
xnetabolite contribute approximately 2.9-6.5% of the
overall estrogenac potency of Premar:n, depending an
the assumptitms used.~os

Just as with the animal data, it is bpartant to try to
assess how reliably the in vztro data predict the
actual clinical cmtcomes- A limitation of cellulaz
assays is that only one tissue type is evaluated- The
results of the OCPB analysis shows that widely
differing estimates are arrived at depend~ng on the
system used.’as This may be due to artifacts of the
system (i.e., metabolism of estrone ta estradial, etc,
in the Hep-G2 cells), true tissue differences, or other
reasons. The best way to evaluate the Sra vitro potency
assignments is to compare their results with knoun
clinical outcemes. 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. Comparison af
this knawn 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 data predict that oral equilin sulfate
would be equipotent to or less potent than estrone
sulfate. Of the other in vitro estimates, the estrogen
receptor binding assay best predicts the known
differences between equilin and estrone, predicting
equilin sulfate to be between two to ~our times more
patent than estrone sulfate depending on the
assumptions used. Because of these widely differing
estimates, it must be cancluded 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
of DHE5 tames from human studlc=. Wyeth-Ayerst
submitted the results of two hman studies to the
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dockec-’s”” These studies were small. -linded-
uncontrolled trials, and would not be of the type
xelied upon for dete=ining safety or efficacy uf a
drug . In addition. they did not use a dosage form
equivalent to that of PremarinP and thus their results
cannot be directly extrapolated to Premarin. Ilewe=r,

they are quite similar to the types of studies that
were origi~ally used to evaluate the role of estrone
sulfate and equi~in sulfate in Premarin and can be used
ta assess certain comparative pharmacod~~c
parameters. In these txials, 0.125 mg uf IX4Es was
adm.histered daily to pos-nopausal women. This dose

of DHES is about four times the amount in a 0.625 mg
tablet of Premarin. In both studies, this ciase of DKES
caused approximately 15-26% suppression of FSH after
two weeks of dosing. This is in the range of
suppressions resulting trom 0.625 mg of estrone sulfate
reported in the literature.so The study pexformed in
Brazil included a comparison graup given 1.25 mg
estrone sulfate. This group achieved approx-tely a
40% reduction in FSH level-s at two weeks. This effect
is somewhat greater than has been previously
reported.sa” ‘i

Based on these human data, the oral potency of DHES
(far pituitary pharmacodynamic parameters) is (vexy
roughly] five to six times that af estrcuze sulfate? or
very similar to that of eqd.lin sulfate and is about
what wauld be predicted on pharmacokineti.c grounds it
the estrone and DHE derived diols were roughly
equipotent. 13HE,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 17P-aQ,9-
dehydroestradial sulfate were ta be considered, then
DHES and its mctabolite would contribute about 9% of
the estrogenic potency from these three components, at
least for pituitary parameters.

St can be seen from the above analysis that the high
end of the estimate of the contribution of DHES to the
estrogenic potency of Premarin from the in vitro assays
is similar to the estimate derived from clinical
studies, i.e., about 9%, and bath of the estimates are
lower than the ~6% to 26$ estimate based on an
assumption that each 17P-diol xaetabolite is equally
potent. Unfortunately, all of the est~mates have
problems and uncertainties. A precise estinate of the
potency of DHES relative to estrone sulfate is not

.
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available. In additien, none of the data provide
insight into the contribution of these components to
estrogenic potency with =espect to bone. As discussed
above, pxelimiaaxy pharmacodynamic data indicate that
DX&S has am effect on bone markers. The available data
denmnstrate that DHES is a petent estrogen and may make
a clinically meaningful contribution to the therapeutic
effects of P2egarin.

1. Under the Federal Food, Drug, arad Cssmetic Act, for a
generZc drug product with Premarin as the reference
listed drug to be approved, the generic drug must hawe
the same actiwe ingredients as Premarin. This
requirement, paired with a showing of bioequivalence af
the generic drug to the reference listed drug, is meaat
to ensure that the data develeped by the innovator
company to demonstrate Che safety and effectiveness of
the reference listed drug will support approval of the
generic drug. Independent demonstration of safety and
effectiveness is not required for approval of generic
drugs . Appreval of generic copies of Psemarin
manufactured from combined synthesized components will
require data sufficient to demonstrate that such copies
contain the same active ingredients as Premarin.

2- The reference listed drug Premarin is not adequately
characterized at this time. In particular, 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 Prexnarin.

3. Investigations designed to produce the scientific data
needed to determine the active ingredients are
feasible. Such information would allow a determination
of which components of Premarin make a a clinically
meaningful contribution to its overall effects. It is
both feasible and desirable for the constituent active
ingredients in Premarin to be characterized to this
extent .
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4. With regard to sodium a8,9-dehydroestrane sulfate
(MES), the available scientific evz&nce iadicates
that DHES is an active estragen that contributes to the
est~agenic potency 02 Prefaarin. The cliaical
significance of this contribution has not been
determined. DHES must be l~cluded in gelzeric copies of
Premarin unless scientific dara are presented that
demonstrate that the estrogenic activity of DXES i9 not
clinically meaningful.

5. Despite the fact that at this time Premarifi is not
adequately characterized, the Agency could appzowe
generic copies of Prema.rlra that originate from the same
natural source material (pregnant mares’ urine) before
the active ingredients =e defined, provided that
detailed chemical composition of the product is Jcnavn.
This is because Premarin is manufactured and c~ntrolled
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 activa ingredients are in the
generic product as are h Premarin.

6. In summary, the Center concludes that because the
reference listed drug Premarin is not adequately
characterized at this time, the active ingredients of
Premarin cannot now be defined. Until the active
ingredients are defined, a synthetic generic versian of
Prexaiwin cannot be approved.

..:

ti@L
t Woodcock, M.D.
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