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Contraception

recent development in human history. On the contrary, efforts to
limit reproduction predate our ability o write about it. It is only
hormonal contraception with synthetic sex steroids thar is recent.

CONTRACEPTION is commonly viewed as 2 modern event, a

History'*

Jr wasn't andil the early 1900s char inhibition of ovulation was observed to
: be linked to pregnancy and the corpus luteum. Ludwig Haberlandy,
; professor of physiology ac the University of Innsbruck, Austria, was the
first to demonstrate that ovarian extracts given orally could prevent ferril-
ity (in mice). In the 1920s, Haberlandc and a Vieanese gynecologist,
Odfried Ouo Fellner, were administering steroid extracis to a varery of
animals and reporting the inhibiden of ferdlity. By 1931, Haberlandr was
proposing the administration of hormones for birch control. An extrace
was produced, named Infecundin, ready tw be used, bur Haberlandr's early
deach in 1932, at age 47, broughc an end to this effort. Fellner disappeared
after the annexaton of Ausuia to Hider’s Germany.

The concepe was annunciated by Haberlandr, buc steroid cheristry wasn’c
ready. The extraction and isolation of a few milligrams of the sex steroids
required starting poines measured in gallons of urine or thousands of
pouads of organs. Edward Doisy processed 80,000 sow ovaries to produce
12 mg of estradiol.

21
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A Clinical Guide for Contraception

Russell Marker

The supply problem was solved by an eccentric chemist, Russell E. Marker,
who complered his thesis, but not his course work, for his Ph.D. Matker,
born in 1902 near Hagerstown, Maryland, received his Bachelor’s degree
in organic chemistry and his Master’s degtee in colloidal chemistry from
the Universicy of Maryland. After leaving the University of Maryland,
Marker worked wich cthe Ethyl Gasoline Corporacion, and in 1926, devel-
oped the process of ocrane rating, based on the discovery that knocking in
gasoline was due to hydrocarbons with an uneven number of carbons.

From 1927 to 1935, Marker worked at the Rockefeller Insurure, publish-
ing a total of 32 papers on configuradon and optical rocation as 2 method
of idenrifying compounds. He became interested in solving the problem of
producing abundanc and cheap amounts of progesterone, but he was told
to continue with his work in opdcal technology. In 1935, he moved to
Pennsylvania State University at a reduced salary, but with the freedom to
pursue any field of research. At that time, it required the ovaries from 2500
pregnant pigs to produce 1 mg of progesterone. In 1939, Macker devised
the method (called the Marker degradation) to convest a sapogenin mole-
cule into a progestn. Marker became convinced thar the soludon o the
problem of obtaining large quantities of steroid botmones was to find
planss (in the family thar includes the Jily, the agave, and the yam) that
contained sufficient amounts of diosgenin, 2 plant steroid (a sapogenin)
that could be used as a starting poinc for steroid hormone production. This
conviction was strengthened with his discovery thac a species of Trillium,
known locally as Beth's rooc, was collected in North Carolina and used in
the preparation of Lydia Pinkham's Compound, popular at the dme to
relieve menscrual roubles. The plant ingredient in Beth's root was dios-
genin, and it is unlikely thac it exerted any therapeudc effect. The rthizome
in Beth’s root was too small to provide sufficienc amounts for commetcial
use, and Masker’s search for an appropriare plant then took him to
California, Arizona, and Texas.

On a visit to Texas A & M University, Marker found a piceure of a large
dioscorea (Dioscorea mexicana) in a book thac he just happened to pick up
and browse through while spending the night 2t the home of a retired
botanist. After returning to Pennsylvania, be decided to go o Veracruz,
Mexico (it took 3 days by train), o search for this dioscorea. He made
several actempts in 1941 and early 1942, but was frustrared fiest by the lack
of a plant-collecing permit from the Mexician governmenc and chen by
his failure to find the planc. He remembered that the book with the picture
seporied that this dioscorea was known Jocally as “cabeza de negro,” black
wbers thac grew near Orizaba and Cordoba. Marker took 2 bus co
Cordoba, and near Orizaba, an Indian who owned a small store brought

him two plants. Each wber w: |
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Oral Contraception

him two plants. Each tuber was 9-12 inches high and consisted of white
material like 2 curnip, used by local Mexicans as a poison to catch fish.

Marker managed to gec ope bag of tubers back 10 Pennsylvania Stace
University and isolated diosgenin. Unable to obrain suppore from the
pharmaceutical industry, Marker used his life savings, and in 1942, he
recurned to Veraeruz, collected the xoots of the Mexican yam, and prepared
a syrup from the roots. Back in Penosylvania with Jus 5-gallon cans of
syrup, Marker worked ouc the degradacion of diosgenin 1o progesterone.
One 5-gallon can yielded 3 kg of progesterone. United States pharmaceu-
tical companies scill refused 1o back Marker, and even the University
refused, despite Marker's urgiog, to patent the process.

In 1943, Marker resigned from Pennsylvania State University and went to
Mexico where he collected the roots of Disscorez mexicana, 10 tons worth!
Looking through the yellow pages in 2 Mexico City telephone directory,
Marker found 2 company called Laboratorios Hormona, owned by a
lawyer, Emeric Somlo, and a physican, Frederick Lehman. Marker
arranged a meeting, and the three agreed to form a Mexican company o
produce hormones. In an old pottery shed in Mexico Cicy (the laboratories
of Laboratorios Hormona), in two months, he prepared several pounds of
progesterone (worth $300,000) with the help of four young women who
had lictle education and spoke no English (Marker did not speak Spanish).
The two partners and Marker formed a company in 1944 thar they called
Syntex (from synthesis and Mexico). In 1944, Marker peoduced over 30 kg
of progesterone. The price of progesterone fell from $200 o $50 a gram.

During this time, Marker received expenses, but he was not given his share
of the profits or the 40% share of stock due to him. Failing to reach a
serclement, Marker left Syntex after only one year and started 2 new
company in Texcoco, called Boranica-Mex. He changed to Dioscorea
barbasco, which gave a greater yield of diosgenin, and the price of proges-
terone dropped ro $10 a gram, and later to $5. This company was allegedly
harassed (legally and physically) by Syntex, and in 1946, sold, eventually
reaching ownership by Orgaoon of Holland, which sill uses it

In 1949, Marker retired to Pennsylvania co devore the resc of his life to
making replicas of antique works in silver, a successful business that
allowed him, in the 1980s, 1o endow sciendfic lecrureships at both
Pennsylvania Staxe University and the Unijversity of Maryland. However,
he took his know-how with him. Fortunately for Syncex, be had published
a scientific description of his process, and there still was no parent on his
discoveries. Syntex recrnited George Rosenkranz, a Hungadan immigranc
Jiving in Cubsa, 10 reinstitute the commercial manufacture of progesterone
(and testosterone) from Mexican yams, a task that took him (with the help
of the women left behind by Marker) 2 yeass.

€c
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A Clinical Guide for Contraception

In 1970, the Mexican government recognized Marker and awarded him
the Order of the Aztec Eagle; he declined. In 1984, Pennsylvania State
University established che annual Marker Lectures in Science, and in 1987,
the Russell and Mildred Markes Professorship of Nacural Product
Chemistry. In 1987, Marker was granted an honorary Doctorate in Science
from the Univessity of Maryland, the degree he failed to receive in 1926.
At the age of 92, Russell Earl Marker died in Wernersville, Pennsylvania,
in 1995, from complications after a broken hip.

Carl Djerassi*

The Djerassi family lived in Bulgaria for hundreds of years after escaping
Spain during the Inquisition. Carl Djerassi, the son of 2 Bulgarian physi-
cian, was born in Vienna (as was his physician mother). Djerassi, at the age
of 16, and his mother emigrated to the United States in 1939. A Jewish
refugee aid orgaoization placed Djerassi with a family in Newark, New
Jersey. Wich a scholacship to Tarkio College in Tarkio, Missouri, he was
exposed to middle America, whete he earned his way giving talks to church
groups about Bulgaria and Europe. His education was further supporred
by another scholacship from Kenyon College in Ohio, where he pursned
chemistry. After a year wosking for CIBA, Djerassi received his graduare
degree from the University of Wisconsin. Rerurning co CIBA and being
somewhar unhappy, he responded to an invitation to visit Syntex
Rosenkranz proposed that Djerassi head a research group to concentrate
on the syndhesis of cortisone.

In 1949, it was discovered that cortisone relieved arthris, and the race was
on to develop an casy and cheap method to synthesize cordsone. Carl
Djerassi, at age 26, joined Syntex to work on this synthesis using the
Mexican yam planc steroid diosgenin as the scarting point. This was
quickly achieved (in 1951), but soon after, an even better mechod of cori-
sone producton using microbiologic fermentation was discovered at
Upjohn. This latter method used progesterone as the startng point, and,
therefore, Syntex found iwself as the key supplier to other companies for
this important process, at the rate of 10 tons of progesterone per year and
a price of 48 cents per gram.

Djerassi and ocher Syntex chemists then rurned cheir attention to the sex
steroids. They discovered thac the removal of the 19~<asbon from yam-
derived progesterone increased che progeseational acivity of the molecule.
Ethisterone had been available for a dozen years, and the Syntex chemists
reasoned that removal of the 19-carbon would increase the progestational
potency of this orally active compound. In 1951, norethindrone was
synthesized; the patenc for this drug is the first patent for 2 drug listed in
the National Inventor's Hall of Fame in Akron, Ohio. A closely related

compound, norethynodrel, was
tional agent to receive a patent
G.D. Searle & Company.
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Oral Contraception

compound, norethynodrel, was actually the fisst orally active progesta-
tional agenc ro receive a patent, assigried 1o Frank Colion, 2 chemist ar
G.D. Searle & Company.

Dijerassi evencually left Syntex to become a professor a: Stanford
University. He is now a playwright and novelist, living in San Francisco.

Gregory Pincus

Gregory Goodwin (Goody) Pincus was born in 1903 in New Jessey, the
son of Russian Jewish immigrants who lived on a farm colony founded by
2 German-Jewish philanthropic organization. Pincus was the oldest of 6
children and grew up in a home of intellecrual curiosity and energy, but
even his family regarded him as a genius.

Pincus graduated from Cornell and went to Harvard to study generics,
joining Hudson Hoagland and B.E Skinner as graduate students of WJ.
Crozier in physiology, receiving degrees in 1927. Crozier's hero was
Jacques Loeb who discovered ardficial parthenogenesis working wich sea
urchin eggs. Most imporwantly, Loeb was a strong believer in applying
science ro improve human life. Thus, Crozier, influenced by Loeb, raughc
Pincus, Hoagland, and Skinner (sespectvely, in reproductive biology,
neurophysiology, and psychology) o apply science to human problems.
This was to be the cornerstone of Pincuss own philosophy.

Hoagland, after a short sty at Harvard, spent a year in Cambridge,
England, and then moved to Clark University in Worcester, Massachusets,
1o be che chair of biology ar the age of 31. Pincus went to England and
Germany, and returned to Harvard as ap assistant professor of physiology.

Pincus performed pioneering studies of meiotic maruration in mammalian
oocytes, in both rabbit and human oocytes. In 1934, Pincus reported the
achievement of in vitro fertilizaton of rabbit eggs, earning him 2 headline
in the New York Times thar alluded co Haldane and Huxley. An asticle in
Colliers depicred him as an evil scientist. By 1936, Harvard had ciced
Pincus’s work as one of the univessity’s outstanding sciendfic achievemencs
of all time, but Harvard denied him tenuse in 1937.

At Clark University, Hudson Hoagland was in constant conflict with the
president of the university, Wallace W. Atwood, the senior author of 2
widely used rextbook on geography. In 1931, the Deparmment of Biology
consisted of one faculty member and his graduace student, and their chair,
Hudson Hoagland. Hoagland, upset and angry over Harvard’s refusal two
grant tenure to his friend (suspecting thar this was because of ant-
Semitism), invited Pincus to join bim.
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A Clinjcal Guide for Contraception

Hoagland secured funds for Pincus from philanthropists in New York Ciry,
enough for a laborarory and an assiscanc. This success impeessed the cwo
men, especially Hoagland, plantng che idea that it would be possible to
support sesearch wich private money.

Min-Chueh Chang received his Ph.D. degree from Harvacd on an infa-
mous day, December 7, 1941, and thus he was forced to remain in this
country. He was drawn to Pincus because of Pincus’s book, The Eggs of
Mammals, published in 1936, a book that had a major impact on biolo-
gists at that dme. The successful recruitment of M-C Chang by Hoagland
and Pincus was to pay grear dividends.

Soon Hoagland bad put together a group of outstanding sciendsts, but
because of his on-going antagonism with President Atwood, the group was
denied faculty starus. Working in 2 converted barn, they were toally
supported by private funds. By 1943, 12 of Clark’s 60 faculty were in the
Department of Biology. '

Frustrated by the politics of academia, Hoagland and Pincus (who both
enjoyed stepping outside of convendon) had a vision of a private research
center devoted to their philosophy of applied science, Indeed, the estab-
lishment of the Worcester Foundation for Experimental Biology, in 1944,
can be awsibuced directly to Hoagland and Pincus, their friendship for
each ocher, cheir copfidence, enthusiasm, ambicion, and drive. It was theic
spirit that turned many members of Worcester society into financial
supporters of biologic science. Hoagland and Pincus accomplished whae
they set out o do. They created and sustained a vibrant, produciive scien-
dfic insurution in which ic was a pleasure to work.

Although named the Worcester Foundacion for Experimental Biology, the
Foundation was located in the summer of 1945 across Lake
Quinsigamond in a house on an estate in Shrewsbury. The Board of
Trustees was chaired by Harlow Shapley, a distinguished astronomer, vice-
chaired by Rabbi Levi Olan, and included 3 Nobel laureates and 2 group
of Worcester businessmen.

From 1945 to the death of Pincus in 1967, che staff grew from 12 t0 350
(scientists and support people), 36 of whom were independently funded
and 45 were postdoctoral fellows. The annual budger grew from $100,000
to $4.5 million. Obne hundred acres of adjoining land were acquired, and
the campus grew to 11 buildings. In its first 25 years, approximately 3000
scientific papers were published.

But in those early years, Pincus v
bookkccpef, M-C Chang was th
the lawn. During the years o
combined their incerests in hor
stress and fatigue in industcy an

The initial discoverics that led tc
M-C Chang (also the first to de
In 1951, he confirmed the wor
that progesterone could inhibic «
and porethynodrel became avaj
100% effective in inhibiting ovu

Kacberine Dexter McCormick
married Stanley McCormick, d
of Incernztional Harvester. She
graduate from che Massachu
conscious, and a generous ¢
McCormick’s husband suffered
Newroendocrine Research Fou
This brought ber together with
done by Chang and Pincus.

Pincus ateribuced his inrerest in
for the world’s populacion pro
Sanger, at thar time president
America. At that visit, Sanger
ception could be derived from

and Chang.

In 1952, Margaret Sanger br
together. During this meeding
from bis mammalian research. .
form as a conwaceptive, acting
McCormick provided 2 reseasc
time of her death, McCormick
the Worcester Foundation, anc
book, The Control of Fertslity, p
1s dedicated o Mrs. Stanley v
scientific inquiry and her unsw

It was Pincas who made che
knew human experiments wot
cology and obscerrics at Harvay
discovered their murual ingeres

Mylan v. Warner Chilcott IPR2015-00682

WC Ex. 2005, Pg. 10



s from philanchropists in New York Cicy,
wsistant. This success impressed the wo

ng che idea that it would be possible to
ny.

Ph.D. degree from Harvard on an infa-
nd thus he was forced to remain in this
1s because of Pincus’s book, The Eggs of
book that had a2 major impact on biolo-
recruitment of M-C Chang by Hoagland
lends.

:r 2 group of oussranding scientists, but
sm with Presidenc Atwood, the group was
in a converted barn, they wece torally

943, 12 of Clark’s 60 faculty were in the

demia, Hoagland and Pincus (who both
ention) had a vision of a private research_
by of applied science. Indeed, che estab-
ladon for Experimental Biology, in 1944,
sagland and Pincus, their friendship for
1usiasm, ambition, and drive. It was their
sers of Worcester society into financial*
Joagland and Pincus accomplished what
wnd suscained a vibrang, productive scien-
pleasure o wotk.

‘oundarion for Experimental Biology, che
the summer of 1945 across Lake
an estate in Shrewsbury. The Board of
Shapley, 2 disunguished astronomer, vice-
{included 3 Nobel laureates and a group

15 in 1967, the seaff grew from 12 to 350
36 of whom were independendy funded
. The annual budget grew from $100,000
ures of adjoining land were acquired, and
. In its first 25 ycars, approximarely 3000

Oral Contraception

But in those early years, Pincus was the animal keeper, Mrs. Hoagland the
bookkeeper, M-C Chang was che night watchman, and Hoagland mowed
the lawn. During the years of World War II, Pincus and Hoagland
combined their interests in hormones and neurophysiology ro focus on
suress and fatigue in industry and che milicary.

The initial discoveries that led to an oral contraceptive can be actabuced to
M-C Chang (also the first to describe the capacitation process of sperm).
In 1951, he confirmed the work of Makepeace (in 1937) demoanstrating
that progesterone could inhibjc ovuladon in rabbits. When norethindrone
and norethynodrel became available, Chang found them to be virtually
100% effective in inhibiting ovulation when adminjstered orally to rabbics.

Kacherine Dexver McCormick was a very rich woman; in 1904, she
married Stanley McCormick, the son of Cyrus McCormick, the founder
of International Harvester. She was also intelligent, the second woman o
graduace from the Massachusetes Instirute of Technology, socially
conscions, and a generous contcibutor to family planning efforss.
McCormick’s husband suffered from schizophrenia, so she established the
Neuroendocrine Research Foundacion at Harvard to study che disease.
This brought her cogether with Hoagland who told her of the work being
done by Chang and Pincus.

Pincus arributed his interesr in contraception to his growing appreciation
for the world’s population problem, and to a 1951 visir with Margarec
Sanger, ar that time president of the Planned Parenthood Federation of
Armerica. At that visic, Sanger expressed hope that a method of concra-
ception could be derived from the laboratory work being done by Pincus
and Chang.

In 1952, Margarer Sanger brought Pincus and Katherine McCormick
together. During this meeting, Pincus formulated his thoughts derived
from his mammalian research. He envisioned a progestational agent in pill
form as a contraceptive, acting like progesterone in pregnancy. Sanger and
McCormick provided a research grant for further animal research. By the
wne of her death, McCosmick bad contributed more than $2 million to
the Worcester Foundation, and left another $1 million in her will. In bis
book, The Control of Fertility, published in 1965, Pincus wrote: "This book
is dedicated 1o Mrs. Stanley McCormick because of her steadfast faith in
sciencific inquiry and her unswerving encouragement of human dignicy.”

It was Pincus who made the decision to involve a physician because he
knew human experiments would be necessary. John Rock, chief of gyne-
cology and obstetrics at Harvard, met Pincus at a scientific conference and
discovered their murual interest in reproductive physiology. Rock and his
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colleagues pursued Pincus’s wock. Using oocytes from oophorectomies, they
reported in vito ferdlization in 1944, probably the first demonstration of
ferdlization of human oocytes in vio. Rock was interested in the work
with progestational agents, not for contraception however, but because he
hoped the female sex steroids could be used to overcosne infertility.

Sanger and McCormick needed some convincing that Rock’s Catholicism
would not be 2 handicap, but they were evencually won over because of his
stature. Rock was a physician who literally transformed his personal values
in response co his recognition of the problems secondary o uncontrolled
reproduction, Wich the help of Luigi Mastroianni, che first administradon
of syntheric progestins to women was to Rock’s paciencs in 1954. Of the
first 50 patients to receive 10—40 mg of synthetic progestin (a dose excrap-
olated from the animal dara) for 20 days each monch, all failed to ovulate
during treaument (causing Pincus 1o begin referting to the medicaton as
“the pill"), and 7 of the 50 becamc pregnanc after discontinuing the
medication (pleasing Rock who all along was modivated to treat inferalicy).

Pincus and  Chang decided to announce cheir findings at the Internadonal
Planned Parenthood meeting in Tokyo, in the fall of 1955. Rock refused
w join in this effors, believing that Pincus and Chang were moving too
fast. Despite this disagreement (which apparently was spirited and scrong),
it was done, and the Tokyo presentation generated worldwide publicicy.

In 1956, with Celso-Raroon Garcia and Edris Rice-Wray, working in
Puerto Rico, the fixst humaa trial was performed. The initial progestin
products were contaminated wich abouc 1% mestrano). In the 2mouocs
being used, this added up to 50-500 pg of mestranol, a sufficienc amount
of estrogen 1o inhibit ovulation by itself. When efforts to provide a morc
pure progestin lowered the estrogen content and yielded breakshrough
bleeding, it was decided to tetain the estrogen fos cycle control, chus estab-
lishing the principle of the combined esuogen-progestin oral
concraceptive. Eacly clinical trials were conducted by J.W. Goldzicher in
San Anconio and E.T. Tyler in Los Angeles.

Pincus, a longime consultant to Scarle, picked the Seatle compound for
extended usc, and with great effort, convinced Searle that the commercial
potential of an aral contraceptive warranted the risk of possible negative
public ceactiop. Pincus also convinced Rock, and togecher they pushed
the U.S. Food and Drug Administration for acceprance of oral concra-
ception. In 1957, Enovid was approved for the treatment of miscarriages
and mensuual disorders, and in 1960, for contraception. Neither Pipcus
nor the Worcester Foundarion got tich on the pill; alas, there was no
royalty agreemeat. e
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 Oral Contraception

The Pill did bring Pincus fame and eravel. There is no doubt that he was
very much aware of the accomplishmenc and ics implications. As he rray-
eled and lecnured in 1957, he said: "How a few precious facts obscurely
come to in the laboracory may resonate into che lives of men everywhere,
bring order to disorder, hope to the hopeless, life to the dying. Thac this is
the magjc and mystery of our rime is sometimes grasped and often missed,
but to expound it is jnevitable,"

Pincus was the perfect person to bring oral contraception into the public
world, at a time when contracepdon was a private, suppressed subject.
Difficult projects requite people like Pincus. A scientfic enmepreneur, he
could plow through distractions. He could be hard and aggressive wich his
staff. He could remain focused. He hated w0 lose, even in meaningless
games with his childcen. Yer he combined a gracious, charming manner
wich his competitive hardness. He was filled with the kind of self-confi-
dence that permits an individual co forge ahead, to translate vision into
reality. Pincus died in 1967 (as did Katherine McCormick at the age of
92), of aplastic anemia that some have argued was caused by his long-term
cxposure to solvents and chemicals. Rock died in 1984, at the age of 94,
and Chang, in 1991, was busied ar the age of 82, in Shrewsbury, pear his
laborarory and close to the grave of Pincus.

Pincus wrote his book, The Control of Fertiliry, in 196465, only because
"2 break came in the apparent dam to publfication on reproductve physi-
ology and particulatly its subdivisions concerned with reproductive
behavior, conceprion, and copgraception.”’

"We have conferred and lectured in many countries of the
woxld, seen at first hand the rescarch needs and possibilicies
in almost every Europcan, Asiadc, Cenual, and Souch
American counuy. We have faced the hacd fact of overpopu-
lacion in counuy after country, learned of the bleak
demographic future, assessed the prospects for the practice of
cfficient fertility control. This has been a saddening and a
heartening experience; saddening because of the sight of
continuing poverty and misery;, heartening because of the
dedicaced colleagues and workers secking to overcome the
handicap of excess fertility and to promote healthy reproduc-
tive funcdon. Among thesc we have made many friends,
found devoted studencs."?

Syntex, a wholesale drug supplier, was without marketing experience or
organization. By the time Syntex had secured arrangemencs wich Ortho for
a sales ouder, Seatle marketed Enovid in 1960 (150 pg mescranol and 9.85
mg norethynodrel). Ortho-Novum, using norethindrone from Syncex,
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appeared in 1962. Wycth Laboratories introduced norgestel in 1968, the
same year in which the fisst reliable prospective studies were inidated. It was
not undl the late 1970s that a dose-response reladionship between problems
and the amount of steroids in the pill was appreciated. As a result, health
care providers and padenss, over the years, have been confronted by a
bewildering array of different products and fosmulasions. The solution to
this clinical dilemma is relatively straightforward: the theme of this chaprer,
use che lowest doses that provide effective contracepton widh dcceptable

side effects.

Pharmacology of Steroid Contraception

The Estrogen Component of Combination Oral Contraceptives

Estradiol is the most potent natural estrogen and is the major estrogen
secreted by the ovaries. The major obstacle to the use of sex steroids for
contraception was inactivity of the compounds when given orally. A roajor
breakthrough occurred in 1938 when jt was discovered thac the addision
of an ethinyl group at che 17 position made estradiol orally active. Ethinyl
estradiol is a very potent oral estogen and is one of the two forms of estro-
gen in every oral contracepive. The other escrogen is the 3-methyl ether of
ethinyl escradiol, mestranol.

OH ' OH

:==C==CH 2=+ C == CH

CH;

Ethinyl estradiol Mestranol

Mestranol and ethinyl estradiol are different from natural eswadio) and
must be regarded as pharmacologic drugs. Animal studies have suggested
that mestranol is weaker than ethinyl estradiol, because mestranol muist
first be converted to ethinyl estradiol in che body. Indeed, mestranol will
not bind to the ccllular estrogen recepror. Therefore, unconjugated ethihyl
eseradiol is the active cstrogen in the blood for both mestranol and ethinyl
escradiol. In the human body, differences in potency berween ethinyl escra-
diol and mestranol do not appear to be significant, certainly oot as great as
indicated by assays in rodents. This is now 2 minos point because all of the
low-dose oral contcaceptives contain ethinyl estradiol.

Vb - B

The merabolism of echinyl estr
levels) varies significantdy from

population 1w another® There it
sampling cmes within che same

that the same dose can cause sic
another.

The estrogen content (dosage) o
Thrombosis is one of the most se
role in the increased risk of death
ety of circulacory problems. This
dose-related. Therefore, the dose

an oral contraceprive.

The Progestin Component o

The discovery of cthinyl subsdn
the 1930s) co che preparacion of
testoscerone. Io 1951, it was den
from echisterone 1o form norech
and most importandy, ic change:
an androgen to that of a proges
donal derivacdves of testosteron
(denoting the missing 19-carbc
compounds, however, were not

and androgenic potential remain

Mylan v. Warner Chilcott IPR2015-00682

WC Ex. 2005, Pg. 14



wories introduced norgestsel in 1968, the
le prospective studies were inidated. Ir was
ic-response relationship berween problems
i pill was appreciated. As a result, healch
1 che years, have been confronted by a
>duces and forroulations. The sojudon co
straightforward: the theme of this chaprer,
e effecive conmaception with dcceptable

ception
* Combination Oral Contraceptives

wral estrogen and is the major estrogen
or obstacle to the use of sex steroids for
1e compounds when given orally. A major
when it was discovered that the addition
ition made estradio] orally active. Ethinyl
agen and is one of the two forms of estro-
he other esmogen is che 3-methyl echer of

OH

H --.C—-CHD

Mestranol

are different from natural eseradiol and
gic drugs. Aniroal studies have suggested
hinyt escradiol, because mestranol must
diol in the body. Indeed, mestrano] will
eceptor. Therefore, unconjugated echihyl
the blood for both mestranol and echinyl
etences in potency berween cthinyl estra-
to be significant, cesrainly notas great as
is is now a minor point because all of the
ain ethinyl esaadiol.

Oral Contraception

The metabolism of ethinyl estradiol (particularly as reflected in blood
levels) varies significanty from jindividual to individual, and from one
population to another.® Therc is even a range of variability ar different
sampling cimes within the same individual. Therefore, it is not susprising
thac che same dose can cause side effects in one individual and none in
another.

The estrogen content (dosage) of the pill is of major clinical importance.
Thrombosis is one of dhe most serious side effects of the pill, playing a key
role in che increased risk of death (in the past with high doses) from 2 vari-
ety of circulatory problems. This side effect is related to estrogen, and it s
dose-relaced. Therefore, the dose of estrogen is a critical issue in selecting
an oral concraceptive.

The Progestin Component of Combination Oral Contraceptives

The discovery of echinyl substitution and oral potency led (ac the end of -
the 1930s) to the preparation of ethisterone, an ofally acdve derivative of

testosceronc. In 1951, it was demonstrated that removal of the 19-carbon

from ethistcrone to form nocethindrone did not destroy the oral activity,

and most importantly, it changed the major hormonal effect from thac of

an androgen o that of a progestational agent. Accordingly, the progesta-

tional derivarives of testosterone were designated as 19-nortestosterones

(denoting che missing 19-carbon). The androgenic properdes of these

compounds, howeves, were not tosally climinated, and minimal anabolic

and androgenic potential remains within the structure.
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Ethisterone Norethindrone

The “impurity" of 19-nortestosterone, i.c., andsogenic as well as progesta-
tional cffects, was further complicated in che past by a belief that they were
merabolized within the body to estrogenic compounds. This question was
restudied, and it was argued that the previous evidence for metabolism to
estrogenic compounds was due co an artifact in the laboratory analysis.
More recent studies indicace that norethindrone can be converted to
cthinyl estradiol; however, the rate of this conversion is so low that
insigoificanc amounts of ethinyl esuradiol can be found in the circulation
or urine following the administradon of the commoaly used doses of
norethindrone,” Any estrogenic activiry, therefore, would have to be due to
a direct effect. In animal and human seudics, however, only norechindrone,
norethynodrel, and ethynodiol diacctate have estrogen activiry, and it is
very slight due to weak binding to the estrogen recepror.® Clinically, andro-
genic and estrogenic actividies of the progestin component are, cherefore,
insignificanc due to the low dosage in the current oral contraceptives. As
with the estrogen component, serious side effects have been relaced to the
high doses of progestins used in old formuladions, noc the particular
progestin, and rourine usc of oral concracepcives is now limited to the low-
dose products.
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OH ' The norethindrone family conuins che following 19-nortestosterone
progestins: norethindrone, norethynodrel, norethindrone acerate, echyno-
diol diacerate, lyneswenol, norgeswel, norgestimare, desogeswel, and
gestodene. Dicnogest is 2 19-nortestosterone, but it does not have a 170~

echinyt group. w

sun G m— CH

Most of the progestins closely related to norcthindsone are converted to
the parent compound. Thus the activity of norethynodrel, norethindrone
acerate, ethynodiol diacetace, and lynestrenal is due to rapid conversion ro

norethindrone.

Ethisterone

i Norgestrel is a racemic equal mixture of the dextrorotatory enandomer and

oM . che levorotatory enantomer. These enantiomers are mirror images of each
“ other and rocate the plane of polarized light in opposite dircctions. The
==C == CH dextrorotarory form is known as d-norgestrel, and the Jevororatory form is
. l-norgestrel (koown as levonorgesteel). Levonorgestrel is the active isomer
of norgestrel.

Norethindrone
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Desogestrel undesgoes two merabolic steps before the progestational activ-
ity is expressed in its active mewbolite, 3-keto-desogestrel (etonorgestrel).
This metabolite differs from levonorgestrel only by a methylene group in
the 11 posicion. Gestodene differs from [evonorgesuet by the presence of 2
double bond berween carbons 15 and 16; thus, ic is A" gescodene. It is
metabolized into many derivarives with progestational activiry, buc not
levonorgestrel. Several metabolites contribute to the activity of norgesti-
mate, including 17-deacerylated norgestimare, 3-keto norgestimate, and
levonorgestrel. Alchough norgestimate is 2 “new” progestin, epidemiolo-
gists have included it in the oral contracepdve second generation family
because its activity is believed to be largely due to levonorgesuel and
levonorgestrel metaboljtes, although this may not be rotally accurace.*'®

Definitions used in Epidemiofogic Smdies:

Low-Dose Oral Contraceptives
- Products containing less than 50 pg
ethinyl estradiol
PFirst Generation Osal Contraceptives
- Products conuaining 50 pg or more of
ethiny! escradiol
Second Generarion Oral Contraceptives
- Products conining levonorgestrel,
norgestimate, and other members of the
norethindrone family and 30 or 35 pg
ethiny] estradio}
Third Generation Oral Contraceptives
- Products conraining desogestrel or gestodene
with 20 or 30 pg ethinyl estradiol

A second group of progesdns became available for use when it was
discovered that acerylation of the 17-hydroxy group of 17-hydroxypro-
gesterone produced 2n orally active but weak progestin. An addition at
the 6 position is necessary to give sufficient progestational strengtch for
human use, probably by inhibiting metabolism. Derivatives of progester-
one with substituents at the 17 and 6 positions include the widely used
medroxyprogesierone acerate.

b
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Dienogest is a progestin that combines the properties of both the 19-
nortestoscesone family and the derivatives of progesterone.” It exerts
| andandrogenic actvity and is used in 2 2 mg dose combined with ethinyl

Medroxyprogesterone acetate esmradiol as an oral contraceptive.
(Provera i
{
{ OH
=== CH,CN
CH; - |
! OH J

CH, :
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! )

§ Dienogest

Potency. For many years, clinicians, sdentists, medical writers, and even
| the pharmaceutical industry artempted o assign potency values to the van-

CH, ous progestational components of oral contiaceptives. An accurate
| Gt assessment, however, has been difficult to achieve for many reasons.
CH, ! Progestins act on numerous rarget organs (c.g., the uterus, the mammary

C=cCH

glands, and the liver), and potency vanies depending upon che rarget organ
and end point being studied. In the past, animal assays, such as the
Clauberg test (endomemial change in the rabbit) and the rat venumal
prostate assay, were used to determine progestin potency. Although these
were considered accepeable methods at the time, a better understanding of
steroid hormone action and metabolism, and a recognition that animal
) and human sesponses differ, have led to greater reliance on data collected
! from human studies.
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Historically, this has been a confusing issue because publications and
experts used potency ranking to provide clinical advice. There is absolutely
no need for confusion. Oral contraceptve progesin potency is no longer
a consideration when it coses to prescribing oral contraception, because
the potency of the various progestins has been accounted for by appropri-
ate adjustments of dose. In other words, the biologic effect (in this case the
clinical effect) of the various progestational components in current low-
dose oral contraceptives is approximately the same. The potency of a drug
does not decermine ics efficacy or safety, only the amount of 2 drug
required to achieve an effect. '

Clinical 2dvice based on potency ranking is an artificial exercise that has
not scood the tesc of time. There is no clinical evidence that a particular
progestin is better or worse in terms of particular side effects or clinical
responses. Thus ocal contraceprives should be judged by cheir clinical char-
acterisdcs: efficacy, side effects, risks, and benefits. Our progress in
lowering the doses of the steroids concained in oral contraceptives has
yielded products with little serious differences. Potency is no longer an
importanc clinical issue. :

New Progestins. Probably the greatest influence on che effort that
yielded the new progestins was the belief throughout the 1980s that andro-
genic metabolic effects were important, especially in terms of
cardiovascular disease. Cardiovasculas side effects are now known to be due
t0 a dose-related simulation of thrombosis by estrogen. In the search to
find compounds thac minimize androgenic effects, however, the pharma-

" ceutical companies succeeded.

The new progestins include desogestrel, gestodene, and norgestimate, and
even newer progestins are in developmenc® In regard to cycle control
(breakthrough bleeding and amenosrhea), the new formulations are
comparable with previous low-dose products. All progesons derived from
19-norcestosteronc have the potential to decrease glucose tolerance and

increase insulin resiscance. The impact on carbohydrate mecabolism of che

previous Jow-dose formulations was very minimal, and the impact of the
new progesuns is negligible. Mast changes are noc stadstically significanc,
and when they are, they are so subtle as o be of no clinical significance.
The decreased androgenicity of the progestins in the new produces is
reflecced in increased sex hormone-binding globulin and decreased frec
testosterone concentradons to a greacer degree than the older oral contra-
cepaves. This difference may be of greacer dlinical value in the treamment
of acne and hirsudsm, but appropriate compatative cfinical studies to
document a beteer response have not been performed.
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nfusing issue because publicatons and The new progestins, because of their reduced androgenicity, predictably do

tovide clinical advice. There is absolutely i not adversely affect the cholesterol-lipoprotein profile. Indeed, the estro-
raceptve progestin potency is no longer § gen-progestin balance of combined oral contraceprives copuaining one of

» prescribing oral conmacepdion, because 3 the new progestins may even promote favorable lipid changes. Thus, the

tins has been accounted for by appropri- 1 new formuladons have the potential to offer protection againse cardiovas- W
words, the biologic effect (in this case the cular disease, an important consideration as we enter an era of women O
gestational components in current low- \ using oral contraceprives for longer duracions and fater in life. But one

ynately the same. The potency of a drug ; must be cantious regarding the clinical significance of subde changes, and

or safety, only the amount of a drug i it will be difficult to accumulate dara with chese rare events.

N New Formulations
- ranking is an ardficial execcise that has
+is no clinical evidence that 2 particular
:rms of pardicular side effects or dinical
25 should be judged by thiir clinical char-

risks, and benefits. Our progress in
ds contained in oral contraceptives has
sus differences. Potency Is no longer an

The muldphasic preparacdion alters the dosage of both the estrogen and
progestn components periodically throughouc the pill-taking schedule.
The aim of chese formuladions is to alter steroid levels in an efforr to
achieve lesser metabolic effects and minimize the occurrence of break-
through bleeding and amenorrhea, while maintining efficacy. We are
probably at or very near the lowest dose levels thar can be achieved wich-
our sacrificing efficacy. Metabolic swudies with the multiphasic
pteparations indicate no differences or slight improvements over the meta-
bolic effects of Jow-dose monopbasic products. '

= belief throughout the 1980s that andro-
important, especially in terms of
ular side effects are now known 1o be due
‘hrombosis by estrogen. In the search to®
:ndrogenic effects, however, the pharma-

Reduction of che pili-free interval is a strategy aimed at the concern thac
pill omission with Jow-dose oral contraceptives might more readily resule
in "escapc” ovuladon. Utilizing 2 4-day pill-free interval (racher than the
usual 7 days) is associated with greater ovarian suppression.” Another
approach adds estrogen for 5 of the usual 7 pill-free days. However, these
approaches have failure rates and breakchrough bleeding rates thac ace

) comparable to the standard regimens, and no clear-cut advantage for these
zestrel, gestadene, and norgesumace, and ! slerations can be eseablished.
velopment.” In regard to cycle conuol
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sse products. All progestins derived from
cpual to decrease glucose tolerance and
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paser d gree thab b ,ld ° e i The combination pill, consisting of estrogen and progestin components, is
of greater clinical value in the treatmenc :
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An estrophasic approach (Estrostep®) combines a continuous low dose of
a progestin with a Jow, bur gradually increasing dose of estrogen.' Thie
approach minimizes estrogen exposure at che beginning of the cycle,
yielding a low rate of side effects such as nausea. The increasing estrogen
results in a marked inccease in sex hormone-binding globulin chat
produces a very low androgenic state by reducing the bicavailabilicy of
circulating free androgeps.

Mechanism of Action
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suppresses Juteinizing hormone (LH) secretion (and thus prevents ovula-
tion), while the estrogenic agent suppresses follicle-stimularing hormone
(ESH) secretion (and thus prevents the selection and emergence of a domi-
nanc follicle). Therefore, the esmogenic componenc significantly contribuces
to the contraceptive efficacy. However, even i follicular growth and devel-
opment were not sufficieady inhibired, che progestational component
would prevent the surge-like release of LH necessary for ovuladon.

The estrogen in the pill serves two other purposcs. It provides stability co
the endometrium so that irregular shedding and unwanted breakthrough
bleeding can be minimized; and the presence of estrogen is required o
potendate the action of the progestational agents. The larrer funcrion of
estrogen has allowed reduction of the progestational dose in the pill. The
mechanism for this action is probably estrogen's effect in increasing the
concentration of intracellulac progestatonal receptors. Therefore, a mini-
mal pharmacologic level of estrogen is necessary to maincain the efficacy of
the combination pill.

Because the effect of a progestational agent will atways rake precedence
over esaogen (unless the dose of estrogen is increased many, many-fold),
the endometrium, cervical mucus, and perhaps wbal function reflect
progestadonal stimulation. The progestin in the combination pill produces
an endometsium that is not receptive to ovum implantadion, a decidual-
ized bed with exbausted and acwophied glands. The cervical mucus
becomes thick and impervious to sperm transport. It is possible that
progestational influences on secretion and pecistalsis within the fallopian
tubes provide addidional conwraceptive effects. Even if there is some ovar-
ian follicular acdvity (especially with the lowest dose products), these
actions serve to ensure good contraceptive efficacy.™

Efficacy

In view of the multiple actions of oral contraceptives, it is hard to under-
stand how the omission of a pill or two can resulc in a pregnancy. Indeed,
careful review of failures suggests that pregnancies usually occur because
initiadon of che nexc cycle is delayed allowing escape from ovarian suppres-
sion. Strict adherence to 7 pill-free days is critical in order o obrain
reliable, effective contraception. For chis reason, the 28-day pill package,
incorporating 7 pills that do not concain steroids, is a very useful aid o
ensure adherence o the necessary schedule. The most prevalent problems
thar can be identified as being associated with apparent oral contracepeive
failures are vomiting and diarrhea '™ Even if no pills have been missed,
patients should be instructed to use a backup method for at least 7 days
after an episode of gastroenteritis. An alternative is to place the pill in the
vagina during the illness (discussed later).

f The congracepuive effectiveness «
4 multiphasic formuladons, and lo
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Oral Contraception

The conmaceprive effectiveness of the new progestin oral coptracepeives,
multiphasic formulations, and lowest estrogen dose products are unequiv-
ocally comparable with older low-dose (less than 50 pg eswogen) and
higher dose monopbasic combination birth controf pills." While carefully
monirored studies with motivated subjects achieve an annual fallure rate of
0.1%, typical usage is associated with a 7.6% failure rate during the fisst
year of use. A new estimate for conrraceptive failure rates during the first
year of use is now available, using the daca from the 1995 National Survey
of Family Growth and correcting for the underreporting of induced 2bor-
tion.» Previous esimates overestimared effectiveness because contraceptive
failures that resule in induced abordons are significantly undecrcported.
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Failure Rates During the First Year of Use, United States *'/2

Percent of Women with Pregnancy
Method Lowest Expected Typical
No method D Ugs00 L T 85.0% -
‘Combination pill e O d T8
Progestin-only pill 0.5 _ 30 :

IUDs

Progesterone IUD ) . “',— 15" T 20
ch_o'norge'st‘rel-ll'Ulr) : ) . 01 01 _
Copper T 380A .06 .08 .
Implant 0.05 - S 02 ¢
Injectable 0.3 A
Fernale stesilization 0.05 0.05
Male sterilization 0.1 0.15
Spermicides ‘6.0 257
Periodic abstinence 20.5
Calendar 9.0
Ovuladon method 3.0
Symprothermal 2.0
Post-ovulation 1.0
Withdrawal 4.0 23.6
Cervical cap
Parous women 20.0 40.0
Nulliparous women 9.0 20.0
Sponge
Parous women 20.0 40.0
Nulliparous women 9.0 20.0
Diaplragm and spermicides 6.0 12.1
Condom
Male 3.0 139
Female 5.0 21.0

ot Sonb .

Metabolic Effects of Oral Contr:
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Year of Use. United States 722 Metabolic Effects of Oral Contraception
ear o se, unite ates °"

Cardiovascular Disease

Perccot of Women with Pregnancy In October, 1995, the United Kingdom Commiwee oo Safecy of

.owest Expected Typical Medicines senc a letter o all U. K physicians and phatmaciscs staing that
T \ women taking oral conwraceptves containing desogestrel or gestodene

—85.0% T 0T 85.0% ¢ ; should be urged o complete their curreat cycle and to continue a formu-

Y e e lation wich these progestins only if prepared to accepr an increased risk of
—— e e venous chromboembolism. The Committee on Safety of Medicines took

§ 0.5 i 3047, this action because of observatonal studies that indicated a wo-fold

_ increase in the risk of venous thromboembolism when desogestrel- and
s SRR TR G gt gestodenc-containing contraceptives were compared with products with
= s — other progestins (mostly levonorgestrel). This action and the studies on

¥ 4

L T T I . -y which it was based immediately became controversial. The controversy
0.6 R - 0.8 went beyond the validicy of the epidemiologic data. The publicity
A surrounding these events reverberaced dhiroughout Europe, leading to an
005 - ) 02. immediate overall decrease in oral conmacepuve use, an ihcrease in
03 T 3 ‘ unwanged pregrancies, and an increase in induced abortions. =
0.05 0:05 The controvessy involving new progestin oral contracepcives that began in
0.1 0.15 | late 1995, continued through 1996, and began to reach resolution in
26.0 257 1997. The fundamental question is v‘vhcther o_ral contraceptives containing
: : i desogestrel and gescodene have a differenc risk of chrombosis compared
20.5 with oral contraceptives containing older progestins. Thrombosis can be
9.0 o divided into two major categories, venous thromboembolism and arcerial
i chrombosis. Venous thromboembolism includes both deep vein thrornbo-
P i sis and pulmonary embolism. Arterial thrombosis includes acute
2.0 | myocardial infarcrion and stroke.
{
1.0 |

The Coagulation System. The goal of the clocing mechanism is to
4.0 23.6 produce chrorobin, which converts fibrinogen to a fibtin clot. Thrombin is
gencrated from prothrombin by factor Xa in the presence of factor V,
calcium, and phospholipids. The vitamin K-dependent factors include
20.0 40.0 factors VII, 1X, and X, as well as prochrombin. Andthrombin O is one of
9.0 20.0 the body's natural antcoagulants, an itreversible inhibitor of thrombin
and facrors IXa, Xa, and XJa. Protein C and protein S arc two other major
inhibitors of coaguladon and are also viamin K-dependent. Protein C,
200 40.0 and ics helper, protein S, inhibit clocting at the level of factors V and VIIIL.

9.0 20.0 _ Tissue plasminogen acovator (¢-PA) is produced by endothdlial cells and

i teleased when a clot forms. Both t-PA and plasminogen bind to the fibrin

6.0 12.1 clot. The t-PA converts the plasminogen to plasmin which lyses the clot by

degrading the fibrin. Deficiendies of andchrombin IIl, protein C, and
3.0 13.9 protein S are inherited jn an autosomal dominanc pattern, accounting for
=5 = 10-15% of familial thrombosis. The most common inhericed causes of

discandy by 2 mutation in the prochrombin gene.”

i
! venous thromboembolism are the factor V Leiden mumdon, followed
1
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Coagulation and Fibsinolysis Factors:

Coagulation Factors:

Factors that favor dotting when increased
Fibrinogen
Facrors V11, VITI, X

Factors that favor clotting when decreased
Antithrormbin ITT
Protein C
Protein S

Fibrinolysis Factors:
Factors that favor clotting when increased
Plasminogen
Plasminogen. activator inhibitor-1 (PAI-1)
Factors thart favor clotting when decreased
Apntiplasmin

An inherited resistance to actdvated procein C bas been identfied as the
basis for about 50% of cases of familial venous thrombosis, due in almosc
all cases to a gene alteration recognized as the factor V Leiden muration.”s”
The factor V Leiden mutadion is found in approximately 30% of individ-
uals wbo develop venous thromboembolism.* Aetivated protein C inhibits
coagulation by degrading factors V and VIIL One of the 3 cleavages sites
in factor V is the psecise site of a mutadion (known as the factor V Leiden
mucadon) that substitutes gluramine instead of arginine at chis site
(adenine for guanine at nucleotide 1691 in the gene).* This mutation
makes facror V resistanc to degradation (and activaton in fibrinolysis). The
entire clotting cascade is then resistant to the acrions of the protein
C system.

Hererozygores for the factox V Leiden mutation have an 8-fold inereased
tisk of venous thrombosis, and homozygotcs, an 80-fold increased risk, and
this risk appears o be further enhanced by oral conmraceptive use. The high-
est prevalence (3—4% of the genesal population) of factor V Leiden is fouad
in Europeans, and its occurrence in populations not of Ensopean descent is
very rare, perhaps explaining che low frequency of thrombocmbolic disease
in Africa, Asia, and in padve Americans.® The mutacion is believed to have
arisen in a single ancestor approximacy 21,000 to 34,000 years ago.® It
has been suggested that chis was a uscful adapwdon in beterozygores in
response to life-threatening bleeding, such as with childbirch.

The next most common inherited disorder (after che factor V Leiden
mucadon) is 2 muration, 2 guanine o adenine change, in the gene encod-
ung prothrombin?**' The prevalence of this abnormality in the white
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 Oral Contraception

population js estimared to range from 0.7% to 4%.% Oral conwaceprive
use has been reported 1o markedly increase the risk of venous thrombosis
in carriers of che prochrombin mucation.”

The administation of pharmacologic amounts of estrogen as in high-dose
oral contraceprives causes an increase in the production of clotting factors
such as facror VI, factor VII, facior X, factor X1, protein C, and fibrino-
gen, and 2 decrease in antithrombin III and protein S.** Progestins given
alone have no effect on the clotting system and when combined with
estrogen can actenuace estrogen-induced activity.* Some studies of che
blood coagulation system have concluded that boch monophasic and
multiphasic low-dose oral contraceptives have no significant clinical
impact on the coagulation system. Slight increases in thrombin formation
are offset by increased fibrinolytic actvity¥** Other studies of formnula-
tions containing 30 and 33 pg of cthiny] estradiol indicate an increase in
clomting factors associated with an increase in plateler acviry.?* However,
these changes are essenually all within normal ranges and cheir clinical
significance is unknown.

Smoking produces a shift to hypercoagulability.® A 20 pg estrogen formu-
Jaton has been reposted to have no effect on clotting parameters, even in

" smokers.** One study comparing a 20 pg product with a 30 pg product

found similar mild pro-coagulant and fibrinolytic activity, although chere
was a trend toward increased fibrinolytic acavity with the lower dose.?

There is no evidence of an increase in risk of cardiovascular disease among
past users of oral contraception.®# In the Nurses’ Healch Srudy and the
Royal College of General Practitioness’ Study, long-term pase use of oral
contraceptives was not associated with an increase in overall morraliy. %4
Part of the concern for a possible lingering effect of oral contraceptive use
was based on 2 presumed adverse impact on the acherosclerotic process,
which would then be added rto the effect of aging and, chus, would be
manifesced larer in Life. Instead, the findings have been consiscent wich the
contention that cardiovascular disease due to oral contraception js second-
ary to acute effeces, specifically estrogen-induced chrombosis, a
dose-related event.

Venous Thromboembolism — The Conventional Wisdom

Older epidemiologic evaluations of oral contraceptives and vascular diseasc
indicated thatr venous thrombosis was an effect of estrogen, limited to
current users, with a disappearance of the risk by 3 months after discon-
dnuation.*** Thromboembolic disease was believed to be 2 consequence of
the pharmacologic administradon of estrogen, and the level of risk was
belicved o be related to the estrogen dose.®** Smoking was documented
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to produce an additive increase in the risk of arterial thrombosis,®** but
bad no effect on the sisk of venous thromboembolism %7

Is there still 2 risk of venous chromboembolism with the current low-dose
(less chan 50 pg ethinyl estradiol) formulations of oral contraceptives? In
che first years of oral contracepton, the available products, contining 80
and 100 pg ethinyl estradiol (an exwremely high dose), were associated wich
2 6-fold increased risk of venous thrombosis.** Because of the increased
risks for venous thrombosis, myocardial infarction, and stroke, lower dose
formulations (less than 50 pg estrogen) came to dominate the market, and
clinjcians became more careful jn their screening of patients and prescrib-
ing of oral conwraception. Two forces, therefore, were at work
simulraneously to bring greater safety to women utilizing oral concracep-
ton: (1). the use of lower dose formulations, and (2). the avoidance of oral
contracepuon by high-risk padencs. Because of chese two forces, the Puger
Sound study in the United States documented 2 reduction in venous
chrombosis risk 16 2-fold. The new studies also reflect the imporrance of
these two forces, but they siill indicate an increased risk.

" Venous Thromboembolism — The Controversial Studies

The World Health Organization (WHO) Collaborative Study of
Cardiovascular Disease and Steroid Hormone Contraception was a hospi-
tal-based, case-conaol study with subjects collected from 21 cencers in 17
countries in Africa, Asia, Europe, and Latin America.® As part of this
scudy; the risk of idiopashic vepous thrombocmbolism associated with a
formulation containing 30 pg ethinyl estradiol and levonorgestrel (doses
ranging from 125 pg 1o 250 pg) was compared with the risk with prepara-
tions containing 20 or 30 pg ethinyl estradiol and either desogestrel or
gestodene (data from 10 ceprters in 9 counties).# There were only 9 cases
and 3 controls using combined oral contraceptives with other progestins,
precluding precise analysis. The users of the levonorgestrel formulation
had an increased odds ratio (an estimation of relative risk used in case-
contro| studies) of 3.5 compared wich nonusers. Current users of a
desogestel product had an increased risk of 9.1 compared with nonusers,
and with gestodene, the odds ratio was also 9.1. Thus, the increased risk
for desogestrel and gestadene was 2.6 times that of levonorgestrel, when
adjusted for body weight and height. Also of note, the inescased risk for
the desogestrel formulation coptaining 20 pg ethinyl estradiol was 38.2, a
number that is obviously not reliable because it was based upon only §
cases and 1 copwol; the confideace incerval (CI) of 4.5-325 ceflected this
imprecision. Overall, these increased risks were lower than those estimaced
by earlier case-concrol studies of higher dose oral conmaceptives.

The second case-conuol study (£
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Oral Contraception

The second ease-concrol study (from an international team of epidermiolo-
gists and called The Transnarional Study on Oral Contraceptives and the
Health of Young Women) analyzed 471 cases of deep vein thrombosis
and/or venous thromboembolism from the United Kingdom and
Gerroany. Second generation oral contraceptives were defined as products
concaining 35 pg or Jess of ethinyl estradiol and 2 progestin other than
desogestret or gestodene. Comparing users of second generation products
1o nonusers, the odds ratio was 3.2 (CI = 2.3-4.3). Comparing users of
desogestrel and gestodene products’to users of second generation oral
contraceptives, the risk of venous thromboembolism was 1.5-fold greater.

The third study was from Boston Uhiversity, buc the dara were derived
from The General Practice Research Database, 2 computerized system
involving the general practicioners in the U.K.® Using this cohorr, the
authars calculared the death rate from pulmonary embolism, stroke, and
acute myocardial infarction in the users of levonorgestrel, desogestrel, and
gestodene low-dase oral contraceptives. Over a 3-year perod, chey
collected a rotal of 15 unexpecred idioparhic cardiovascular deachs in users
of these products, a nonsignificant change, and no difference in che risk
comparing desogestrel and gestodene with {evonorgestrel The risk eso-
mates for venous thromboembolism (adjusted for smoking and body size)
were about 2 dmes greater for desogesirel and for gestodene, compared
with levonorgesirel users. There were only 4 cases and 9 conurols using the
20 pg cthinyl estradiol and desogestrel product, and although the risk was
similar to that associated with the 30 pg ethiny} estradiol and desogestrel
product, this is too small a number for analysis.

Simjlar resulis were reportcd when women with decp vein chrombosis in
the Leiden Thrombophilia Study in he Nedherlands were re-analyzed for
their use of oral contraceprives.” As expected, the risk of deep vein throm-
bosis was markedly higher in women who were camriers of the factor V
Leiden mucation and in women with 2 family history of thrombosis.

Smoking, well recognized as a risk factor for arterial thrombosis, did not
affect the risk estimates in these studies. This is not a new observacion;
older studies of venous thramboembolism also failed to idencify smoking

as a risk factor.%s

Venous Thromboembolism — Subsequent Studies

The publication of the 4 reports in late 1995 and early 1996 weas followed
by 2 flood of letrers to editors, as well as reviews and editorials, highlight-
ing confounding and bias problems in these studies.%¥ Some prominent
figures were convinced the reporis of increased risks wich desogestrel and
gestodene were real;®® others were skeptical, pointing out possible
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confounding biases. Subsequendy, re-analysis and new studies revealed
confounders and bjases in the initial studies. Thus, a coasistent picture
gradually emerged with consideration of proper analysis of the generared
daca, and the adjustment for confounding biases not inidally apparenc.

In Depmack, Lidcgaard and colleagues performed a hospital-based, case-
contro} study of women with confirmed diagnoses of venous
thromboembolism in 1394 and 1995 (in Denmark, all women with this
diagnosis are hospicalized, and therefore, very few, if any, cases were
missed).™ A 2-fold increased risk of venous thromboembolism was found
in current users of oral contraceptives, regardless of estrogen doses ranging
from 20 0 50 pg. The increased rsk was concentrated in the first year of
usc. Because there were more shori-term users of the new progestins and more
long-term users of the older progesting, adjustment for duration of use resulted
in no significant differences between the different types of progestins. Those
factors associated with an increased risk of thromboembolism included
coagulation disorders, weated hypertension during pregnancy, Gamily
hiscory of venous thromboembolism, and an increasing body mass index.
Notably, conditions not associated with an increased risk of venous throm-
boembolism included smoking, migraine, diabetes, byperlipidernia, parity,
or age at fictst birth. There was still insufficient swength in this study o
establish the absence or presence of a dose-response relationship compar-
ing the 20 g estrogen dose to higher doses.

A case-control study using 83 cases of venous thromboembolism denived
from che computer records of general practices in the U.K. concluded that
the increased nisk associated with oral contraceprives was the same for all
types, and that the paccern of risk with specific oral concraceptives suggested
confounding because of "preferendal prescribing” (defined below).” bz this
study, matching cases and controls by exact year of bivth eliminated differences
between different types of oral contraceptives, A similar analysis based on 42
cases from a German darabase again found no diffecence between new
progestin and older progestin oral conrraceptives.” Thus, in these two
studies, more precise adjustments for age climinated a confounding bias.

A re-apalysis of the Transnational Case-Control Study considered the dura-
tion and parterns of oral contraceptive use. This re-analysis focused on
firsc-ime users of second and third generadon oral contraceprves.
Statistical analysis with adjustment for duration of use and for first-time vsers
could find no differences between second and third generation products.
Similacly, a re-analysis of the UK General Practice Database (the
MediPlus database) could demonstrate do difference berween different oral
contraceptive formuladons.”

AT LR SN AR LSV
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Oral Contraception

Evaluation of the Studies

An immediate problem with che initial studies was how to reconcile che
results with the conventional wisdom thar thrombosis is an estrogen dose-
related complicadon. Furthermore, progestational agents, and desogestrel
and gestodenc in particular, have no significant impact on dlortring param-
eters.'** Therefore, there was inherent biologic implausibilicy surrounding
the new studies.

The initial reports resurrected the daim by Kubf in 1988 and 1989 chat
gestodene could cause more thrombosis because it affected ethinyl estra-
diol metabolism, resuldng in higher estrogen levels,”*” Other laboratories,
however, could not replicate Kuhl’s findings.”**

Former users discontioue oral contraceptives for a variety of reasons, and
often are switched ro what clinicians pesceive o be "safer” products ("pref
erential prescribing”).®* Individuals who do well with a producr tend to
remain with thac product. Thus, ac any one point in tme, individuals on
an older producc will be relatively healthy and free of side effects ("healthy
user effect"). This is also called astrition of susceptibles becanse higher risk
individuals wich problems are gradually eliminated from che group.*
Comparing users of older and newer products, therefore, can involve disparate
cohorts of individuals.

Because desogestrel- and gestodene-containing products were marketed as
less androgenic and therefore "berter” (a marketing claim not substantiared
by epidemiologic studies), clinicians chose o provide these producis to
higber risk padenss and older women.*** In addition, clinicians switched
padents perceived to be at greater risk for thrombosis from older oral
contraceptives to the pewer formulations with desogestrel and gescodene.
Burthermore, these products were prescribed more often w young women
who were starting oral conraception for the first ime (these young women
will not have experienced the test of pregnancy or previous oral contra-
ceptive wse to belp ideotify those who have a congenital predisposition to
venous thrombosis). These changing pracice patterns exert differenc
effects over the lifetime of a product, and analytical adjustments. are
excremely difficulr. The Transnational Group believed it accomplished an
appropriate 2djustment by focusing on first-Gme users and duration of
use.™* It is unlikely that the "healthy user effect” will be dominant in first-
time users. And, of course, this analysis found no differences between
second and chird generation oral contraceprives.

The challenge for a clinician is to make a decision: is an observational
study with statstically significant resules clinically (biologically) real? This
conuoversy illustrates how difficult this can be. When faced with resules
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from observational studies, clinicians want to see uniformity, consistency,
agreement—all arguing in favor of a real clinical effect Examples ate the
protective effect of oral concraceptives on che risk of ovarian cancer, and
the benefits of posumenopausal estrogen therapy on cardiovasculac disease.

The initial studies were impressive in their agreement. All indicated = F

increased relative risks associated with desogestrel and gestodene compared
with levonorgestrel. Nevertheless, all of the early studics, somewhat simi-
lar in design, were influenced by che same unrecognized biases. Persistent
erross will produce consistent conclusions.

The apparent differences associated with the new progestins, it is now
apparent, were due to two major factors: (1). The marketing and preferen-
tial prescribing of new products, and (2). The characteristics of the patients
Jor whom the new products were prescribed. Most impressive and impor-
tant is the fact that there is no evidence of an increase in mortality due to
venous thromboembolism since the introduction of new progestin oral
contraceptives. >

Venous Thromboembolism and the Factor V Leiden Mutation

The new studies indicate chat a risk of idiopathic venous thrombosis
persists wich low-dose oral contraceptives, at a level of approximatcly
3—4-fold greater than the normal, gencral incidence & However, an
inherited resistance to activated protein C, the factor V Leiden muration,
may account for a significanc portion of the patients who experience
venous thrombosis while taking oral contraceptives.

Relative Risk and Actual Incidence of
Venous Thromboembolism %

Population Refative Risk Incidence
Young womep-general population 1 4-5 per 100,000 per year
Pregnant women 12 48-60

High-dose oral contraceptives 6-10 24-50

Low-dose oral contraceptives 34 12-20

Leiden mutation carxier 6-8 24-40

Leiden carrier and oral contraceptives 30 120-150

Leiden mutation — homozygous 80 320-400
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An inherited resistance ro acdvated protein C, the factor V Leiden muca-
ton, is the mosr common inherited coaguladon problem, ransmicted in
an autosomal dominant fashion** Heterozygotes have a 6- to 8-fold
increased risk of venous thromboembolism, and homozygotes an 80-fold
increased risk. Oral contraceptive users who have this mutadon have been
reported to have a 30-fold increased risk of venous thrombosis.®® There is
no known association between the factor V Leiden mutadon and arterial
thrombosis.”

Aan increase in che risk of venous thrombosis associated with oral contra-
ceptive use has been observed in carriers of the prothsombin mutadon.” It
is probable that oral contraceptive use further increases the risk in any
woman with an inherited clotring disorder no matter which specific clot-
ting factor is responsible.

Should screening for the factor V Leiden mucacion (or for other inherited
cloring disorders) be routine prior to prescribing contracepaves? The
carrier frequendies of the Leiden mutadion in the American popularion (the
percentagcs are similar in men and women) are as follows:?

Caucasian Americaas —  5.27%

Hispanic Americans ~ —  2.21%
Nadve Americans —  1.25%
Black Americans — 1.23%
Asian Americans — 0.45%

These cstimates are consistent with the European assessments, indicatdng
char this is a rraic carried in people of European origin. In the United
States, of the approximately 10 million woroen currencly using oral contra-
ceptives, about 450,000 are likely to carry the factor V Leiden mutagion.
However, because the incidence rate of venous thromboembolism is so low
(4-5 per 100,000 young women per year),*” the number of women
required to be screened to prevenc one deach js prohibitively large. The
prevalence of all deficiencies is only about 0.5% in the asymptomatic
population, and only one-third of patents at risk are detected by the
present tests.”*

Furthermore, because only 2 small number of women even with the Leiden
mutation (less than 1 in 1000) have a clinical event (99.85% of the women
who test positively will NOT have a clinical evend!), the finding of a posi-
tive screening test, especially considering the high rate of false positve
tests, would be a barricr to che use of oral contraceptives, and a subsequent
increase in unwaoted pregnancics (which bas an cven greater risk of venous
thromboembolism) would likely follow. Most experts believe that screening
Sfor inberited disorders should be pursued only in women with a previous
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episode of idiopathic venous thromboembolism or a close positive family
history (parent or sibling) of venous thrombosis.

This aspect of the oral contraceptive venous thromboembolism contro-
versy received a transfusion of encrgy with the publication of 2 report from
the Netherlands, udlizing a Jaboratory test for resistance to activaced
protein C to compare differences in oral contracepuve non-usess, users of
second generacion oral contraceptives, and users of third generaton oral
contraceptives.” Women who used any oral contraceptive had a decreased
sensitivicy to activated protein C compared with noousers, and women
who used third generation oral contraceptives were even less sensidve, and
less than users of sccond generadon praducts. This was presented as an
explanation for rthe epidemiologic dara indicating greater risks of venous
thromboembolism associated with desogestrel and gestodene, and an
edirorial in the April 19, 1997, issue of Lancec concluded chat this report

was the "pail in the coffin” confirming the epidemiologic evidence.®

Subsequenc epidemiologic reports not only removed the pails from the
coffin, but returned the coffia to its maker. A closer look at the report from
the Netherlands finds considerable overlap in the resulis among all the
‘groups tested, and many of the oral contraceprive users had results compa-
rable with the nonusers. In a subsequent report from these investigators,
the study design, 2 cross-over trial, was an improvemenc over the cross-
scctional design of the first report.* Although once again oral
contraceptives containing desogesurel were associated with a greater resist-
ance to activated protein C compared with levonorgestrel-conaaining
products, there was still considerable overlap comparing the two proges-
dns, and with baseline levels as well. Tt is always prudent to avoid making
dinically meaningful conclusions from acquired changes in a single labo-
ratory test {especially when the clinical meaning of 2 laboratory test is
uncertain). Furtheemore, the resulss could not be corraborated by another
laboratory, and in a case-control study of women with venous throm-
boembolism, no association could be derected with measurements of
acquired activated protein C resiscance.*%

Arterial Thrombosis

Because -the incidence of cerebral thrombotic attacks (thrombotic strokes
and transient ischemic atracks) among young women is slighdy higher
than venous thromboembolism and myocardial infarction, and death and
disability are more likely, stroke is the most important possible side effect.
A very low incidence of stroke (n young women means there would be
litdle increase in absolute risk associated with oral conraceptives. However,
because the incidence of cerebral thrombotic atracks is higher in women
over age 35, we should do ous best, as the following paragraphs will indi-

cate, 1o make sure oral conwacep
and wichour significanc risk face
bypertension, migraine with aura
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care, to make sure oral contraceptive users over age 35 arte in good health
and withour significanc risk factors for cardiovascular disease (especially
hypertension, migraine with aura, diabetes mellitus with vascular disease,
and smoking). The esurogen dose is important for che risk of myocardial
infarcrion and thrombortic strokes.”? Thus, a rationale for advocaring low-
dose estrogen oral contraceptives continues to be valid.

Arterial Thrombosis — Myocardial Infarction

A popularion-based, case-control study analyzed 187 cases of myocardial
infarction in users of low-dose oral contraceprives in the Kaiser
Permanente Medical Care Program.” There was no staristically significant
increase in the odds ratio for myocardial infarcsion in current oral contraceptive
users compared with past or never wsers. A. similar negative outcome was
reported by a community-based case-control swwdy from England,
Sootland, and Wales.'®

In the Transnational case-control study of myocardial infarctions collected
from 16 centers in Austria, France, Germany, Switzerland, and the United
Kingdom, the results were as follows:'*'®

Confidence
Cases Controls 0Odds Ratio Interval

npared with levonorgesuel-containing Any OC use 57 156 2.35 1.42-3.89
ble overlap comparing the two proges-
:I. Tc is always prudent to avoid making 50 g estrogen OCs 14 22 4.32 1.59-11.74
from acquired changes in a single labo-v 0Old progestin OCs 28 7 2.96 1.54.5.66
Linical meaning of a Jeboratory test is
ts could pot be corroborared by anocher New progestin OCs 7 49 0.82 0.29-2.31

swdy of women with venous throm-
ld be detected with measurements of
ance. %

thrombotc acracks (thrombotc strokes
mong young women is slighdy higher
«d myocardial infarction, and death and
the most important possible side effect.
\ young women means there would be
iated with oral contraceptives. However,
thrombotic attacks is higher in women
1, as the following paragraphs will indi-

These data were ioterpreted as indicating no increased cisk of myocardial
infasction associated with oral contraceptives containing desogestrel or
gestodene. However, the reduced risk with the new progesdn oral contra-
ceprives was also emphasized (the comparison of third generadon products
to second gencracion products yielded a reduced risk that was stacisdcally
significant), suggesting a possible saving of deaths from myocardial infarc-
don with desogestrel and gestodene. The problem is chat the small acwal
incidence makes it difficult to acquire sufficent numbers. The conclusion
was based on only 7 cases and 49 conurols using third generation oral
contraceptives and 28 cases and 71 controls using second gencration prod-
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ucts, and, in our view, the power is too limited to make any condusion
regarding the new progestin oral contraceptives. This is 2 good example of
a conclusion that may be statistically significane, but dinically not real.

The Transnational scudy found thar cigarecie smoking carried a higher risk
for myocardial infarction than oral contaceptves, and thar nonsmoking
ysers of oral contraceptives had no evidence of an increased risk*' In addidon,
there was an indication that patient screening is important in minimizing
the impact of hypertension on the risk of myocardial infarction.

In the WHO muldcenter study, there were 368 cases of acuce myocardial

infarction.'® Factors associated with an jncreased risk of myocardial infarc-

tion included smoking, 2 history of hypertension (including hypertension

in pregnancy), diabetes, theumatic heart disease, abnormal blood lipids,

and a family history of saroke or myocardial infarcoon. Durarion of use

and past use of oral contraceprives did not affect risk. Although there was

abourt a 5-fold overall increased odds ratio of myocardial infarction in

current users of oral contraceptives, essentially all cases occurred in women

with cardiovascular risk factors. There was no apparenc effect of jncreasing
age on risk; however, there were only 12 cases among oral contraceptives
users less than 35 years old. There was no apparent reladonship with estro-
gen dosc, and there was no apparenc influence of type or dose of progestin.

However, the rare occurrence of this condition produced such small
numbers that there was insufficient sratistical power to accurately assess the
effects of progestin type, and estrogen and progestin doses. The conclusion
of this study was that the risk of myocardial infarction in women who use oral
contraceptives is increased only in smokers. Similarly, the Oxford-Family
Planning Association cohost study could detect no increased risk of
myocardial infarcrion in nonsmokers or in light smokers (fess than 15 ciga-
reties daily)."®

In a Danish case-control study of acute myocardial infasction in young
women, a stavistically significant increase in risk was noted only in current
users of 50 ug ethinyl estradiol® There was a progyessive increase in risk
with the number of cigarettes smoked, (accounting for 80% of the acute
myocardial infasctions in young women), increasing body mass index,
wreated hypertension, treated hypertension in pregnancy, diabetes melfi-
tus, hyperlipidemia, frequent migraine, and family history of myocardial
infarcdon. However, only family history of myocardial infarction and
smoking affected the risk associated with oral contraceptives; no influ-
ence on oral contraceptive risk was apparent with diabetes, bypertension,
and heart disease. No differences could be demonstrated according to
type of progestin.
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Oral Contraception

Incidence of Myocardial Infarction in Reproductive Age Women '*

Overall incidence ' 5 per 100,000 per year
Women Jess than age 35 .
Nosasmokers 4
Nonsmokers & OCs 4
Smokers 8
Smokers & OCs 43

Women 35-ycars-ald and older
Nosnsmokers 10
Nonsmokers & OCs 40
Smokers 88
Smokers & OCs 485

NOTE: The above incidences are estimates based on oral contraceptive
use paired with cardiovascular risk factors prevalent in the general popn-
lation. Bffective screening would produce smaller numbers. The
increased risks jn the smokers and OC groups reflect the impact of unde-
tected cardiovascular factors, especially hypertension.

Arterial Thrombosis — Stroke

Older case-conto} and cohort studies indicated an increased risk of cere-
bral thrombosis among curreat users of high-dose oral contraceprives. %1%
However, thromboric stroke did not appear to be increased in healthy,
nonsmoking women with the use of oral contraceptives concaining less
than 50 pg ethinyl esmadiol.!™®* A case-control analysis of dara collected
by the Royal College of General Practitioners’ Oral Coniraceprion Smudy
concluded chat current users were at increased nisk of stroke (with 2 persist-
ing effect in former users); however, this outcome was limited mainly co
smokers and to formuladons wich 50 ug or more of estrogen.'®® A case-
control study of all 794 women in Denmark who suffered a cerebral
thromboernbolic awtack during 1985-1989 was a lone contrast, conclud-
ing that there was an almost two-fold increased relative risk associated with
oral contracepuves connaining 30—40 pg estrogen, and che risk was signif-
icandy influenced by both smoking and the dose of estrogen in additive
(oot synergistic) fashiop.®
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More recent studies have emphasized the safety of low-dose oral concra-
ceptives. A population-based, case-cositrol study of 408 strokes from che
California Kaiser Permanente Medical Care Program found no increase in
risk for eithec ischemic suoke or bemorrhagic suoke:'® The ideatfiable
risk facrors for ischemic stroke were smoking, hypertension, diaberes,
elevated body weight, and low socioeconomic status. The risk factors for
hemorrhagic stroke were the same plus grearer body'mass and heavy use of
alcohol. Current users of low-dose oral contraceptives did not have an increased
risk of ischemic or hemorrhagic stroke compared with former users and with
never users. There was no evidence for an adverse effect of increasing age or
for smoking (for hemosshagic stroke, chere was a suggesdon of a positive
inceraction between current oral contraceptive use and smoking; but the
‘numbers were small, and the resulc was not statistically significant). A
pooled analysis of two caseontrol srudies from U.S. conduded thar there
is no increased risk of ischemic or hemorchagic swoke in current users of
low-dose ocal contraceprives.™

The Transnatonal study also analyzed their dara for ischemic stroke in a
case-contro) study of 220 ischemic strokes in the United Kingdom,
Germany, France, Swirzerland, and Austria. ' Overall, there was a 3-fold
"incredse in the risk of ischemic stroke associated with the use of oral
contraceptves, with higher risks obsecved in smokers (more than 10 ciga-
rettes per day), in women witch hypertension, and in uscrs of higher dose
estrogen products. No differences were observed comparing second and
third generation progestins. A simifar analysis of the Gencral Practice
Research Dacabase could also detect no difference in stroke risk comparing
progestin components.'
The World Health Organization dara on swoke come from the same
collaboradve study thar yiclded che publications on venous thromboem-
‘bolism. The tesules with stroke were published as two separate reports, one
on ischemic scroke and the ocher on hemorrhagic stroke."* In addition,
an analysis focusing on specific progestns could detect no differences
comparing oral contraceptives conraining desogestrel or gestodene with
formulations conraining levonorgestrel."

The WHO hospital-based, case-control study from 21 cencers in 17 coun-
wies accumulaced 697 cases of ischemic stroke, 141 from Europe and 556
from developing countsies.'® The overall odds ratio for ischemic stroke
indicared abourt a 3-fold increased risk. In Europe, howeves, the risk was
staristically significant only for higher-dose products, and NOT statistically
significant for produces with less than 50 pg echinyl estradiol. In develop-
ing countries, there was no difference in risk with Jow-dose and higher
dose oral contraceptives. This is believed to be due to the strong influence
of hypertension. In Europe, it was uncommon for women with a history
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