HORMONAL CONTRACEPTIVES, PROGESTOGENS ONLY

1. Exposure

‘Progestogen-only” contraceptives are available as injections, implants, oral prepa-
rations, hormone-releasing intrauterine devices and emergency contraceptives. These
compounds can be used by women who are breast feeding or have other contra-indica-
tions to oestrogen therapy, such as immediately post partum, those with thalassaemia,
sickle-cell disease, gall-bladder disease, past or present thrombo-embolic disorders,
valvular heart disease, ischaemic heart disease, recent surgery, migraine or hypertension,
and older women, particularly those over 35 who smoke (WHO Family Planning and Po-
pulation Unit, 1996; see Annex 1 for guidelines for use). Parenteral methods of adminis-
tration generally result in more effective contraception than oral routes, as they provide
more constant concentrations of the hormone in the blood. Use of progestogen-only oral
contraceptives leads to the peaks and troughs in concentration characteristic of oral medi-
cation but involves greater potential errors by the users, as placebo is given during seven
days of the cycle.

The progestogens that are or have been used in ‘progestogen-only’ contraceptives
are chlormadinone acetate, desogestrel, ethynodiol diacetate, levonorgestrel, lynoes-
trenol, medroxyprogesterone acetate, norethisterone, norethisterone acetate, norethis-
terone oenanthate, norgestrel, norgestrienone and progesterone. Of these, medroxypro-
gesterone acetate, norethisterone oenanthate and progesterone are used only in this way;
the remaining progestogens are also used in combination with oestrogens. Thus, infor-
mation on the progestogens used only in ‘progestogen-only’ hormonal contraceptives is
given in this monograph, and studies on other progestogens are summarized in the
monograph on ‘Oral contraceptives, combined’.

11 Historical overview

The development of injectable progestogen-only contraceptives resulted from a
growing understanding of steroid hormones and from the research that eventually led to
the development of combined oral contraceptives. In 1953, Karl Junkman and colleagues
synthesized the first injectable progestogens and then developed the first injectable
contraceptive, norethisterone oenanthate, in 1957. This compound is now approved for
contraceptive use in over 60 countries. Medroxyprogesterone acetate was synthesized in
the late 1950s, and its depot form was subjected to clinical trials in 1963, before being
released onto the international market. It has been approved for use as a contraceptive in
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a steadily increasing number of countries over the last 30 years and is now available in
over 100 countries worldwide. Concern about an association with cancers of the breast,
endometrium and cervix and other possible side-effects meant that depot medroxy-
progesterone acetate was approved as a contraceptive in the United States only in 1992,
some 25 years after the manufacturer’s first application (Lande, 1995); however, it had
already been approved for the treatment of conditions such as endometrial cancer, and
legislation in the United States does not prohibit the use of approved drugs for non-
approved indications. Nevertheless, there are still concerns in the international commu-
nity about issues of informed consent for the use of these long-acting methods and the
potential abuse of their administration to poorly educated groups (Kleinman, 1990).

Although the very first oral contraceptive, which was tested in Puerto Rico in 1955,
contained only norethynodrel and was, technically speaking, a progestogen-only oral
contraceptive (McLaughlin, 1982), it was superseded by the combination of mestranol
and norethynodrel during development, as the combination was shown to prevent ovu-
lation consistently. Progestogen-only oral contraceptives were developed in response to
concern raised in the late 1960s about the side-effects of oestrogens in combined oral
contraceptives. The prototype progestogen-only oral contraceptive contained chlorma-
dinone acetate and was introduced in 1969. It was withdrawn in 1970 because of evi-
dence that it induced breast nodules in laboratory animals. Other progestogen-only oral
contraceptives were developed subsequently, containing progestogens of the nore-
thisterone and levonorgestrel groups (Kleinman, 1990).

Subcutaneous progestogen implants were developed in the late 1960s and 1970s and
were approved in Finland in 1983, in Sweden in 1985, the Dominican Republic, Ecuador,
Indonesia and Thailand in 1986, China, Colombia, Peru and Venezuela in 1987, Chile
and Sri Lanka in 1988 and the United States in 1990 (McCauley & Geller, 1992).

A device that releases progesterone into the uterus was developed in the early 1970s
and has been available since 1976. This had the disadvantage of a high rate of hormone
release, necessitating annual replacement (Kleinman, 1990; Treiman et al., 1995). An
intrauterine device that releases effective concentrations of levonorgestrel over a five-year
period was approved in Finland in 1990 and in Sweden in 1992 (Chi, 1995); it has since
been approved in Belgium, Denmark, France, Iceland, Norway, Singapore, Switzerland
and the United Kingdom (Treiman et al., 1995).

1.2 Injectable progestogens

Two progestogen-only injectable contraceptives are available worldwide, and their
formulations have remained unchanged since their development in the late 1950s and
early 1960s (Table 1).

Norethisterone oenanthate is a long-chain ester of norethisterone which is formulated
in a solution of castor oil and benzyl benzoate and given intramuscularly into the gluteal
or deltoid muscle. The ester is then distributed to adipose tissue throughout the body and
is slowly released back into the bloodstream. It then undergoes hydrolysis in the liver to
produce norethisterone, the active progestogen (Kleinman, 1990). It is most commonly
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Table 1. Formulation and availability of injectable progestogen-only
contraceptives

Brand name Composition Dose (mg) and No. of
schedule countries
in which
registered
Depo-Provera® Medroxyprogesterone acetate 150, every 3 months 100
Dugen Medroxyprogesterone acetate 150, every 3 months 100
Megestron Medroxyprogesterone acetate 150, every 3 months 100
Noristerat, Norigest ~ Norethisterone oenanthate 200, every 2 months 60
Doryxus Norethisterone oenanthate 200, every 2 months 60

From Kleinman (1990); Lande (1995)
@ Other names include Depo-Cliovir, Depocon, Depo-Gestin, Depo-Geston, Depo-Proda-
sone, Depo-Progesta, Depo-Progestin, Depo-Progevera, Medroksiprogesteron

used as a 200-mg dose given every eight weeks or two months, although in some pro-
grammes it is given on a two-month schedule for the first six months and then every three
months (Lande, 1995).

Depot medroxyprogesterone acetate is administered in an aqueous microcrystalline
suspension by deep intramuscular injection into the gluteal or deltoid muscle. This depot
results in a high plasma concentration of medroxyprogesterone acetate initially, which
declines exponentially thereafter. It is given at a dose of 150 mg every 90 days or three
months (Lande, 1995).

Menstrual disturbances are common in women using these compounds and may take
the form of amenorrhoea or frequent and/or irregular bleeding. Weight gain is also a
common side-effect.

1.2.1  Patterns of use

About 12 million women worldwide currently use injectable contraceptives, and the
vast majority of these are progestogen-only preparations (Lande, 1995). Table 2 shows the
percentage of married women or women in union, aged 15-49, currently using any
method of contraception (including traditional methods) and the percentage currently
using injectable contraceptives. The overall proportion of women using injectable contra-
ceptives is low in most regions, except in Indonesia, Jamaica, Kenya, Namibia, New
Zealand, Rwanda, South Africa and Thailand.

In a survey conducted in New Zealand between 1983 and 1987, 14% of women aged
25-54 reported ever having used depot medroxyprogesterone acetate; however, 26% of
these had only ever received one injection (Paul et al., 1997). In 1994, the Planned Parent-
hood Federation of America supplied depot medroxyprogesterone acetate to 141 000
women, representing around 7% of their clients (Lande, 1995).
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Table 2. Use of injectable contraceptives by married women or
women in union aged 15-49, by country

Country Year Any Injectable
contraceptive contraceptives
(%) (%)
Africa
Algeria 1992 51 0.1
Benin 1996 16 0.7
Botswana 1988 33 5.4
Burkina Faso 1993 8 0.1
Cameroon 1991 16 0.4
Céte d’lvoire 1994 11 0.8
Egypt 1995 48 2.4
Eritrea 1995 8 0.8
Ghana 1993 20 1.6
Kenya 1993 33 7.2
Madagascar 1992 17 1.6
Malawi 1992 13 15
Mali 1995-96 7 0.2
Mauritius 1985 75 6
Morocco 1995 50 0.1
Namibia 1992 29 7.7
Niger 1992 4 0.5
Nigeria 1990 6 0.7
Rwanda 1992 21 8.4
Senegal 1992 7 0.2
South Africa 1987-89 50 23
Black 49 27
White 79 3
Sudan 1992-93 10 0.2
Swaziland 1988 20 4
Tunisia 1988 50 1
Uganda 1995 15 25
Zimbabwe 1994 48 3.2
Europe
Austria 1981-82 71 0
Belgium 1982 81 0
Hungary 1986 73 0
Italy 1979 78 0
Portugal 1979-80 66 2
United Kingdom 1983 83 0
England 1995 Not reported 1.2

North America
Canada 1984 73
United States 1988 74 0

o
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Table 2 (contd)

Country Year Any Injectable
contraceptive contraceptives
(%) (%)

Latin America and the Caribbean

Bolivia 1994 45 0.8
Brazil 1996 77 1.2
Colombia 1995 72 25
Costa Rica 1981 65 2
Dominican Republic 1991 56 <1
Ecuador 1987 44 <1
El Salvador 1985 47 1
Guatemala 1995 31 25
Haiti 1994 18 2.7
Jamaica 1993 62 8
Mexico 1987 53 1
Nicaragua 1981 27 1
Panama 1984 58 1
Paraguay 1990 48 5.2
Peru 1996 64 8
Trinidad and Tobago 1987 53 0.8
Asia and Pacific
Bangladesh 1993 45 4.5
China 1988 71 <1
Hong Kong 1987 81 3
Indonesia 1994 55 15
Nepal 1991 25 2
Pakistan 1990-91 12 0.1
Philippines 1993 40 0.1
Sri Lanka 1987 62 3
Syria 1993 40 0
Thailand 1991 69 12
Turkey 1993 63 0.1
Yemen 1991-92 7 0.6

From Population Council (1994); Lande (1995); Population Council (1995,
1996a,b); Bost et al. (1997); Population Council (1997a,b,c,d,e,f, 1998a,b); United
States Census Bureau (1998)

1.2.2  Action

Injectable progestogen-only contraceptives prevent ovulation (Lande, 1995) by inhi-
biting follicle-stimulating hormone and luteinizing hormone in a similar way to combined
oral contraceptives. They also thicken the cervical mucus, making it relatively impe-
netrable to sperm, and make the endometrium less receptive to implantation (Kleinman,
1990). They are very effective contraceptives, with 0.3 pregnancies per 100 women per
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year for depot medroxyprogesterone acetate and 0.4 pregnancies per 100 women per year
for norethisterone oenanthate, in the first year of use (Lande, 1995).

1.3 Progestogen implants

Subdermal implants release progestogen slowly over a long period and provide long-
term, reversible contraception. The prototype is Norplant, which consists of six silicone
rubber (Silastic) capsules 2.4 mm in diameter and 3.4 cm long which are inserted under
the skin of the forearm or upper arm and provide contraception for five years. The
capsules are each packed with 36 mg crystalline levonorgestrel, which is released at a
rate of 85 ug/day initially, falling to 50 pg/day by nine months of use, to 35 pg/day by
18 months and then 30 pg/day during the third, fourth and fifth year of use (McCauley
& Geller, 1992). They are non-biodegradable and must be removed in a minor surgical
procedure. Implants consisting of two Silastic rods with similar release rates are effective
for three years (Reynolds, 1996), and biodegradable implants that do not require removal
are being developed.

Like the injectable progestogen-only contraceptives, progestogen implants cause ame-
norrhoea or frequent or irregular bleeding in most users. Implants are also more costly
than many other methods (McCauley & Geller, 1992).

1.3.1  Patterns of use

Although implants are approved as a contraceptive in many countries, their use is not
widespread. The country with the largest number of users is Indonesia, where over
1 million women had used them by 1992, and in 1994 they were currently being used by
around 5% of married women aged 15-49 (United States Census Bureau, 1998). In the
two years after their approval by the United States Food and Drug Administration in
1990, about 500 000 women in the United States obtained implants (McCauley & Geller,
1992). By mid-1992, 150 000 women in Thailand had used Norplant; in a survey in 1994,
1.2% of married women or women in union aged 15-49 in Haiti were reported to be
currently using it (McCauley & Geller, 1992; United States Census Bureau, 1998).

1.3.2  Action

Implants suppress ovulation in up to 50% of women and have progestogenic effects
on the cervical mucus and the endometrium (Kleinman, 1990; McCauley & Geller, 1992).
The pregnancy rate is less than one per 100 women per year, averaged over five years of
use (McCauley & Geller, 1992).

1.4 Progestogen-only oral contraceptives

Progestogen-only oral contraceptives generally contain a progestogen of the norethis-
terone or levonorgestrel group, given at a constant dose, to be taken at the same time every
day, without a break. They are also called ‘mini-pills’. Annex 2 (Table 2) lists the common
brand names of progestogen-only oral contraceptives with their compositions. Typical pills
contain 0.3-0.35 mg norethisterone or 30-37.5 ug levonorgestrel (Kleinman, 1996).
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1.4.1  Patterns of use

Few systematic data are available on the prevalence of use of progestogen-only oral
contraceptives worldwide, as in most surveys women are asked about their use of “oral
contraceptive pills’ with no distinction between combined and progestogen-only oral
contraceptive pills. Use is probably more common in Australia—New Zealand, Scandinavia
and the United Kingdom than it is in the United States and other parts of Europe, but use
has been increasing over the last 20 years. In the United Kingdom, progestogen-only oral
contraceptives represented 0.9% of all oral contraceptives used in 1973 and 8.8% in 1987
(Thorogood & Villard-Mackintosh, 1993). The Health Survey for England 1995 showed
that 4% of English women aged 16-54 were currently using progestogen-only oral contra-
ceptives and 19% were using combined oral contraceptives; in the age group 35-44 years,
4% of women were using progestogen-only oral contraceptives and 9% were using com-
bined oral contraceptives (Bost et al., 1997). In the United States, progestogen-only oral
contraceptives accounted for less than 1% of oral contraceptive sales in 1984 (Piper &
Kennedy, 1987). Table 3 indicates the percentages of women among the population-based
controls in studies of oral contraceptives and breast cancer in Denmark, New Zealand,
Sweden and the United Kingdom who reported any use of progestogen-only oral contra-
ceptives (Collaborative Group on Hormonal Factors in Breast Cancer, 1996). In 1987,
about 2% of oral contraceptives bought by pharmacies in ‘developed’ countries were pro-
gesterone-only pills, while they accounted for less than 1% of such sales in ‘developing’
countries (Wharton & Blackburn, 1988) .

Table 3. Percentages of women reporting any use of
progestogen-only oral contraceptives in selected studies

Country Study Any use of
progestogen-only
oral contraceptives

(%)
Denmark Ewertz (1992) 5
Sweden Meirik et al. (1986) 13
New Zealand Paul et al. (1990) 9
United Kingdom UK National Case—Control 15

Study Group (1989)

From Collaborative Group on Hormonal Factors in Breast Cancer (1996)

1.4.2  Action

Progestogen-only oral contraceptives have variable effects on ovulation, suppressing
it in about 40% of users. Their main contraceptive action is through a progestogenic
effect on cervical mucus and, to a lesser extent, the endometrium. As the effect on
cervical mucus lessens 20-22 h after administration of a pill, the user must be careful to
take it regularly at a time that maximizes its effectiveness. The pregnancy rate is 0.3-5
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per 100 women per year of use, with lower failure rates among older women, probably
because of their lower overall fertility (Kleinman, 1990).

1.5 Other sources of exposure to progestogen-only contraceptives

The hormone-releasing intrauterine device ‘Progestasert’ contains 38 mg proges-
terone, which is released at a rate of 65 pg/day for one year, after which time it should
be replaced (Treiman et al., 1995). The more recently developed LNG-20 intrauterine
device contains 52 mg levonorgestrel which is released at a rate of 20-30 ug/day and
lasts for at least five years (Treiman et al., 1995; Kleinman, 1996). The progestogen
enhances the contraceptive efficacy of the intrauterine device and also reduces menstrual
loss. Although worldwide use of intrauterine devices is high, with at least 72 million
users in China alone (Treiman et al., 1995), only a small proportion of these contain pro-
gestogen. Hormone-impregnated contraceptive vaginal rings which release levo-
norgestrel into the systemic circulation have been developed but are not widely used
(Kleinman, 1990).

Progestogen-only emergency contraception involves the administration of two doses
of 750 png levonorgestrel orally 12 h apart within 48 h of unprotected intercourse (Cullins
& Garcia, 1997).

2. Studies of Cancer in Humans

21 Breast cancer
2.1.1  Results of published studies

Eight studies have been published on the relationship between the incidence of breast
cancer and use of progestogen-only hormonal contraceptives, i.e. progestogen-only pills
or injectable progestogen (depot medroxyprogesterone acetate). They are described in
Table 4. The studies were similar in that all were case—control studies of breast cancer in
relation to oral contraceptive use; information was obtained on contraceptive use and
other factors through interviews, with the exception of the study of Ewertz (1992), in
which self-administered questionnaires were used; they confirmed the cancer diagnosis
through medical records or cancer registry data; and important risk factors for breast
cancer were controlled for in the analyses.

(@  Mini-pills

A case-control study in the United Kingdom (Vessey et al., 1983), in which 1176
cases and 1176 controls aged 16-50 years in 1968-80 were enrolled, showed no asso-
ciation between the risk for breast cancer and use of progestogen-only pills. Such use was
reported by 2.8% of the cases and 2.5% of the controls; the relative risk estimate was not
given.

A population-based study (Cancer and Steroid Hormone Study of the Centers for
Disease Control and the National Institute of Child Health and Human Development,



Table 4. Case—control studies of use of progestogen-only contraceptives and breast cancer

Reference Country Years of Age No. of No. of Participation Type of Any use of RR (95% CI)
case (years) cases controls rates (%) progestogen  progestogen-only  for any versus
diagnosis (cases/ assessed contraceptives no use

controls) (%) (cases/
controls)
Vessey et al. (1983) United 1968-80 16-50 1176 1176 Not given Pill 2.8/2.5 Not given
Kingdom Hospital-based

Cancer and Steroid United 1980-82 20-54 4711 4676 80/83 Pill Not given 1.3

Hormone Study States Population- ~ Random (CI not given)

(1986) based digit-

dialling

Paul et al. (1989) New 1983-87 25-54 891 13864 79/82 Injectable 12/14 1.0 (0.8-1.3)

(New Zealand Zealand Population-  Electoral (DMPA)

National Study) based rolls

UK National Case— United 1982-85 <36 775 755 72/89 Pill 16/15 0.85

Control Study Group  Kingdom Population-  General (per year of use)

(1989) based practice

Clavel et al. (1991) France 1983-87 25-56 464 542 99/99 Pill 1.9/1.9 1.1(0.4-2.7)

Hospital-based
WHO Collaborative Kenya, 1979-88 <65 869 11 890 97/98 Injectable 13/12 1.2 (0.96-1.5)
Study (1991a) Mexico, Hospital-based (DMPA)
Thailand
Ewertz (1992) Denmark  1983-84 <40 203 212 90/88 Pill Not given 0.99 (0.57-1.7)
40-59 856 778 89/80
Population-based

Skegg et al. (1996) New 1983-87 25-54 891 13864 79/82 Pill 5.6/8.7 1.1 (0.73-1.5)

(New Zealand Zealand Population-  Electoral

National Study) based rolls

RR, relative risk; Cl, confidence interval; DMPA, depot medroxyprogesterone acetate
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1986), conducted between 1980 and 1982 in the United States, involved 4711 cases and
4676 controls 20-54 years of age. The investigators reported a relative risk estimate of
1.3 for use of progestogen-only pills; the confidence interval and numbers of case and
control women who had used the formulations were not given.

In a multicentre study in the United Kingdom (UK National Case—Control Study
Group, 1989), cases in women under the age of 36 years in 1982-85 were ascertained
and matched to a control from the general practice in which the case was treated. Replies
about contraceptive use obtained at interview were supplemented by the general practi-
tioner for 90% of the 755 pairs. Progestogen-only pills had been used in 16% of cases
and 15% of controls, but only 2.9% of the controls had used them for more than eight
years. The relative risk estimate for use of progestogen-only pills was 1.35 for less than
four years of use (90 cases and 67 controls), 0.73 for > 4-8 years of use (19 cases and 27
controls) and 0.59 for > 8 years of use (14 cases and 22 controls). The trend for the
relative risk to decrease with increasing duration of use was of borderline statistical
significance (p = 0.05).

Clavel et al. (1991) carried out a hospital-based case—control study in France
between 1983 and 1987. Among 464 cases and 542 controls aged 25-56 years, nine cases
(1.9%) and 10 controls (1.9%) had use of progestogen-only pills, yielding a multivariate
relative risk estimate of 1.1 (95% confidence interval [Cl], 0.4-2.7).

Ewertz (1992) carried out a population-based case—control study in Denmark of
cases notified in 1983-84 and obtained data on contraceptive use from self-administered
guestionnaires. A total of 1059 cases and 990 controls were included. Among the 377
cases and 364 controls for which data on the type of preparation used were available, 28
cases and 29 controls had used a progestogen-only pill, yielding a relative risk estimate
of 0.99 (95% ClI, 0.57-1.71). For five or more years’ use of progestogen-only pills, the
estimate was 0.65 (95% CI, 0.28-1.5), based on nine case and 14 control users.

Skegg et al. (1996) assessed use of progestogen-only pills in data from the New
Zealand National Study. On the basis of 50 cases (5.6%) and 163 controls (8.7%) with use
of progestogen-only pills, the relative risk estimate for breast cancer was 1.1 (95% ClI,
0.73-1.5) after adjustment for a number of factors, including age. There was a statistically
significant increased risk (2.3; 95% CI, 1.2-4.3) among women aged 25-34, on the basis
of 18 case and 70 control users. The corresponding estimates were 0.97 (95% Cl, 0.6-1.6)
for women aged 35-44, on the basis of 28 case and 80 control users, and 0.37 (95% ClI,
0.12-1.2) for women aged 45-54, on the basis of four case and 13 control users; neither
estimate was statistically significant. Virtually all of the women had used the preparations
for fewer than six years; the estimates for fewer than two and two to five years of use were
similar. In further analyses of women of all ages together, the relative risk estimate was
increased for use that had begun in the previous 10 years (1.6; 95% ClI, 1.0-2.4; 40 case
and 111 control users) and reduced for use that had begun 10 or more years previously
(0.44; 95% ClI, 0.22-0.90; 10 case and 52 control users). When time since last use was
assessed, the relative risk estimate was 1.4 (95% Cl, 0.86-2.2) for last use fewer than five
years previously (29 case and 91 control users), 1.0 (95% ClI, 0.56-1.9) for use that had
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ceased five to nine years previously (16 case and 48 case users) and 0.44 (95% ClI,
0.16-1.2) for use that had ceased at least 10 years previously (five case and 24 control
users). There was no clear evidence of an effect of the age at which use began or the
timing with respect to the first pregnancy.

(b)  Depot medroxyprogesterone acetate

Paul et al. (1989) reported on the use of the injectable progestogen, depot medroxy-
progesterone acetate, in a population-based case—control study of women aged 25-54
conducted in New Zealand between 1983 and 1987. A total of 110 (12%) of 891 cases
and 252 (14%) of 1864 controls had used this preparation. There was no increase in risk
overall (relative risk, 1.0; 95% CI, 0.8-1.3), but the relative risk estimate was increased
among women aged 25-34 (2.0; 95% CI, 1.0-3.8; 16 case and 55 control users). The
estimate was not increased in women aged 35-44 (0.94; 95% Cl, 0.45-3.3; 48 case and
133 control users) or 45-54 (0.95; 95% CI, 0.63-1.4; 46 case and 64 control users).
There was no trend in the overall data for an increase in risk with increasing duration of
use, but only 1.5% of controls had used depot medroxyprogesterone acetate for six years
or more. The relative risk estimates, although based on small numbers, were higher for
women with two to five years of use before the age of 25 or before the first pregnancy
than among women with less than two years of use. The relative risk estimate tended to
be increased for recent users: it was 1.7 (95% CI, 0.88-3.4) for women who had begun
use in the previous five years (16 case and 24 control users) and declined to 1.2 (95%
Cl, 0.76-1.9) five to nine years after first use, 0.92 (95% Cl, 0.64-1.3) 10-14 years after
first use and 0.73 (95% CI, 0.39-1.4) 15 or more years after first use; none of these
estimates was statistically significant. A similar trend was seen with time since last use:
the relative risk was 1.6 (95% CI, 1.0-2.5) for use within the previous five years, 0.99
(95% Cl, 0.65-1.5) five to nine years after last use and 0.78 (95% CI, 0.53-1.2) 10 years
or more after last use.

The WHO Collaborative Study of Neoplasia and Steroid Contraceptives (1991a)
assessed use of depot medroxyprogesterone acetate in centres in Kenya, Mexico and
Thailand in a hospital-based study conducted between 1979 and 1988 among women
under 65 years of age. Among the 869 cases of breast cancer and 11 890 controls, 109
cases (13%) and 1452 controls (12%) reported use of depot medroxyprogesterone acetate,
yielding an overall multivariate relative risk estimate of 1.2 (95% CI, 0.96-1.5). The rela-
tive risk estimate was 1.4 (95% CI, 0.88-2.2) for breast cancer at age < 35, 1.1 (95% ClI,
0.75-1.55) at age 35-44 and 1.0 (95% ClI, 0.68-1.5) at age 45 or older; none of these esti-
mates was statistically significant. There was no trend for the risk to increase with
duration of use; indeed, the largest relative risk estimate was for the shortest duration of
use; however, only 3.6% of controls had been exposed for more than three years. The
relative risk estimates tended to be highest among recent users: 2.0 (95% CI, 1.4-3.0) for
women whose use had begun in the previous two years (31 case and 342 control users)
and 1.6 (95% Cl, 1.1-2.5) for current users (27 case and 291 control users).
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2.1.2  Pooled analysis of individual data

The Collaborative Group on Hormonal Factors in Breast Cancer (1996) carried out a
combined analysis of data on use of progestrogen-only oral contraceptives from 27 studies
that provided information on these preparations to the investigators in 1995. On the basis
of 725 of 27 054 cases and 528 of 25 551 controls with any use of these preparations, the
relative risk estimate was 1.1 (95% CI, 0.99-1.2) (Figure 1). There was no significant trend
with duration of use, time since first use or time since last use (Figures 2—4), although there
was some suggestion that the risk was slightly elevated in current and recent users (1.2;
95% ClI, 1.0-1.3) (Figure 4).

Skegg et al. (1995) published the results of a pooled analysis of individual data from
two studies (Paul et al., 1989; WHO Collaborative Study of Neoplasia and Steroid Contra-
ceptives, 1991a) on depot medroxyprogesterone acetate. As had been observed in the
separate studies, there was no association between use and overall risk, but an increased
risk (not statistically significant) was found for women under 35 years of age and an
increased risk (statistically significant) for women who had last used the preparation
during the previous five years. The age-specific results for time since first use suggested
an increased risk for use begun in the previous year in each age group: 2.0 (95% ClI,
1.2-3.3) for < 35 years of age, 1.5 (95% CI, 0.9-2.4) for 35-44 years of age and 1.8
(95% Cl, 0.81-4.0) for 45 years of age and older, although only the estimate for women
< 35 years of age was statistically significant.

The Collaborative Group on Hormonal Factors in Breast Cancer (1996) also carried
out a combined analysis of use of injectable progestogens. On the basis of any use in 339
of 17 639 cases and 1935 of 38 248 controls, the relative risk estimate was 1.0 (95% ClI,
0.89-1.2) (Figure 5). There was no significant trend with duration of use (Figure 6).
There was some evidence of an increased risk for users of depot progestogens (Figures
7 and 8), with a significant trend of decreasing risk with time since first use (Figure 7).

2.2 Endometrial cancer
2.2.1  Cohort studies

In a study at a family planning clinic in Atlanta, United States, one case of uterine
cancer was found among 5000 African—American women aged 50 in 1967-76 who were
receiving injections of depot medroxyprogesterone acetate, with 0.83 expected (relative
risk, 1.2; 95% ClI, 0.1-6.7) on the basis of the rates from the national Surveillance, Epi-
demiology and End Results programme (Liang et al., 1983).

2.2.2  Case—control studies (Table 5)

In a multi-centre case—control study among women under 55 years of age in the
United States, only one of the 433 women with endometrial cancer and six of the 3191
control women reported use of a progestogen-only oral contraceptive (odds ratio, 0.6;
95% ClI, 0.1-5.0) in personal interviews (Centers for Disease Control and the National
Institute of Child Health and Human Development, Cancer and Steroid Hormone Studly,
1987).



Figure 1. Relative risks for breast cancer among women with any versus no use of progestogen-only oral
contraceptives

Reference, study Any use No use Statistics Relative riska

(no. of cases/ (no. of cases/

no. of controls)  no. of controls) O-E  var (O-E) RR & 99% ClI RR £ SD
UK National case—control study group 123/116 632/639 1.1 45.3 —_— 1.0+0.15
(1989)
Meirik et al. (1986) 59/62 363/465 45  19.4 13+0.26
Paul et al. (1989, 1990); Skegg et al. 50/163 841/1 701 0.2 23.9 1.0+ 0.20
(1996)
Vessey et al. (1983) 68/58 2 315/2 333 33 247 1.1+0.22
Other 425/129 22178/19885 22.0 161.0 4+ 1.2 +0.08
All studies 725/528 26 329/25023 311 2744 <> 1.1+0.06

0.0 0.5 1.0 1.5 20

Test for heterogeneity between studies: 2 (4 d.f.) = 1.0; NS

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

O, observed; E, expected; RR, relative risk; Cl, confidence interval; SD, standard deviation; d.f., degrees of freedom; NS, not significant
a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of conception ceased
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Figure 2. Relative risk for breast cancer by duration of use of progestogen-
only oral contraceptives

Duration  No. of cases/ Statistics Relative risk&
of use no. of controls
(years) INRR 1 RR (99% CI) RR £ SD

var(InRR) var(InRR)

Never 29 625/50 515 0.0 2469.0 1.0 +0.02
<2 467/641 16.8 199.1 —i— 1.1+ 0.07
2-3 120/150 7.6 52.2 -t 12+0.15
>4 125/145 8.8 50.8 —_——1210.15
L i 1 -y 1 " J
0.0 0.5 1.0 1.5 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

Test for trend with duration of use %2 (1 d.f.) = 0.4; NS

RR, relative risk; Cl, confidence interval; SD, standard deviation; d.f., degree of freedom; NS,
not significant

a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at
which risk for conception ceased

A study in Bangkok and Chiang Mai, Thailand, found that the incidence of endo-
metrial cancer was approximately 80% lower (odds ratio, 0.2; 95% CI, 0.1-0.8) among
women (three cases and 84 controls) who reported using depot medroxyprogesterone
acetate than among those who reported no use (119 cases and 855 controls) in personal
interviews (WHO Collaborative Study of Neoplasia and Steroid Contraceptives, 1991b).
All three case women who had used this preparation had also used pre-menopausal
oestrogens.

2.3 Cervical cancer
2.3.1  Methodological considerations

The same methodological issues as are described in section 2.3 of the monograph on
‘Oral contraceptives, combined’ must be considered when assessing associations between
use of injectable contraceptives and cervical carcinoma.
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Figure 3. Relative risk for breast cancer by time since first use of proges-
togen-only oral contraceptives

Time since  No. of cases/ ~ Statistics Relative risk®
first use no. of controls
(years) INRR 1 RR (99% Cl) RR + SD

var(InRR)  var(InRR)

Never 29 625/50 515 0.0 31322 1.0 +0.02
<5 250/335 12.9 101.1 —— 1.1+0.11
5-9 218/271 18.2 88.6 - —— 1.2 +0.12
10-14 129/195 -0.5 59.2 —%—  099+0.13
>15 84/103 1.8 36.4 - 1.0+0.17
L A 1 A A L A J
0.0 0.5 1.0 15 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

Test for trend with time since first use: X2 (1 d.f.) = 0.6; NS

RR, relative risk; CI, confidence interval; SD, standard deviation; d.f., degree of freedom; NS, not
significant

a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at which
risk for conception ceased

2.3.2  Cervical dysplasia and carcinoma in situ

The New Zealand Contraception and Health Study Group (1994) followed a cohort
of 7199 women for about five years. All of the women had two normal cervical smears
at entry into the cohort and were using either oral contraceptives, an intrauterine device
or depot medroxyprogesterone acetate as their method of contraception. The risk for
dysplasia per 1000 women was 58.7 for the users of depot medroxyprogesterone acetate
and 44.4 for those with an intrauterine device. This difference was not statistically signi-
ficant. The incidence rate of more severe dysplasia or carcinoma in situ was 0.9/1000 in
both groups. After control for multiple confounding factors, including the number of
sexual partners, the risk of the progestogen users relative to that of women with an intra-
uterine device was 1.2.

From data on women included in the WHO Collaborative Study of Neoplasia and
Steroid Contraceptives in Mexico and Thailand, Thomas et al. (1995a) estimated that the
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Figure 4. Relative risk for breast cancer by time since last use of proges-
togen-only oral contraceptives

Time since No. of cases/ ~ Statistics Relative risk®
last use no. of controls
(years) INRR 1 RR (99% CI) RR £ SD

var(InRR) var(InRR)

Never 29 625/50 515 0.0 2398.9 1.0+ 0.02
<5 375/492 23.4 150.7 43— 1.2+0.09
5-9 162/210 10.6 67.7 —— 1.2 £ 0.13
>10 134/186 -0.5 62.3 —_— 0.99+0.13
L A 1 A A L A J
0.0 0.5 1.0 15 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

Test for trend with time since last use: X2 (1 d.f.) = 1.0; NS

RR, relative risk; Cl, confidence interval; SD, standard deviation; d.f., degree of freedom; NS, not
significant

a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at which
risk for conception ceased

relative risk for cervical carcinoma in situ of women who had ever used depot medroxy-
progesterone acetate was 1.4 (95% CI, 1.2-1.7); however, when the analyses were res-
tricted to women with symptoms of vaginal bleeding or discharge, to minimize the possi-
bility of bias due to selective screening of women on this preparation, the relative risk esti-
mate was 1.2 (95% CI, 1.0-1.5). Nonetheless, women with symptoms had a significant
trend (p = 0.017) in risk with duration of use: women who had used depot medroxyproges-
terone acetate for more than five years had a relative risk of 1.8 (95% ClI, 1.2-2.6). There
was no trend in risk with time since first or last use. When considering women who had
used this preparation for more than five years, the risk was increased for those who had last
used it within the previous 10 years but not for those who had used it before that time.

2.3.3  Invasive cervical carcinoma

Two case—control studies have been conducted of the risk for invasive cervical cancer
and use of injectable contraceptives. Herrero et al. (1990) recruited cases from six
hospitals in Colombia, Costa Rica, Mexico and Panama. Controls were selected from the



Figure 5. Relative risk for breast cancer among women with any use of depot progestogens versus those who had

never used them

Reference, Any use No use Statistics Relative riska
study (no. of cases/ (no. of cases/

no. of controls)  no. of controls) O-E var(O-E) RR&99% ClI RR £ SD
Paul et al. (1989, 1990); Skegg et al. 110/252 781/1 612 5.2 49.1 —t— 1.1£0.15
(1996)
WHO Collaborative Study (1991a) 138/1 525 3 156/17 577 4.7 65.6 —— 1.1%013
Other 91/158 13 363/17 124 -2.0 393 —_— 0.95+0.16
All studies 339/1 935 17 300/36 313 7.9 1540 <{ 1.0+0.08

L A 1 " " L J
0.0 0.5 1.0 1.5 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)
Test for heterogeneity between studies: %2 (2 d.f.) = 0.6; NS
O, observed; E, expected; RR, relative risk; Cl, confidence interval; SD, standard deviation; d.f., degree of freedom; NS, not significant
@ Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at which risk for conception ceased

ATINO SNID0LSID0¥d ‘SIAILJFOVHLNOD TVNOWHOH

GSe



356 IARC MONOGRAPHS VOLUME 72

Figure 6. Relative risk for breast cancer by duration of use of depot pro-
gestogens

Duration  No. of cases/ Statistics Relative risk&
of use no. of controls
(years) INRR 1 RR (99% CI) RR + SD

var(InRR)  var(InRR)

Never 25 612/45 437 0.0 875.,2 * 1.0 +0.034
<2 129/257 6.3 59.4 —r & 1.1+0.14
2-3 28/65 -0.3 15.6 0.98 + 0.25
>4 37/88 -2.8 20.7 0.87+0.21
L i L i M L i J
0.0 0.5 1.0 1.5 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

Test for trend with duration of use X2 (1 d.f.) = 0.4; NS

RR, relative risk; Cl, confidence interval; SD, standard deviation; d.f., degree of freedom; NS,
not significant

a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at
which risk for conception ceased

same hospitals from which the cases were recruited; in Costa Rica and Panama, commu-
nity controls were also selected. The results were reported for use of all injectable contra-
ceptives combined and not separately for specific agents. Of the users, 55% reported using
injectable contraceptives monthly and 45% reported using them every three months. The
preparation used more frequently than every three months was probably norethisterone
oenanthate and that used every three months was probably depot medroxyprogesterone
acetate. Cervical swabs were taken from the study subjects and tested for type-specific
human papillomavirus DNA by filter in-situ hybridization. After control for age, age at
first intercourse, number of sexual partners, number of pregnancies, detected presence of
human papillomavirus type-16/-18 DNA, interval since last Papanicolaou (Pap) smear and
socioeconomic status, the risk of women who had ever used injectable contraceptives for
six or more months, relative to non-users, was estimated to be 0.8 (95% ClI, 0.5-1.2). The
risk was not increased for women who had used these products for fewer than five years
(0.5; 95% Cl, 0.3-0.9) but was 2.4 (95% ClI, 1.0-5.7) for women who had used them for
five or more years. There were no significant trends in risk with time since first or last use;
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Figure 7. Relative risk for breast cancer by time since first use of depot pro-
gestogens

Time since  No. of cases/ Statistics Relative risk®
first use no. of controls
(years) INRR 1 RR (99% CI) RR £+ SD

var(InRR) var(InRR)

Never 25 612/45 437 0.0 844.2 * 1.0+ 0.034
<5 84/516 15.4 39.7 1.5+0.19
5-9 94/592 4.4 55.1 — 1.1+ 0.14
10-14 110/534 3.0 61.1 —_— 1.0+0.13
>15 44/281 -11.4 295 —a—-+— 0.68 +0.15
L i L i a 1 i J
0.0 0.5 1.0 1.5 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

Test for trend with duration of use X2 (1 d.f.) = 8.8; p = 0.003

RR, relative risk; Cl, confidence interval; SD, standard deviation; d.f., degree of freedom

a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at which
risk for conception ceased

however, the highest relative risks were observed for women who had used these products
for more than five years and who had first used them more than 10 years previously
(relative risk, 3.4; 95% CI, 1.1-25) and for women who had used the products for more
than five years and who had last used them more than five years previously (relative risk,
5.3; 95% ClI, 1.1-10). These increased risks must be interpreted with caution, however,
because significantly reduced risks were observed for women who had used the products
for fewer than five years and had used them for the first time within the past 10 years
(relative risk, 0.4; 95% CI, 0.2-0.8) or within the past five years (relative risk, 0.4; 95%
Cl, 0.2-0.8). The reduced risks in relatively recent users could be due to more intensive
screening in women receiving depot medroxyprogesterone acetate, so that earlier stages
of disease are detected before progression to invasive disease.

In the WHO Collaborative Study of Neoplasia and Steroid Contraceptives (1992),
described in section 2.1.1(b), 2009 women with invasive cervical cancer were compared
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Figure 8. Relative risk for breast cancer by time since last use of depot pro-
gestogens

Time since  No. of cases/ ~ Statistics Relative risk?
last use no. of controls
(years) INRR 1 RR (99% CI) RR £ SD

var(InRR) var(InRR)

Never 25612/45 437 0.0 809.0 * 1.0+ 0.035
—_— +

<5 137/921 11.4 715 1.2+0.43

—_—— 0.98 +0.14
5-9 82/514 -0.9 51.1

— +
>10 101/467 313 555 — 0.94+0.13
L " 1 " i L J
0.0 0.5 1.0 1.5 2.0

Adapted from Collaborative Group on Hormonal Factors in Breast Cancer (1996)

Test for trend with duration of use x2 (1 d.f.) = 1.6; NS

RR, relative risk; CI, confidence interval, SD, standard deviation; d.f., degree of freedom; NS, not
significant

a Relative to no use, stratified by study, age at diagnosis, parity, age at first birth and age at which risk for
conception ceased

with 9583 hospital controls. After taking into consideration age, total number of pre-
gnancies, number of prior Pap smears, use of oral contraceptives and centre, the relative
risk for women who had ever used depot medroxyprogesterone acetate was estimated to
be 1.1 (95% CI, 1.0-1.3).

Using data from this study, Thomas et al. (1995b) also assessed risks for adeno-
carcinoma and adenosguamous carcinoma in relation to use of depot medroxyproges-
terone acetate. On the basis of 239 women with adenocarcinoma and 85 with adeno-
squamous carcinoma, the risks of women who had ever used this preparation relative to
2534 age-matched hospital controls were estimated to be 0.8 (95% ClI, 0.5-1.3) for adeno-
carcinomas and 0.7 (95% CI, 0.3-1.7) for adenosquamous carcinoma. All of the relative
risks in this study were assessed for possible confounding by variables including numbers
of pregnancies, live births and sexual partners, history of abortion and stillbirths, age at
first live birth, age at first sexual intercourse, marital status, history of a variety of sexually
transmitted diseases, serological evidence of herpes simplex virus infection, prior Pap
smears, level of education and use of other methods of contraception. Because the relative



Table 5. Case—control studies of use of progestogen-only contraceptives and endometrial cancer

Reference Location/period/ Source of  Ascertain-  Participation (%) Type/measure of No. of subjects OR (95% CI)

ages controls ment therapy

Cases Controls Cases  Controls

Centers for Eight US SEER General Personal 73 84 Never used POC 250 1147 Referent
Disease Control  areas/Dec. 1980-  population interviews Any use of POC 1 6 0.6 (0.1-5.0)
(1987) Dec. 1982/

20-54 years
WHO Bangkok, Chiang  Hospital Personal 98 96 Never used DMPA 119 855 Referent
Collaborative Mai, Thailand/ patients interviews Ever used DMPA 3 85 0.2 (0.1-0.81)
Study (1991b) Jan. 1979-Feb.

1986/< 60 years

OR, odds ratio; ClI, confidence interval; POC, progestogen-only contraceptives; DMPA, depot medroxyprogesterone acetate
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risk estimates for the two histological types were similar, the data for the two types were
combined, giving a relative risk of 0.8 (95% CI, 0.5-1.1) for women who had ever used
depot medroxyprogesterone acetate. No trends in relative risk with length of use or time
since first or last use were observed. The relative risk of women who had used the product
for more than four years was estimated to be 0.7 (95% CI, 0.4-1.4).

24 Ovarian cancer
2.4.1  Cohort studies

In the study of Liang et al. (1983) described in section 2.2, one case of ovarian cancer
was observed with 1.2 expected, corresponding to a relative risk of 0.8 (95% ClI,
0.1-4.6).

2.4.2  Case—control studies

Within the framework of the WHO Collaborative Study of Neoplasia and Steroid
Contraceptives (1991c), hospital-based data from Mexico and Thailand were analysed
with reference to use of depot medroxyprogesterone acetate and the risk for epithelial
ovarian cancer. A total of 224 cases and 1781 hospital controls were collected between
1979 and 1988. The multivariate relative risk for any use was 1.1 (95% Cl, 0.6-1.8) in
the absence of any duration-risk relationship (relative risk, 1.1 for > 5 years of use;
95% ClI, 0.4-3.2).

Little information is available on progestogen-only oral contraceptives. In a hospital-
based case—control study of 441 cases and 2065 controls recruited between 1977 and 1991
from various areas of the United States (Rosenberg et al., 1994), 1% of cases and 3% of
controls had ever used such preparations. [The unadjusted odds ratio was 0.3.]

2.5 Liver cancer

The WHO Collaborative Study of Neoplasia and Steroid Contraceptives (1991d) also
addressed the association between use of depot medroxyprogesterone acetate and the risk
for cancer of the liver. Cases were women diagnosed with cancer in three centres in
Thailand in 1979-88 and one centre in Kenya in 1979-86. Of the 94 eligible cases, 71
(75.5%) were interviewed. About two controls were identified for each case, chosen from
the same hospital but not otherwise matched; women were not eligible as potential
controls if they had been admitted to the hospital for conditions that might have altered
their use of steroid contraceptives. Of 10 796 eligible controls that were identified,
10 382 (96.2%) were interviewed. Eight controls per case of liver cancer were randomly
selected from the pool, resulting in the inclusion of 530 controls, matched on hospital,
age and date of diagnosis. Information on smoking was not collected. As alcohol intake
was not associated with the risk for liver cancer in these women, the relative risks were
not adjusted for alcohol intake. Subjects were not tested for evidence of infection with
hepatitis B virus, but both countries are endemic for this infection. The relative risks were
adjusted for age, centre, date of diagnosis and number of live births and were presented
separately for Kenya and Thailand. In Kenya, four out of 22 cases (18.2%) had used
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depot medroxyprogesterone acetate; the relative risks were 1.6 (95% ClI, 0.4-6.6) for any
use, 0.7 (95% ClI, 0.1-6.8) for use for 1-26 months and 2.9 (95% CI, 0.5-15.2) for use
for more than 26 months. Fifteen of the 22 cases in Kenya were diagnosed only on
clinical grounds. In Thailand, four out of 49 cases (8.2%) had used depot medroxy-
progesterone acetate; the relative risks were 0.3 (95% CI, 0.1-1.0) for any use, 0.2
(95% ClI, 0.0-1.2) for use for 1-26 months, 0.3 (95% Cl, 0.0-2.5) for 27-58 months and
0.7 (95% Cl, 0.2-3.2) for more than 58 months.

Kew et al. (1990) conducted a hospital-based case—control study in Johannesburg,
South Africa. The cases were those of patients with histologically confirmed hepato-
cellular carcinoma which had been diagnosed when they were aged 19-54. Two controls
per case were selected, matched on age, race, tribe, rural or urban birth, hospital and
ward; patients with diseases in which contraceptive steroids might be causally implicated
were not eligible as controls. The response rates were not given. Smoking and alcohol
intake were associated with the risk for liver cancer, but inclusion of these variables in
the analysis did not alter the results. Five of 46 cases (11%) and 21 of 92 controls (23%)
had used injectable progestogens, giving an overall relative risk of 0.4 (95% ClI, 0.1-1.2).
Nineteen of the 46 cases had antibodies to hepatitis B surface antigen, 25 had evidence
of past infection with hepatitis B virus, and two had no evidence of infection.

2.6 Malignant melanoma

One Danish case—control study of malignant melanoma (@sterlind et al., 1988),
described in detail in the monograph on ‘Post-menopausal oestrogen therapy’, provided
data on the use of progestogens alone. These preparations were used as oral contraceptives
by 14 cases and 23 controls (relative risk, 1.2; 95% CI, 0.6-2.6) and as post-menopausal
therapy by three cases and four controls (crude relative risk, 1.5; 95% CI, 0.3-8.1).

3. Studies of Cancer in Experimental Animals

In the only study evaluated previously (IARC, 1979) on the carcinogenicity of pro-
gestogen-only contraceptives in experimental animals, medroxyprogesterone acetate,
tested by intramuscular injection in dogs, produced malignant mammary tumours. No
information was available at that time on levonorgestrel. The results of relevant studies
published since that time are described below. Except where indicated, tumour deve-
lopment in tissues other than those mentioned was not reported.

3.1 Medroxyprogesterone acetate
3.1.1  Subcutaneous implantation
(@ Mouse

A group of virgin female BALB/c mice, eight weeks of age, was divided into three
subgroups: 44 received 60 mg progesterone, as 40 mg in a Silastic pellet implanted sub-
cutaneously initially and 20 mg six months later; 45 received 60 mg medroxyprogesterone
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acetate, as a 40-mg pellet initially and 20 mg six months later; and 47 received 160 mg of
the progestogen, 40 mg subcutaneously every three months for one year, representing the
protocol used in the development of this model (Lanari et al., 1986). The incidence of
mammary adenocarcinoma and the numbers and latency of the tumours are shown in
Table 6. The carcinomas induced by medroxyprogesterone acetate were predominantly
ductal but included some lobular carcinomas. The incidence of mammary carcinomas in
untreated controls was reported previously by Lanari et al. (1986) to be 0/42 at 80-90
weeks of age (Kordon et al., 1993).

Table 6. Mammary tumour incidence, number and latency
in BALB/c mice treated with medroxyprogesterone acetate

(MPA)
Treatment Dose Mammary tumour  No. of Latency
(mg) incidence tumours (weeks)
No. %
Progesterone 60 9/44 28 10 46.2
MPA 60 18/45 58° 30 51.3
MPA 160 34/38 0g° 38 50.1

From Kordon et al. (1993)
& Significantly greater than with progesterone (p < 0.05)
b Significantly greater than with 60 mg MPA (p < 0.0001)

Female BALB/c mice, two months of age, were either left intact or sialoadenec-
tomized. One month after sialoadenectomy, all mice were injected subcutaneously with
40 mg depot medroxyprogesterone acetate, and the same treatment was given every three
months for one year. The incidence of ductal and lobular mammary adenocarcinomas in
the intact mice was 34/47, and that in the sialoadenectomized group was significantly less
(11/48; p < 0.001). The tumour latency was similar: 52.5 + 3.8 and 50.1 + 2.1 weeks, res-
pectively (Kordon et al., 1994).

(o) Dog

Groups of 20 virgin beagle bitches were hysterectomized at four to six months of age
and given medroxyprogesterone acetate intramuscularly as an aqueous suspension, at a
dose of 0 (control), 30, 180 or 690 mg every three months for 48 months, corresponding
to one, six and 23 times the human contraceptive dose. As shown in Table 7, the inci-
dence of mammary tumour nodules was increased in treated animals. Histopathological
examination of the nodules revealed the presence of hyperplasia, including 13 animals at
the high dose with complex lobular hyperplasias. At that dose, the tumour type was
predominantly (12/14) complex adenoma. No carcinomas were detected (Frank et al.,
1979).
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Table 7. Mammary tumour nodules in beagle bitches
treated with medroxyprogesterone acetate (MPA)

Dose of MPA No. of surviving No. of bitches No. of

(mg/kg bw) bitches with nodules nodules
0 (vehicle) 17 2 2
3 19 13 29

30 18 15 93

75 14 12 105

From Frank et al. (1979)

Data on mammary tumour incidence in dogs treated therapeutically with medroxy-
progesterone acetate for the prevention of oestrus were obtained from 10 veterinary
practices in the Netherlands (van Os et al., 1981) for 341 bitches; 339 untreated bitches
were included as controls. The minimum age was two years, but most were older. The
practitioners had used the recommended dose, which was 50-100 mg per bitch, with an
interval of six months between doses, except at the start when dosing was more frequent.
Putative mammary tumours were generally not examined histologically and are thus
referred to as ‘nodules’, which were classed by size as < 1, 1-< 2, 2-< 3 and > 3 cm. The
first two sizes were combined and referred to as ‘small’ nodules and the last two were
combined and referred to as ‘large’ nodules. The appearance of nodules was reported as a
function of age, and the data were stratified in ranges of 2—< 4, 4-< 6, 6-< 9 and > 9 years.
Table 8 shows the incidence of mammary nodules by age in the treated and untreated
groups. Treatment with medroxyprogesterone acetate increased the incidence of mammary
nodules of all sizes in comparison with controls, and the tumour incidence increased with
time, although treatment caused a significant increase even when given for less than four
years.

Table 8. Mammary nodules in bitches treated with medroxy-
progesterone acetate (MPA)

Age (years) Controls (% with nodules) MPA (% with nodules)
All sizes 2->3cm All sizes 2->3cm

2—<4 0 0 5 2

4-<6 5 5 19% 147

6-<9 21 13 50° 39°

>9 53 43 718 56°

From van Os et al. (1981)
4 Significantly greater than untreated controls by %? test
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Beagle bitches, one to six years of age, were used to determine the effect of medroxy-
progesterone acetate on mammary tumour development. In one study, the progestogen
was given as a single intramuscular injection into alternate rear legs every three months at
a dose of 2 or 10 mg/kg bw, measured at the start of the experiment. Half of the animals
in each group received seven injections and were killed at 20-22 months; the other half
received six injections and were then maintained for 19 months without further treatment.
In the second study, the protocol was similar except that the amount of progestogen
administered was based on body weight at the time of treatment. The doses injected were
0.2, 0.8 and 1.2 mg/kg bw, made by diluting Depo-Provera in vehicle. A total dose of
75 mg/kg bw was given at two to three intramuscular sites in the hind legs. Controls
received the vehicle alone. The incidences of gross mammary gland nodules observed at
necropsy in bitches treated with medroxyprogesterone acetate are shown in Table 9. The
nodular lesions consisted of simple or complex lobular hyperplasia, simple adenomas,
complex adenomas and benign mixed tumours; no malignant tumours were observed. In
similar groups of bitches given 75 mg/kg bw medroxyprogesterone acetate, prior ovari-
ectomy did not significantly affect the induced mammary gland enlargement or nodule
development, and prior hypophysectomy did not affect the induced mammary gland
enlargement but significantly reduced the incidence of nodules (Concannon et al., 1981).

Data were collected from eight veterinary practices around Amsterdam, the
Netherlands, on 2031 bitches, comprising 576 with mammary tumours and 1455 control
animals. Of the animals studied, 441 had been ovariectomized (most were ovariohyste-
rectomized); 350 of these were controls. Medroxyprogesterone acetate was used in seven
practices and proligestone in one [the data were not stratified for progestogen type]. Three
groups were formed: animals in which tumours were diagnosed in 1976-79, animals in
which tumours were diagnosed in 1980 and a control group formed in 1980. The groups
were subdivided into age strata of 0-3, 4-5, 6-7, 8-9, 10-11 and 12 years and older. A com-

Table 9. Mammary gland nodules in beagle bitches
treated with medroxyprogesterone acetate (MPA)

Dose of MPA No. of Bitches with nodules (%)
(mg/kg bw) animals

5-9 mm 10-14 mm >15mm

0 24 25 4 0
1.2%0 6 7 0 0
2b 6 0 0 0
10° 7 57 14 14
75%¢ 12 92 58 75

From Concannon et al. (1981)

& Data from second study

® Killed at 2022 months

¢ Combination of animals killed at 20-22 months and 24 months
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parison of the two tumour groups with the controls showed that the progestogen-treated
bitches had a somewhat greater risk for developing benign and malignant mammary
tumours combined. The calculated relative risks for the most recent tumour group were 1.5
(p < 0.05) for regular progestogen treatment and 1.3 (p < 0.05) for irregular treatment. The
proportions of malignant mammary tumours were similar after regular and irregular
treatment; however, the author reported that progestogen treatment caused an earlier appea-
rance of both benign and malignant mammary tumours (Misdorp, 1988, 1991).

Two groups of seven elderly beagle bitches weighing 10-15 kg (median ages, 7 and
6.8 years) that had not previously been treated with progestogens were subjected to
surgical ovariohysterectomy to eliminate endogenous progesterone. Four to six weeks
later, depot medroxyprogesterone acetate (10 mg/kg bw) or proligestone (50 mg/kg bw)
was administered subcutaneously at three-week intervals for a total of eight injections.
Four to eight weeks after the last injection, three dogs per group were killed for analysis
of tissues, and the remaining four per group were maintained for six months without
additional progestogen treatment. After this time, treatment was resumed at the same
intervals, for a total of five more injections. The dogs were killed five to eight weeks
later. Four dogs served as untreated controls; no abnormalities were found in any organ.
The most frequent changes in the progestogen-treated dogs were adrenal atrophy (6/7
receiving medroxyprogesterone acetate and 7/7 receiving proligestone) and benign
mammary tumours (5/7 receiving medroxyprogesterone acetate and 5/7 receiving
proligestone). Some hepatic and pancreatic toxicity was also observed (Selman et al.,
1995).

(c) Cat

Misdorp (1991) obtained data on 735 cats from the same veterinary practices as
those from which data were obtained on dogs; 154 of the cats had mammary carcinomas,
35 had benign tumours, and 546 were used as controls. Medroxyprogesterone acetate
was the commonest progestogen used, but some cats had been treated with megestrol
acetate and some with proligestone. The type of progestogen was not taken into account
in the analysis. Regular progestogen treatment was associated with a significantly
increased relative risk (2.8; p < 0.001) for developing mammary carcinoma and a signi-
ficantly increased risk (5.3; p < 0.001) for developing benign mammary tumours. Irre-
gular treatment was not associated with an increased risk.

(d)  Monkey
[The Working Group was aware of an unpublished study on female rhesus monkeys
reviewed by Jordan (1994). In this 10-year study, treatment with doses 50 times the
human contraceptive dose of depot medroxyprogesterone acetate increased the incidence
of endometrial carcinomas, two tumours appearing in the treated monkeys and none in
controls.]
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3.1.2  Administration with known carcinogens
(@ Mouse

Two groups of 20 female BALB/c mice, two to three months of age, received medroxy-
progesterone acetate as a subcutaneous implant of 40-mg Silastic pellets followed after four
months with 20 mg, and a further group received pellets without medroxyprogesterone
acetate. One week later, mice in one of the treated groups and the controls were injected
intraperitoneally three times at monthly intervals with 50 mg/kg bw N-methyl-N-nitroso-
urea (MNU). The mammary tumour incidences and latencies were increased in the group
given the combined treatment (Table 10) after seven months, before mammary tumours
induced by medroxyprogesterone acetate would have appeared. The differences in tumour
incidence and latency between the groups receiving MNU and without the progestogen
were significant (p < 0.01 and p < 0.05, respectively) (Pazos et al., 1991).

Table 10. Mammary tumour incidence and latency in
BALB/c mice treated with medroxyprogesterone acetate
(MPA) followed by N-methyl-N-nitrosourea (MNU)

Treatment Tumour incidence Latency (days)
No. %

MPA + MNU 15/19 79 154+ 19

MNU 3/20 15 1797

MPA 0/20 0 >180

From Pazos et al. (1991)

Adult virgin female Swiss albino mice, eight to nine weeks of age, were given about
300 ug 3-methylcholanthrene intracervically in beeswax-impregnated threads. Medroxy-
progesterone acetate was given intramuscularly at a dose of 50 ug/mouse every fifth day
for 30, 60 or 90 days, with or without 3-methylcholanthrene, and mice were killed after 30,
60 and 90 days and observed for cervical lesions. The incidences of cervical invasive
squamous-cell carcinomas in mice given the carcinogen plus medroxyprogesterone acetate
were 0/30 after 30 days, 4/30 after 60 days and 22/38 after 90 days (p < 0.05). 3-Methyl-
cholanthrene alone caused small increases in tumour incidence after 60 days (2/20) and 90
days (8/26) in comparison with the wax thread alone. Cervical dysplasia, but no cervical
tumours, was observed in mice receiving medroxyprogesterone acetate alone (Hussain &
Rao, 1991).

Groups of 35, 30 and 30 female ICR mice, 10 weeks of age, were treated with
10 mg/kg bw MNU after laparotomy by injection into the left uterine tube; the right uterine
tube received saline. A group of 20 mice did not receive MNU. Two of the groups receiving
MNU were fed a diet containing 5 ppm oestradiol and the other group and those not
receiving MNU were fed basal diet. One group given both MNU and oestradiol and those
not given MNU received subcutaneous injections of 2 mg/mouse medroxyprogesterone
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acetate every four weeks from week 7 after MNU or no treatment. The duration of the
experiment was 30 weeks. As shown in Table 11, adenocarcinomas and preneoplastic
lesions developed in the uteri of mice in all groups treated with MNU. Medroxyproges-
terone acetate significantly decreased the incidence of endometrial adenocarcinomas. In
addition, while it caused a reduction in uterine weight, it had no effect on body weight.
Medroxyprogesterone acetate alone did not induce either uterine or mammary tumours
(Niwa et al., 1995).

Table 11. Uterine tumour incidence in ICR mice treated with
N-methyl-N-nitrosourea (MNU) followed by medroxyprogesterone
acetate (MPA), with or without oestradiol

Treatment Atypical hyperplasia Adenocarcinoma
MNU + oestradiol + MPA 4/30* 2/30**

MNU + oestradiol 16/24 8/24

MNU alone 7126 3/26

MPA alone 0/20 0/20

From Niwa et al. (1993)
* Significantly less than with MNU plus oestradiol (p < 0.001)
**Significantly less than with MNU plus oestradiol (p < 0.05)

Four groups of 40 virgin female CD2F, (BALB/c x DBA/2) mice, six weeks of age,
received six doses of 1 mg 7,12-dimethylbenz[a]anthracene (DMBA) by gavage at 6, 9,
10, 11, 12 and 13 weeks; four doses of DMBA at 9, 10, 12 and 13 weeks; a subcutaneous
implant of a 20-mg pellet of medroxyprogesterone acetate at six weeks plus DMBA at 9
and 10 weeks; or an implant of medroxyprogesterone acetate at six weeks plus DMBA at
9, 10, 12 and 13 weeks. A control group of 20 mice received a subcutaneous implant of
medroxyprogesterone acetate at six weeks. The experiment was terminated at 56 weeks.
The incidences of mammary adencarcinoma and the latencies are shown in Table 12
(Aldaz et al., 1996). Medroxyprogesterone acetate shortened the latency and enhanced the
incidences of mammary adenocarcinomas. [The Working Group noted that it is not
possible to assess whether medroxyprogesterone acetate alone produces mammary adeno-
carcinomas in this strain of mice, since the latency for mammary tumour induction in
BALB/c mice by this compound alone is > 50 weeks (Lanari et al., 1986).]

Virgin female BALB/c mice, two months of age, were injected subcutaneously with
40 mg depot medroxyprogesterone acetate once or twice at three-month intervals with
and without one dose of 50 mg/kg bw MNU administered either one week before or one
week after the first injection of medroxyprogesterone acetate. The experiment was termi-
nated at nine months to avoid detection of tumours induced by medroxyprogesterone
acetate alone, which have a latency of 52 weeks (Lanari et al., 1986). No mammary
tumours developed in 43 mice given MNU only or in the 22 given the progestogen only.
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Table 12. Incidence, number and latency of mammary tumours in
CD2F; mice treated with 7,12-dimethylbenz[a]anthracene (DMBA) with
and without medroxyprogesterone acetate (MPA)

Treatment No. of Mammary Total no. of Latency
mice adenocarcinoma mammary (days)
incidence tumours

DMBA x 6 32 5/32 8 152+ 75
DMBA x 4 35 15/35 24 218+ 72
MPA + DMBA x 2 36 21/36 28 210+ 65
MPA + DMBA x 4 30 21/30 35 99 +51°
MPA 20 0/20 0 -

From Aldaz et al. (1996)
2 Significantly less than the other groups (p < 0.0001)

A significant increase in the incidence of lobular adenocarcinomas was observed in the
groups treated with MNU plus two injections of medroxyprogesterone acetate. When the
first of the two progestogen treatments preceded MNU by one week, the incidence was
16/44 with a latency of 223 + 34 days; a total of 23 tumours developed. When the first
of the two progestogen treatments followed MNU by one week, the incidence was 9/43
with a latency of 211 + 38 days; a total of 10 tumours was observed. The difference in
the number of tumours between these two groups was significant (p < 0.01), but the diffe-
rence in tumour incidence was not. When medroxyprogesterone acetate was given once
one week after MNU and then withdrawn two months later, the tumour incidence was
significantly (p < 0.01) reduced to 3/42 (Pazos et al., 1998).

(b) Rat

Groups of 75 female Sprague-Dawley rats, 45, 55, 65 and 75 days of age at the start of
treatment, respectively, were further subdivided into three groups of 25 rats each: one
control and the two others implanted with a 21-day time-release pellet that contained 0.5 or
5 mg medroxyprogesterone acetate. The low dose corresponded to doses of 3.1, 2.8, 2.7 and
2.5 mg/kg bw, respectively, estimated to be equivalent to the amount of hormone admi-
nistered to women weighing 50-60 kg and receiving an injection of 140 mg Depo-Provera
every 90 days. At the end of 21 days, the remains of the pellets were removed. After a
further 21 days, 20 rats per group were treated with 8 mg/kg bw DMBA by gavage.
Mammary tumour development was monitored twice a week, and all animals were Killed
after 24 weeks. DMBA induced mammary tumours, including adenocarcinomas, in both
control and progestogen-treated rats. The results are summarized in Table 13. Susceptibility
to DMBA-induced mammary carcinogenesis declined and the latency increased with
increasing age at the start of treatment. The low dose of medroxyprogesterone acetate did
not alter the probability of mammary tumour development in younger rats; however, both
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Table 13. Mammary tumour formation in Sprague-Dawley rats treated
with medroxyprogesterone acetate (MPA) followed by 7,12-dimethylbenz-
[a]Janthracene (DMBA)

Treatment No. of rats Rats with Rats with No. of Latency
evaluated tumours adenocarcinomas  tumours/ (days)
for tumours rat

No. % No. %

45 days

Control® 12 9 75 5 42 1.8 82

MPA, low dose 11 9 82 5 46 1.6 115

MPA, high dose 8 7 88 4 50 1.8 116

55 days

Control® 15 7 47 6 40 1.3 121

MPA, low dose 18 5 28 1 6 0.5 73

MPA, high dose 17 12 71 6 35 2.9 41

65 days

Control® 12 6 50 5 42 1.6 110

MPA, low dose 15 7 47 4 27 0.6 60

MPA, high dose 16 10 63 6 38 1 90

75 days

Control® 18 8 44 4 22 1.2 177

MPA, low dose 16 10 63 7 44 1.9 95

MPA, high dose 16 11 69 7 44 2.3 120

From Russo et al. (1989a)
& Controls received 8 mg/kg bw DMBA and cholesterol pellets

the low and the high dose caused a twofold increase in the incidence of adenocarcinoma in
older animals over that with DMBA alone (Russo et al., 1989a). [The Working Group
noted that statistical analysis of the data did not allow an evaluation of the effects of
medroxyprogesterone acetate on DMBA-induced mammary tumorigenesis.]

3.2 Levonorgestrel

Rabbit; One hundred and fourteen does, approximately 2.5 years old, were subjected
to laparotomy and cross-sectional endomyometrial biopsy. Randomly selected rabbits then
received a levonorgestrel-containing or an inert intrauterine implant in the right uterine
horn. The implants consisted of a 0.3 x 2 cm core of either polydimethylsiloxane or 50%
polydimethylsiloxane and 50% levonorgestrel. The rabbits then underwent a second cross-
sectional endomometrial biopsy at six, 12 and 24 months. Of the 55 rabbits that received
levonorgestrel and the 53 rabbits that received inert implants, 29 given levonorgestrel and
33 given inert implants survived 24 months. After 24 months, the incidence of endometrial
carcinomas in rabbits receiving levonorgestrel (17%) was significantly lower (p < 0.05)
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than that developing spontaneously in rabbits receiving the inert implant (42%) (Nisker
etal., 1988).

Hamster: Groups of 30 Syrian golden hamsters, five weeks of age, received four
weekly subcutaneous injections of N-nitrosobis(2-oxypropyl)amine (NBOPA) at a dose of
10 mg/kg bw to initiate renal tumorigenesis and then received either control diet or a diet
containing 10 mg/kg diet (ppm) levonorgestrel for 27 weeks. A third group of animals was
not treated with the nitrosamine but was fed the diet containing levonorgestrel. Levo-
norgestrel alone did not cause renal tumours or dysplasia. Initiation with NBOPA caused
nephroblastoma in 1/21 animals and 469 dysplastic tubules. Levonorgestrel did not signi-
ficantly enhance the incidence of renal tumours in initiated animals (2/27 nephro-
blastomas and 2/27 renal adenomas) or increase the total number of dysplastic tubules
(747) (Mitsumori et al., 1994).

4. Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion
4.1.1  Medroxyprogesterone acetate
(@) Humans

Three women received intramuscular injections of 150 mg medroxyprogesterone
acetate, and blood was obtained several times on the first day after injection, then daily
for two weeks, then less frequently. The serum concentration of medroxyprogesterone
acetate was measured by a sensitive radioimmunoassay. The concentrations rose rapidly
after injection, reaching 0.26-0.47 ng/mL within 0.5 h and increasing to 0.97-2.66 ng/mL
by 24 h; the concentrations remained in the range of 1.0-1.5 ng/mL for the first two to
three months (Ortiz et al., 1977).

Depot medroxyprogesterone acetate was administered intramuscularly to four groups
of five healthy ovulating women at a dose of 25, 50, 100 or 150 mg. Medroxyprogesterone
acetate was measured by radioimmunoassay in serum samples obtained periodically over
the course of six months. All four doses initially produced serum concentrations that were
above the sensitivity limit of the assay, ranging from 0.1 to 0.3 ng/mL. The concentration
decreased with time, and the two lower doses reached the sensitivity limit more rapidly
than the higher doses (Bassol et al., 1984).

Medroxyprogesterone acetate was administered orally at a daily dose of 5 or 10 mg
to groups of five women, and blood samples were obtained several times on the first day
of treatment and daily 12 h after intake of the tablets. The serum concentrations were
measured by radioimmunoassay. The concentrations rose rapidly within 1-3 h to peak
values of 1.2-5.3 nmol/L [0.46-2.05 ng/mL] after the first 5-mg dose and to about 4.2—
6.7 nmol/L [1.62-0.84 ng/mL] after the 10-mg dose (Wikstrom et al., 1984).

Twenty women were given 150 mg medroxyprogesterone acetate intramuscularly
every 90 days for 12 months. They were subjected to an oral glucose tolerance test before
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and 3, 6 and 12 months after the start of treatment, and fasting and post-oral glucose load
(2-h) measurements were made of glucose, insulin, growth hormone, glucagon, pyruvate
and cortisol. Significant increases in mean blood glucose, blood pyruvate, serum insulin,
growth hormone and serum glucagon concentrations were seen after three months, which
progressed to their highest concentrations at 12 months (Fahmy et al., 1991).

Groups of 22 women recruited in roughly equal proportions from medical centres in
Hungary, Mexico and Thailand were treated with 12.5 or 25 mg medroxyprogesterone
acetate by intramuscular injection at 28-day intervals for three consecutive months. Blood
samples were obtained for measurement of serum medroxyprogesterone acetate, oestra-
diol and progesterone before treatment, three times per week after treatment and for two
months after the end of the last treatment. Ovulation was inhibited in all women. Resto-
ration of ovulation after cessation of treatment occurred more slowly in the group given
the high dose. The pharmacokinetic profiles differed between the three medical centres:
dose-dependent differences in the serum concentration of medroxyprogesterone acetate
were observed in the Thai women but not in Mexican women (Garza-Flores et al., 1987).

(b)  Experimental systems
No data were available to the Working Group.

4.1.2  Levonorgestrel (see also the monograph on “Oral contraceptives,
combined’, section 4.1.7)
(@ Humans

Ball et al. (1991) reported on 16 women who were treated with 30 pg/day levo-
norgestrel for six months. At the end of the treatment period, plasma cholesterol, lipo-
protein, triglyceride and glucose concentrations, and fibrinogen, plasminogen, factor
VII, factor X and antithrombin 111 activities were compared with pre-treatment values
and with those of a group of 23 women treated with 350 ug/day norethisterone for six
months. There were no significant differences between the two groups.

A group of 47 healthy women received subdermal implants in the arm of Norplant®,
from which levonorgestrel alone is released at a rate of about 30 ug/day. The women were
compared with two groups given combined oral contraceptives: 25 received 1 mg nore-
thisterone plus 50 pg mestranol per day for 21 days of a 28-day cycle, and 30 women
received 150 ug levonorgestrel plus 30 g ethinyloestradiol in a similar regimen. Blood
samples were taken at admission and after one, three and six months. Coagulation para-
meters were measured, including platelet count, prothrombin time, thrombin time, partial
thromboplastin time with kaolin, clotting factors I, I, V, VII-XIII, plasminogen, anti-
thrombin 11, o -antitrypsin, o,-macroglobulin and fibrinogen degradation products. In
contrast to the group receiving combined oral contraceptives, the Norplant® users had little
alteration in coagulation parameters; the only significant changes were an increase in factor
VIl and a decrease in antithrombin 111 six months after implantation (Shaaban et al., 1984).
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(b)  Experimental systems
See the monograph on “Oral contraceptives, combined’.

4.1.3  Norethisterone (see also the monograph on ‘Oral contraceptives,
combined’, section 4.1.9)
@) Humans

In the study of Ball et al. (1991) described in section 4.1.2, 23 women were treated
with 350 pg/day norethisterone for six months. No significant differences in the end-
points measured were seen in comparison with pre-treatment values or with those of 16
women treated with 30 ug/day levonorgestrel for six months.

In the study of Fahmy et al. (1991) described in section 4.1.1, 20 women were treated
with 200 mg norethisterone oenanthate intramuscularly every 60 days for six months,
then with 200 mg every 84 days for another six months. Significant increases in mean
blood glucose, pyruvate, serum insulin, growth hormone and glucagon concentrations
were seen after three months, which reached a peak at six months. The concentrations
reverted to normal at 12 months after the frequency of treatments was reduced.

(b)  Experimental systems

Three adult female baboons were injected intramuscularly with conventional bio-
degradable microspheres containing 75 mg norethisterone which was released conti-
nuously, while three other baboons received 75 mg norethisterone in encapsulated micro-
spheres. The animals with the encapsulated microspheres showed two peaks of the blood
concentration of norethisterone, while those given conventional microspheres showed a
single peak. In addition, norethisterone was released for about 40-50 days longer from
the encapsulated microspheres (Cong & Beck, 1991).

4.2 Receptor-mediated effects
4.2.1  Medroxyprogesterone acetate
(@ Humans

Zalanyi et al. (1986) gave groups of women 5 or 10 mg medroxyprogesterone acetate
orally on days 7-10 of the menstrual cycle and took endometrial biopsy samples on the
11th day before treatment and on the 11th day after the last dose of medroxyprogesterone
acetate. Medroxyprogesterone acetate reduced the numbers of glandular and stromal
mitoses, reduced the epithelial height, increased glandular diameter and increased the
numbers of vacuolated cells in the endometrium.

Tiltman (1985) examined archived specimens from hysterectomies and determined
the number of mitotic figures in uterine fibromyomas from 61 women who had received
unknown oral or subcutaneous doses of medroxyprogesterone acetate and 71 women who
had not received any hormonal treatment. The mitotic activity was significantly higher in
fibromyomas from the progestogen-exposed women than in the control samples or in 63
samples from women treated with a combined oestrogen—progestogen oral contraceptive.
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(b)  Experimental systems

Medroxyprogesterone acetate bound with high affinity to the progesterone receptor of
human endometrium (Briggs, 1975), human MCF-7 breast cancer cells (Schoonen et al.,
1995a) and canine uterus (Selman et al., 1996), its relative binding affinity exceeding that
of progesterone by 2.5-fold in uterine tissue (Shapiro et al., 1978; Selman et al., 1996) and
10-fold in MCF-7 cells (Schoonen et al., 1995a). Medroxyprogesterone acetate down-
regulated the mRNA and protein expression of both progesterone receptor-A and -B iso-
forms in primary cultures of isolated human endometrial epithelial cells, but surprisingly
up-regulated these two receptor isoforms in human endometrial stromal cells, an effect
that was inhibited by the anti-progestogen RU486 (Tseng & Zhu, 1997).

Medroxyprogesterone acetate had clear progestational activity in vivo, as measured by
inhibition of ovulation and endometrial stimulation in rabbits, indicating that its activity
is similar to that of progesterone (Phillips et al., 1987).

Progestogen-specific stimulation of alkaline phosphatase activity in T47D human
breast cancer cells indicated that medroxyprogesterone acetate has agonist activity, which
was equal to that of progesterone (Markiewicz & Gurpide, 1994). It was eightfold more
potent than progesterone in increasing glycogen levels in human endometrial explant
cultures (Shapiro et al., 1978).

Medroxyprogesterone acetate bound with much lower affinity than the natural ligand
to the oestrogen receptor in whole rat uterine homogenate (van Kordelaar et al., 1975); no
binding occurred in MCF-7 human breast cancer cells (Schoonen et al., 1995a). It had no
oestrogenic activity at concentrations of 10-7-10-6 mol/L, as demonstrated by oestrogen-
stimulated alkaline phosphatase activity in Ishikawa-Var | human endometrial cancer cells,
which is an oestrogen-specific response inhibited by 4-hydroxytamoxifen (Markiewicz
etal., 1992; Markiewicz & Gurpide, 1994; Botella et al., 1995); however, the binding of
oestradiol to rat uterine cytoplasmic oestrogen receptor was reduced by medroxy-
progesterone acetate both in vivo and in vitro (Di Carlo et al., 1983). Medroxyprogesterone
acetate also slightly reduced the hyperplastic response in the endometrium of oestrogen-
primed ovariectomized rats treated with conjugated equine oestrogen; tamoxifen did not
have a similar effect (Kumasaka et al., 1994). In addition, medroxyprogesterone acetate
inhibited the up-regulation of mMRNA expression of fibroblast growth factors-1 and -2 by
oestradiol in Ishikawa human endometrial cancer cells; the effect was similar to that of the
anti-oestrogen tamoxifen (Fujimoto et al., 1997).

Medroxyprogesterone acetate did not affect the growth of most oestrogen-sensitive
human mammary cancer cell lines tested, at concentrations of 10-8-10-6 mol/L (Jeng &
Jordan, 1991; Jeng et al., 1992; Catherino & Jordan, 1995; Schoonen et al., 1995a,b). It
stimulated cell proliferation only in two human breast cancer cell sub-lines (MCF-7 sub-
line M and T47D sub-line A) at concentrations of 10-6 mol/L and 10-8-10-6 mol/L, respec-
tively (Schoonen et al., 1995a,b). Cappelletti et al. (1995) also found stimulation of prolife-
ration of an MCF-7 line by medroxyprogesterone acetate at concentrations of 10-—
10-¢ mol/L. The latter effects were not changed by addition of tamoxifen or RU486, but
both anti-progestogens and anti-oestrogens by themselves strongly counteracted oestradiol-
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stimulated cell proliferation in T47D cells (Schoonen et al., 1995a,b). All of these expe-
riments were performed with breast cancer cell lines grown in phenol red-free medium
which contained steroid-free (dextran-coated charcoal-stripped) fetal bovine serum (Jeng
etal., 1992; Cappelletti et al., 1995; Schoonen et al., 1995a,b). Sutherland et al. (1988)
found a high degree of variability in the inhibitory effects of medroxyprogesterone acetate
on various human breast cancer cell lines, with about 50% inhibition at concentrations of
10-10 mol/L in T47D cells and 10-6 mol/L in MCF-7 cells and no effect in ZR75-1 cells;
these studies were performed in the presence of phenol red and serum. Musgrove et al.
(1991) reported that progestogens, including medroxyprogesterone acetate at 10-° mol/L,
could both stimulate and inhibit the cell cycle progression of the same human breast cancer
cell line; they demonstrated an initial growth acceleration, increasing the number of cells
in S-phase, followed later by growth inhibition due to G, arrest. The discrepancies in the
response of different breast cancer cell sub-lines to medroxyprogesterone acetate may be
related to differences in the time course of the biphasic effect of progestogens on their
growth.

Medroxyprogesterone acetate did not trans-activate oestradiol-responsive reporter
constructs containing oestrogen response elements in oestrogen receptor-positive cells
(Jeng et al., 1992; Catherino & Jordan, 1995), and did not alter the mRNA expression of
transforming growth factors (TGF)-B1, -B2 and -B3 (Jeng & Jordan, 1991).

Oestradiol at concentrations of 10-10-10-8 mol/L strongly induced the growth of MCF-
7 and T47D cell lines, regardless of the sub-line used (Cappelletti et al., 1995; Schoonen
et al., 1995a,b). Medroxyprogesterone acetate did not affect the growth stimulation of
MCF-7 sub-lines L and M or T47D sub-line A by oestrogen (at 10-1° mol/L), but it
inhibited stimulation of the growth of sub-line B MCF-7 cells and sub-line S T47D cells
in a dose-dependent fashion at concentrations of 10-11-10-6 mol/L and 10-10-10-6 mol/L,
respectively. These inhibitory effects at 10-8 mol/L were not blocked by the anti-proges-
togen RU486 at a concentration of 10-6 mol/L (Schoonen et al., 1995a,b). Cappelletti et al.
(1995), Botella et al. (1994) and Sutherland et al. (1988) also reported inhibition of oestra-
diol stimulation of growth of MCF-7 and T47D cell sub-lines by medroxyprogesterone
acetate at concentrations of 10-8-10-6 mol/L. Cappelletti et al. (1995) found that medroxy-
progesterone acetate inhibited stimulation of MCF-7 breast cancer cell growth by TGF-q,
but not by insulin-like growth factor-1 and -11.

Medroxyprogesterone acetate increased the reductive activity of 173-hydroxysteroid
dehydrogenase in an oestrogen- and progestogen-stimulated MCF-7 cell line in phenol
red-free medium (Coldham & James, 1990), indicating a possible mechanism for its
stimulating effects on the growth of breast cancer cells in vivo, by increasing the for-
mation of oestradiol. Medroxyprogesterone acetate also inhibited the activity of micro-
somal oestrone sulfatase in human breast carcinoma tissue, however, suggesting that it
could reduce the intracellular formation of biologically active oestrogen in human breast
cancer cells via the sulfatase pathway (Prost-Avallet et al., 1991).

Administration of medroxyprogesterone acetate to 50-day-old virgin female Sprague-
Dawley rats at a dose of 0.5 or 5 mg/rat per day for 21 days reduced the tritiated thymi-
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dine labelling index (an indicator of cell proliferation) in the terminal ducts and alveolar
buds, but not in the terminal end-buds (Russo & Russo, 1991). This effect protected
against the induction of mammary cancer by DMBA in a similar study with a norethy-
nodrel-mestranol combination (Russo et al., 1989b).

Subcutaneous administration of medroxyprogesterone acetate at doses of 1-1.5 mg/rat
twice daily for 18 days inhibited stimulation by oestrone (1 ug/rat subcutaneously twice
daily) of the growth of mammary gland carcinomas induced by DMBA in female Sprague-
Dawley rats which were ovariectomized after tumours had developed; the effect of
medroxyprogesterone acetate and the tumour growth inhibition caused by treatment with
the anti-oestrogens EM-219 and EM-800 were additive (Li et al., 1995; Luo et al., 1997).
Uterine weight was increased by medroxyprogesterone acetate in ovariectomized animals,
while adrenal weights were decreased; the anti-oestrogens EM-219 and EM-800 did not
have similar effects and did not alter the effects of the medroxyprogesterone acetate. The
reductive activity of 17B-hydroxysteroid dehydrogenase in mammary tumour tissue was
altered by medroxyprogesterone acetate in such a way that the formation of oestradiol in
tumours of the ovariectomized oestrone-treated animals was reduced by more than 50%,
while anti-oestrogens had no significant effect. In the uterus, medroxyprogesterone acetate
caused 48% inhibition of the stimulatory effect of oestrone on 17B-hydroxysteroid de-
hydrogenase activity in the ovariectomized animals, while the anti-oestrogens reduced this
enzymic activity to the levels found in ovariectomized animals.

Detectable but variable levels of either oestrogen or progesterone receptors were found
in four of seven mammary adenocarcinomas induced by medroxyprogesterone acetate in
BALB/c mice, while only three tumours contained both receptor types (Molinolo et al.,
1987).

Medroxyprogesterone acetate bound to the glucocorticoid receptor in canine liver
cytosol (Selman et al., 1996) and human mononuclear leukocytes and induced gluco-
corticoid-like effects in these cells, including reduced proliferative responses to mito-
genic stimuli (Kontula et al., 1983).

In studies with ovariohysterectomized bitches, administration of depot medroxypro-
gesterone acetate at three-week intervals for a total of eight subcutaneous injections of 10
mg/kg bw increased the concentrations of circulating growth hormones. This effect was
reversed within 2 h after surgical removal of all mammary tissue, which contained the
highest levels of growth hormone; there was also a distinct arterio-venous gradient of
growth hormone across the mammary glands. This study provides evidence for local pro-
duction of growth hormone in the canine mammary gland in response to medroxyproges-
terone acetate treatment (Selman et al., 1994). Further evidence for local production came
from the demonstration by reverse transcriptase polymerase chain reaction (Mol et al.,
1995a,b) of the induction of growth hormone mRNA in canine, feline and human tumours.
As growth hormone has been shown to stimulate human breast cancer cells (Biswas &
Vonderhaar, 1987; Bonneterre et al., 1990), the induction of mammary growth hormone
production may be a major mechanism for the development of proliferative lesions in
canine and perhaps human mammary gland (Mol et al., 1996). It should be noted, however,
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that medroxyprogesterone acetate did not increase circulating growth hormone levels in
men and women given a dose of 150 mg per day for three weeks to six months (Dhall et al.,
1977; Meyer et al., 1977).

Medroxyprogesterone acetate stimulated the growth of androgen-sensitive mouse
mammary carcinoma Shionogi cells with a reduction in the doubling time of approximately
75% at a concentration of 10-6 mol/L. This effect could be counteracted by blocking the
androgen receptor with 5 x 10-6 mol/L of the anti-androgen hydroxyflutamide, which itself
did not stimulate the growth of these cells (Luthy et al., 1988). Consistent with these obser-
vations, medroxyprogesterone acetate weakly bound to the rat ventral prostate androgen
receptor (Botella et al., 1987); however, it has been shown to be a strong competitor for
binding of 5a-dihydrotestosterone to the androgen receptor in human foreskin fibroblasts,
with activity similar to that of testosterone (Breiner et al., 1986). Medroxyprogesterone
acetate inhibited the growth of an oestrogen and progesterone receptor-negative human
breast cancer cell line (MFM-223), the growth of which is inhibited by androgens
(Hackenberg & Schulz, 1996).

Subcutaneous injection of medroxyprogesterone acetate to castrated male rats at a dose
of 0.15 mg/rat twice daily for 14 days increased the ventral prostate weight by about 50%
and stimulated the activity of the cell proliferation-related enzyme ornithine decarboxylase
in the ventral prostate by almost 20-fold. Effects of similar magnitude were found with a
dose of 0.15 mg 5a-dihydrotestosterone twice daily. No evidence for any anti-androgenic
activity of medroxyprogesterone acetate was detected in these studies (Labrie et al., 1987).
Phillips et al. (1987), however, found no androgenic activity of medroxyprogesterone
acetate in immature, castrated rats. The compound also increased the activity of 5o-
reductase and decreased the activity of hepatic 3a.- and 3B-hydroxysteroid dehydrogenase
in male and female rats, which could lead to increased circulating levels of 5a-reduced
androgens. These effects were blocked by flutamide or oestradiol, suggesting that androgen
receptor mediation was involved (Lax et al., 1984).

In dogs, medroxyprogesterone acetate induced cystic endometrial hyperplasia when
administered subcutaneously at 10 mg/kg bw 5-13 times at intervals of three weeks.
Although the presence of growth hormone was demonstrated in glandular epithelial cells
by immunohistochemistry, no evidence could be found for local production in this tissue
(Kooistra et al. 1997), in contrast to the canine mammary gland (Mol et al., 1995a). A role
for the elevated levels of circulating growth hormone in medroxyprogesterone acetate-
induced canine endometrial hyperplasia has not been determined.

In cultured human endometrial stromal cells, medroxyprogesterone acetate and pro-
gesterone were equally effective in markedly stimulating protein and mRNA expression of
insulin-like growth factor binding protein-2. This response was inhibited by RU486
(Giudice et al., 1991).

Medroxyprogesterone acetate and progesterone increased secretion of vascular endo-
thelial growth factor by the human breast cancer cell line T47D to a similar extent (three-
to fourfold over basal levels). This effect, which was progestogen-specific and did not
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occur in MCF-7, ZR-75 or MDA-MB-231 cells, suggests an angiogenic response of this
cell line to medroxyprogesterone acetate (Hyder et al., 1998).

Treatment of isolated primary normal human endometrial cells with medroxy-
progesterone acetate, oestradiol or their combination in vitro increased mRNA expression
of vascular endothelial growth factor in the cells by 3.1-, 2.8- and 4.7-fold, respectively,
over control values (Shifren et al., 1996). Intramuscular injection of medroxyprogesterone
acetate at 2 mg/mouse one to three times at weekly intervals did not alter the expression of
vascular endothelial growth factor in the tumour tissue of oestradiol-treated ovariectomized
nude mice carrying a human endometrial carcinoma xenograft line (Kim et al., 1996).

Medroxyprogesterone acetate weakly inhibited induction of angiogenesis by basic
fibroblast growth factor and TGF-o in rabbit cornea in vitro. This anti-angiogenic activity
was not correlated with its binding to glucocorticoid, progesterone or androgen receptors
(Yamamoto et al., 1994).

Medroxyprogesterone acetate at concentrations of 0.5-5.0 ng/mL did not affect the
growth of decidual endothelial cells derived from human endometrium, which was stimu-
lated by exposure to 5 ng/mL oestradiol (Peek et al., 1995).

Using migration and invasion assays which involve cell growth along a fibronectin
gradient, Ueda et al. (1996) demonstrated the inhibitory activity of 10-7-10-5> mol/L
medroxyprogesterone acetate on endometrial adenocarcinoma SNG-M cells in both
systems. At these concentrations, medroxyprogesterone acetate did not affect the growth
of these cells but inhibited cell locomotion, as determined in a monolayer wounding
model in vitro. The secretion by these cells of matrix metalloproteinases and stromelysin
was not affected. Fujimoto et al. (1996a,b) demonstrated, however, that medroxyproges-
terone acetate does not affect the migration of human endometrial cancer-derived cells
(Ishikawa, HEC-1 or HHUA cell lines) through an artificial basement membrane or their
expression of cell adhesion-related molecules such as E-cadherin and a- and -catenins.
Oestradiol increased the migration of these cells and their expression of the cell adhesion-
related molecules.

Medroxyprogesterone acetate given to female Wistar rats at an oral dose of 15 mg/kg
per day for seven days increased the liver weight and increased oxidation of aminopyrine
and ethyl morphine but had no significant effect on the liver DNA content (Schulte-
Hermann et al., 1988). This perhaps reflects the hepatic enzyme-inducing activity of me-
droxyprogesterone acetate (Lax et al., 1984).

4.2.2  Levonorgestrel
(@ Humans
Anderson et al. (1989) obtained breast biopsy samples from 347 pre-menopausal
women and determined the tritiated thymidine labelling index for epithelial cells. The 14
women in this group who used progestogen-only contraceptives [not specified] had a mean
labelling index of 1.55% (95% ClI, 0.87-2.75), whereas the labelling index in 83 unexposed
women was 0.66% (95% CI, 0.52-0.85). This study indicates that progestogen-only
contraceptive use is associated with increased epithelial breast cell proliferation.
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The mRNA expression of progesterone receptor in endometrial biopsy samples from
39 women using Norplant® (subcutaneous implants of levonorgestrel) was examined by
in-situ hybridization and compared with that in 53 unexposed women (Lau et al., 1996a).
Exposure to levonorgestrel resulted in a signal intensity in endometrial glands that was
comparable with that observed in control women during the menstrual and early proli-
ferative phase, which was lower than that found during the early to mid-proliferative and
secretory phases. The expression of progesterone receptor in endometrial stromal cells of
levonorgestrel-exposed women was reduced by approximately 20-25% as compared with
control tissue. The expression of cathepsin D, an indirect marker of the functional status
of progesterone receptors, was examined in 46 women using Norplant® and 45 unexposed
women (Lau et al., 1996b). No differences were detected between these two groups, and
no differences were found between phases of the menstrual cycle.

The effects of levonorgestrel administered from an intrauterine device on the
expression of insulin growth factor (IGF)-I1 and IGF-11 and those of IGF-binding protein
I in the human endometrium were examined by Pekonen et al. (1992) and Rutanen et al.
(1997). Endometrial tissue was obtained from surgical hysterectomy specimens and
uterine biopsies taken from women who had carried intrauterine devices releasing
levonorgestrel at a rate of 20 pug/day for 6-36 months (n = 60) (Rutanen et al., 1997) or
four months to seven years (n = 11) (Pekonen et al., 1992). Control tissue was taken from
49 women carrying copper-releasing intrauterine devices (Pekonen et al., 1992) or 13
untreated women (Rutanen et al., 1997). Levonorgestrel induced expression of endo-
metrial IGF-binding protein | (detected by immunohistochemistry and western blot) in
58/60 women, whereas none of 49 control women had detectable expression of this
protein (Pekonen et al., 1992). This finding was confirmed at the mRNA level by
northern hybridization and reverse transcriptase polymerase chain reaction (Rutanen
et al., 1997); no expression occurred in either normal proliferative or secretory-phase
endometrium, except for a very low level in late secretory-phase endometrium. IGF-1 and
IGF-II transcripts were found in all endometria, but expression was markedly higher for
IGF-I in proliferative-phase endometrium and for IGF-II in endometrium from levo-
norgestrel-exposed women. IGF-binding protein-1 was also expressed consistently in the
latter group. Pekonen et al. (1992) also studied a group of six women with subcutaneous
Norplant® capsules releasing 30-70 ug/day levonorgestrel. This treatment, in contrast to
the effect of local progestogen, induced IGF-binding protein-1 expression in the endo-
metrium of only one of the women. None of the treatments resulted in increased serum
concentrations of IGF-binding protein-I.

Using a cell migration assay for endothelial cells taken from endometrial biopsy
samples, Subakir et al. (1995, 1996) showed that levonorgestrel reduced the mobility of
these cells. Migration of human umbilical vein endothelial cells towards endometrial
explants occurred in only 16/46 (35%) explant samples taken from women using
Norplant® but in 22/30 (73%) explant samples from unexposed women. Furthermore, the
median migratory scores were higher in the latter group.
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(b)  Experimental systems
See the monograph on ‘Oral contraceptives, combined’, section 4.2.9.

4.3 Genetic and related effects
43.1 Humans
See the monograph on ‘Oral contraceptives, combined’, section 4.3.1.

4.3.2  Experimental systems
Progesterone did not induce DNA repair in female rat liver cells in vitro. It induced cell
transformation in Syrian hamster embryo cells in vitro at a dose that did not induce chro-
mosomal aberrations. Progesterone also induced cell transformation in baby rat kidney
cells infected with human papillomavirus-16 carrying the Ha-ras-1 oncogene (Table 14).
See also the monograph on ‘Oral contraceptives, combined’, section 4.3.2.

4.4 Reproductive and prenatal effects
4.4.1  Medroxyprogesterone acetate
(@) Humans

When used as a contraceptive agent, medroxyprogesterone acetate at intramuscular
doses of 100-150 mg reaches serum concentrations of 0.1-1 ng/mL, which inhibit ovu-
lation for several months (Ortiz et al., 1977; Bassol et al., 1984). Oral administration of
5-10 mg per day results in serum concentrations of 0.4-1.7 nmol/L [0.125-0.531 ng/mL]
12 h after dosing; this also inhibits ovulation but less reliably (Wikstrém et al., 1984).
The steroid hormone profiles in early pregnancy are not affected by large doses of
medroxyprogesterone given for the treatment of threatened abortion, although increased
plasma concentrations of progesterone and decreased plasma concentrations of
oestrogen were observed after the 20th week of gestation (Willcox et al., 1985; Yovich
et al., 1985).

A number of early studies reported associations between the use of medroxyproges-
terone acetate during pregnancy and the induction of a variety of congenital malformations
in offspring (reviewed by Schardein, 1980). It was concluded that the evidence for
malformations, such as cardiac, limb or central nervous system defects, was unconvincing.
In a well-controlled study of 1608 infants born to women treated for genital bleeding
during the first trimester of pregnancy with medroxyprogesterone acetate or other
progestogens and 1147 infants born to women who had no treatment, the prevalence of
congenital malformations, including genital malformations, was similar in the two groups
(Katz et al., 1985). A group of 449 subfertile pregnant women with high rates of recurrent
abortion or who suffered a threatened abortion were treated with medroxyprogesterone
(80-120 mg per day orally) from week 5 after the last menstrual period until at least the
18th week of pregnancy and were compared with a matched group of 464 women from the
same clinic who were untreated. No difference was found in the prevalence of congenital
malformations between the two groups: there were 15/366 (4.1%) infants with
malformations in the treated group and 15/428 (3.5%) in the control group. In particular,



Table 14. Genetic and related effects of progesterone

Test system Result? Dose” Reference
(LED or HID)
Without With
exogenous  exogenous
metabolic  metabolic
system system
Salmonella typhimurium TA100, TA1535, TA1537, TA1538, TA98, reverse mutation - NT 40000 pg/plate  Ansari et al. (1982)
Salmonella typhimurium TA100, TA98, reverse mutation - - 500 ug/plate Bokkenheuser et al.
(1983)
Salmonella typhimurium TA100, TA1535, TA1537, TA1538, TA98, reverse mutation - - 333 pg/plate Dunkel et al. (1984)
Escherichia coli WP2 uvrA, reverse mutation - - 333 ug/plate Dunkel et al. (1984)
DNA strand breaks, cross-links and related damage, Chinese hamster V79 cells - - 94.5 Swenberg (1981)
in vitro
DNA repair exclusive of unscheduled DNA synthesis, female rat hepatocytes in vitro  — NT 15.7 Neumann et al.
(1992)
Chromosomal aberrations, Chinese hamster ovary cells in vitro - - 480 Ishidate (1983)
Chromosomal aberrations, Syrian hamster embryo cells in vitro - NT 30 Tsutsui et al. (1995)
Cell transformation, BALB/3T3 mouse cells (+) NT 0.08 Dunkel et al. (1981)
Cell transformation, Syrian hamster embryo cells, clonal assay - NT 50 Dunkel et al. (1981)
Cell transformation, Syrian hamster embryo cells, clonal assay + NT 30 Tsutsui et al. (1995)
Cell transformation, RLV/Fischer rat embryo cells + NT 2.6 Dunkel et al. (1981)
Cell transformation, primary baby rat kidney + HPV16 + H-ras + NT 0.31 Pater et al. (1990)
Sister chromatid exchange, HE2144 human fibroblasts in vitro - NT 15.7 Sasaki et al. (1980)
Chromosomal aberrations, human lymphocytes in vitro - NT 100 Stenchever et al.
(1969)
Chromosomal aberrations, HE2144 human fibroblasts in vitro - NT 314 Sasaki et al. (1980)
Dominant lethal mutation, mice in vivo - 167 ipx1 Epstein et al. (1972)
Sperm morphology, mice in vivo - 500ip x5 Topham (1980)

% +, positive; (+), weak positive; —, negative; NT, not tested

b |ED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, ug/mL; in-vivo tests, mg/kg bw per day; ip, intraperitroneal
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there was no suggestion of an increase in the incidence of cardiac or limb defects (Yovich
et al., 1988).

Long-term follow-up studies have been reported on more than 2000 people exposed
to medroxyprogesterone acetate prenatally; most have shown no treatment-related
effects on health or development (Jaffe et al., 1990; Gray & Pardthaisong, 1991a;
Pardthaisong & Gray, 1991; Pardthaisong et al., 1992). In a large study in Thailand of
1431 children of mothers who had used depot medroxyprogesterone acetate as a contra-
ceptive (Pardthaisong & Gray, 1991), a small but significant increase in the prevalence
of low-birth-weight infants was found, accompanied by an increase in perinatal and
infant mortality (Gray & Pardthaisong, 1991a). The treated and control groups in this
study were not well matched, as the women taking medroxyprogesterone acetate had a
higher incidence of pregnancy risk factors, and the conclusions of the study have been
debated (Gray & Pardthaisong, 1991b; Hogue, 1991).

As treatment of men with medroxyprogesterone acetate can reduce their testosterone
levels and sperm counts, it has been tested as a male contraceptive. Testosterone must be
given at the same time to counter the decreased testosterone effects (Melo & Coutinho,
1977; Soufir et al., 1983). In a study of 25 healthy men, who had each fathered at least
two children, monthly injections of 100 mg medroxyprogesterone acetate and 250 mg
testosterone oenanthate were given for 4-16 months. In 24 of the men, a marked drop in
sperm count was observed one to three months after the first injection. By nine months,
11/14 men were azoospermic or had marked oligospermia (< 1 million sperm per milli-
litre). One subject was unresponsive, but no reason could be found (Melo & Coutinho,
1977).

Six men were given a daily oral dose of 20 mg medroxyprogesterone acetate in com-
bination with 50 or 100 mg testosterone for one year. From the third month, the sperm
count was < 108/mL. The sperm count returned to normal levels (> 20 x 108/mL) three
to six months after cessation of treatment (Soufir et al., 1983).

(b)  Experimental systems

Groups of 8-12 male Sprague-Dawley Crl:CD(SD)Br rats were castrated and injected
immediately thereafter twice daily for 14 days with one of a number of synthetic proges-
togens, including medroxyprogesterone acetate, used in the treatment of prostate cancer.
Controls were injected with the vehicle, 1% gelatine, in 0.9% saline. Dihydrotestosterone
was injected at a dose of 150 g twice daily for 14 days as a positive control. All of the
animals were killed on the morning after the last day of treatment, and the ventral prostate
and adrenals were removed and weighed; furthermore, the prostatic content of ornithine
decarboxylase was measured, as it is considered to be a highly specific, sensitive marker
of androgenic activity in the prostate. Dihydrotestosterone increased the ventral prostate
weight to 43% above that of castrated controls. Medroxyprogesterone acetate was equi-
potent with dihydrotestosterone and caused significant increases in prostate weight, by
about 49% at 150 pug and 162% at a dose of 500 g per injection. Whereas dihydrotestos-
terone caused a 14-fold increase in ornithine decarboxylase activity in the prostate,
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medroxyprogesterone acetate caused a 20-fold increase at the same dose. Medroxyproges-
terone acetate thus has very powerful androgenic activity in the rat ventral prostate, equal
to that of the potent natural androgen dihydrotestosterone (Labrie et al., 1987).

Pregnant Wistar rats were given 1 or 5 mg medroxyprogesterone acetate orally for
four days on days 17-20 of pregnancy, and the fetuses were removed on day 21. After
fixation, histological sections of the pelvic region were examined and the urovaginal
septum length measured. Very marked masculinization of female fetuses was detected, as
evidenced by decreased development of the urogenital septum at both doses (Kawashima
etal., 1977).

In a study in which Silastic intrauterine devices containing medroxyprogesterone
acetate were implanted between fetal implantation sites on day 9 in groups of 16 pregnant
Wistar rats, masculinization of female fetuses and feminization of males occurred, as
judged from changes in anogenital distance and the morphology of the genital papilla
(Barlow & Knight, 1983).

Anti-androgenic effects have also been reported. Groups of 10 albino Wistar mice
were treated subcutaneously with vehicle alone or with 1.0 mg per animal per day of
medroxyprogesterone acetate for seven days. The mice were killed on the eighth day and
the testes removed for histological and morphometric examination. Treatment inhibited
spermatogenesis and caused marked decreases in the volume, surface area and length of
the seminiferous tubules (Umapathy & Rai, 1982).

In the previous monograph (IARC, 1979), it was reported that medroxyprogesterone
acetate caused facial clefts in rabbits but not in rats or mice. A low incidence of facial
clefts and malformations of the respiratory tract and renal system was reported in NMRI
mice by Eibs et al. (1982) after subcutaneous injection of 30 mg/kg bw medroxy-
progesterone acetate. Injection of doses up to 900 mg/kg on day 2 of gestation also
increased the incidence of facial clefts and reduced fetal weight, but the effects were not
dose-related. Genital anomalies, masculinization of females and feminization of males
have been reported in rats (Lerner et al., 1962; Barlow & Knight, 1983) and non-human
primates. Time-mated cynomolgus monkeys were injected once intramuscularly with 25
(11 animals) or 100 (4 animals) mg/kg bw medroxyprogesterone acetate on day 27 (£ 2)
of gestation (10 and 40 times the human dose). All of the fetuses were affected: the female
offspring had labial fusion, clitoral hypertrophy and penile urethra, while the male off-
spring had short penis, reduced scrotal swelling and hypospadia. The adrenal weight was
markedly reduced in animals at the high dose, but no other malformation was observed,
and no genital effects were seen in animals treated with 2.5 mg/kg bw, which is equivalent
to the human dose (Prahalada et al., 1985). Similar effects were reported in baboons at
three to four times the human dose (8-10 mg/kg bw on day 30) (Tarara, 1984).

4.4.2  Levonorgestrel
(@) Humans
The primary contraceptive mechanism of action of levonorgestrel is inhibition of ovu-
lation, although effects on cervical mucus and on maturation of oocytes are also involved.
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In a study of 32 women using Norplant® implants, daily blood samples were obtained for
hormone analysis throughout most of one menstrual cycle. Half of the women had anovu-
latory cycles, and the others had abnormal concentrations of hormones in comparison with
women not taking contraceptives. Reduced progesterone concentrations and short luteal
phases were seen. None of the women using Norplant® had increased concentrations of
human chorionic gonadotrophin, indicating that early abortion is not the mechanism of
contraceptive action (Faundes et al., 1991; Segal et al., 1991). In a study of 178 women
who had requested removal of their Norplant® implant for a planned pregnancy and 91
women who had requested removal of intrauterine devices containing Norplant®, fertility
was unimpaired after cessation of use. Most of the women had used their contraceptive
method for two to four years (Silvin et al., 1992).

(b)  Experimental systems
See the monograph on ‘Oral contraceptives, combined’, section 4.4.5.

5. Summary of Data Reported and Evaluation

5.1 Exposure

Progestogen-only contraceptives have been available worldwide for over 40 years.
Intramuscular depot injections and subcutaneous implants are the most common routes of
administration in developing countries, where there is the widest use. Oral progestogen-
only ‘mini pills’ are used primarily in Europe and North America, but fewer women use
these preparations than parenterally administered progestogens and combined oral
contraceptives.

5.2 Human carcinogenicity
Breast cancer

Data on injectable progestogen-only contraceptives were available from two case—
control studies and a pooled analysis of original data, overall including about 350 women
with breast cancer who had used these drugs. Data on oral progestogen-only contra-
ceptives were available from a pooled analysis of original data on 725 women with breast
cancer who had used these drugs. Overall, there is no evidence of an increased risk for
breast cancer.

Endometrial cancer

One case—control study addressed the relationship between use of oral progestogen-
only contraceptives and risk for endometrial cancer; less than 2% of the control women
had used these preparations. Women with endometrial cancer were less likely to have used
oral progestogen-only contraceptives than control women but not significantly so.

The effects of use of depot medroxyprogesterone acetate on the risk for endometrial
cancer have been evaluated in one cohort and one case—control study. No reduction in risk
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was seen in the cohort study, whereas a strong reduction was observed in the case—
control study. Although the evidence is based on small numbers of women, the results of
these studies suggest that women who use progestogen-only contraceptives have a
reduced risk for endometrial cancer.

Cervical cancer

There is little evidence that use of depot medroxyprogesterone acetate or other pro-
gestational injectable contraceptives alters the risk for either squamous-cell carcinoma or
adenocarcinoma of the uterine cervix.

Ovarian cancer

One case—control study addressed use of progestogen-only oral contraceptives, and one
case—control study specifically addressed any use of depot medroxyprogesterone acetate.
Neither showed any alteration in risk, either overall or in relation to duration of use.

Liver cancer

Two case—control studies have addressed the association between risk for liver cancer
and use of injectable progestogen-only contraceptives. In neither study did the risk for
liver cancer differ significantly between women who had ever or never used these contra-
ceptives. Both studies were conducted in areas endemic for hepatitis viruses.

Cutaneous malignant melanoma
One case—control study of cutaneous malignant melanoma showed no increase in risk
among users of progestogen-only contraceptives.

5.3 Carcinogenicity in experimental animals

Medroxyprogesterone acetate has been tested for carcinogenicity in mice by sub-
cutaneous implantation of pellets or injection and in dogs by subcutaneous or intra-
muscular administration. In mice, it induced mammary adenocarcinomas; in dogs, it
induced mammary hyperplasia, nodules and benign mammary tumours. Tumour deve-
lopment in other organs and tissues of these animals was not reported.

Medroxyprogesterone acetate was tested in combination with some known carci-
nogens. With 7,12-dimethylbenz[a]anthracene or N-methyl-N-nitrosourea, it increased
the incidence of mammary adenocarcinomas in mice and shortened the latency to tumour
appearance. Medroxyprogesterone acetate enhanced the incidence of cervical invasive
squamous-cell carcinomas in mice treated with 3-methylcholanthrene. It decreased the
incidence of endometrial adenocarcinoma in mice previously treated with N-methyl-N-
nitrosourea plus oestradiol.

Two studies in dogs and one study in cats treated by veterinarians for suppression of
oestrus and compared with untreated animals indicated that medroxyprogesterone acetate
increases the risk for developing benign and malignant mammary tumours in both
species.
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Levonorgestrel was tested by implantation into the uterus of rabbits, with no indication
of carcinogenicity. In combination with N-nitrosobis(2-oxopropyl)amine, levonorgestrel
did not enhance the incidence of renal dysplastic lesions or tumours in hamsters.

54 Other relevant data

Use of depot injections of progestogens or subcutaneous implants of controlled-
release devices results in sustained levels of hormone release over long periods. Proges-
togens used in this way vary in their spectrum of hormonal activities. In addition to pro-
gestational activity, levonorgestrel has some oestrogenic activity. In contrast, medroxy-
progesterone acetate has no marked oestrogenic activity but has some androgenic acti-
vity. Both compounds can modify oestrogenic effects. Progestogen-only contraceptives
have growth potentiating effects in the human mammary gland, as indicated by elevated
rates of cell proliferation. No data were available on the genetic activity of these proges-
togens in humans, but norethisterone induced some changes in DNA and chromosomes
in experimental systems. Progesterone induced cell transformation in mammalian cells
in vitro. Early studies on use of depot medroxyprogesterone acetate during pregnancy
suggested that genital malformations were induced in the fetus, but the results of later
studies provided no support for that suggestion. Medroxyprogesterone acetate admi-
nistered to men can reduce testosterone levels and semen production.

55 Evaluation

There is inadequate evidence in humans for the carcinogenicity of progestogen-only
contraceptives.

There is sufficient evidence in experimental animals for the carcinogenicity of
medroxyprogesterone acetate.

Overall evaluation
Progestogen-only contraceptives are possibly carcinogenic to humans (Group 2B).
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