ESTROGEN-ONLY MENOPAUSAL THERAPY
Estrogen therapy was considered by previous IARC Working Groups in 1987 and 1998 (IARC,
1987, 1999). Since that time, new data have become available, these have been incorporated into the Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

(i) Structural and molecular formulae, and
molecular mass

1.1 Identification of the agents

CH3

O

1.1.1 Conjugated estrogens
The term ‘conjugated estrogens’ refers to
mixtures of at least eight compounds, including
sodium estrone sulfate and sodium equilin
sulfate, derived wholly or in part from equine
urine or synthetically from estrone and equilin.
Conjugated estrogens contain as concomitant
components the sodium sulfate conjugates of
17α-dihydroequilin, 17β-dihydroequilin, and
17α-estradiol (United States Pharmacopeial
Convention, 2007).
(a) Sodium estrone sulfate
Chem. Abstr. Serv. Reg. No.: 438-67-5
Chem. Abstr. Name: 3-(Sulfooxy)-estra1,3,5(10)-trien-17-one, sodium salt
IUPAC Systematic Name: Sodium
[(8R,9S,13S,14S)-13-methyl-17-oxo7,8,9,11,12,14,15,16-octahydro-6Hcyclopenta[a]phenanthren-3-yl] sulfate
Synonyms: Estrone sodium sulfate; estrone
sulfate sodium; estrone sulfate sodium salt;
oestrone sodium sulfate; oestrone sulfate sodium; oestrone sulfate sodium salt;
sodium estrone sulfate; sodium estrone3-sulfate; sodium oestrone-3-sulfate

H
H

H

N aO 3 SO

C18H21O5S.Na
Relative molecular mass: 372.4
(b) Sodium equilin sulfate
Chem. Abstr. Serv. Reg. No.: 16680-47-0
Chem. Abstr. Name: 3-(Sulfooxy)-estra1,3,5(10),7-tetraen-17-one, sodium salt
IUPAC Systematic Name: Sodium
(13-methyl-17-oxo-9,11,12,14,15,16-hexahydro-6H-cyclopenta[a]phenanthren-3-yl)
sulfate
Synonyms: Equilin, sulfate, sodium salt;
equilin sodium sulfate; sodium equilin
3-monosulfate
Description: buff-coloured amorphous powder, odourless or with a slight characteristic
odour [when obtained from natural sources]; white to light-buff-coloured crystalline
or amorphous powder, odourless or with a
slight odour [synthetic form] (Sweetman,
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1.1.3 Mestranol

(i) Structural and molecular formulae, and
molecular mass
CH3

H

O

H

N aO 3 SO

C18H19O5S.Na
Relative molecular mass: 370.4

1.1.2 Ethinylestradiol
Chem. Abstr. Serv. Reg. No.: 57-63-6
Chem. Abstr. Name: (17α)-19-Norpregna1,3,5(10)-trien-20-yne-3,17-diol
IUPAC Systematic Name:
(8R,9S,13S,14S,17R)-17-Ethynyl-13-methyl-7,8,9,11,12,14,15,16-octahydro-6Hcyclopenta[a]phenanthrene-3,17-diol
Synonyms: 17-Ethinyl-3,17-estradiol;
17-ethinylestradiol; 17α-ethinyl17β-estradiol; ethinylestradiol;
17α-ethinylestradiol
Description: White to creamy- or slightly
yellowish-white, odourless, crystalline powder (Sweetman, 2008)
(a) Structural and molecular formulae, and
relative molecular mass
CH 3

OH
C

Chem. Abstr. Serv. Reg. No.: 72-33-3
Chem. Abstr. Name: (17α)-3-Methoxy-19norpregna-1,3,5(10)-trien-20-yn-17-ol
IUPAC Systematic Name:
(8R,9S,13S,14S,17R)-17-Ethynyl-3-methoxy-13-methyl-7,8,9,11,12,14,15,16-octahydro-6H-cyclopenta[a]phenanthren-17-ol
Synonyms: Ethinylestradiol 3-methyl
ether; 17α-ethinylestradiol 3-methyl
ether; ethinyloestradiol 3-methyl ether;
17α-ethinyloestradiol 3-methyl ether;
ethynylestradiol methyl ether; ethynylestradiol 3-methyl ether; 17-ethynylestradiol 3-methyl ether; 17α-ethynylestradiol
3-methyl ether; 17α-ethynylestradiol
methyl ether; ethynyloestradiol methyl ether; ethynyloestradiol 3-methyl
ether; 17-ethynyloestradiol 3-methyl
ether; 17α-ethynyloestradiol 3-methyl
ether; 17α-ethynyloestradiol methyl
ether; 3-methoxy-17α-ethinylestradiol;
3-methoxy-17α-ethinyloestradiol;
3-methoxy-17α-ethynylestradiol; 3-methoxyethynylestradiol; 3-methoxy-17αethynyloestradiol; 3-methoxyethynyloestradiol; 3-methylethynylestradiol;
3-O-methylethynylestradiol; 3-methylethynyloestradiol; 3-O-methylethynyloestradiol;
∆-MVE
Description: White or almost white to
creamy-white, odourless, crystalline powder (Sweetman, 2008)
(a) Structural and molecular formulae, and
relative molecular mass

CH

CH3

OH
C

H

H
H

H

H

HO

C20H24O2
Relative molecular mass: 296.4
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H 3 CO

C21H26O2
Relative molecular mass: 310.4
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1.1.4 Estradiol
Chem. Abstr. Serv. Reg. No.: 50-28-2
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)triene-3,17-diol
IUPAC Systematic Name:
(8R,9S,13S,14S,17S)-13-Methyl-6,7,8,9,11,12,14,15,16,17decahydrocyclopenta[a]phenanthrene-3,17-diol
Synonyms: Dihydrofollicular hormone;
dihydrofolliculin; dihydromenformon; dihydrotheelin; dihydroxyestrin;
3,17β-dihydroxyestra-1,3,5(10)-triene;
3,17-epidihydroxyestratriene; β-estradiol;
17β-estradiol; 3,17β-estradiol; (d)-3,17βestradiol; oestradiol-17β; 17β-oestradiol
Description: White or creamy-white, odourless, crystalline powder (Sweetman, 2008)
(a) Structural and molecular formulae, and
relative molecular mass
CH 3

OH
H

H
H

17β-estradiol benzoate; 17β-estradiol
3-benzoate; estradiol monobenzoate;
1,3,5(10)-estratriene-3,17β-diol 3-benzoate; β-oestradiol benzoate; β-oestradiol
3 benzoate; 17β-oestradiol benzoate;
17β-oestradiol 3-benzoate; oestradiol
monobenzoate; 1,3,5(10)-oestratriene3,17β-diol 3-benzoate
Description: Almost white crystalline powder or colourless crystal (Sweetman, 2008)
(a) Structural and molecular formulae, and
relative molecular mass
CH3

OH
H

H
O
C

H

H

O

C25H28O3
Relative molecular mass: 376.5

1.1.6 Estradiol cypionate
H

HO

C18H24O2
Relative molecular mass: 272.4

1.1.5 Estradiol benzoate
Chem. Abstr. Serv. Reg. No.: 50-50-0
Chem. Abstr. Name: Estra-1,3,5(10)-triene3,17β-diol, 3-benzoate
IUPAC Systematic Name:
[(8R,9S,13S,14S,17S)-17-Hydroxy13-methyl-6,7,8,9,11,12,14,15,16,17decahydrocyclopenta[a]phenanthren-3-yl]
benzoate
Synonyms: Estradiol benzoate; β-estradiol
benzoate; β-estradiol 3-benzoate;

Chem. Abstr. Serv. Reg. No.: 313-06-4
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)triene-3,17-diol, 17-cyclopentanepropanoate
IUPAC Systematic Name:
[(8R,9S,13S,14S,17S)-3-Hydroxy13-methyl-6,7,8,9,11,12,14,15,16,17decahydrocyclopenta[a]phenanthren-17-yl]
3- cyclopentylpropanoate
Synonyms: Cyclopentanepropionic acid,
17-ester with oestradiol; cyclopentanepropionic acid, 3-hydroxyestra-1,3,5(10)trien-17β-yl ester; depo-estradiol cyclopentylpropionate; depoestradiol cypionate;
estradiol 17β-cyclopentanepropionate;
estradiol cyclopentylpropionate; estradiol 17-cyclopentylpropionate; estradiol
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17β-cyclopentylpropionate; 17β-estradiol
17-cyclopentyl-propionate; estradiol cypionate; estradiol 17-cypionate; estradiol
17β-cypionate
Description: White to practically white crystalline powder, odourless or with a slight
odour (Sweetman, 2008)
(a) Structural and molecular formulae, and
relative molecular mass
O
CH 3

O

C
H

H
H

H

HO

C26H36O3
Relative molecular mass: 396.6

1.1.7 Estradiol valerate
Chem. Abstr. Serv. Reg. No.: 979-32-8
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)triene-3,17-diol, 17-pentanoate
IUPAC Systematic Name:
[(8R,9S,13S,14S,17S)-3-Hydroxy13-methyl-6,7,8,9,11,12,14,15,16,17decahydrocyclopenta[a]phenanthren-17-yl]
pentanoate
Synonyms: Oestradiol valerate; estradiol
17β-valerate; estradiol valerianate; estra1,3,5(10)-triene-3,17β-diol 17-valerate;
3-hydroxy-17β-valeroyloxyestra-1,3,5(10)triene
Description: White or almost white crystalline powder or colourless crystal, odourless or with a faint fatty odour (Sweetman,
2008)

(a) Structural and molecular formulae, and
relative molecular mass
O
CH 3

O

C
H

H

H

HO

C23H32O3
Relative molecular mass: 356.5

1.1.8 Estriol
Chem. Abstr. Serv. Reg. No.: 50-27-1
Chem. Abstr. Name: (16α,17β)-Estra1,3,5(10)-triene-3,16,17-triol
IUPAC Systematic Name:
(8R,9S,13S,14S,16R,17R)-13-Methyl-6,7,8,9,11,12,14,15,16,17decahydrocyclopenta[a]phenanthrene3,16,17-triol
Synonyms: Estra-1,3,5(10)-triene3,16α,17β-triol; estratriol; 16α-estriol;
16α,17β-estriol; 3,16α,17β-estriol; follicular
hormone hydrate; 16α-hydroxyestradiol;
3,16α,17β-trihydroxyestra-1,3,5(10)-triene;
trihydroxyestrin
Description: White or practically white,
odourless, crystalline powder (Sweetman,
2008)
(a) Structural and molecular formulae and
relative molecular mass
CH 3

OH
H

H

H
OH

H

H

HO

C18H24O3
Relative molecular mass: 288.4
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1.1.9 Estrone
Chem. Abstr. Serv. Reg. No.: 53-16-7
Chem. Abstr. Name: 3-Hydroxyestra1,3,5(10)-trien-17-one
IUPAC Systematic Name: (8R,9S,13S,14S)3-Hydroxy-13-methyl-7,8,9,11,12,14,15,16octahydro-6H- cyclopenta[a]phenanthren17-one
Synonyms: d-Estrone; d-oestrone
Description: Odourless, small white crystals
or white to creamy-white crystalline powder (Sweetman, 2008)
(a) Structural and molecular formulae, and
relative molecular mass
CH 3

O

H
H

(a) Structural and molecular formulae, and
relative molecular mass
CH 3

O

H
NH2

+

O

HN
-O

S

H

H

O

O

C22H32N2O5S
Relative molecular mass: 436.6

1.2 Use of the agents
Information for Section 1.2 is taken from
IARC (1999) and McEvoy (2007).

1.2.1 Indications
H

HO

C18H22O2
Relative molecular mass: 270.4

1.1.10 Estropipate
Chem. Abstr. Serv. Reg. No.: 7280-37-7
Chem. Abstr. Name: 3-(Sulfooxy)-estra1,3,5(10)-trien-17-one, compd. with piperazine (1:1)
IUPAC Systematic Name: [(8R,9S,13S,14S)13-Methyl-17-oxo-7,8,9,11,12,14,15,16octahydro-6H-cyclopenta[a]phenanthren3-yl] hydrogen sulfate: piperazine (1:1)
Synonyms: Piperazine estrone sulfate;
piperazine oestrone sulfate; 3-sulfatoxyestra-1,3,5(10)-trien-17-one piperazine salt;
3-sulfatoxyoestra-1,3,5(10)-trien-17-one
piperazine salt
Description: White or almost white to
yellowish-white, fine crystalline powder,
odourless or with a slight odour (Sweetman, 2008)

Menopausal estrogen therapy refers to the
use of estrogen without a progestogen for women
in the period around the menopause, primarily
for the treatment of menopausal symptoms
but also for the prevention of conditions that
become more common in the postmenopausal
period, such as osteoporosis and ischaemic heart
disease. It is mainly given to women who have
had a hysterectomy.
Conjugated estrogens, estradiol and its semisynthetic esters (especially estradiol valerate),
are the main estrogens used in the treatment of
menopausal disorders. Their use has also been
proposed in the prevention of cardiovascular
diseases. Conjugated estrogens have been used
extensively in the United Kingdom, Australia,
Canada, and the United States of America for
the treatment of climacteric [menopausal] symptoms. In Europe, micronised estradiol and estradiol valerate are used. Mestranol, estriol, and
estropipate have also been used.
Estrogens may be used adjunctively with other
therapeutic measures (e.g. diet, calcium, vitamin
D, weight-bearing exercise, physical therapy) to
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retard bone loss and the progression of osteoporosis in postmenopausal women, either orally
(e.g. estradiol, estropipate, conjugated estrogens)
or transdermally (e.g. estradiol).
Estrogens are also used in the treatment of a
variety of other conditions associated with a deficiency of estrogenic hormones, including female
hypogonadism, castration, and primary ovarian
failure. In addition, estrogens may be used in the
treatment of abnormal uterine bleeding caused
by hormonal imbalance not associated with an
organic pathology.
Oral conjugated estrogens and ‘synthetic
conjugated estrogens A’ [‘synthetic conjugated
estrogens A’ are a mixture of nine derivatives
of estrone, equilin, estradiol, and equilenin] are
used for the management of moderate-to-severe
vasomotor symptoms associated with menopause, and for the management of vulvar and
vaginal atrophy (atrophic vaginitis); for the latter,
topical vaginal preparations are used.
‘Synthetic conjugated estrogens B’ [a mixture
of ten derivatives of estrone, equilin, estradiol,
and equilenin] are used for the management of
moderate-to-severe vasomotor symptoms associated with menopause. Oral conjugated estrogens are also used for the management of female
hypoestrogenism secondary to hypogonadism,
castration, or primary ovarian failure.
Estradiol is the most active of the naturally
occurring estrogens. Estradiol and its semisynthetic esters are used primarily as menopausal
therapy. Estradiol may also be used for female
hypogonadism or primary ovarian failure.
Although ethinylestradiol is used most
extensively in oral contraceptives in combination with a progestogen, other indications
include perimenopausal symptoms, hormonal
therapy for hypogonadal women, treatment of
postpartum breast engorgement, dysfunctional
uterine bleeding, and therapy for carcinoma of
the breast and prostate.
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1.2.2 Dosages and preparations
Menopausal estrogen therapy is administered in a continuous daily dosage regimen or,
alternatively, in a cyclic regimen. When estrogens are administered cyclically, the drugs are
usually given once daily for 3 weeks followed
by a 1 week washout period, or once daily for
25 days followed by 5 days washout, repeated as
necessary.
Menopausal estrogen therapy is available
as oral tablets, intranasal sprays, subcutaneous
implants, topical applications for vulvovaginal
use, intravaginal rings, and transdermal skin
patches and gels.
(a) Conjugated estrogens
For the treatment of climacteric symptoms,
conjugated estrogens are usually administered
orally in a dose of 0.3–1.25 mg daily. Conjugated
estrogens may also be administered intravaginally or by deep intramuscular or slow intravenous injection. When parenteral administration
of conjugated estrogens is required, slow intravenous injection is preferred because of the more
rapid response obtained following this route
of administration compared to intramuscular
injection. Topical vaginal therapy may be used
specifically for menopausal atrophic vaginitis:
0.5–2 g of a 0.0625% cream may be used daily for
3 weeks of a 4-week cycle.
For the management of moderate-to-severe
vasomotor symptoms associated with menopause, the usual oral dosage of ‘synthetic conjugated estrogens A’ is 0.45–1.25 mg daily, usually
starting with 0.45 mg daily, and with any
subsequent dosage adjustments dependent on
the patient’s response. For the management of
vulvar and vaginal atrophy, the usual oral dosage
of ‘synthetic conjugated estrogens A’ is 0.3 mg
daily. The usual initial oral dosage of ‘synthetic
conjugated estrogens B’ for the management of
moderate-to-severe vasomotor symptoms associated with menopause is 0.3 mg daily, with any
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subsequent dosage adjustment dependent on the
patient’s response.
For the prevention of osteoporosis, the usual
initial oral dosage of conjugated estrogens is
0.3 mg once daily. Subsequent dosage should be
adjusted based on the patient’s clinical and bone
mineral density responses. The drug may be
administered in a continuous daily regimen or
in a cyclic regimen (25 days on drug, followed by
a 5-day washout period, repeated as necessary).
For therapy in female hypoestrogenism, the
usual oral dosage of conjugated estrogens is
0.3–0.625 mg daily in a cyclic regimen (3 weeks
on drug, followed by a 1-week washout period).
For the management of female castration or
primary ovarian failure, the usual initial oral
dosage of conjugated estrogens is 1.25 mg daily
in a cyclic regimen.
For the palliative treatment of prostatic carcinoma, an oral dose of 1.25–2.5 mg conjugated
estrogens three times daily has been used. A dose
of 10 mg three times daily for at least 3 months
has been used for the palliative treatment of
breast carcinoma in men and in postmenopausal
women. Abnormal uterine bleeding has been
treated acutely by giving 25 mg of conjugated
estrogens by slow intravenous injection, repeated
after 6–12 hours if required; the intramuscular
route has also been used.
(b) Single estrogens
Ethinylestradiol has been used for menopausal therapy at doses of 10–20 µg daily.
Mestranol is rapidly metabolized to ethinylestradiol, therefore, acts in a similar fashion
to that of estradiol. It has been used as the
estrogen component of some preparations for
menopausal therapy. It was usually given in a
sequential regimen with doses ranging from
12.5–50 µg daily.
Estradiol may be used topically as transdermal
skin patches that release between 14–100 µg of
estradiol every 24 hours to provide a systemic
effect. A low-dose patch supplying 14 µg daily

is also available. Topical gel preparations can
be applied to also provide a systemic effect;
the usual dose is 0.5–1.5 mg of estradiol daily.
A topical emulsion of estradiol is also available
as the hemihydrate with a daily dose of 8.7 mg.
This is also available as a nasal spray, delivering
150 µg of estradiol hemihydrate per spray. The
usual initial dose is 150 µg daily. After two or
three cycles the dose may be adjusted according
to the response; the usual maintenance dose is
300 µg daily but may range from 150 µg once
daily up to 450–600 µg daily in two divided
doses.
Subcutaneous implants of estradiol may also
be used in doses of 25–100 mg with a new implant
being given after about 4–8 months, depending
on whether therapeutic concentrations of estrogens are detected in the plasma.
Estradiol may be used locally either as
25 µg vaginal tablets, at an initial dose of one
tablet daily for 2 weeks, followed by a maintenance dose of one tablet twice a week, or as a
0.01% vaginal cream in initial amounts of 2–4 g
of cream daily for 1–2 weeks followed by half the
initial dose for a similar period, then a maintenance dose of 1 g up to three times weekly. Also
available for the relief of both local and systemic
postmenopausal symptoms are local delivery
systems using 3-month vaginal rings containing
2 mg of estradiol hemihydrate that release about
7.5 µg of estradiol daily or estradiol acetate that
release either 50 or 100 µg of estradiol daily.
Intramuscular injections of estradiol benzoate
or valerate esters have been used as oily depot
solutions, given once every 3–4 weeks. The cypionate, dipropionate, enantate, hexahydrobenzoate, phenylpropionate, and undecylate esters
have been used similarly. The enantate and cypionate esters are used as the estrogen component
of combined injectable contraceptives (estradiol
and other estrogens have sometimes been used at
higher doses for the palliative treatment of prostate cancer and breast cancer in men, and breast
cancer in postmenopausal women.)
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Estriol is a naturally occurring estrogen
with actions and uses that are similar to those
described for estradiol valerate. For short-term
treatment, oral doses of estriol are 0.5–3 mg
daily given for 1 month, followed by 0.5–1 mg
daily. Estriol has also been given with other
natural estrogens, such as estradiol and estrone,
with usual doses of estriol ranging from about
0.25–2 mg daily. Estriol is given intravaginally
for the short-term treatment of menopausal
atrophic vaginitis as a 0.01% or 0.1% cream or
as pessaries containing 500 µg. It has also been
given orally for infertility in doses of 0.25–1 mg
daily on Days 6 to 15 of the menstrual cycle.
Estriol succinate has also been given orally for
menopausal disorders. The sodium succinate salt
has been used parenterally in the treatment of
haemorrhage and thrombocytopenia.
Estrone has been given in oral doses of
1.4–2.8 mg daily in a cyclic or continuous
regimen for menopausal symptoms, and as a
combination product with estradiol and estriol.
Estrone has also been given by intramuscular
injection in formulations with oily solutions
or aqueous suspensions. When used for menopausal atrophic vaginitis, estrone has been given
vaginally.
Estropipate is used for the short-term treatment of menopausal symptoms; suggested doses
range from 0.75–3 mg daily, given cyclically or
continuously orally; doses of up to 6 mg daily have
also been given cyclically. When used long-term
for the prevention of postmenopausal osteoporosis, a daily dose of 0.75–1.5 mg is given cyclically
or continuously. Estropipate has also been used
short-term for menopausal atrophic vaginitis as
a 0.15% vaginal cream; 2–4 g of cream is applied
daily. It can be given orally in the treatment of
female hypogonadism, castration, and primary
ovarian failure in doses of 1.5–3 mg daily, in a
cyclic regimen; higher doses of up to 9 mg daily
given cyclically have also been used.
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1.2.3 Formulations
Conjugated estrogens are available as
0.3–1.25 mg tablets for oral administration, as
a 25 mg solution for parenteral administration,
and as a 0.0625% cream for topical administration. Synthetic conjugated estrogens A and B are
available as 0.3–1.25 mg film-coated tablets for
oral administration. Estradiol (alone) is available as a 0.06% gel and as a transdermal patch
with doses ranging from 14–100 μg/24 hours for
topical administration, as a 0.01% cream, and as
a 2 mg/ring for vaginal administration. Estradiol
(hemihydrate) is available as a 0.25% emulsion for
topical administration and as 25 µg (of estradiol)
film-coated tablets for vaginal administration.
Estradiol (micronized) is available as 0.5–2 mg
tablets for oral administration. Estradiol acetate is
available as 0.45–1.8 mg tablets for oral administration, and as a 12.4–24.8 mg/ring (0.05–0.1 mg
estradiol/24 hours) for vaginal administration.
Estradiol cypionate is available as a 5 mg/mL
injection solution in oil for parenteral administration. Estradiol valerate is available as a
10–40 mg/mL injection solution in oil for parenteral administration. Estropipate is available as
0.75–3 mg tablets for oral administration.

1.2.4 Trends in use
Early treatment regimens of menopausal
symptoms included estrogen-only therapy. After
a substantial increase in use in the 1960s and
early 1970s, the use of these regimens declined
after 1975 when a strong association with the
development of endometrial cancer was found.
Estrogen-only menopausal treatment is still
prescribed for hysterectomized women.
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2. Cancer in Humans
Studies were included in this review if they
provided information regarding estrogen use
(unopposed/alone).

2.1 Cancer of the breast
The previous IARC Monograph (IARC, 1999)
on postmenopausal estrogen therapy and breast
cancer considered the pooled analysis of original
data from 51 studies, and also reviewed data
from 15 cohort and 23 case–control studies. The
majority of studies showed a small increased risk
in current users who had been using estrogen for
at least 5 years. Several of the studies reviewed
included any hormone therapy and were not
restricted to estrogen alone. Data were insufficient to determine whether the risk varied with
type or dose of estrogen.
The present review of postmenopausal
estrogen therapy taken without a progestogen
(unopposed estrogen) and breast cancer includes
papers published from 1996 to August 2008. It
includes one systematic review, over 20 cohort
and case–control studies combined, and one
randomized trial. Studies were included if they
reported estimated relative risks (RRs), hazard
ratios (HRs) or odds ratios (ORs) and 95%
confidence intervals (CI), and if they compared
women who used unopposed estrogen for at least
1 year with women who used no estrogen.

2.1.1 Systematic review
Greiser et al. (2005) conducted a meta-analysis
of unopposed estrogen therapy and breast cancer
in postmenopausal women, which included 12
case–control studies, five cohort studies, and
three clinical trials published in 1989–2004.
The summary relative risk for studies
published before 1992 showed no increased
breast cancer risk for case–control studies (OR,
1.02; 95%CI: 0.93–1.11). The summary estimate

for case–control studies published later (OR,
1.18; 95%CI: 1.08–1.30) was similar to that
of cohort studies published earlier (OR, 1.19;
95%CI: 1.10–1.28). The summary risks from
cohort studies published in 1992 or later were
largely driven by the Million Women Study
results (OR, 1.30), which showed increased risks
only in current hormone users.

2.1.2 Cohort studies
Of the ten cohort studies reported since 1999,
four found increased risk of breast cancer from
ever use of estrogen alone (Colditz & Rosner,
2000; Beral et al., 2003; Bakken et al., 2004;
Ewertz et al., 2005). The largest published cohort
study is the United Kingdom Million Women
Study (Beral et al., 2003) that included 1084110
women aged 50–64, which found increased risk
of breast cancer by duration of use, and type
of preparation used (see Table 2.1 available at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-12-Table2.1.pdf). The increased
risk was already evident for women with less
than 5 years’ estrogen therapy (OR, 1.21; 95%CI:
1.07–1.37). Several other cohort studies found
increased risks of breast cancer with longer durations of use of estrogen-alone postmenopausal
therapy: Schairer et al. (2000) from 1–2 years
of use but not longer, Olsson et al. (2003) from
48 months or more of use of estriol, Lee et al.
(2006) from 5 or more years of current use (with
a dose–response relationship), and Rosenberg et
al. (2008) from 10 or more years of use in those
with a body mass index (BMI) of less than 25. In
two of the cohort studies, there was no evidence
of an increased risk of breast cancer from
estrogen-alone postmenopausal therapy (Porch
et al., 2002; Fournier et al., 2005).
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2.1.3 Case–control studies
Of the 16 case–control studies, two studies
found increased risk of breast cancer for ever
use of estrogen-alone postmenopausal therapy
(Newcomb et al., 2002; Rosenberg et al., 2008).
In the study of Newcomb et al. (2002), the risk
increase was restricted to those with 5 or more
years of estrogen-alone menopausal therapy, and
in current users with use within the previous
5 years. Some studies found increased risks only
in subgroups: one for those diagnosed with invasive breast cancer (Henrich et al., 1998), one for
users of estrogen-alone postmenopausal therapy
for 60 months or more (principally in those
diagnosed with a lobular breast cancer) (Chen
et al., 2002), one in those who weighed 61.3 kg
or more (Wu et al., 2007), one in those with an
in-situ breast cancer after 5 or more years of use
of estrogen-alone postmenopausal therapy (Ross
et al., 2000), and one in those diagnosed with
comedo carcinomas (Li et al., 2006). Increased
risks in those diagnosed with lobular cancer of
the breast was not confirmed in the studies of
Daling et al. (2002), Li et al. (2002), nor in that
of Li et al. (2003). Kirsh & Kreiger (2002) found
borderline increased risks for those with a duration of use of estrogen alone of 10 or more years,
while Weiss et al. (2002) and Sprague et al. (2008)
found no increases in risk.
See Table 2.2 available at http://
mono g r aph s . i a rc . f r/ E NG/ Mono g r aph s /
vol100A/100A-12-Table2.2.pdf.

2.1.4 Clinical trials
The Women’s Health Initiative estrogen only
trial (WHI-ET) is the only large clinical trial of
unopposed estrogen use (Anderson et al., 2004).
Women were required to have an annual mammogram to receive study medication (see Table 2.3
available at http://monographs.iarc.fr/ENG/
Monographs/vol100A/100A-12-Table2.3.pdf).
At baseline, almost half of the subjects reported
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prior postmenopausal hormone therapy before
randomization. The trial was closed after an
average 6.8 years follow-up, at which point 218
incident cases of invasive breast cancer were
identified. There was no evidence that oral conjugated equine estrogen (0.625 mg daily) increased
the risk of breast cancer. [The Working Group
noted that the number of women who continued
taking their assigned medication was low, which
could have weakened any effects of estrogen.]

2.2 Cancer of the endometrium
The previous IARC Monograph summarized data from hree cohort studies and over 30
case–control studies. These consistently showed
an increased risk of endometrial cancer in women
who received menopausal estrogen therapy. Risk
increased with duration of use, and decreased
with time since last use, but the risk remained
elevated for at least 10 years after cessation of
treatment.

2.2.1 Cohort studies
Results from four cohort studies reported
since the previous IARC Monograph are summarized in Table 2.4 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100A/100A-12Table2.4.pdf), and each found an increased risk
of endometrial cancer from the use of unopposed
estrogen therapy. In the Million Women Study
(Beral et al., 2005), the risk was somewhat lower
in women with a BMI of < 25 kg/m2 than in
women with a BMI of 25 kg/m2 or more. In two
of the cohort studies (Lacey et al., 2005, 2007),
the risk of endometrial cancer increased with
duration of use, and decreased with time since
last use. The risk remained elevated over that of
non-users after 5 or more years since cessation
of use in one study (Lacey et al., 2007), and 10 or
more in the other (Lacey et al., 2005).
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2.2.2 Case–control studies

2.3 Cancer of the colorectum

Results from five case–control studies
reported since the previous IARC Monograph
are summarized in Table 2.5 (available at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-12-Table2.5.pdf), and each found
an increased risk of endometrial cancer in users
of unopposed estrogen of 6 months or more, with
risks increasing with duration of use. In one study
(Shields et al., 1999) that reported additional analyses of data from a prior study, the trend in risk
was observed in women with and without other
risk factors for endometrial cancer (low parity,
hypertension, and BMI), and in women with and
without protective factors (oral contraceptive use
and history of smoking). A total of 85% of the
estrogen users reported using conjugated estrogens. In a population-based study in Sweden
(Weiderpass et al., 1999), the primary estrogen
in use was estradiol. This study also included
women with atypical endometrial hyperplasia.
Risk of this condition was also increased in
estrogen users, and the risk increased with duration of use. In a third study (Beard et al., 2000),
the risk of endometrial cancer was increased
for users of both conjugated estrogens and nonconjugated steroidal estrogens. [The Working
Group noted that steroidal estrogens were not
further defined in the published report.] In one
study (Weiss et al., 2006), the aggressiveness of
endometrial cancers that had been the subject
of a series of population-based cased–control
studies was categorized, based on both tumour
grade and extent of disease. The risk of tumours
of all three levels of aggressiveness increased
with duration of use of estrogen for menopausal
therapy. The increase in risk was greatest for the
cancers with low tumour aggressiveness.

In the previous IARC Monograph (IARC,
1999), 12 case–control and seven cohort studies
provided information on the use of estrogen
therapy and the risk of colorectal cancer. The risk
was not increased and appeared to be reduced
in half of the studies, though the reduced risk
was observed among recent users, and was not
related to duration of use.

2.3.1 Case–control studies
Results from the two case–control studies
reported since the previous IARC Monograph
are summarized in Table 2.6 (available at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-12-Table2.6.pdf). In one study,
no association with colon cancer was found
following recent use of estrogen therapy for a
5- or 10-year period (Jacobs et al., 1999). In the
second study, the odds ratio of colon cancer for
women who had estrogen therapy alone was 0.5
(95%CI: 0.2–0.9) both for those who had used
estrogen within the last year, and for those who
had used estrogen for 5 or more years (Prihartono
et al., 2000).

2.4 Cancer of the ovary
In the previous IARC Monograph (IARC,
1999), 12 case–control and four cohort studies
that addressed the risk for ovarian cancer
were considered. No clear association between
estrogen therapy and the risk of ovarian cancer
was found. Since then, there have been seven
case–control and seven cohort studies investigating estrogen-alone exposure and the risk
of ovarian cancer (see Table 2.7 available at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-12-Table2.7.pdf and Table 2.8 at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-12-Table2.8.pdf).
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In five of the case–control studies, an increased
risk of ovarian cancer was found with estrogen
alone, though in one, this was only significant for
5 or more years of use (Rossing et al., 2007), and in
two after 10 or more years of use of estrogen for all
types of ovarian cancer combined (Riman et al.,
2002; Moorman et al., 2005). Of the remaining
two case–control studies, one study (Pike et al.,
2004) found a relative risk for 5 years of use of
1.16 (95%CI: 0.92–1.48), and the other did not
find an overall elevation in risk for unopposed
estrogen use for 5 or more years (Sit et al., 2002).
In the three case–control studies that evaluated
risks for different histological types of ovarian
cancer, the findings were not consistent. Thus,
there was a suggestion that risk was elevated for
the endometroid type of ovarian cancer and for
all types of ovarian cancer in women who had
not had a hysterectomy or tubal ligation in one
study (Purdie et al., 1999); in the study in Sweden,
risk was increased for serous type borderline
ovarian cancer (Riman et al., 2001) and for invasive mucinous epithelial ovarian cancer (Riman
et al., 2002), while in the study in the USA, risk
was increased only for serous epithelial cancer
(Moorman et al., 2005), but the numbers were
often very small for the different types. In one
of the case–control studies (Rossing et al., 2007),
the risk among those women who had ceased
estrogen use 3 of more years ago was also evaluated. No increases in risk of ovarian cancer were
found, even among those who had taken estrogen
for 5 or more years (see Table 2.7 online).
In one of the cohort studies, there were only
two cases of ovarian cancer, and the relative risk
was not elevated (Bakken et al., 2004). In the
remaining six cohort studies, the effect of duration of exposure was evaluated (see Table 2.8
online). In one study (Rodriguez et al., 2001), an
elevated risk of death from ovarian cancer was
seen after 10 years of use of estrogen, in another
for incident cases after 10 years of use (Lacey
et al., 2006), in the other four (of incident cases),
after 5 years of use (Lacey et al., 2002; Folsom
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et al., 2004; Beral et al., 2007; Danforth et al.,
2007). In the study of Lacey et al. (2002), risk
was documented as continuing to increase with
increasing duration of use, the maximum after
20 or more years (RR, 3.4; 95%CI: 1.6–7.5, based
on 14 cases). In another (Rodriguez et al., 2001),
risk of death from ovarian cancer did not seem
to further increase after 5 years of use of estrogen
therapy. In the one cohort study that reported
risk by histological type, risk was significantly
increased for the serous type and the mixed/
other/not-otherwise-specified grouping (Beral
et al., 2007).
In a meta-analysis that included data from
13 case–control studies, three cohort studies
and the WHI-ET trial, the relative risks for ever
use were 1.28 (95%CI: 1.18–1.40), and per year
of estrogen therapy, 1.07 (95%CI: 1.06–1.08)
(Greiser et al., 2007). In another meta-analysis
of 13 population-based case–control and cohort
studies, but not the WHI-ET trial data, [The
Working Group noted that these studies include
three recent studies not included in the Greiser
et al. (2007) meta-analysis] the relative risk per
5 years of use of estrogen use was 1.22 (95%CI:
1.18–1.27) (Pearce et al., 2009). In an additional
meta-analysis, reviewing essentially the same
data, Zhou et al. (2008) computed odds ratios
from the case–control studies of 1.19 (95%CI:
1.01–1.40), and 1.51 (95%CI: 1.21–1.88) from the
cohort studies for ovarian cancer from ever use
of estrogen therapy alone.

2.5 Cancer of the urinary bladder
Since the previous IARC Monograph (IARC,
1999), three cohort studies from the USA provide
data on cancer of the urinary bladder in users of
estrogen therapy (Cantwell. et al., 2006; McGrath
et al., 2006; Prizment et al. 2007; see Table 2.9
available at http://monographs.iarc.fr/ENG/
Monographs/vol100A/100A-12-Table2.9.pdf ).
No associations were found between the use of
estrogen therapy and the risk of bladder cancer.
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Risk by trend of duration of use was only reported
in one study, and there was no trend in risk with
increasing duration of use.

2.6 Cancer of the pancreas
A cohort of 387981 postmenopausal women
in the USA, the Cancer Prevention Study (CPS)-II
(Teras et al., 2005), found no significant positive
trends in pancreatic cancer mortality rates with
years of estrogen therapy use, both for current
and former users.

2.7 Exogenous estrogen use and
melanoma risk
A review of the published literature, including
a pooled analysis, concluded that neither oral
contraceptives nor hormone therapy are associated with melanoma risk (Lens & Bataille, 2008).
Two previous pooled analyses, based on 18 and
10 case–control studies, showed summary odds
ratios of 2.0 (95%CI: 1.2–3.4) and 0.86 (95%CI:
0.74–1.01), respectively (Feskanich et al., 1999;
Karagas et al., 2002).

2.8 Cancer of the cervix
Only two cohort studies and one case–control
study investigated the relationship between the
use of post-menopausal estrogen therapy and
the risk for invasive cervical cancer. On balance,
the limited evidence available suggests that
postmenopausal estrogen therapy is not associated with an increased risk for invasive cervical
carcinoma. The results provide some suggestion
that postmenopausal estrogen therapy is associated with a reduced risk for cervical cancer, but
the finding could be due to more active screening
for pre-invasive disease among women who
have received postmenopausal estrogen therapy
(IARC, 1999).

2.9 Cancer of the thyroid
Seven case–control studies reporting on
thyroid cancer and use of postmenopausal
estrogen therapy did not show an effect on risk
(IARC, 1999).

2.10 Synthesis
Estrogen-only menopausal therapy causes
cancer of the endometrium, and of the ovary.
Also, a positive association was observed between
exposure to estrogen-only menopausal therapy
and cancer of the breast. The Working Group also
noted that an inverse relationship is established
between exposure to estrogen-only menopausal
therapy and cancer of the colorectum.
In addition, for cancer of the endometrium,
the risk is increased in users of exogenous
estrogen, and increases with duration of use.
The excess in risk declines with time after use,
but persists for over 10 years after exposure. The
risk is also increased for atypical endometrial
hyperplasia, a presumed precursor of endometrial cancer.
In addition, for cancer of the breast, a
minority of case–control studies show an association between ever use or current use of estrogen
therapy and breast cancer risk. Although the
evidence is less consistent with regard to duration of estrogen therapy use, a few studies point
to an increased risk of breast cancer with longer
term use. The evidence is also inconsistent for
the possibility that estrogen therapy increases
the risk of lobular breast carcinoma. Although at
the time of writing the evidence remains scant,
estrogen therapy does not appear to be related
differently to in-situ versus invasive breast cancer,
to tumour stage, or to hormone receptor status.
The Working Group also concluded that
the use of estrogen-only menopausal therapy is
unlikely to alter the risk of cancer of the thyroid,
bladder, pancreas, cervix, and of melanoma.
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3. Cancer in Experimental Animals
3.1 Summary of the previous IARC
Monograph
3.1.1 Conjugated estrogens
(a) Subcutaneous implantation
(i) Hamster
Hydrolysed conjugated equine estrogens,
equilin and d-equilenin were tested in male
hamsters by subcutaneous implantation. The
hydrolysed estrogens and equilin induced microscopic renal carcinomas, whereas d-equilenin
was inactive (Li et al., 1983).

3.1.2 Estradiol
Estradiol and its esters were tested in neonatal
mice, mice, rats, hamsters, guinea-pigs, and
monkeys by subcutaneous injection or implantation, and in mice by oral administration.
(a) Subcutaneous injection or implantation
(i) Mouse
Subcutaneous injections of estradiol to
neonatal mice resulted in precancerous and
cancerous cervical and vaginal lesions in later
life, and an increased incidence of mammary
tumours. Its subcutaneous administration
to mice resulted in increased incidences of
mammary, pituitary, uterine, cervical, vaginal
and lymphoid tumours, and interstitial cell
tumours of the testis (IARC, 1999).
(ii) Rat
Invasive pituitary tumours were induced in
rats treated subcutaneously with estradiol dipropionate (Satoh et al., 1997).
(iii) Hamster
In hamsters, a high incidence of malignant
kidney tumours occurred in intact and castrated
males, and in ovariectomized females treated
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with estradiol, but not in intact females (Li et al.,
1983; Goldfarb & Pugh, 1990).
The 4-hydroxy metabolite of estradiol induced
renal cell carcinomas in castrated male hamsters
(Liehr et al. 1986; Li & Li, 1987).
(iv) Guinea-pig
In guinea-pigs, diffuse fibromyomatous
uterine and abdominal lesions were observed
(Lipschutz & Vargas, 1941).
(b) Oral administration
(i) Mouse
Oral administration of estradiol to mice
bearing the murine mammary tumour virus
increased the incidences of uterine (endometrial
and cervical) adenocarcinomas and mammary
tumours (Highman et al., 1980).
(c) Administration with known carcinogens
Estradiol was tested in two-stage carcinogenesis models in mice with the known carcinogens
N-methyl-N-nitrosourea (MNU), N-ethyl-Nnitrosourea or 3-methylcholanthrene, and in twostage carcinogenesis models in rats with MNU,
2-acetylaminofluorene, N-nitrosodiethylamine,
7,12-dimethylbenz[a]anthracene (DMBA) or
N-butyl-N-nitrosourea.
(i) Mouse
In mice, estradiol enhanced the incidences of
endometrial adenomatous hyperplasia, atypical
hyperplasia and adenocarcinomas induced by
MNU and N-ethyl-N-nitrosourea (Niwa et al.
1991, 1996). A continuously high serum concentration of estradiol and a low concentration of
progesterone appeared to be important for the
development of endometrial adenocarcinomas in
mice (Takahashi et al., 1996). Estradiol decreased
the development of uterine cervical carcinomas
induced by 3-methylcholanthrene (Das et al.,
1988).
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(ii) Rat
In rats, large doses of estradiol alone or estradiol with progesterone suppressed the development of mammary carcinomas induced by MNU
(Grubbs et al., 1983). Combined treatment of
ovariectomized rats with estradiol and MNU
induced vaginal polyps (Sheehan et al., 1982). In
a two-stage model of liver carcinogenesis in rats,
estradiol showed no initiating activity (Sumi et al.,
1984). It did not show promoting effects in the
liver of rats initiated with N-nitrosodiethylamine
(Yager et al., 1984). In one study, pretreatment
with estradiol increased the number of liver
foci positive for γ-glutamyl transferase induced
by N-nitrosodiethylamine (Wotiz et al., 1984).
Estradiol did not affect mammary tumour
development in intact or ovariectomized female
rats treated with DMBA. Estradiol benzoate
enhanced the incidence of mammary tumours
in rats treated with γ-rays (Inano et al., 1995).

3.1.3 Estriol
(a) Subcutaneous implantation
(i) Mouse
In castrated mice, estriol increased the
incidence and accelerated the appearance of
mammary tumours in both male and female
mice (Rudali et al., 1975).
(ii) Hamster
In hamsters, estriol produced kidney tumours
(Kirkman, 1959a).
(b) Administration with known carcinogens
(i) Mouse
In female mice, estriol slightly increased the
incidence of MNU-induced endometrial adenocarcinomas (Niwa et al., 1993).
(ii) Rat
In several studies in female rats, estriol inhibited the induction of mammary tumours by
DMBA when administered before the carcinogen;

continuous treatment with estriol resulted in
a decreased incidence of mammary tumours
(Wotiz et al., 1984). In one study in female rats,
estriol inhibited the induction of mammary
carcinomas when administered 13–15 days after
irradiation with γ-rays (Lemon et al., 1989).

3.1.4 Estrone
(a) Oral administration
(i) Mouse
Estrone was tested for carcinogenicity by oral
administration in one study in castrated male
mice. The incidence of mammary tumours was
increased (Rudali et al., 1978).
(b) Subcutaneous and/or intramuscular
administration
(i) Mouse
Mammary tumours were induced in male
mice, and the average age at the time of appearance of mammary tumours in female mice was
reduced (Shimkin & Grady, 1940). In two studies
of subcutaneous or intramuscular administration, estrone benzoate induced mammary
tumours in male mice (Bonser, 1936; Shimkin &
Grady, 1940).
(ii) Rat
In castrated male and female rats, subcutaneous injection of estrone resulted in mammary
tumours (Geschickter & Byrnes, 1942). In one
study in rats, subcutaneous injection of estrone
benzoate induced mammary and pituitary
tumours in animals of each sex (Chamorro,
1943).
(c) Subcutaneous implantation
(i) Mouse
In several studies involving subcutaneous
implantation of estrone, the incidences of
mammary and lymphoid tumours were increased
in mice (Bittner, 1941; Gardner & Dougherty,
1944).
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(ii) Hamster
In intact and castrated male hamsters,
implantation of estrone resulted in malignant
kidney tumours (Kirkman, 1959b). The estrone
metabolite, 4-hydroxyestrone, induced renal
tumours at a low incidence in castrated male
hamsters (Li & Li, 1987).
(d) Administration with known carcinogens
(i) Mouse
The incidence of endometrial adenocarcinomas induced by MNU in the uterine corpus
of mice was significantly increased in those
receiving an estrone-containing diet; furthermore, the incidences of pre-neoplastic endometrial lesions in the MNU-treated and untreated
uterine corpora were significantly increased in
mice receiving the estrone-containing diet (Niwa
et al., 1993).
(ii) Toad
In one study in female toads, subcutaneous
administration of estrone enhanced the incidence
of hepatocellular carcinomas induced by subcutaneous injection of N-nitrosodimethylamine
(Sakr et al., 1989).

3.2 Studies published since the
previous IARC Monograph
See Table 3.1

3.2.1 Estradiol
(a) Rat
In a study the objective of which was to characterize some of the genetic bases of estrogeninduced tumorigenesis in the rat, Schaffer et al.
(2006) used young adult female ACI, BN, (BN
x ACI)F1 (F1), and (BN x ACI)F2 (F2) rats that
were treated with estradiol. Whereas nearly 100%
of the ACI rats developed mammary cancer
when treated continuously with estradiol, BN
234

rats did not develop palpable mammary cancer
during the 196-day course of estradiol treatment.
Susceptibility to estradiol-induced mammary
cancer segregated as a dominant or incompletely
dominant trait in a cross between BN females
and ACI males.

3.2.2 Administration with known carcinogens
or other modifying agents
(a) Rat
Ting et al. (2007) used three mammary
cancer carcinogen models. DMBA, MNU and
estradiol were combined with local ovarian
DMBA administration to induce progression
to mammary and ovarian cancer concurrently
in rats. Mammary hyperplasia was observed
in DMBA/DMBA- (mammary carcinogen/
ovarian carcinogen) and MNU/DMBA-treated
rats; however, ovarian pre-neoplastic changes
were seldom observed after these treatments.
All estradiol/DMBA-treated rats had mammary
hyperplasia, atypia, ductal carcinoma in situ
and/or invasive adenocarcinoma, and half also
developed pre-neoplastic changes in the ovary
(ovarian epithelial and stromal hyperplasia and
inclusion cyst formation).
Aiyer et al. (2008) fed female ACI rats with
either AIN-93M standard diet or diets supplemented with either powdered blueberry or black
raspberry or ellagic acid. They received estradiol implants and were killed after 24 weeks. A
high incidence of mammary carcinomas was
observed in the AIN-93M group. No differences
were found in tumour incidence at 24 weeks;
however, tumour volume and multiplicity were
reduced significantly in the ellagic acid and black
raspberry groups. The blueberry group showed a
reduction (40%) only in tumour volume.
Callejo et al. (2005) evaluated the influence of
different hormonal environments on the induction of breast cancer in the DMBA-induced
mammary cancer model in rats. Breast cancer
was induced by using a single intragastric dose

Table 3.1 Studies of cancer in experimental animals exposed to estradiol with known carcinogens or other
modifying agents
Species, strain (sex)
Reference
Rat, Female F344 (F)
Ting et al. (2007)

Rat, ACI (F)
Aiyer et al. (2008)

Route
Dosing regimen
Animals/group at start
Group 1: Controls
Group 2: DMBA (10 mg/kg bw, p.o.)/
DMBAa
Group 3: MNU (50 mg/kg bw, i.p.)/
DMBAa
Group 4: E2, 3.0 mg, pellet implant/
DMBAa
8; 6 controls/group
3 and 6 mo groups

AIN-93M diet for 2 wk; then silastic
implant of E2 (0 or 27 mg over 24 wk)

Incidence of tumours
Mammary carcinoma
multiplicity at 3 and 6 mo,
respectively:
0; 0
0; 1.00 ± 0.78
0.67 ± 0.21; 0.80 ± 0.20
2.40 ± 0.68; 3.50 ± 0.50
Ovarian carcinoma
multiplicity at 3 and 6 mo,
respectively:
0.83 ± 0.48; 0.75 ± 0.11
3.58 ± 0.69; 4.40 ± 1.20
3.42 ± 0.49; 4.00 ± 0.82
7.40 ± 0.25; 9.50 ± 0.88
Mammary carcinomas
100% in all E2-treated
animals at 24 wk

Rat, ACI, BN, (BN x ACI)F1
(F1), and (BN x ACI)F2 (F2)
(F)
Schaffer et al. (2006)

E2: 27.5 mg, implanted
ACI: 23 rats
BN: 13 rats
F1: 22 rats
F2: 257 rats

Comments
Age at start NR;
weight, 50–55 g

NS; NS
NS; P < 0.05
P < 0.05; P < 0.05
P < 0.05a; P < 0.05a

–; –
P < 0.05; P < 0.05
P < 0.05; P < 0.05
P < 0.05b; P < 0.05b
Reduction of tumour volume;
reduction of tumour multiplicity

Control incidence not
specified but assumed
to be 0%

–; –
P < 0.0001; NS
P < 0.003; NS
P < 0.001; P < 0.027

Mammary carcinomas
(animals at risk):

Significance relative to ACI
strain

94%
0%
86%
58%

–
–
P < 0.05
P < 0.05
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Group 1: diet
Group 2: diet + 2.5% powdered
blueberry
Group 3: diet + 2.5% black raspberry
Group 4: diet + 400 ppm ellagic acid;
24 wk
19–25; 6 controls/group

Significance

Species, strain (sex)
Reference
Rat, Sprague Dawley (F)
Callejo et al. (2005)

Route
Dosing regimen
Animals/group at start
Single dose of DMBA 20 mg, dissolved
in 0.5 to 1 mL corn oil; estradiol
valerate, one daily dose, 5 mg/kg bw
i.m. starting at 11 wk
Group 1: control lpt + DMBA
Group 2: lpt + ovariectomy + DMBA
Group 3: lpt + ovariectomy + DMBA +
tibolone
Group 4: lpt + ovariectomy + DMBA +
raloxifene
Group 5: lpt + ovariectomy + DMBA
+ E2
10 animals/group

Rat, Sprague Dawley (F)
Kang et al. (2004)

Incidence of tumours

Significance

Mammary carcinomas
(mean tumours/group):

Differences with controls

4
0.1
0.3

–
P < 0.001
P < 0.001

0.1

P < 0.001

0.1

P < 0.001

Mammary carcinomas
(incidence; multiplicity):
DMBA, 10 mg in sesame oil; MNU,
50 mg/kg bw in saline; E3B 30 or
300 µg, implanted
DMBA alone
DMBA + E3B 30
DMBA + E3B 300
MNU alone
MNU + E3B 30
MNU + E3B 300
16 animals/group
4 animals/group killed at 5 wk
12 animals/group killed at 21 wk

11/12 (92%); 4.17 ± 0.96
6/12 (50.0%); 3.08 ± 1.17
8/12 (67%); 2.5 ± 1.52
7/12 (58%); 1.67 ± 0.57
4/12 (33%); 0.58 ± 0.30
7/12 (58%); 1.17 ± 0.46

Comments

E3B tends to decrease
the multiplicity of
DMBA or MNUinduced mammary
gland tumours
–; –
P < 0.05; NS
NS; NS
–; –
NS; NS
NS; NS

in the ovary
differs significantly from Groups 1 and 3
bw, bodyweight; d, day or days; F, female; DMBA, 7,12-dimethylbenz[a]anthracene; E2, 17β-estradiol; E3B, estradiol-3-benzoate; i.m., intramuscular; lpt, laparotomy; MNU: N-methylN-nitrosourea; mo, month or months; NR, not reported; NS, not significant; wk, week or weeks
a

b
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of 20 mg of DMBA in pre-pubertal SpragueDawley rats randomized into five groups: Group
1 (control); Group 2 (castrated pre-pubertal
animals); and Groups 3, 4, and 5 (castration of
pre-pubertal animals followed by hormonal
treatment starting at puberty [11 weeks] with
tibolone, raloxifene, and estradiol, respectively).
For Group 5 (estradiol valerate), a single daily
dose of 5 mg/kg from a suspension of 1.5 mg/mL
was administered orally. Absence of ovarian
activity was observed in Groups 2, 3, 4, and 5,
as well as the expected variations in hormone
levels in all groups. Breast cancers were induced
in 100% of the animals in the control group, with
an average of four (2–7) tumours per animal in
this group. Only one cancer appeared in Groups
2, 3, and 4, and none appeared in Group 5.
Kang et al. (2004) used the DMBA and
MNU mammary carcinogenesis models to
evaluate the effects of estradiol-3-benzoate. The
hormone decreased the multiplicity of DMBA- or
MNU-induced mammary gland tumours. There
was also increased branching of the mammary
gland, and a decrease of estrogen receptor-α
(ERα) and estrogen receptor-β (ERβ). The inhibitory effect on mammary carcinogenesis may be
associated with the differentiation of mammary
gland and modulation of ERα and ERβ.

3.2.3 Metabolites
Possible cancer suppressor effects of the
physiological metabolite of estradiol, 2-methoxyestradiol were evaluated by Cicek et al. (2007)
using a murine metastatic breast cancer cell
line injected to BALB/C mice. They found that
2-methoxyestradiol inhibited tumour growth
in soft tissue, metastasis to bone, osteolysis,
and tumour growth in bone. Tumour-induced
osteolysis was also significantly reduced in mice
receiving 2-methoxyestradiol.

3.3 Synthesis
Estradiol causes malignant mammary
tumours in mice and malignant kidney tumours
in hamsters. Estrone causes malignant mammary
tumours in mice.

4. Other Relevant Data
4.1 Absorption, distribution,
metabolism, and excretion
The absorption, distribution, metabolism
and excretion of estrogens have been extensively
reviewed previously in the IARC Monograph on
combined estrogen-progestogen menopausal
therapy (IARC 1999, 2007). In summary, cytochrome P450 1A1 and 1B1 catalyse the production of catechol estrogens that are further
oxidized to estrogen o-quinones that can induce
the formation of DNA damage. This is counteracted by the detoxification enzymes, catechol-Omethyltransferase, sulfotransferase, and uridine
5′-diphosphate(UDP)-glucuronosyl transferase
which reduce the levels of catechols by forming
methoxyestrogens, sulfates, and glucuronide
conjugates, respectively (IARC 1999, 2007). As far
as detoxification of the o-quinones are concerned,
there have been some reports that the quinones
can be detoxified through reduction by quinone
reductase and/or conjugation with glutathione
(GSH) catalysed by glutathione S-transferases
(GSTs) (Hachey et al., 2003; Zahid et al., 2008),
although the non-enzymatic reduction by nicotinamide adenine dinucleotide (phosphate)
(NAD(P)H) and Michael addition with GSH are
very facile reactions, enhanced enzymatic catalysis may be of questionable importance. A large
body of epidemiological data has failed to identify a consistent association between exposure to
estrogenic hormones and risk for cancer with any
single enzyme variant of these phase I and phase
II enzymes (Saintot et al., 2003; Boyapati et al.,
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2005; Cheng et al., 2005; Rebbeck et al., 2006;
Hirata et al., 2008; Justenhoven et al., 2008; Van
Emburgh et al., 2008), but possible interactions
between these genes remain to be examined in
more detail.

4.2 Genetic and related effects
The genetic effects of endogenous estrogens, estradiol, and equine estrogens have been
reviewed previously (IARC, 1999, 2007). New
data that have appeared since are summarized
below.

4.2.1 Direct genotoxicity
(a) DNA adducts
Estrogen quinoids can directly damage
cellular DNA (see diethylstilbestrol, this volume;
Liehr, 2000; Bolton et al., 2004; Russo & Russo,
2004; Prokai-Tatrai & Prokai, 2005; Cavalieri
et al., 2006; IARC, 2007; Bolton & Thatcher,
2008; Gaikwad et al., 2008). The major DNA
adducts produced from 4-hydroxyoestradiolo-quinone are depurinating N7-guanine and
N3-adenine adducts resulting from 1,4-Michael
addition both in vitro and in vivo (Stack et al.,
1996; Cavalieri et al., 2000, 2006; Li et al., 2004;
Zahid et al., 2006; Saeed et al., 2007; Gaikwad
et al., 2008). Interestingly, only the N3-adenine
adduct may induce mutations because this
adduct depurinates extremely rapidly, whereas
the half-life of the N7-guanine adduct is
6–7 hours (Saeed et al., 2005; Zahid et al., 2006).
In contrast, the considerably more rapid isomerization of the 2-hydroxyestradiol-o-quinone to
the corresponding quinone methides results in
1,6-Michael addition products with the exocyclic amino groups of adenine and guanine
(Stack et al., 1996; Debrauwer et al., 2003). In
contrast to the N3- and N7-purine DNA adducts,
these adducts are stable which may affect their
repair and mutagenicity in vivo. A depurinating
N3-adenine adduct of 2-hydroxyestradiol quinone
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methide has recently been reported in reactions
with adenine and DNA (Zahid et al., 2006). The
levels of this adduct in DNA were considerably
lower than corresponding depurinating adducts
observed in similar experiments with 4-hydroxyestradiol-o-quinone. This is consistent with the
suggestion that 2-hydroxylation does not lead
to cancer, whereas 4-hydroxylation results in
carcinogenesis. This same study (Zahid et al.,
2006) provided evidence to suggest that depurinating DNA adducts of estrogen quinoids were
formed in much greater abundance than stable
adducts. [The Working Group noted that this
implies a causal role for the depurinating adducts
in estrogen carcinogenesis; but these adducts
were analysed by methods (high-perfomance
liquid chromatography with electrochemical
detection) that differed from those used to detect
the stable adducts (32P-postlabelling/thin-layer
chromatography), making direct quantitative
comparisons somewhat problematic.]
It is important to mention that stable DNA
adducts at extracyclic aminogroups have been
detected by 32P-postlabelling in DNA from
Syrian hamster embryo cells treated with estradiol and its catechol metabolites. The rank
order of DNA adduct formation was 4-hydroxyestradiol > 2-hydroxyestradiol > estradiol. The
adduct formation correlated with cellular transformation (Hayashi et al., 1996). [The Working
Group noted that these data do not clarify the
relative importance of depurinating adducts
versus stable DNA adducts in catechol estrogen
carcinogenesis.]
For the major equine estrogens (equilin,
equilenin, and 17β-ol derivatives) the data
strongly suggests that the majority of DNA
damage also results from reactions of 4-hydroxyequilenin-o-quinone through a combination of
oxidative damage (ie. single-strand cleavage and
oxidation of DNA bases) and through generation of apurinic sites as well as stable bulky
cyclic adducts (Bolton & Thatcher, 2008). For
example, a depurinating guanine adduct was
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detected in in-vivo experiments with rats treated
with 4-hydroxyequilenin, following liquid
chromatography-tandem mass spectrometry
(LC/MS-MS) analysis of extracted mammary
tissue (Zhang et al., 2001). However, analysis of
this rat mammary tissue DNA by LC/MS-MS
also showed the formation of stable cyclic deoxyguanosine and deoxyadenosine adducts as well
as the aforementioned oxidized bases. Singlestrand breaks were also detected (Ding et al.,
2003; Kolbanovskiy et al., 2005; Yasui et al.,
2006; Ding et al., 2007). [The Working Group
noted that, interestingly, the ratio of the diasteriomeric adducts detected in vivo differs from
in-vitro experiments. This suggests differential
repair of these stereoisomeric lesions.] Using
highly sensitive nano LC/MS-MS techniques to
analyse DNA in five human breast tumours and
five adjacent tissue samples, including samples
from donors with a known history of Premarinbased hormone replacement therapy, cyclic
4-hydroxyequilenin-dC, -dG, and -dA stable
adducts were detected for the first time in 4/10
samples (Embrechts et al., 2003). [The Working
Group noted that although the sample size in this
study was small, and the history of the patients
is not fully known, these results suggest that the
equilin metabolite 4-hydroxyequilenin has the
potential to form a variety of DNA lesions in
humans.]
(b) Oxidative damage to DNA
As indicated earlier, these estrogens are
oxidized to o-quinones which are electrophiles
as well as potent redox active compounds (Bolton
et al., 2000). They can undergo redox cycling
with the semiquinone radical generating superoxide radicals mediated through cytochrome
P450/P450 reductase (Bolton et al., 2000; IARC,
2007; see diethylstilbestrol, this volume) which
gives rise to hydroxyl radicals. In support of this
mechanism, various free radical effects have
been reported in animals treated with estradiol
(IARC, 2007), including DNA single-strand

breaks (Nutter et al., 1991; Roy & Liehr, 1999),
8-hydroxydeoxyguanosine formation (Cavalieri
et al., 2000; Lavigne et al., 2001; Rajapakse et al.,
2005), and chromosomal abnormalities (Li et al.,
1993; Banerjee et al., 1994; Russo & Russo, 2006).
The estradiol catechol metabolite 4-hydroxyestradiol also induces oxidative stress and apoptosis
in human mammary epithelial cells (MCF-10A)
(Chen et al., 2005). [The high concentrations used
in this study (> 10 µM) have questionable physiological relevance.] It has been further shown
that the equilenin catechol, 4-hydroxyequilenin,
is also capable of causing DNA single-strand
breaks and oxidative damage to DNA bases both
in vitro and in vivo (IARC, 2007; Okamoto et al.,
2008). These and older data provide evidence
for the generation of reactive oxygen species by
redox cycling of estrogen metabolites – reactive
oxygen species that are known to damage DNA.
This is a proposed mechanism of estrogeninduced tumour initiation/promotion (Cavalieri
et al., 2000; Bolton & Thatcher, 2008).
(c) Genetic effects in women
Two studies have identified catechol estrogen
adducts in breast tissue of women with breast
cancer (see IARC, 2007), and the excessive
production of reactive oxygen species in breast
cancer tissue has been linked to metastasis in
women with breast cancer (Malins et al., 1996,
2006; Karihtala & Soini, 2007). [However, the
Working Group was not aware of studies on
markers of oxidative stress in women on estrogen
therapy.]
(d) Genetic effects in animals
There is some in-vivo evidence for estradiol
inducing DNA strand breaks, sister chromatid
exchange, chromosomal aberrations, and aneuploidy, but not micronuclei or covalent binding
of estrogen metabolites to DNA (IARC, 1999,
2007).
Injection of 4-hydroxyequilenin into the
mammary fat pads of Sprague-Dawley rats
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resulted in a dose-dependent increase in singlestrand breaks and oxidized bases as analysed
by the comet assay, and the formation of
8-hydroxydeoxyguanosine and 8-hydroxydeoxyadenine (Zhang et al., 2001). In mice treated
with equilenin, the levels of 8-hydroxydeoxyguanosine were increased 1.5-fold in the uterus
(Okamoto et al., 2008).

not consistently been observed (IARC, 1999,
2007). The mutagenic properties of the aforementioned stable DNA adducts derived from
2-hydroxyestrogen-quinone-methide have been
evaluated using oligonucleotides containing sitespecific adducts transfected into simian kidney
(COS-7) cells where G→T and A→T mutations
were observed (Terashima et al., 2001).

(e) Genetic effects in human and animal cells

4.2.2 Indirect effects related to genotoxicity

There is some evidence for estradiol inducing
DNA strand breaks, sister chromatid exchange,
and chromosomal aberrations in various human
cells, including MCF-7 breast cancer cells,
although the evidence for induction of aneuploidy in human cells is equivocal (IARC, 1999,
2007).
Repeated treatment at physiological (70 nM)
and at much lower (0.007 nM) doses of estradiol
of MCF-10F immortalized human breast epithelial cells, which are ERα-negative, increased
colony formation in a soft agar assay (Russo
et al., 2001, 2003). When grown in collagen,
these cells changed from differentiated ductular
growth to solid-spherical masses with the same
dose–response relationship, and invasive growth
in a Matrigel assay was increased (Russo et al.,
2002, 2006). Following estradiol exposure at a
concentration of 70 nM of MCF-10F cells for four
alternating 24-hour periods, several passages of
the cells and subsequent selection, four clones
grew in Matrigel, two of which formed tumours
in nude mice (Russo et al., 2006). Both clones
had loss of chromosomal region 9p11–3 and all
other subclones had variable other chromosomal
losses, deletions, and gains. [The Working Group
noted that this study established that estradiol is
capable of inducing malignant transformation in
cultured immortalized human breast cells that
are ER-negative.]
The same types of genetic damage induced in
vivo are also induced in cells in culture by estradiol, estrone, and their catechol metabolites as
well as cell transformation, but mutations have
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(a) Estrogen-receptor-mediated effects
Receptor-mediated mechanisms by which
estrogens may cause or contribute to carcinogenesis have previously been reviewed extensively
(IARC, 1999, 2007). Estrogen therapy in the
menopause increases the rate of cell proliferation
in the postmenopausal human breast (IARC,
1999, 2007). This effect is mediated through
nuclear ER-mediated signalling pathways, and
this results in an increased risk of genomic
mutations during DNA replication (Nandi et al.,
1995; Feigelson & Henderson, 1996; Henderson
& Feigelson, 2000; Flötotto et al., 2001; Yager &
Davidson, 2006). [The Working Group noted that
direct evidence for this mechanism in relevant
experimental models of target tissues is, however,
not available at present.] Similarly acting nongenomic pathways, potentially involving newly
discovered membrane-associated estrogen
receptors, appear to regulate extranuclear
estrogen signalling pathways that can affect
cell proliferation (Björnström & Sjöberg, 2005;
Revankar et al., 2005; Song et al., 2006; Yager &
Davidson, 2006; Hammes & Levin, 2007; Pietras
& Márquez-Garbán, 2007; Levin & Pietras, 2008).
Recent studies have shown the presence of ERα
and ERβ in the mitochondria of various cells and
tissues, which may be involved in deregulation
of mitochondrial bioenergetics, and conceivably
contribute to estrogen-exposure-related cancers
(Yager & Davidson, 2006; Chen et al., 2008).
Cross-talk between these genomic and nongenomic second-messenger pathways may have
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an important role in estrogenic control of cell
proliferation, inhibition of apoptosis, and induction of DNA damage (Yager & Davidson, 2006).

4.3 Synthesis
Receptor-mediated responses to hormones
are a plausible and probably necessary mechanism for estrogen carcinogenesis. In addition,
there is support for a genotoxic effect of estrogenic hormones or their associated by-products
such as reactive oxygen species. The types of
DNA damage found in cells and tissues exposed
to estrogens are consistent with such genotoxic
effects. Current knowledge does not allow a
conclusion as to whether either of these mechanisms is the major determinant of estrogeninduced cancer. It is entirely possible that both
mechanisms contribute to and are necessary for
estrogen carcinogenesis. Although there appears
to be a direct link between exposure to estrogens,
metabolism of estrogens, and increased risk of
breast cancer, the factors that affect the formation, reactivity, and cellular targets of estrogen
quinoids remain to be fully explored.

5. Evaluation
There is sufficient evidence in humans for
the carcinogenicity of estrogen-only menopausal therapy. Estrogen-only menopausal
therapy causes cancer of the endometrium and
of the ovary. Also, a positive association has been
observed between exposure to estrogen-only
menopausal therapy and cancer of the breast.
For cancer of the colorectum, there is evidence
suggesting lack of carcinogenicity. An inverse relationship has been established between exposure
to estrogen-only menopausal therapy and cancer
of the colorectum.

There is sufficient evidence in experimental
animals for the carcinogenicity of some estrogens used in estrogen-only menopausal therapy.
Estrogen-only menopausal therapy is carcinogenic to humans (Group 1).

References
Aiyer HS, Srinivasan C, Gupta RC (2008). Dietary berries
and ellagic acid diminish estrogen-mediated mammary
tumorigenesis in ACI rats. Nutr Cancer, 60: 227–234.
doi:10.1080/01635580701624712 PMID:18444155
Anderson GL, Limacher M, Assaf AR et al.Women’s
Health Initiative Steering Committee. (2004). Effects of
conjugated equine estrogen in postmenopausal women
with hysterectomy: the Women’s Health Initiative
randomized controlled trial. JAMA, 291: 1701–1712.
doi:10.1001/jama.291.14.1701 PMID:15082697
Bakken K, Alsaker E, Eggen AE, Lund E (2004). Hormone
replacement therapy and incidence of hormonedependent cancers in the Norwegian Women and
Cancer study. Int J Cancer, 112: 130–134. doi:10.1002/
ijc.20389 PMID:15305384
Banerjee SK, Banerjee S, Li SA, Li JJ (1994). Induction
of chromosome aberrations in Syrian hamster
renal cortical cells by various estrogens. Mutat Res,
311:
191–197.
doi:10.1016/0027-5107(94)90176-7
PMID:7526183
Beard CM, Hartmann LC, Keeney GL et al. (2000).
Endometrial cancer in Olmsted County, MN: trends
in incidence, risk factors and survival. Ann Epidemiol,
10:
97–105.
doi:10.1016/S1047-2797(99)00039-3
PMID:10691063
Beral V, Banks E, Reeves G, Bull DMillion Women
Study Collaborators. (2003). Breast cancer and
hormone-replacement therapy in the Million Women
Study. Lancet, 362: 1330–1331. doi:10.1016/S01406736(03)14596-5 PMID:12927427
Beral V, Bull D, Green J, Reeves GMillion Women
Study Collaborators. (2007). Ovarian cancer and
hormone replacement therapy in the Million Women
Study. Lancet, 369: 1703–1710. doi:10.1016/S01406736(07)60534-0 PMID:17512855
Beral V, Bull D, Reeves GMillion Women Study
Collaborators. (2005). Endometrial cancer and
hormone-replacement therapy in the Million Women
Study. Lancet, 365: 1543–1551. doi:10.1016/S01406736(05)66455-0 PMID:15866308
Bittner JJ (1941). The influence of estrogens on the incidence of tumors in Foster nursed mice. Cancer Res, 1:
290–292.

241

IARC MONOGRAPHS – 100A
Björnström L & Sjöberg M (2005). Mechanisms of
estrogen receptor signaling: convergence of genomic
and nongenomic actions on target genes. Mol
Endocrinol, 19: 833–842. doi:10.1210/me.2004-0486
PMID:15695368
Bolton JL & Thatcher GR (2008). Potential mechanisms of
estrogen quinone carcinogenesis. Chem Res Toxicol, 21:
93–101. doi:10.1021/tx700191p PMID:18052105
Bolton JL, Trush MA, Penning TM et al. (2000). Role of
quinones in toxicology. Chem Res Toxicol, 13: 135–160.
doi:10.1021/tx9902082 PMID:10725110
Bolton JL, Yu L, Thatcher GR (2004). Quinoids formed
from estrogens and antiestrogens. Methods Enzymol,
378: 110–123. doi:10.1016/S0076-6879(04)78006-4
PMID:15038960
Bonser GM (1936). The effect of estrone administration
on the mammary glands of male mice of two strains
differing greatly in their susceptibility to spontaneous
mammary carcinoma. J Pathol Bacteriol, 42: 169–181.
doi:10.1002/path.1700420119
Boyapati SM, Shu XO, Gao YT et al. (2005). Polymorphisms
in CYP1A1 and breast carcinoma risk in a populationbased case-control study of Chinese women. Cancer, 103:
2228–2235. doi:10.1002/cncr.21056 PMID:15856430
Callejo J, Cano A, Medina M et al. (2005). Hormonal environment in the induction of breast cancer in castrated
rats using dimethylbenzanthracene: influence of the
presence or absence of ovarian activity and of treatment
with estradiol, tibolone, and raloxifene. Menopause,
12: 601–608. doi:10.1097/01.gme.0000172269.32573.34
PMID:16145314
Cantwell MM, Lacey JV Jr, Schairer C et al. (2006).
Reproductive factors, exogenous hormone use and
bladder cancer risk in a prospective study. Int J Cancer,
119: 2398–2401. doi:10.1002/ijc.22175 PMID:16894568
Cavalieri E, Chakravarti D, Guttenplan J et al. (2006).
Catechol estrogen quinones as initiators of breast and
other human cancers: implications for biomarkers of
susceptibility and cancer prevention. Biochim Biophys
Acta, 1766: 63–78. PMID:16675129
Cavalieri E, Frenkel K, Liehr JG et al. (2000). Estrogens
as endogenous genotoxic agents–DNA adducts and
mutations. J Natl Cancer Inst Monogr, 27: 75–93.
PMID:10963621
Chamorro A (1943). Production of mammary adenocarcinomas in rats by estrone benzoate. C R Soc Biol (Paris),
137: 325–326.
Chen CL, Weiss NS, Newcomb P et al. (2002). Hormone
replacement therapy in relation to breast cancer.
JAMA, 287: 734–741. doi:10.1001/jama.287.6.734
PMID:11851540
Chen JQ, Brown TR, Yager JD (2008). Mechanisms
of hormone carcinogenesis: evolution of views,
role of mitochondria. Adv Exp Med Biol, 630: 1–18.
doi:10.1007/978-0-387-78818-0_1 PMID:18637481

242

Chen ZH, Na HK, Hurh YJ, Surh YJ (2005).
4-Hydroxyestradiol induces oxidative stress and
apoptosis in human mammary epithelial cells:
possible protection by NF-kappaB and ERK/MAPK.
Toxicol Appl Pharmacol, 208: 46–56. doi:10.1016/j.
taap.2005.01.010 PMID:15901486
Cheng TC, Chen ST, Huang CS et al. (2005). Breast
cancer risk associated with genotype polymorphism
of the catechol estrogen-metabolizing genes: a multigenic study on cancer susceptibility. Int J Cancer, 113:
345–353. doi:10.1002/ijc.20630 PMID:15455371
Cicek M, Iwaniec UT, Goblirsch MJ et al. (2007).
2-Methoxyestradiol suppresses osteolytic breast cancer
tumor progression in vivo. Cancer Res, 67: 10106–10111.
doi:10.1158/0008-5472.CAN-07-1362 PMID:17974950
Colditz GA & Rosner B (2000). Cumulative risk of breast
cancer to age 70 years according to risk factor status:
data from the Nurses’ Health Study. Am J Epidemiol, 152:
950–964. doi:10.1093/aje/152.10.950 PMID:11092437
Daling JR, Malone KE, Doody DR et al. (2002). Relation
of regimens of combined hormone replacement
therapy to lobular, ductal, and other histologic types of
breast carcinoma. Cancer, 95: 2455–2464. doi:10.1002/
cncr.10984 PMID:12467057
Danforth KN, Tworoger SS, Hecht JL et al. (2007). A
prospective study of postmenopausal hormone use
and ovarian cancer risk. Br J Cancer, 96: 151–156.
doi:10.1038/sj.bjc.6603527 PMID:17179984
Das P, Rao AR, Srivastava PN (1988). Modulatory
influences of exogenous estrogen on MCA-induced
carcinogenesis in the uterine cervix of mouse. Cancer
Lett, 43: 73–77. doi:10.1016/0304-3835(88)90216-9
PMID:3203333
Debrauwer L, Rathahao E, Jouanin I et al. (2003).
Investigation of the regio- and stereo-selectivity of
deoxyguanosine linkage to deuterated 2-hydroxyestradiol by using liquid chromatography/ESI-ion trap mass
spectrometry. J Am Soc Mass Spectrom, 14: 364–372.
doi:10.1016/S1044-0305(03)00066-7 PMID:12686483
Ding S, Shapiro R, Geacintov NE, Broyde S (2003).
Conformations of stereoisomeric base adducts to
4-hydroxyequilenin. Chem Res Toxicol, 16: 695–707.
doi:10.1021/tx0340246 PMID:12807352
Ding S, Shapiro R, Geacintov NE, Broyde S (2007).
4-hydroxyequilenin-adenine
lesions
in
DNA
duplexes: stereochemistry, damage site, and structure. Biochemistry, 46: 182–191. doi:10.1021/bi061652o
PMID:17198388
Embrechts J, Lemière F, Van Dongen W et al. (2003).
Detection of estrogen DNA-adducts in human breast
tumor tissue and healthy tissue by combined nano
LC-nano ES tandem mass spectrometry. J Am Soc
Mass Spectrom, 14: 482–491. doi:10.1016/S10440305(03)00130-2 PMID:12745217
Ewertz M, Mellemkjaer L, Poulsen AH et al. (2005).
Hormone use for menopausal symptoms and risk of

Estrogen-only menopausal therapy
breast cancer. A Danish cohort study. Br J Cancer, 92:
1293–1297. doi:10.1038/sj.bjc.6602472 PMID:15785751
Feigelson HS & Henderson BE (1996). Estrogens and breast
cancer. Carcinogenesis, 17: 2279–2284. doi:10.1093/
carcin/17.11.2279 PMID:8968038
Feskanich D, Hunter DJ, Willett WC et al. (1999). Oral
contraceptive use and risk of melanoma in premenopausal women. Br J Cancer, 81: 918–923. doi:10.1038/
sj.bjc.6690787 PMID:10555769
Flötotto T, Djahansouzi S, Gläser M et al. (2001). Hormones
and hormone antagonists: mechanisms of action in
carcinogenesis of endometrial and breast cancer. Horm
Metab Res, 33: 451–457. doi:10.1055/s-2001-16936
PMID:11544557
Folsom AR, Anderson JP, Ross JA (2004). Estrogen
replacement therapy and ovarian cancer. Epidemiology,
15: 100–104. doi:10.1097/01.ede.0000091606.31903.8e
PMID:14712153
Fournier A, Berrino F, Riboli E et al. (2005). Breast cancer
risk in relation to different types of hormone replacement therapy in the E3N-EPIC cohort. Int J Cancer, 114:
448–454. doi:10.1002/ijc.20710 PMID:15551359
Gaikwad NW, Yang L, Muti P et al. (2008). The molecular
etiology of breast cancer: evidence from biomarkers of
risk. Int J Cancer, 122: 1949–1957. doi:10.1002/ijc.23329
PMID:18098283
Gardner WU & Dougherty TF (1944). The leukemogenic
action of estrogens in hybrid mice. Yale J Biol Med, 17:
75–90.
Geschickter CF & Byrnes EW (1942). Factors influencing
the development and time of appearance of mammary
cancer in the rat in response to estrogen. Arch Pathol
(Chic), 33: 334–356.
Goldfarb S & Pugh TD (1990). Morphology and anatomic
localization of renal microneoplasms and proximal
tubule dysplasias induced by four different estrogens
in the hamster. Cancer Res, 50: 113–119. PMID:2152770
Greiser CM, Greiser EM, Dören M (2005). Menopausal
hormone therapy and risk of breast cancer: a metaanalysis of epidemiological studies and randomized
controlled trials. Hum Reprod Update, 11: 561–573.
doi:10.1093/humupd/dmi031 PMID:16150812
Greiser CM, Greiser EM, Dören M (2007). Menopausal
hormone therapy and risk of ovarian cancer:
systematic review and meta-analysis. Hum Reprod
Update, 13: 453–463. doi:10.1093/humupd/dmm012
PMID:17573406
Grubbs CJ, Peckham JC, McDonough KD (1983). Effect of
ovarian hormones on the induction of 1-methyl-1-nitrosourea-induced mammary cancer. Carcinogenesis, 4:
495–497. doi:10.1093/carcin/4.4.495 PMID:6839422
Hachey DL, Dawling S, Roodi N, Parl FF (2003). Sequential
action of phase I and II enzymes cytochrome p450
1B1 and glutathione S-transferase P1 in mammary
estrogen metabolism. Cancer Res, 63: 8492–8499.
PMID:14679015

Hammes SR & Levin ER (2007). Extranuclear steroid
receptors: nature and actions. Endocr Rev, 28: 726–741.
doi:10.1210/er.2007-0022 PMID:17916740
Hayashi N, Hasegawa K, Komine A et al. (1996). Estrogeninduced cell transformation and DNA adduct formation in cultured Syrian hamster embryo cells. Mol
Carcinog, 16: 149–156. doi:10.1002/(SICI)1098274 4(19 96 07)16:3<149:: A I D -MC5>3.0.CO; 2- C
PMID:8688150
Henderson BE & Feigelson HS (2000). Hormonal carcinogenesis. Carcinogenesis, 21: 427–433. doi:10.1093/
carcin/21.3.427 PMID:10688862
Henrich JB, Kornguth PJ, Viscoli CM, Horwitz RI (1998).
Postmenopausal estrogen use and invasive versus in
situ breast cancer risk. J Clin Epidemiol, 51: 1277–1283.
doi:10.1016/S0895-4356(98)00116-4 PMID:10086820
Highman B, Greenman DL, Norvell MJ et al. (1980).
Neoplastic and preneoplastic lesions induced in female
C3H mice by diets containing diethylstilbestrol or
17 beta-estradiol. J Environ Pathol Toxicol, 4: 81–95.
PMID:7217862
Hirata H, Hinoda Y, Okayama N et al. (2008). CYP1A1,
SULT1A1, and SULT1E1 polymorphisms are risk factors
for endometrial cancer susceptibility. Cancer, 112:
1964–1973. doi:10.1002/cncr.23392 PMID:18318428
IARC (1987). Overall Evaluations of Carcinogenicity: An
Updating of IARC Monographs Volumes 1 to 42. IARC
Monogr Eval Carcinog Risks Hum Suppl, 7: 137–139.
IARC (1999). Hormonal Contraception and PostMenopausal Hormonal Therapy. IARC Monogr Eval
Carcinog Risks Hum, 72: 1–660.
IARC (2007). Combined estrogen-progestogen contraceptives and combined estrogen-progestogen menopausal
therapy. IARC Monogr Eval Carcinog Risks Hum, 91:
1–528. PMID:18756632
Inano H, Yamanouchi H, Suzuki K et al. (1995).
Estradiol-17 beta as an initiation modifier for radiation-induced mammary tumorigenesis of rats ovariectomized before puberty. Carcinogenesis, 16: 1871–1877.
doi:10.1093/carcin/16.8.1871 PMID:7634417
Jacobs EJ, White E, Weiss NS et al. (1999). Hormone
replacement therapy and colon cancer among members
of a health maintenance organization. Epidemiology,
10: 445–451. doi:10.1097/00001648-199907000-00018
PMID:10401882
Justenhoven C, Hamann U, Schubert F et al. (2008).
Breast cancer: a candidate gene approach across
the estrogen metabolic pathway. Breast Cancer Res
Treat, 108: 137–149. doi:10.1007/s10549-007-9586-8
PMID:17588204
Kang JS, Kim S, Che JH et al. (2004). Inhibition of
mammary gland tumors by short-term treatment of
estradiol-3-benzoate associated with down-regulation
of estrogen receptor ERalpha and ERbeta. Oncol Rep,
12: 689–693. PMID:15375486

243

IARC MONOGRAPHS – 100A
Karagas MR, Stukel TA, Dykes J et al. (2002). A pooled
analysis of 10 case-control studies of melanoma and
oral contraceptive use. Br J Cancer, 86: 1085–1092.
doi:10.1038/sj.bjc.6600196 PMID:11953854
Karihtala P & Soini Y (2007). Reactive oxygen species
and antioxidant mechanisms in human tissues
and their relation to malignancies. APMIS, 115:
81–103.
doi:10.1111/j.1600-0463.2007.apm_514.x
PMID:17295675
Kirkman H (1959a). Estrogen-induced tumors of the kidney.
III. Growth characteristics in the Syrian hamster. Natl
Cancer Inst Monogr, 1: 1–57. PMID:14409355
Kirkman H (1959b). Estrogen-induced tumors of the
kidney. IV. Incidence in female Syrian hamsters. Natl
Cancer Inst Monogr, 1: 59–91. PMID:14409356
Kirsh V & Kreiger N (2002). Estrogen and estrogenprogestin replacement therapy and risk of postmenopausal breast cancer in Canada. Cancer Causes
Control, 13: 583–590. doi:10.1023/A:1016330024268
PMID:12195648
Kolbanovskiy A, Kuzmin V, Shastry A et al. (2005). Base
selectivity and effects of sequence and DNA secondary
structure on the formation of covalent adducts derived
from the equine estrogen metabolite 4-hydroxyequilenin. Chem Res Toxicol, 18: 1737–1747. doi:10.1021/
tx050190x PMID:16300383
Lacey JV Jr, Brinton LA, Leitzmann MF et al. (2006).
Menopausal hormone therapy and ovarian cancer risk
in the National Institutes of Health-AARP Diet and
Health Study Cohort. J Natl Cancer Inst, 98: 1397–1405.
doi:10.1093/jnci/djj375 PMID:17018786
Lacey JV Jr, Brinton LA, Lubin JH et al. (2005). Endometrial
carcinoma risks among menopausal estrogen plus
progestin and unopposed estrogen users in a cohort of
postmenopausal women. Cancer Epidemiol Biomarkers
Prev, 14: 1724–1731. doi:10.1158/1055-9965.EPI-050111 PMID:16030108
Lacey JV Jr, Leitzmann MF, Chang SC et al. (2007).
Endometrial cancer and menopausal hormone
therapy in the National Institutes of Health-AARP
Diet and Health Study cohort. Cancer, 109: 1303–1311.
doi:10.1002/cncr.22525 PMID:17315161
Lacey JV Jr, Mink PJ, Lubin JH et al. (2002). Menopausal
hormone replacement therapy and risk of ovarian cancer.
JAMA, 288: 334–341. doi:10.1001/jama.288.3.334
PMID:12117398
Lavigne JA, Goodman JE, Fonong T et al. (2001). The
effects of catechol-O-methyltransferase inhibition on
estrogen metabolite and oxidative DNA damage levels
in estradiol-treated MCF-7 cells. Cancer Res, 61: 7488–
7494. PMID:11606384
Lee S, Kolonel L, Wilkens L et al. (2006). Postmenopausal
hormone therapy and breast cancer risk: the Multiethnic
Cohort. Int J Cancer, 118: 1285–1291. doi:10.1002/
ijc.21481 PMID:16170777

244

Lemon HM, Kumar PF, Peterson C et al. (1989).
Inhibition of radiogenic mammary carcinoma in
rats by estriol or tamoxifen. Cancer, 63: 1685–1692.
doi:10.1002/1097-0142(19900501)63:9<1685::AIDCNCR2820630907>3.0.CO;2-X PMID:2702580
Lens M & Bataille V (2008). Melanoma in relation
to reproductive and hormonal factors in women:
current review on controversial issues. Cancer Causes
Control, 19: 437–442. doi:10.1007/s10552-008-9110-4
PMID:18197460
Levin ER & Pietras RJ (2008). Estrogen receptors outside
the nucleus in breast cancer. Breast Cancer Res
Treat, 108: 351–361. doi:10.1007/s10549-007-9618-4
PMID:17592774
Li CI, Anderson BO, Daling JR, Moe RE (2002).
Changing incidence of lobular carcinoma in situ
of the breast. Breast Cancer Res Treat, 75: 259–268.
doi:10.1023/A:1019950918046 PMID:12353815
Li CI, Daling JR, Malone KE et al. (2006). Relationship
between established breast cancer risk factors and risk
of seven different histologic types of invasive breast
cancer. Cancer Epidemiol Biomarkers Prev, 15: 946–954.
doi:10.1158/1055-9965.EPI-05-0881 PMID:16702375
Li CI, Malone KE, Porter PL et al. (2003). Relationship
between long durations and different regimens of
hormone therapy and risk of breast cancer. JAMA,
289:
3254–3263.
doi:10.1001/jama.289.24.3254
PMID:12824206
Li JJ, Gonzalez A, Banerjee S et al. (1993). Estrogen carcinogenesis in the hamster kidney: role of cytotoxicity and
cell proliferation. Environ Health Perspect, 101: Suppl
5259–264. doi:10.2307/3431878 PMID:8013417
Li JJ & Li SA (1987). Estrogen carcinogenesis in Syrian
hamster tissues: role of metabolism. Fed Proc, 46: 1858–
1863. PMID:3030825
Li JJ, Li SA, Klicka JK et al. (1983). Relative carcinogenic
activity of various synthetic and natural estrogens in
the Syrian hamster kidney. Cancer Res, 43: 5200–5204.
PMID:6616455
Li KM, Todorovic R, Devanesan P et al. (2004). Metabolism
and DNA binding studies of 4-hydroxyestradiol and
estradiol-3,4-quinone in vitro and in female ACI rat
mammary gland in vivo. Carcinogenesis, 25: 289–297.
doi:10.1093/carcin/bgg191 PMID:14578156
Liehr JG (2000). Role of DNA adducts in hormonal
carcinogenesis. Regul Toxicol Pharmacol, 32: 276–282.
doi:10.1006/rtph.2000.1432 PMID:11162721
Liehr JG, Fang WF, Sirbasku DA, Ari-Ulubelen A
(1986). Carcinogenicity of catechol estrogens in
Syrian hamsters. J Steroid Biochem, 24: 353–356.
doi:10.1016/0022-4731(86)90080-4 PMID:3009986
Lipschutz A & Vargas L (1941). structure and origin of
uterine and extragenital fibroids induced experimentally in the guinea-pig by prolonged administration of
estrogens. Cancer Res, 1: 236–248.

Estrogen-only menopausal therapy
Malins DC, Anderson KM, Jaruga P et al. (2006).
Oxidative changes in the DNA of stroma and epithelium from the female breast: potential implications
for breast cancer. Cell Cycle, 5: 1629–1632. doi:10.4161/
cc.5.15.3098 PMID:16880742
Malins DC, Polissar NL, Gunselman SJ (1996). Progression
of human breast cancers to the metastatic state is
linked to hydroxyl radical-induced DNA damage.
Proc Natl Acad Sci U S A, 93: 2557–2563. doi:10.1073/
pnas.93.6.2557 PMID:8637913
McEvoy GK, editor (2007) 2007 AHFS Drug Information,
Bethesda, MD, American Society of Health-System
Pharmacists, American Hospital Formulary Service
[Estrogens General Statement; Estrogens, Conjugated,
USP]
McGrath M, Michaud DS, De Vivo I (2006). Hormonal
and reproductive factors and the risk of bladder cancer
in women. Am J Epidemiol, 163: 236–244. doi:10.1093/
aje/kwj028 PMID:16319290
Moorman PG, Schildkraut JM, Calingaert B et al.
(2005). Menopausal hormones and risk of ovarian
cancer. Am J Obstet Gynecol, 193: 76–82. doi:10.1016/j.
ajog.2004.11.013 PMID:16021062
Nandi S, Guzman RC, Yang J (1995). Hormones and
mammary carcinogenesis in mice, rats, and humans:
a unifying hypothesis. Proc Natl Acad Sci U S A, 92:
3650–3657. doi:10.1073/pnas.92.9.3650 PMID:7731959
Newcomb PA, Titus-Ernstoff L, Egan KM et al. (2002).
Postmenopausal estrogen and progestin use in relation
to breast cancer risk. Cancer Epidemiol Biomarkers
Prev, 11: 593–600. PMID:12101105
Niwa K, Morishita S, Murase T et al. (1996). Chronological
observation of mouse endometrial carcinogenesis
induced by N-methyl-N-nitrosourea and 17 betaestradiol. Cancer Lett, 104: 115–119. doi:10.1016/03043835(96)04240-1 PMID:8640737
Niwa K, Murase T, Furui T et al. (1993). Enhancing effects
of estrogens on endometrial carcinogenesis initiated by
N-methyl-N-nitrosourea in ICR mice. Jpn J Cancer Res,
84: 951–955. PMID:8407561
Niwa K, Tanaka T, Mori H et al. (1991). Rapid induction
of endometrial carcinoma in ICR mice treated with
N-methyl-N-nitrosourea and 17 beta-estradiol. Jpn J
Cancer Res, 82: 1391–1396. PMID:1778763
Nutter LM, Ngo EO, Abul-Hajj YJ (1991). Characterization
of DNA damage induced by 3,4-estrone-o-quinone
in human cells. J Biol Chem, 266: 16380–16386.
PMID:1653233
Okamoto Y, Chou PH, Kim SY et al. (2008). Oxidative
DNA damage in XPC-knockout and its wild mice
treated with equine estrogen. Chem Res Toxicol, 21:
1120–1124. doi:10.1021/tx700428m PMID:18447394
Olsson HL, Ingvar C, Bladström A (2003). Hormone
replacement therapy containing progestins and given
continuously increases breast carcinoma risk in

Sweden. Cancer, 97: 1387–1392. doi:10.1002/cncr.11205
PMID:12627501
Pearce CL, Chung K, Pike MC, Wu AH (2009). Increased
ovarian cancer risk associated with menopausal estrogen
therapy is reduced by adding a progestin. Cancer, 115:
531–539. doi:10.1002/cncr.23956 PMID:19127543
Pietras RJ & Márquez-Garbán DC (2007). Membraneassociated estrogen receptor signaling pathways in
human cancers. Clin Cancer Res, 13: 4672–4676.
doi:10.1158/1078-0432.CCR-07-1373 PMID:17699844
Pike MC, Pearce CL, Peters R et al. (2004). Hormonal
factors and the risk of invasive ovarian cancer: a population-based case-control study. Fertil Steril, 82: 186–195.
doi:10.1016/j.fertnstert.2004.03.013 PMID:15237010
Porch JV, Lee IM, Cook NR et al. (2002). Estrogen-progestin
replacement therapy and breast cancer risk: the
Women’s Health Study (United States). Cancer Causes
Control, 13: 847–854. doi:10.1023/A:1020617415381
PMID:12462550
Prihartono N, Palmer JR, Louik C et al. (2000). A
case-control study of use of postmenopausal female
hormone supplements in relation to the risk of large
bowel cancer. Cancer Epidemiol Biomarkers Prev, 9:
443–447. PMID:10794491
Prizment AE, Anderson KE, Harlow BL, Folsom AR
(2007). Reproductive risk factors for incident bladder
cancer: Iowa Women’s Health Study. Int J Cancer, 120:
1093–1098. doi:10.1002/ijc.22418 PMID:17131327
Prokai-Tatrai K & Prokai L (2005). Impact of metabolism
on the safety of estrogen therapy. Ann N Y Acad Sci, 1052:
243–257. doi:10.1196/annals.1347.018 PMID:16024767
Purdie DM, Bain CJ, Siskind V et al. (1999). Hormone
replacement therapy and risk of epithelial ovarian
cancer. Br J Cancer, 81: 559–563. doi:10.1038/
sj.bjc.6690731 PMID:10507786
Rajapakse N, Butterworth M, Kortenkamp A (2005).
Detection of DNA strand breaks and oxidized DNA
bases at the single-cell level resulting from exposure
to estradiol and hydroxylated metabolites. Environ
Mol Mutagen, 45: 397–404. doi:10.1002/em.20104
PMID:15662657
Rebbeck TR, Troxel AB, Wang Y et al. (2006). Estrogen
sulfation genes, hormone replacement therapy, and
endometrial cancer risk. J Natl Cancer Inst, 98: 1311–
1320. doi:10.1093/jnci/djj360 PMID:16985250
Revankar CM, Cimino DF, Sklar LA et al. (2005). A
transmembrane intracellular estrogen receptor mediates rapid cell signaling. Science, 307: 1625–1630.
doi:10.1126/science.1106943 PMID:15705806
Riman T, Dickman PW, Nilsson S et al. (2001). Risk
factors for epithelial borderline ovarian tumors: results
of a Swedish case-control study. Gynecol Oncol, 83:
575–585. doi:10.1006/gyno.2001.6451 PMID:11733975
Riman T, Dickman PW, Nilsson S et al. (2002). Hormone
replacement therapy and the risk of invasive epithelial

245

IARC MONOGRAPHS – 100A
ovarian cancer in Swedish women. J Natl Cancer Inst,
94: 497–504. PMID:11929950
Rodriguez C, Patel AV, Calle EE et al. (2001). Estrogen
replacement therapy and ovarian cancer mortality in a
large prospective study of US women. JAMA, 285: 1460–
1465. doi:10.1001/jama.285.11.1460 PMID:11255422
Rosenberg LU, Granath F, Dickman PW et al. (2008).
Menopausal hormone therapy in relation to breast
cancer characteristics and prognosis: a cohort study.
Breast Cancer Res, 10: R78 doi:10.1186/bcr2145
PMID:18803850
Ross RK, Paganini-Hill A, Wan PC, Pike MC (2000).
Effect of hormone replacement therapy on breast
cancer risk: estrogen versus estrogen plus progestin. J
Natl Cancer Inst, 92: 328–332. doi:10.1093/jnci/92.4.328
PMID:10675382
Rossing MA, Cushing-Haugen KL, Wicklund KG et al.
(2007). Menopausal hormone therapy and risk of
epithelial ovarian cancer. Cancer Epidemiol Biomarkers
Prev, 16: 2548–2556. doi:10.1158/1055-9965.EPI-070550 PMID:18086757
Roy D & Liehr JG (1999). Estrogen, DNA damage and
mutations. Mutat Res, 424: 107–115. doi:10.1016/S00275107(99)00012-3 PMID:10064854
Rudali G, Apiou F, Muel B (1975). Mammary cancer
produced in mice with estriol. Eur J Cancer, 11: 39–41.
PMID:1132398
Rudali G, Julien P, Vives C, Apiou F (1978). Dose-effect
studies on estrogen induced mammary cancers in
mice. Biomedicine, 29: 45–46. PMID:566588
Russo J, Fernandez SV, Russo PA et al. (2006). 17-Betaestradiol induces transformation and tumorigenesis in
human breast epithelial cells. FASEB J, 20: 1622–1634.
doi:10.1096/fj.05-5399com PMID:16873885
Russo J, Hasan Lareef M, Balogh G et al. (2003). Estrogen
and its metabolites are carcinogenic agents in
human breast epithelial cells. J Steroid Biochem Mol
Biol, 87: 1–25. doi:10.1016/S0960-0760(03)00390-X
PMID:14630087
Russo J, Hu YF, Tahin Q et al. (2001). Carcinogenicity
of estrogens in human breast epithelial cells. APMIS,
109: 39–52. doi:10.1111/j.1600-0463.2001.tb00013.x
PMID:11297193
Russo J, Lareef MH, Tahin Q et al. (2002). 17Beta-estradiol
is carcinogenic in human breast epithelial cells. J
Steroid Biochem Mol Biol, 80: 149–162. doi:10.1016/
S0960-0760(01)00183-2 PMID:11897500
Russo J & Russo IH (2004). Genotoxicity of steroidal
estrogens. Trends Endocrinol Metab, 15: 211–214.
doi:10.1016/j.tem.2004.05.007 PMID:15223050
Russo J & Russo IH (2006). The role of estrogen in the
initiation of breast cancer. J Steroid Biochem Mol
Biol, 102: 89–96. doi:10.1016/j.jsbmb.2006.09.004
PMID:17113977
Saeed M, Rogan E, Fernandez SV et al. (2007). Formation
of depurinating N3Adenine and N7Guanine adducts
246

by MCF-10F cells cultured in the presence of 4-hydroxyestradiol. Int J Cancer, 120: 1821–1824. doi:10.1002/
ijc.22399 PMID:17230531
Saeed M, Zahid M, Gunselman SJ et al. (2005). Slow loss
of deoxyribose from the N7deoxyguanosine adducts
of estradiol-3,4-quinone and hexestrol-3′,4′-quinone.
Implications for mutagenic activity. Steroids, 70: 29–35.
doi:10.1016/j.steroids.2004.09.011 PMID:15610894
Saintot M, Malaveille C, Hautefeuille A, Gerber M (2003).
Interactions between genetic polymorphism of cytochrome P450–1B1, sulfotransferase 1A1, catecholo-methyltransferase and tobacco exposure in breast
cancer risk. Int J Cancer, 107: 652–657. doi:10.1002/
ijc.11432 PMID:14520706
Sakr SA, el-Mofty MM, Mohamed AM (1989). Enhancement
of hepatic tumors induced by N-nitrosodimethylamine
in female toads Bufo regularis by oestrone. Arch
Geschwulstforsch, 59: 7–10. PMID:2923526
Satoh H, Kajimura T, Chen CJ et al. (1997). Invasive
pituitary tumors in female F344 rats induced by
estradiol dipropionate. Toxicol Pathol, 25: 462–469.
doi:10.1177/019262339702500506 PMID:9323835
Schaffer BS, Lachel CM, Pennington KL et al. (2006).
Genetic bases of estrogen-induced tumorigenesis in
the rat: mapping of loci controlling susceptibility to
mammary cancer in a Brown Norway x ACI intercross.
Cancer Res, 66: 7793–7800. doi:10.1158/0008-5472.
CAN-06-0143 PMID:16885383
Schairer C, Lubin J, Troisi R et al. (2000). Menopausal
estrogen and estrogen-progestin replacement therapy
and breast cancer risk. JAMA, 283: 485–491. doi:10.1001/
jama.283.4.485 PMID:10659874
Sheehan DM, Frederick CB, Branham WS, Heath JE
(1982). Evidence for estradiol promotion of neoplastic
lesions in the rat vagina after initiation with N-methylN-nitrosourea. Carcinogenesis, 3: 957–959. doi:10.1093/
carcin/3.8.957 PMID:7127677
Shields TS, Weiss NS, Voigt LF, Beresford SA (1999). The
additional risk of endometrial cancer associated with
unopposed estrogen use in women with other risk factors.
Epidemiology, 10: 733–738. doi:10.1097/00001648199911000-00014 PMID:10535788
Shimkin MB & Grady HG (1940). Carcinogenic potency
of stilbestrol and estrone in strain CH3 mice. J Natl
Cancer Inst, 1: 119–128.
Sit AS, Modugno F, Weissfeld JL et al. (2002). Hormone
replacement therapy formulations and risk of epithelial ovarian carcinoma. Gynecol Oncol, 86: 118–123.
doi:10.1006/gyno.2002.6746 PMID:12144815
Song RX, Fan P, Yue W et al. (2006). Role of receptor
complexes in the extranuclear actions of estrogen
receptor alpha in breast cancer. Endocr Relat Cancer, 13:
Suppl 1S3–S13. doi:10.1677/erc.1.01322 PMID:17259556
Sprague BL, Trentham-Dietz A, Egan KM et al. (2008).
Proportion of invasive breast cancer attributable to risk

Estrogen-only menopausal therapy
factors modifiable after menopause. Am J Epidemiol,
168: 404–411. doi:10.1093/aje/kwn143 PMID:18552361
Stack DE, Byun J, Gross ML et al. (1996). Molecular
characteristics of catechol estrogen quinones in reactions with deoxyribonucleosides. Chem Res Toxicol, 9:
851–859. doi:10.1021/tx960002q PMID:8828920
Sumi C, Yokoro K, Matsuhima R (1984). Effects of 17 betaestradiol and diethylstillb estrol on concurrent developemnt of hepatic, mammary, and pituitary tumors
in WF rats: evidence for differential effect on liver.
[PMID:6593493.]J Natl Cancer Inst, 73: 1129–1234.
Sweetman SC, editor (2008) Martindale: The Complete
Drug Reference, London, Pharmaceutical Press,
Electronic version, (Edition 2008)
Takahashi M, Iijima T, Suzuki K et al. (1996). Rapid and
high yield induction of endometrial adenocarcinomas
in CD-1 mice by a single intrauterine administration
of N-ethyl-N-nitrosourea combined with chronic
17 beta-estradiol treatment. Cancer Lett, 104: 7–12.
doi:10.1016/0304-3835(96)04221-8 PMID:8640748
Teras LR, Patel AV, Rodriguez C et al. (2005). Parity,
other reproductive factors, and risk of pancreatic
cancer mortality in a large cohort of U.S. women
(United States). Cancer Causes Control, 16: 1035–1040.
doi:10.1007/s10552-005-0332-4 PMID:16184468
Terashima I, Suzuki N, Shibutani S (2001). Mutagenic
properties of estrogen quinone-derived DNA adducts
in simian kidney cells. Biochemistry, 40: 166–172.
doi:10.1021/bi002273c PMID:11141067
Ting AY, Kimler BF, Fabian CJ, Petroff BK (2007).
Characterization of a preclinical model of simultaneous
breast and ovarian cancer progression. Carcinogenesis,
28: 130–135. doi:10.1093/carcin/bgl140 PMID:16891317
United States Pharmacopeial Convention (2007) The 2007
US Pharmacopeia, 30th Rev./The National Formulary,
25th Rev., Volume 2, Rockville, MD, pp. 2079–20.
Van Emburgh BO, Hu JJ, Levine EA et al. (2008).
Polymorphisms in CYP1B1, GSTM1, GSTT1 and
GSTP1, and susceptibility to breast cancer. Oncol Rep,
19: 1311–1321. PMID:18425393
Weiderpass E, Baron JA, Adami HO et al. (1999).
Low-potency oestrogen and risk of endometrial
cancer: a case-control study. Lancet, 353: 1824–1828.
doi:10.1016/S0140-6736(98)10233-7 PMID:10359406
Weiss JM, Saltzman BS, Doherty JA et al. (2006). Risk
factors for the incidence of endometrial cancer according
to the aggressiveness of disease. Am J Epidemiol, 164:
56–62. doi:10.1093/aje/kwj152 PMID:16675538
Weiss LK, Burkman RT, Cushing-Haugen KL et al.
(2002). Hormone replacement therapy regimens and
breast cancer risk(1). Obstet Gynecol, 100: 1148–1158.
doi:10.1016/S0029-7844(02)02502-4 PMID:12468157
Wotiz HH, Beebe DR, Müller E (1984). Effect of estrogens
on DMBA induced breast tumors. J Steroid Biochem,
20: 4B1067–1075. doi:10.1016/0022-4731(84)90020-7
PMID:6427527

Wu AH, Yu MC, Tseng CC, Pike MC (2007). Body
size, hormone therapy and risk of breast cancer in
Asian-American women. Int J Cancer, 120: 844–852.
doi:10.1002/ijc.22387 PMID:17131315
Yager JD, Campbell HA, Longnecker DS et al. (1984).
Enhancement of hepatocarcinogenesis in female rats
by ethinyl estradiol and mestranol but not estradiol.
Cancer Res, 44: 3862–3869. PMID:6744303
Yager JD & Davidson NE (2006). Estrogen carcinogenesis in breast cancer. N Engl J Med, 354: 270–282.
doi:10.1056/NEJMra050776 PMID:16421368
Yasui M, Laxmi YR, Ananthoju SR et al. (2006). Translesion
synthesis past equine estrogen-derived 2′-deoxyadenosine DNA adducts by human DNA polymerases eta
and kappa. Biochemistry, 45: 6187–6194. doi:10.1021/
bi0525324 PMID:16681391
Zahid M, Gaikwad NW, Ali MF et al. (2008). Prevention
of estrogen-DNA adduct formation in MCF-10F
cells by resveratrol. Free Radic Biol Med, 45:
136–145.
doi:10.1016/j.freeradbiomed.2008.03.017
PMID:18423413
Zahid M, Kohli E, Saeed M et al. (2006). The greater reactivity of estradiol-3,4-quinone vs estradiol-2,3-quinone with DNA in the formation of depurinating
adducts: implications for tumor-initiating activity.
Chem Res Toxicol, 19: 164–172. doi:10.1021/tx050229y
PMID:16411670
Zhang F, Swanson SM, van Breemen RB et al. (2001).
Equine estrogen metabolite 4-hydroxyequilenin
induces DNA damage in the rat mammary tissues:
formation of single-strand breaks, apurinic sites, stable
adducts, and oxidized bases. Chem Res Toxicol, 14:
1654–1659. doi:10.1021/tx010158c PMID:11743748
Zhou B, Sun Q, Cong R et al. (2008). Hormone replacement therapy and ovarian cancer risk: a metaanalysis. Gynecol Oncol, 108: 641–651. doi:10.1016/j.
ygyno.2007.12.003 PMID:18221779

247

