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Pregnancy, progesterone and progestins in relation
to breast cancer risk�
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Abstract

In the last two decades the prevailing opinion, supported by the “estrogen augmented by progesterone” hypothesis, has been that progesterone
contributes to the development of breast cancer (BC). Support for this opinion was provided by the finding that some synthetic progestins,
when added to estrogen in hormone replacement therapy (HRT) for menopausal complaints, increase the BC risk more than estrogen alone.
However, recent findings suggest that both the production of progesterone during pregnancy and the progesterone endogenously produced or
exogenously administered outside pregnancy, does not increase BC risk, and could even be protective. The increased BC risk found with the
addition of synthetic progestins to estrogen in HRT seems in all likehood due to the fact that these progestins (medroxyprogesterone acetate
and 19-nortestosterone-derivatives) are endowed with some non-progesterone-like effects which can potentiate the proliferative action of
e n to BC risk.
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strogens. The use of progestational agents in pregnancy, for example to prevent preterm birth, does not cause concern in relatio
2005 Elsevier Ltd. All rights reserved.
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. Introduction

It is generally accepted that female sex hormones are
inked to the etiopathogenesis of breast cancer (BC)[1].
n vitro studies have established that estrogens markedly
ncrease the mitotic rate of both normal and malignant
reast epithelium cells; there is also evidence that estra-
iol and its metabolites are carcinogenic to human breast
pithelium[2,3]. Conversely, the picture is more complex

or progesterone, which may affect mitotic activity of nor-
al and malignant breast cells by various mechanisms and
ay have proliferative or anti-proliferative (anti-estrogenic)
ffects depending on the individual study parameters[4–7].

In spite of this uncertainty, the prevailing opinion in the
ast two decades, supported by the “estrogen augmented by
rogesterone” hypothesis[1], is that progesterone produced
uring the ovarian cycle contributes to the development of

� Presented at the European Progestin Club Scientific Meeting, Amster-
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BC. An important endorsement of this opinion was p
vided by the finding that some synthetic progestins, w
added to estrogen in hormone replacement therapy (HR
menopausal complaints, increase the BC risk much more
estrogen alone[8–10]. However, recent findings suggest t
both the production of progesterone during pregnancy an
progesterone endogenously produced or exogenously a
istered outside pregnancy, do not increase the risk, and
even be protective.

The aim of this paper is to review and discuss the avai
data on these topics of undoubted relevance from a cli
point of view.

2. Pregnancy and subsequent breast cancer risk

2.1. Epidemiological findings

Pregnancy, and especially first pregnancy, has an im
tant influence on subsequent BC risk[11,12]. A first preg-
nancy completed prior to age 30 is associated with oppo
E-mail address: ginendocrinol@oirmsantanna.piemonte.it
C. Campagnoli).

influences on BC risk, with a transient 3–4 years of increased
risk and beneficial effects over the long term[11,12]. In
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Table 1
Preeclampsia in first pregnancy and risk of subsequent breast cancer

Study Relative risk [95% C.I.]

[14] 0.81 [0.56–1.20]
[15] 0.81 [0.71–0.91]

[12] 0.85 [0.65–1.12]
Age at first birth

>30 years 0.33 [0.16–0.65]
≤30 years 0.93 [0.66–1.32]

Years since first birth
<4 years 0.21 [0.05–0.91]
≥4 years 0.86 [0.62–1.18]

contrast, late first pregnancy increases both short- and long-
term risk. For instance, in a prospective study of a cohort of
694,657 parous women, if the age at first birth was 30–34
or >35 years, the risk was 48% (95% C.I.: 31–66%) or 56%
(95% C.I.: 33–82%) greater than in women with first birth at
<30 years of age[13].

Characteristics of pregnancies, especially first pregnancy,
also influence subsequent BC risk. For instance, preeclamp-
sia is associated with a reduction in the risk[12,14,15], which
is especially relevant in the first 4 years after the birth and
in women aged >30 years of age at first birth[12] (Table 1).
Interestingly, BC risk is markedly reduced in women whose
mothers had preclampsia[16]. Independent from preeclamp-
sia, women with pregnancies with reduced placental size and
function show a reduction in BC risk, this being especially
relevant in women of older age at first pregnancy[17].

Duration of pregnancy also has a strong influence on the
subsequent BC risk. In contrast to a number of previous
reports[11], induced or spontaneous abortion does not seem
to increase the risk[18–20]; however, first pregnancies that
are spontaneously or intentionally interrupted in early gesta-
tion do not provide protection against BC[18]. In general,
the reduction of BC risk is related to the length of gesta-
tion. Studies on preterm deliveries show a clear increase
in risk in women with a gestation period under 32 weeks,
with a decrease in risk with increasing duration of gestation
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cated by the deleterious consequences of a delivery before
32 weeks;

• the negative effect is reduced and/or the protective effect
is increased in the case of altered placental function
(preeclampsia, reduced placental size independent of
preeclampsia, etc.);

• the protective effect prevails strongly during the second
part of the last trimester, probably reducing the short-term
risk and certainly causing the long-term beneficial effects,
as suggested by the findings referring to pregnancies with
a delivery at term.

2.2. Factors involved in the effects of pregnancy on the
subsequent BC risk

Pregnancy can affect breast tissue and the subsequent BC
risk through different (hormonal, metabolic, immunological)
mechanisms[11]. However, great importance is attributed
to the histological and functional modifications induced in
breast epithelial tissue by the dramatic increases in many
hormones.

2.2.1. Breast epithelial tissue modifications during
pregnancy and their effects on subsequent BC risk

Breast tissue modifications during pregnancy have been
excellently described by Russo and Russo[23,24]. The mod-
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First pregnancy 36–32 0.93 [0.73–1.14]

<32 2.14 [1.16–3.90] p = 0.03
12,13,21](Table 2). Interestingly, premature birth also see
o result in an increased BC risk in the offspring[22]. The
rotective effect of a delivery at more than 32 weeks—an

he deleterious effect of a delivery at less than 32 weeks—
e observed especially in first pregnancy[12,21], but also

n further pregnancies[21], and could be particularly re
vant when the age at delivery is more than 30 y
21] (Table 2).

Summing up, pregnancy, depending on its character
length of gestation, placental function), can have eith
egative or a protective effect on the subsequent risk:
both the effects seem to be substantially lacking in
first trimester, as suggested by the findings associated
spontaneous or induced abortion;
the negative effect seems to prevail during the se
trimester and the first part of the last trimester, as i
fications occur in two distinct dominant phases characte
f the early and late stages of pregnancy. The early sta

able 2
elative risk of subsequent breast cancer according to gestational
elivery

tudy Gestational
age (weeks)

RR [95% C.I.]

21] >35 1
35–34 1.08 [0.71–1.66]
33–32 1.12 [0.62–2.04]
31–29 2.08 [1.20–3.60]
<29 2.11 [1.00–4.45] p = 0.04

ulliparous >37 1
36–32 1.14 [0.70–1.87]
<32 2.41 [1.07–5.42]

+ previous pregnancies >37 1
36–32 1.03 [0.76–1.39]
<32 1.94 [1.14–3.29]

30 years at delivery >37 1
36–32 1.20 [0.77–1.89]
<32 1.62 [0.60–4.33]

30 years at delivery >37 1
36–32 1.06 [0.73–1.37]
<32 2.33 [1.35–3.64]

13] >36 1
irst pregnancy 36–32 1.11 [0.97–1.19]

<32 1.22 [0.97–1.53] p = 0.02

12] >36 1
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characterized by growth consisting of proliferation of the dis-
tal elements of the ductal tree. The epithelial cells not only
increase in number due to active cell division, but they also
increase in size mainly because of cytoplasm enlargement. In
the middle of pregnancy, the lobules are further enlarged and
increased in numbers, and show evidence of early secretory
activity. The mammary changes that characterize the second
half of pregnancy are chiefly continuation and accentuation
of the secretory activity. The formation of true secreting
units or acini, the differentiated structures, becomes increas-
ingly evident, while proliferation of new acini is reduced to
a minimum. The secretory acinus formed in the last stage
of pregnancy is a terminal outgrowth that marks the end of
glandular differentiation. After delivery, in the lactational and
post-lactational stages, breast epithelium shows a series of
involutional and regressive changes[23].

Factors that cause the extensive proliferation of breast
cells during pregnancy could also trigger the proliferation
of existing tumor cells, leading to the transient increased risk
of BC shortly after pregnancy[25]. This could be particu-
larly relevant among older primparas, who are more likely
to have preneoplastic breast lesions or occult neoplasm[12].
Conversely, the terminal differentiation that occurs late in
pregnancy has a protective effect and causes a reduction in the
susceptibility of breast tissue to malignant transformation in
the long term[11,12,25]. This explains the lifetime protection
a reg-
n
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Fig. 1. Progesterone production rates (a) and plasma concentration (b) dur-
ing pregnancy (from[11]; with permission).

during the third trimester of pregnancy[11,25]. In particu-
lar, progesterone production rates and plasma concentrations
show a sharp increase in the last weeks of gestation[11]
(Fig. 1). During pregnancy, estrogens stimulate proliferation
and ductal growth, whereas high concentrations of proges-
terone induce lobular-alveolar development and differentia-
tion [25], i.e. potentially protective effects.

In a prospective study of the influence of steroid hormone
levels in the third trimester of pregnancy on subsequent BC
risk, increasing progesterone levels were associated with a
lower incidence of BC[25] (Table 3). This relationship was
stronger for BC diagnosed at or before age 50. The same
study showed that women with the lowest estrone and estriol
levels tended to have a reduced risk, especially among cases
diagnosed after age 50, whereas higher concentrations of total
estrogens relative to progesterone were associated with an
increased incidence of BC; women in the highest quartile of
the total estrogens/progesterone ratio showed an odds ratio of

Table 3
Odds ratios (ORs) for the incidence of breast cancer associated with third-
trimester serum progesterone levels[25]

Progesterone (ng/ml) ORs [95% C.I.]

Age at diagnosis

<50 years >50 years

<
1 1.9]
1 1.8]
≥ 2.5]
p

gainst the development of BC by an early full-term p
ancy (half the risk compared with nulliparous women)[26].
ctually, the differentiation process that characterizes t
regnancy causes persistent morphological and funct
hanges in mammary gland tissue, with decreased s
tate proliferative activity[23,26]. Conversely, as mamma
ells proliferate during the first and second trimester and
erentiate in the third trimester, termination of pregnancy
o pre-term delivery, prior to full differentiation of mamma
tem cells, may increase the susceptibility of the brea
eoplasia, as suggested by epidemiological findings[12].

.2.2. Hormonal factors that affect breast tissue
odifications and subsequent BC risk
Besides sex hormones, other hormones whose produ

s increased during pregnancy could affect breast tissue
fications and subsequent BC risk. For instance, insulin
rowth factor-I (IGF-I) and other mitogens may stimul
roliferation of mammary cells and thereby facilitate both

nitiation and the promotion of BC[12]. In contrast, chori
nic gonadotropin (hCG) may protect against the subseq
evelopment of BC by promoting apoptosis, fostering di
ntiation, and inhibiting proliferative growth[12,24], while
lpha-feto-protein (AFP) has been shown to inhibit, as we
nhance, proliferative growth[12,27]. However, the effect
f sex hormones, estrogens and progesterone, are we
gnized[11,25].

The levels of circulating estrogens and progeste
ncrease with advancing gestational age, thus the bre
xposed to the highest concentrations of these horm
124.25 1 1 1
24.25 to <197.11 0.66 [0.38–1.2] 0.54 [0.27–1.1] 0.86 [0.40–
97.11 to <269.97 0.57 [0.30–1.1] 0.41 [0.18–0.9] 0.79 [0.34–
269.97 0.49 [0.22–1.1] 0.30 [0.10–0.9] 0.87 [0.31–
-trend 0.08 0.04 0.86
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Table 4
Reported levels of key hormones in pregnancies with preeclampsia compared
with those without preeclampsia

Progesterone Increased [28,29]
Estrogens Reduced/

normal
[28,30]

Androgens Increased [28,30,33,34]
Human chorionic gonadotropin Increased [28,35–37]
�-Fetoprotein Increased [37,38]
Insulin-like growth factor-I Reduced [28,31,32]
Insulin-like growth factor binding protein-1 Increased [28,31]

2.0 (95% C.I.: 0.87–4.7) compared with women in the lowest
quartile (p = 0.06)[25].

Progesterone levels are reported to be increased in
preclamptic pregnancies[28,29], which are associated with a
reduction in subsequent BC, particularly in older primiparas
and in the first few years following delivery[12] (Table 1).
However, relative to normal pregnancies, those complicated
by preclampsia are also typified by decreased levels of estro-
gens[28,30] and IGF-I [28,31,32], and by elevated levels
of androgens[28,30,33,34], IGF binding protein-1[28,31],
hCG[28,35–37]and AFP[37,38](Table 4). All these factors
may act both individually and synergistically to decrease BC
risk by reducing proliferative growth of mammary tissue and
by inhibiting the malignant transformation of precancerous
lesions or the promotion of occult neoplasms[12].

Low progesterone levels and/or a reduced proges-
terone/estrogen ratio have been shown in some studies, bu
not others[39–41], in pregnancies with preterm delivery,
which are associated with increased BC risk (Table 2). Most
importantly, progesterone seems to have a predominant role
in promoting the process of glandular differentiation in the
last weeks of pregnancy and consequently in having the
protective effect shown in full-term pregnancies (Table 2).
In fact, progesterone, among the potentially protective hor-
mones, is the only one that shows a sharp increase in the las
weeks of gestation[11,42](Table 5) (Fig. 1).
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3. Progesterone outside pregnancy and breast cancer
risk

3.1. Endogenous progesterone

The main evidence advanced in support of the “estro-
gen augmented by progesterone” hypothesis is the finding
that proliferation of breast epithelium increases in the luteal
phase of the menstrual cycle, when the ovaries produce both
estradiol and progesterone, reaching a peak 9–10 days after
ovulation[43–46]. The increase in proliferation occurs par-
ticularly in the terminal duct lobular unit (TDLU)[43,44,46]
where most breast carcinomas arise[47]. However, it has not
been established that the luteal phase cell proliferation peak
is due to progesterone. An alternative hypothesis is that it is
only estrogen that stimulate the proliferation of breast epithe-
lium, but that there is a lag of 4–5 days between the estrogen
peak and the proliferation peak[45,48]. In fact, breast epithe-
lium does not appear as sensitive an estrogen target organ as
the endometrium, probably because estrogens have an indi-
rect effect on proliferation that requires paracrine factors to
mediate their signal[48]. It is noteworthy that studies on
intact normal human breast tissue grafted subcutaneously to
athymic nude mice found that estrogen, not progesterone, is
the major epithelial cell mitogen[48,49]. Evidence that pro-
gesterone may in fact reduce estrogen-induced breast prolif-
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Overall, the available data suggest that progesterone
ng pregnancy has a protective influence on the subse
C risk.

able 5
ey modifications in hormone plasma levels during normal pregn

11,42]

strogens Progressive increase until term, wit
accelerated rate of increase at 35–3
weeks

rogesterone Slow progressive increase in the fir
30 weeks; sharp increase in the fina
weeks

uman chorionic gonadotropin Maximal level of about 100,000 IU
at 8–10 weeks; decrease to about
10–20,000 IU/L by 10–20 weeks

-Fetoprotein Increase until week 32, followed by
decrease

nsulin-like growth factor-1 Increase by the thrid trimester
t

t

ration comes from a study in which gels containing estra
r progesterone, or a combination of both, were applied

o the breasts of postmenopausal women for 14 days pr
urgery (not for malignancy)[50]. Importantly, histologica
tudies show that the number of apoptotic breast cells
tarts increasing a few days after ovulation (after the m
is rate has already started increasing), reaching a pea
efore menstruation[43].

The ‘estrogen augmented by progesterone’ hypot
as also motivated by the following epidemiological ob
ations in premenopausal women: reduced risk of B
omen with oligomenorrhea, in particular those who h
ad menstrual irregularities for prolonged periods a
enarche, probably because of persistent lack of ovul

51]; reduced risk of BC in obese premenopausal wom
robably in relation to fewer ovulations[52]; and greater BC
isk in women with short menstrual cycles, implying gre
umulative time in the luteal phase since cycle length v
ainly because the follicular phase varies[45,53]. Note, how-

ver, that oligomenorrhea implies not only less progeste
ut also fewer estradiol peaks and less cumulative estro
timulation, while short cycles are either ovulatory, imply
reater cumulative exposure to estradiol, or are anovula

mplying reduced exposure to progesterone.
That normal or marked progesterone production in

enopausal women may even be protective against BC
uggested by the results of a prospective study in a c
f 5963 premenopausal women in whom blood samp
as carefully timed in the luteal phase[53]: women in the
ighest tertile of progesterone showed a highly signifi
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Table 6
Relative risk of premenopausal breast cancer by serum mid-luteal progesterone level; based on 40 case women and 108 matched controls with regular menses
[53]

Serum progesterone concentration (tertiles)

Low Middle High

Progesterone (ng/ml) <9.01 9.01–13.54 >13.54
Relative riska 1 0.90 [0.38–2.13] 0.32 [0.10–1.06] p = 0.086
Relative riskb 1 0.40 [0.13–1.20] 0.12 [0.03–0.52] p = 0.005

a Adjusted by age and body mass index.
b Adjusted by age, body mass index, time from sampling to next menses, length of the cycle in which blood was sampled, LH, FSH.

decrease in BC risk compared with women in the lowest
tertile (RR: 0.12 [0.03–0.52];p = 0.005) (Table 6). Several
previous case–control studies have suggested similar conclu-
sions[54–58].

3.2. Progestins/progesterone in hormone replacement
therapy

The progestins mainly employed in HRT are synthetic
compounds endowed with progesterone-like action on the
endometrium, but are somewhat different from natural pro-
gesterone.

In the US, the most commonly used progestin by far
is medroxyprogesterone acetate (MPA); generally, MPA
is combined with conjugated equine estrogens (CEE) in
formulations for oral administration[59] in a sequen-
tial regimen or, more recently, in a continuous-combined
regimen [60,61]. In the UK, where oral or transder-
mal estradiol, as well as CEE, are used, the progestins
are mainly 19-nortestosterone-derivatives (norethisterone
acetate, norgestrel and levonorgestrel), with only about 20%
of treated women using MPA[62]. In northern Europe, 19-
nortestosterone-derivatives are mainly combined with oral
estradiol, both in sequential and continuous-combined for-
mulations, while MPA is used by less than 20% of treated
women, in sequential formulations[63–65]. In contrast,
i rone-
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3
lone,
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pean countries than in those conducted in the US[67]. This
might be due to the fact that, in northern Europe, the daily
dose of 19-nortestosterone-derived progestins (most often
norethisterone acetate, 1 mg) is the same in both continuous-
combined and sequential regimens, so that the monthly cumu-
lative dose in the former is twice that in the latter, while in
the US, the daily MPA dose in combined regimens is much
lower (2.5 mg) than in sequential regimens (5–10 mg), so that
cumulative dose does not differ greatly between them.

It is important to realize that recent findings relating to the
use of natural progesterone, in sharp contrast to those refer-
ring to the use of progestins, are reassuring. These findings
come from a cohort study carried out in France, where oral
micronized progesterone has been used in cyclic regimens of
HRT by large numbers of menopausal women for over two
decades. In this study, based on the E3N-EPIC cohort that
included 54,548 postmenopausal teachers who had not taken
any HRT before enrolment and who were followed up for
an average of 5.8± 2.4 years, oral micronized progesterone,
in contrast to synthetic progestins, did not increase BC risk
in women treated with transdermal estradiol[66]. The rela-
tive risks, compared with untreated women were: 1.2 (95%
C.I.: 0.8–1.8) for transdermal estradiol alone; 0.9 (95% C.I.:
0.7–1.2) for transdermal estradiol with micronized proges-
terone and 1.4 (95% C.I.: 1.2–1.7) for transdermal estradiol
with synthetic progestins (Table 7).
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n central and southern Europe, both 19-nortestoste
erivatives and a range of progesterone-derivatives are
nd these are added to various types of estrogens. Fra
nusual in that there is widespread use of micronized pro

erone (mainly oral) in combination with oral or transder
stradiol[66].

.2.1. Epidemiological findings
The BC risk associated with the use of estrogen a

r estrogen plus progestin, has been addressed in tw
omized studies performed in the US, and in a num
f observational studies conducted in the US, UK
orthern-European countries. Both controlled studies
ost observational studies suggest that the additio

ynthetic progestins to estrogen in HRT, particularly
ontinuous-combined regimen, increases the BC risk
ared with estrogen alone[67]. Risk differences betwee
equential and continuous-combined regimens seemed
arked and consistent in studies conducted in northern E
,
s

As we have discussed previously, the evidence adduc
avour of the ‘estrogen augmented by progesterone’ hyp
sis is open to different interpretations; conversely, avai
ata show that the physiological production of progeste
uring the menstrual cycle may be associated with a l
isk of BC. The lack of increase in BC risk with cyclic
RT regimens containing natural progesterone, as fou

he E3N-EPIC study[66], is therefore biologically plausibl
t is probable that the increase in BC risk found in other s
es with HRT is related to the fact that synthetic proges
ather than progesterone, were used.

.2.2. Differences between some progestins and
rogesterone

All the studies showing an increased risk following
ddition of progestin to estrogen have been conducte

he US, UK or northern-European countries. The proge
redominantly used in these countries have activities
o not completely coincide with those of progestero
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Table 7
Relative risk of breast cancer associated with use of transdermal estradiol alone or combined with micronized progesterone or synthetic progestinsby menopausal
women with incident hormone exposure (E3N-EPIC Cohort)[66]

Multivariate-adjusted relative risk [95% C.I.]

Transdermal estradiol Transdermal estradiol + micronized progesterone Transdermal estradiol + progestins

Overall 1.2 [0.8–1.7] 0.9 [0.7–1.2] 1.4 [1.2–1.7]

Duration of exposure
<2 years 1.4 [0.8–2.2] 0.9 [0.6–1.4] 1.6 [1.3–2.0]
2–4 years 1.4 [0.7–2.6] 0.7 [0.4–1.2] 1.4 [1.0–1.8]
>4 years 0.3 [0.1–1.8] 1.2 [0.7–2.0] 1.2 [0.8–1.7]

In northern European countries and in the UK, the use
of 19-nortestosterone-derivatives (norethisterone acetate,
norgestrel, levonorgestrel) that have androgenic activity
[68,69]prevails, while in the US, the predominant progestin
is MPA, which is also endowed with androgenic properties
although to a lesser extent[69,70]. The increased BC risk
found with the use of these progestins might be related to
their ‘non-progesterone’ activities.

In fact, these progestins differ from progesterone because
they can have direct effects on normal and malignant breast
cells, and particularly because of indirect effects (metabolic
and hepatocellular) that could stimulate BC cells in synergy
with estrogens or increase estrogen bioavailability (Table 8).

In vitro studies have shown that progestins derived from
19-nortestosterone interact with estrogen receptors[71] and
exert an estrogen-like proliferative effect on BC cell lines
[72,73].

While in vitro studies indicate that progestins decrease the
formation of estradiol in BC cells by inhibiting the activity
of estrone sulfatase and influencing the activities of 17�-
hydroxysteroid dehydrogenases [17�-HSD][74], MPA could
differ from progesterone and other progestins in being able to
promote the reductive transformation of estrone into estradiol
via 17�-HSD [74,75]. Such an effect might be important in
women with high circulating levels of estrone, as occurs when
taking oral HRT[75].
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Insulin resistance, hyperinsulinemia and high blood glu-
cose are associated with an increased risk of BC[76–81].
Elevated levels of insulin can directly stimulate the pro-
liferation of cancer cells, an action probably mediated by
the IGF-I receptor. High insulin may also have indirect
actions, by increasing liver production of IGF-I, decreas-
ing some IGF-binding proteins and sex hormone binding
globulin (SHBG), and stimulating the ovarian production of
androgens[76]. A randomized controlled study of dietary
intervention in menopausal women showed that an insulin-
lowering diet can reduce the bioavailability of sex hor-
mones and IGF-I[82,83]. Circulating IGF-I derives mainly
from the liver; its production is stimulated by growth hor-
mone and facilitated by an affluent nutritional status, par-
ticularly by a high consumption of protein, and by insulin
level [84]. IGF-I bioavailability is regulated by IGF bind-
ing proteins (IGFBP), also produced in the liver. Levels
of IGFBP-1 and IGFBP-2, which decrease IGF-I bioavail-
ability, correlate inversely with blood insulin levels[85].
IGF-I has potent mitogenic and anti-apoptotic effects on BC
cells. The mitogenic effect is synergistic with that of estro-
gens[86,87]. As recently reviewed[88,89], most prospec-
tive studies indicate that high IGF-I levels in premenopausal
women (i.e. women still producing estrogens) are a risk fac-
tor for later development of BC. Furthermore, one prospec-
tive study found a relationship between IGF-I levels and
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reast cancer risk: properties of some progestins

strogenic activity[71–73] 19-Nortestosterone
derivatives

nfluence on the enzyme that reduces estrone
to estradiol in cancer cells[74–75]

Possibly MPA

etabolic effects (opposing those of
estrogen) on insulin sensitivity
[95,96,100–102]

Particularly the
19-nortestosterone
derivatives, but also MPA

epatocellular effects (opposing those of
estrogen)

Particularly the
19-nortestosterone
derivatives, but also MPA

Increase in IGF-I level[98,103–105]
Decrease in SHBG level[91,103,105]

inding to SHBG, with further reduction in
capacity to bind estrogens[68]

19-nortestosterone
derivatives

PA: medroxyprogesterone acetate; IGF-1: insulin-like growth fact
HBG: sex hormone binding globulin.
C risk in menopausal women taking HRT[90]. SHBG is
lso produced by the liver, and its production is inhib
y insulin and IGF-I[76]. It specifically binds testostero
nd, with lower affinity, estradiol. Moreover, through a s
ific receptor on the membrane of estrogen-sensitive
ells, SHBG could have an anti-estrogenic, antiprolifera
ffect [91,92]. Low SHBG levels are a risk factor for B

n postmenopausal women[91] and possibly also in pre
enopausal women[53]. Overall, these data indicate th
etabolic and hepatocellular factors play a crucial rol
ugmenting the effect of estrogen on breast tissue and o
ells.

Estrogens, particularly orally administered estrogens
ble to counteract metabolic and hepatocellular factors

ncrease the risk of BC. One way they do this is by incr
ng insulin sensitivity and hence lowering circulating insu
evels[93–96]. Oral estrogens, through their hepatocell
ctions (accentuated by the first pass effect), also ind
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significant reduction in circulating IGF-I and a sharp increase
in circulating SHBG[91,93,97]. Estrogens also increase cir-
culating IGFBP-1 levels, again by a direct effect on liver
cells, and this may further reduce the activity of circulating
IGF-I [98]. Most likely the above mentioned metabolic con-
sequences of oral estrogens are more important in women
with high metabolic risk, namely obese women; this would
explain why BC risk decreased in the CEE only arm of the
WHI study[99]

Depending on their degree of androgenicity, andro-
genic progestins reduce insulin sensitivity, opposing the
action of estrogens[95,96,100–102]. Moreover, particularly
when taken orally, androgenic progestins (e.g. norethis-
terone acetate and, to a lesser extent, MPA) provoke an
increase in circulating IGF-I thus opposing the action of
estrogens[98,103–105]. These progestins also oppose the
increase in IGFBP-1 caused by oral estrogens, and this effect
probably contributes to the increase in IGF-I activity[98].
Androgenic progestins, and to a much lesser extent MPA,
also oppose the estrogen-induced increase in SHBG secre-
tion by the liver[91,103,105]. In contrast, progestins with
progesterone-like activity only, like dydrogesterone, have
essentially no metabolic and hepatocellular effects and do
not affect circulating IGF-I and SHBG levels[94,97,98,103–
106].

Overall, the available data suggest that androgenic pro-
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