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Review

Are the progestins responsible for breast cancer risk
during hormone therapy in the postmenopause?

Experimental vs. clinical data

Harald Seeger, Alfred O. Mueck ∗
University Women’s Hospital, Department of Endocrinology and Menopause, 72 076 Tuebingen, Germany

bstract

Evidence is increasing suggesting that adding progestins to estrogen replacement therapy may be more harmful then beneficial, however it is
ebatable whether all progestins act equally on breast epithelial cells.

Experimental data with the comparison of various progestins in the same in vitro model present a rather high evidence that there may be differences
etween the various progestins regarding breast cancer risk. Especially of concern may be to differentiate between primary and secondary risk i.e.
etween benign and malignant breast epithelial cells.

The epidemiological studies and especially the Women’s Health Initiative (WHI) trial, so far the only prospective placebo-controlled interventional

tudy, demonstrate an increased risk under combined estrogen/progestin therapy, but they have the limitations that they up to now cannot discriminate
etween the various progestins mostly due to too small or not comparable patient numbers in the subgroups with the various progestins. However,
here is evidence that the natural progesterone, possibly also the transdermal usage of synthetic progestins, may avoid an increased risk, but this

ust be proven in further clinical trials.

2007 Elsevier Ltd. All rights reserved.
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The role of progestin addition to estrogen therapy in the post-
enopause has come into scrutiny since the results of the WHI

but rather a reduction of breast cancer risk was evaluated, which
was significant for patients with more than 80% adherence to
ono arm are published as compared to the WHI combined arm
1,2]. The WHI trial used the combination of conjugated equine
strogens plus medroxyprogesterone acetate (MPA). In contrast
o the WHI combined arm, in the estrogen only arm no increase
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tudy medication. This result indicates a negative effect of pro-
estins concerning breast cancer risk. However, the question
emains still open, in as far the combination of estrogens with
ynthetic progestins as well as with natural progesterone may
licit the same increased risk. Thus, there remain many ques-
ions on the extrapolation of the WHI results to all synthetic

rogestins and to natural progesterone.

In the present short review, the available experimental and
linical data regarding progestin addition and breast cancer risk
s summarized.

mailto:endo.meno@med.uni-tuebingen.de
dx.doi.org/10.1016/j.jsbmb.2007.12.002
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. Experimental data

For a long time, the prevailing opinion was that the addition
f progestins to estrogen replacement therapy could reduce the
reast cancer risk. This was attributed to in vitro data, where
rogestin addition could clearly reduce the proliferation of breast
ancer cells.

Despite their widespread use, in vitro models have certain
imitations: the choice of culture conditions can unintentionally
ffect the experimental outcome, and cultured cells are adapted
o grow in vitro; the changes which have allowed this ability
ay not occur in vivo. Limitations of in vitro study might be

he high concentrations needed for an effective anti-proliferative
ffect. However, higher concentrations may be required in vitro
n short-time tests in which the reaction threshold can only
e achieved with supraphysiological dosages. Higher concen-
rations may also be reached in vivo in the vessel wall or
rgans compared to the concentrations usually measured in the
lood.

Thus in vitro experiments, although only conducted for a
hort time and with high pharmacological concentrations, can
imulate special in vivo conditions. But comparisons should
lways be done in the same model, since cell culture con-
itions can have a strong influence on the results. However,
n vitro experiments clearly cannot replace clinical studies,
ut they are very useful to evaluate mechanisms and to
xplore possible differences between substances (when tested
n the same model), which then should be proved in clinical
rials.

There are numerous experimental data available on the effect
f progestins on the proliferation of normal and cancerous breast
pithelial cells (e.g. [3–6]). Most data led to comparable results,
owever, only few experiments have been done with a higher
umber of progestins in the same cell model. Therefore we will
ocus here only on own experiments, in which we have com-
ared six synthetic progestins and progesterone in the same cell
odel (Table 1) [7]. We investigated effects on proliferation as
ell as on apoptosis. In addition, a possible influence of the
troma was considered by including the most important stromal
rowth factors in the same model. To our knowledge, this proba-
ly important stromal influence was not incorporated in in vitro
xperiments so far.

p
s
a

able 1
ffect of various progestins on the ratio of apoptosis to proliferation in normal cance
stradiol as stimulans

rogestin Normal cells (growth factors)

rogesterone Ø
edroxyprogesterone acetate –
hlormadinone acetate –
orethisterone Ø
evonorgestrel Ø
-Keto-desogestrel Ø
estodene Ø
ienogest Ø

, increase; −, decrease of the ratio; Ø, no effect as compared to the stimulans alone.
istry & Molecular Biology 109 (2008) 11–15

.1. Normal breast epithelial cells

MCF10A, a human, non-tumorigenic, estrogen and proges-
erone receptor-negative breast epithelial cell line was used
or these experiments [8]. Progesterone (P), chlormadinone
cetate (CMA), norethisterone (NET), medroxyprogesterone
cetate (MPA), gestodene (GSD), 3-ketodesogestrel (KDG) and
ienogest (DNG) were tested at the concentration range of
nM–1 �M. For stimulation of the MCF-10A cells, a mix-

ure of growth factors was used. As outcome proliferation and
poptosis were measured and the ratio of apoptosis to prolif-
ration was compared. Proliferation is quantified by measuring
ight emitted during the bioluminescence reaction of lucifer-
ne in the presence of ATP and luciferase. Apoptosis was
easured by the Cell Death Assay, which is based on the quan-

itative sandwich-enzyme-immunoassay principle using mouse
onoclonal antibodies directed against DNA and histones.
hotometric enzyme immunoassay quantitatively determines
ytoplasmic histone-associated DNA fragments after induced
ell death.

The combination of the stroma-derived growth factors epithe-
ial growth factor (EGF), basic-fibroblastic growth factor (FGF)
nd insulin-like growth factor-I (IGF-I) alone confirmed a pro-
iferative response compared to the assay medium-only control.

These growth factors were chosen, since they have been
hown to be most effective in terms of breast epithelial cell
roliferation [9].

In combination with growth factors, the ratio was reduced
ignificantly compared to the growth factor alone by MPA and
MA (i.e., favouring an additional proliferative effect). MPA
roduced a four-fold reduction in the ratio in comparison to
rowth factors alone at 100 nM and 1 �M (p < 0.05), CMA had
significant effect at 1 �M only, reducing the ratio three-fold.

, NET, LNG, DNG, GSD and KDG had no significant effect
n the growth factor-induced stimulation of MCF10A.

.2. Cancerous breast epithelial cells
HCC1500, a human estrogen and progesterone receptor-
ositive primary breast cancer cell line was used [10]. For
timulation of the cells estradiol alone, a growth factor mixture
lone as well as a combination of both was used.

rous breast epithelial cells in the presence of stroma-derived growth factors or

Cancerous cells

Growth factors Estradiol Growth factors + estradiol

+ + +
++ ++ ++
++ ++ ++
– ++ ++
– ++ ++
– Ø ++
– ++ ++
– + Ø
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The combination of the growth factors EGF, FGF and IGF-I
lone confirmed a proliferative response compared to the assay
edium-only control. MPA in combination with growth fac-

ors caused a significant increase in the ratio of apoptosis to
roliferation at both concentrations compared to growth factors
lone (p < 0.05), the greatest effect being at 100 nM, with a dou-
ling of this ratio, i.e., an inhibitory effect. CMA also caused
significant increase in this ratio, with the greatest effect seen

t 1 �M, yielding over a two-fold ratio increase. Conversely,
ET, LNG, and DNG at both concentrations and GSD and
DG at 1 �M led to a significant reduction in the ratio of apop-

osis to proliferation, enhancing the initial proliferative effect
nduced by the growth factors. P had no significant effect at either
oncentration.

The results of the combination of the steroids and E2 on
he estrogen-receptor positive (ER+) HCC1500 cells showed
hat the progestins CMA, MPA, NET, LNG, DNG, GSD and

significantly increased the ratio of apoptosis to proliferation
owards an anti-proliferative effect to varying degrees compared
o E2 alone, with MPA having the greatest effect, followed by
ET. KDG had no significant effect at either concentration. No
rogestin used was able to further enhance the stimulatory effect
f E2 on HCC1500 cells, and all but KDG actually inhibited this
ffect.

The results of combining the steroids with the combination
f growth factors (EGF, FGF and IGF-I) and E2 on HCC1500
ells revealed that MPA, GSD, CMA and NET all increased
he ratio favouring an anti-proliferative effect compared to the
roliferative effect of growth factors and E2 alone. P, LNG, DNG
nd KDG had no significant effect at either concentration.

In summary, these results indicate that progestins are different
n their ability to induce proliferation or inhibit the growth of
enign or malignant human breast epithelial cells dependently
r independently of the effects of stromal growth factors and E2.
hus, on the basis of experimental data the choice of progestin

or hormone therapy may be important in terms of influencing
possible breast cancer risk.

A further important result from our experimental research
eems to be the fact that the influence of the progestins can differ
argely between normal and cancerous breast epithelial cells.
his would have clinical relevance for the use of HRT after breast
ancer, which is of course contraindicated in routine therapy.
ut as even in the normal population women express malignant
ells, shown by post mortem analyses [11], different, may be
ontrary progestins effects in benign or malignant cells may have
elevance for the primary breast cancer risk of postmenopausal
omen treated with HRT. Therefore, this field should be further

nvestigated.

. Clinical data

The most important epidemiological studies since 1999
nvestigating the effect of progestin addition to estrogen replace-
ent therapy in terms of the primary risk of breast cancer are
ummarized in Table 2, depicting relative risks or odds ratios
ith 95% confidence intervals for sequential as well as contin-
ous combined therapy, duration of hormone treatment and use Ta
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f MPA (by far the most used progestin in HRT) compared to
ther progestins [12–29].

In most studies using MPA as progestin (upper part of the
able), the risk was significantly increased. In the WHI trial, up
o now the only prospective, randomized interventional study,
he final calculation showed a significant risk increase with an
dds ratio of 1.24 (CI 1.01–1.54) for a duration treatment of 5.6
ears [20].

In the lower part of the table, studies are summarized, which
ere mainly conducted in Europe where mostly other progestins

han MPA have been used. As with MPA also with other pro-
estins, an increased breast cancer risks was seen. Overall no
elevant differences between the relative risk calculations for
ther progestins compared to MPA were observed. The available
ata also do not allow to differentiate between further progestins.
ften details on the dosage and duration, and even of the type
f the applied progestin are missing.

Comparing the studies, which differentiate between sequen-
ial and continuous combined hormone therapy, no conclusive
ata were found. However, it seems that continuous combined
ormone therapy may increase breast cancer risk more stronger.
s can be seen in Table 2, the breast cancer risk was enhanced by

elative risks or odds ratios between 1.11 and 2.7 but often with
ide confidence intervals. According to these trials, it is proven

hat the combination of estrogen with progestin increases breast
ancer risk when applied for 4–5 years.

In terms of the difficulty to differentiate between the various
rogestins in analyzing epidemiological studies we like to give
n example with the study of Magnusson et al. [23], who inves-
igated the effect of ERT and HRT comparing MPA or NETA.
n this population-based case–control study, 3.345 women with
reast cancer in the hormone group and 3.454 women with breast
ancer in the control group were included. The final statisti-
al calculation was done with 663 and 495 cases. A significant
reast cancer risk increase was found for NETA users but not
or MPA users. However, case number for HRT using MPA was
nly a tenth of that of NETA users and in the treatment group
sing ERT plus MPA for more than 5 years only five cases were
ncluded in the statistical calculation. Stratifying for sequential
nd continuous combined estrogen/NETA therapy did not reveal
ny significant differences.

The largest (but by no means the best) observational study
ith risk assessments during HRT is the Million Women Study

MWS), a non-randomized population-based cross-sectional
tudy (with prospective control of therapy for 1% of the
ecruited patients evaluating breast cancer risk). Different pro-
estins have been evaluated (MPA, norethisterone, norgestrel,
evonorgestrel), and no significant differences have been found.
owever, the MWS had major methodological flaws, which

hould be considered when referring to this study [30]. The most
bvious limitation in the design of the study is that the exposure
ata were collected at the time the women were recruited to the
tudy rather than when the cancer was diagnosed (or the study

erminated). Recruitment could have been up to 6 years prior to
he diagnosis of cancer (or the end of the study). So many women
an have changed types, doses and regimens during and before
nrolment in the study. In addition, women who attend for rou-

m
b
t
t

istry & Molecular Biology 109 (2008) 11–15

ine mammography may not be representative of the population
t large.

Of special remark are two cohort studies [25,29] using
icronized progesterone for combination with estrogens, which

howed no increase in breast cancer risk when combining trans-
ermal (patches) or percutaneous (gels) estradiol therapy with
rogesterone.

In the first study, including 3.175 French women, with trans-
ermal estradiol combined with micronized progesterone no
ignificant effect on the risk of breast cancer after a mean dura-
ion of 9 years of HRT was observed [25]. In the second cohort
tudy [29] including 80.377 women, an increase of breast cancer
isk with oral synthetic progestins (1.69, 95% CI 1.50–1.91), but
ot with progesterone (1.0; 95% CI 0.83–1.22) and dydroges-
erone (1.16; 95%CI 0.94–1.43) was found. The mean duration
f HRT use was 7 years. This study had a mean follow-up of 8.1
ears.

A reason for these special findings could be that progesterone
etabolism may be different to that of synthetic progestins.
iebe et al. [31] demonstrated that progesterone metabolism in

ormal breast tissues favours metabolites which may have anti-
arcinogenic properties. However, they also suggested that there
ight be metabolites enhancing breast cell proliferation and

ince progesterone metabolism is individually very differently,
hese findings need further investigation.

Whether there are differences in the risk potential between
ral and transdermal progestin replacement (e.g. using combi-
atches) was, to our knowledge, as yet not investigated or not
ublished so far. Now in an abstract a first information is avail-
ble: In one of the largest population-based case/control studies,
rom the UK General Practice Research Database (2.4 mil-
ion women), it was shown that an increased breast cancer
isk was found only for oral combined preparations but not
or combi-patches, i.e. complete transdermal estrogen/progestin
dministration [32].

. Conclusion

Experimental data with the comparison of various progestins
n the same in vitro model present rather high evidence that there
ay be differences between the various progestins regarding

reast cancer risk. Especially of concern may be to differen-
iate between primary and secondary risk i.e. between benign
nd malignant breast epithelial cells. This differentiation seems
o be important for the progestin MPA. Since even in “clin-
cal healthy” women malignant cells can be expressed, this
xperimental finding may have relevance and should be further
nvestigated.

The epidemiological studies and especially the WHI trial,
o far the only prospective placebo-controlled interventional
tudy, demonstrate an increased risk under combined estro-
en/progestin therapy, but they have the limitations that they
p to now cannot discriminate between the various progestins

ostly due to too small or not comparable patient num-

ers in the subgroups with the various progestins. However,
here is evidence that the natural progesterone, possibly also
he transdermal usage of synthetic progestins, may avoid an
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ncreased risk, but this must be proven in further clinical
rials.
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[7] E.A. Krämer, H. Seeger, B. Krämer, D. Wallwiener, A.O. Mueck, The
effect of progesterone, testosterone and synthetic progestogens on growth
factor- and estradiol-treated human cancerous and benign breast cells, Eur.
J. Obstet. Gynecol. Reprod. 27 (2006) 139–141.

[8] H.D. Soule, T.M. Maloney, S.R. Wolman, W.D. Peterson, R. Brenz, C.M.
McGrath, J. Russo, R.J. Pauley, R.F. Jones, S.C. Brooks, Isolation and
characterization of a spontaneously immortalized human breast epithelial
cell line, MCF-10, Cancer Res. 50 (1990) 6075–6086.

[9] R.B. Dickson, M.E. Lippman, Growth factors in breast cancer, Endocr.
Rev. 16 (1995) 559–589.

10] A.F. Gazdar, V. Kurvari, A. Virmani, L. Gollahon, M. Sakaguchi, M.
Westerfield, D. Kodagoda, V. Stasny, H.T. Cunningham, I.I. Wistuba, G.
Tomlinson, V. Tonk, R. Ashfaq, A.M. Leitch, J.D. Minna, J.W. Shay, Char-
acterization of paired tumor and non-tumor cell lines established from
patients with breast cancer, Int. J. Cancer 78 (1998) 766–774.

11] W.C. Black, H.G. Welch, Advances in diagnostic imaging and overestima-
tions of disease prevalence and the benefits of therapy, N. Engl. J. Med.
328 (1993) 1237–1243.

12] C. Schairer, J. Lubin, R. Troisi, S. Sturgeon, L. Brinton, R. Hoover,
Menopausal estrogen and estrogen–progestin replacement therapy and
breast cancer risk, JAMA 283 (2000) 485–491.

13] R.K. Ross, A. Paganini-Hill, P.C. Wan, M.C. Pike, Effect of hormone
replacement therapy on breast cancer risk: estrogen versus estrogen plus
progestin, J. Natl. Cancer Inst. 92 (2000) 328–332.

14] W.Y. Chen, G.A. Colditz, B. Rosner, S.E. Hankinson, D.J. Hunter, J.E.
Manson, M.J. Stampfer, W.C. Willett, F.E. Speizer, Use of postmenopausal
hormones, alcohol, and risk for invasive breast cancer, Ann. Intern. Med.
137 (2002) 798–804.

15] P.A. Newcomb, L. Titus-Ernsthoff, K.M. Egan, A. Trentham-Dietz, J.A.
Baron, B.E. Storer, W.C. Willett, M.J. Stampfer, Postmenopausal estro-
gen and progestin use in relation to breast cancer risk, Cancer Epidemiol.

Biomarkers Prev. 11 (2002) 593–600.

16] L.K. Weiss, R.T. Burkman, K.L. Cushing-Haugen, L.F. Voigt, M.S. Simon,
J.R. Daling, S.A. Norman, L. Bernstein, G. Ursin, P.A. Marchbanks, J.A.
Berlin, Hormone replacement therapy regimens and breast cancer risk,
Obstet. Gynecol. 100 (2002) 1148–1158.

[

istry & Molecular Biology 109 (2008) 11–15 15

17] J.V. Porch, I.-M. Lee, N.R. Cook, K.M. Rexrode, J.E. Buring,
Estrogen–progestin replacement therapy and breast cancer risk: the
Women’s Health Study (Unites States), Cancer Causes Control 13 (2002)
847–854.

18] S. Hulley, C. Furberg, E. Barrett-Connor, J. Cauley, D. Grady, W. Haskell,
R. Knoop, M. Lowery, S. Scatterfield, H. Schrott, E. Vittinghoff, D. Hun-
ninghake, Nonvascular disease outcomes during 6.8 years of hormone
therapy (Heart and Estrogen/Progestin Replacement Study Follow-up
(HERS II), JAMA 288 (2002) 58–66.

19] C.I. Li, K.E. Malone, P.L. Porter, Relationship between long durations and
different regimens of hormone therapy and risk of breast cancer, JAMA
289 (2003) 3254–3263.

20] R.T. Chlebowski, S.L. Hendrix, R.D. Langer, M.L. Stefanick, M. Gass, D.
Lane, R.J. Rodabough, M.A. Gilligan, M.G. Cyr, C.A. Thomson, J. Khan-
dekar, H. Petrovitch, Influence of estrogen plus progestin on breast cancer
and mammography in healthy postmenopausal women (The Women’s
Health Initiative Randomized Trial), JAMA 289 (2003) 3243–3253.

21] S. Lee, L. Kolonel, L. Wilkens, P. Wan, B. Henderson, M.C. Pike, Post-
menopausal hormone therapy and breast cancer risk: the Multiethnic
Cohort, Int. J. Cancer 118 (2006) 1285–1291.

22] I. Persson, E. Thurfjell, R. Bergström, L. Holmberg, Hormone replacement
therapy and the risk of breast cancer. Nested case–control study in a cohort
of Swedish women attending mammography screening, Int. J. Cancer 72
(1997) 758–761.

23] C. Magnusson, J.A. Baron, N. Correia, R. Bergstrom, H.-O. Adami,
I. Persson, Breast-cancer risk following long-term oestrogen- and
oestrogen–progestin-replacement therapy, Int. J. Cancer 81 (1999)
339–344.

24] Million Women Study Collaborators, Breast cancer and hormone-
replacement therapy in the Million Women Study, Lancet 362 (2003) pp.
419–427.

25] B. De Lignieres, F. De Vathaire, S. Fournier, R. Urbinelli, F. Allaert, M.G.
Le, F. Kuttenn, Combined hormone replacement therapy and risk of breast
cancer in a French cohort study of 3175 women, Climacteric 5 (2002)
332–340.

26] H.L. Olsson, C. Ingvar, A. Bladström, Hormone replacement therapy
containing progestins and given continuously increases breast cancer car-
cinoma risk in Sweden, Cancer 97 (2003) 1387–1392.

27] H. Jernstrom, P.-O. Bendahl, J. Lidfeldt, C. Nerbrand, C.-D. Agardh, G.
Samsioe, A prospective study of different types of hormone replacement
therapy use and the risk of subsequent breast cancer: the women’s health in
the Lund area (WHILA) study (Sweden), Cancer Causes Control 13 (2003)
673–680.

28] C. Stahlberg, A.T. Pedersen, E. Lynge, Z.J. Andersen, N. Keiding, Y.A.
Hundrup, E.B. Oberl, B. Ottesen, Increased risk of breast cancer follow-
ing different regimens of hormone replacement therapy frequently used in
Europe, Int. J. Cancer 109 (2004) 721–727.

29] A. Fournier, F. Berrino, F. Clavel-Chapelon, Unequal risks for breast
cancer associated with different hormone replacement therapies: results
from the E3N cohort study, Breast Cancer Res. Treat. 107 (2008) 103–
111.

30] R. Farmer, The million women study – is it believable? Climacteric 8 (2005)
210–213.

31] J.P. Wiebe, M.J. Lewis, V. Cialacu, K.J. Pawlak, G. Zhang, The role
of progesterone metabolites in breast cancer: potential for new diagnos-
tics and therapeutics, J. Steroid Biochem. Mol. Biol. 93 (2005) 201–
32] L. Opatmy, S. Dell’Aniello, S. Assouline, S. Suissa, Hormone replacement
therapy and variations in the risk of breast cancer, American Association
to Cancer Research (AACR), April 1–5, 2006, Washington (D.C.); abstract
no. LB 331.


	Are the progestins responsible for breast cancer risk during hormone therapy in the postmenopause?
	Experimental data
	Normal breast epithelial cells
	Cancerous breast epithelial cells

	Clinical data
	Conclusion
	References


