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CI = confidence interval; EPRT = estrogen–progestin replacement therapy; ERT = estrogen replacement therapy; HRT = hormone replacement
therapy; RR = relative risk.
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Introduction
Menopausal hormone replacement therapy (HRT), most
commonly including estrogens alone or in combination
with progestins, is used to alleviate menopausal symptoms
and to prevent osteoporosis. Progestins are prescribed to
offset the increased risk for endometrial cancer associated
with estrogen replacement therapy (ERT). In the USA, it
has become increasingly common to prescribe estrogens
in combination with progestins since the early 1980s. An
estimated 45% of menopausal US women aged
25–74 years in the early 1970s reported ever using HRT.
Of those reporting HRT use in 1992, 31% reported taking
progestins [1]. Use of progestins began earlier in Scandi-
navian countries than in the USA [2].

Assessing breast cancer risk associated with HRT is com-
plicated by the fact that many different hormones, regi-

mens, and routes of administration have been used.
During the 1980s the most common type of estrogen–
progestin replacement therapy (EPRT) in the USA con-
sisted of estrogens administered for the first 21–25 days
of the calendar month and progestins added cyclically
during the last 10–14 days of estrogen treatment. Other
regimens, including continuous daily treatment with both
estrogens and progestins, were developed to avoid the
withdrawal bleeding that many women experience with
cyclic therapy [3]. More recently, new regimens were
introduced to prevent or minimize the breakthrough bleed-
ing that is common during the first months of combined/
continuous EPRT. These include the use of progestins
only every second or third month [4] or a continuous
estrogen/intermittent progestin regimen (3 days on,
3 days off) [3]. In addition, other formulations are undergo-
ing clinical trials or awaiting approval in the USA [3]. The
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most commonly used progestins in EPRT are the synthetic
progestins, which can be divided into those structurally
related to progesterone, which are most commonly used
in the USA [5,6], and those that are structurally related to
testosterone, which are frequently used in Europe and
Scandinavia [7,8].

Progestins and breast cell proliferation
Hormones are hypothesized to increase cancer risk by
increasing cell division, thereby increasing the risk for
genetic errors of various kinds or fixing an initial mutagenic
event. The vast majority of in vitro studies of normal breast
cells in culture and breast cancer cell lines have shown
that estrogens enhance breast cell proliferation, and that
the addition of progestins reduces this effect [9]. In con-
trast, in vivo studies of the mitogenic effects of estrogens
and progesterone on human breast epithelial cells in pre-
menopausal women, which show a predominance of pro-
liferative events during the luteal phase of the menstrual
cycle when levels of both estrogens and progesterone are
high, suggest that EPRT might have a more adverse effect
on breast cancer risk than ERT [10]. Studies of epithelial
cell proliferation in the normal postmenopausal breast in
relationship to different regimens of HRT, however, have
yielded discrepant results.

In a trial in which 40 postmenopausal women were randomly
assigned to one of four treatment groups (daily topical appli-
cation of a gel containing a placebo, estradiol, progesterone,
or a combination of estradiol and progesterone during the
14 days preceding breast surgery) [11], progesterone
reduced the estradiol-induced proliferation of breast epithe-
lial cells. It is notable, however, that the drug regimens used
in that study are not those typically used for HRT.

An observational study was conducted in which samples
of breast tissue containing normal epithelium from 185
postmenopausal patients undergoing surgery for benign
or malignant disease were stained for progesterone
receptor and Ki67 expression [12]. There was no associa-
tion between either estrogen or estrogen combined cycli-
cally with progestin and breast epithelial cell proliferation.
For patients on EPRT, information was not available
regarding the cycle of treatment at the time of surgery.

In a second observational study of 86 postmenopausal
women, combined/continuous EPRT was associated with
greater epithelial cell proliferation and breast epithelial cell
density than ERT or no HRT [13]. Moreover, the cell prolif-
eration associated with EPRT was localized to the terminal
duct lobular unit, where most breast cancers develop.

It is notable that estrogen plus progesterone has induced
more pronounced proliferative responses than estrogens
alone in the normal postmenopasual mammary gland in
some murine models and macaques [9,14].

Hormone replacement therapy and breast
cancer risk
Individual observational epidemiologic studies of HRT and
breast cancer risk have yielded conflicting results. For
instance, in a large prospective study [15], breast cancer
risk was significantly increased among women who were
currently using estrogen alone (relative risk [RR] 1.2, 95%
confidence interval [CI] 1.1–1.5) or estrogen plus progestin
(RR 1.4, 95% CI 1.2–1.7) as compared with post-
menopausal women who had never used hormones. In a
large case–control study [16], on the other hand, there was
no increase in breast cancer risk associated with use of
either estrogen alone or estrogen plus progestin. Such dis-
crepancies may reflect the relatively small number of users
of different types of hormone regimens even in the largest
studies, as well as the relatively low levels of risk involved.

In a collaborative reanalysis of 90% of the world’s epi-
demiologic data on HRT and breast cancer risk, which
included data from 51 epidemiologic studies, increases in
risk associated with HRT (without regard to type of
hormone or regimen) were limited to current or recent
users (those who stopped use 1–4 years previously) [17].
Among those women, the RR for each year of use was
1.023 (95% CI 1.011–1.036); the RR was 1.35 (95% CI
1.21–1.49) among women who used HRT for 5 or more
years relative to never users. The increase in risk was
greater among women with lower than among those with
higher weight and body mass index, and cancers diag-
nosed in HRT users were less advanced clinically than
those diagnosed in never users. Among the 39% of
hormone users for whom information on type of prepara-
tion was available, 80% had primarily used preparations
containing estrogen alone and 12% had used prepara-
tions containing both estrogen and progestin. The RR
associated with 5 or more years of recent use of estrogen
alone relative to never users was 1.34 (standard error
0.09), whereas the corresponding RR associated with use
of estrogen and progestin or progestin alone was 1.53
(standard error 0.33). Analyses were not done according
to type or regimen of progestin.

A number of subsequent observational epidemiologic
studies have reported on breast cancer risk associated
with EPRT as compared with ERT. Two of those studies
[8,18] found similar increases in breast cancer risk associ-
ated with EPRT and ERT, although in the latter of the
studies duration of EPRT use was shorter than duration of
ERT use. Other studies [5–7,19–22] have suggested
greater increases in risk with EPRT than with ERT. Among
participants in the Nurses’ Health Study [19], women with
natural menopause who used ERT had a 7.7% (95% CI
5.0–10.5) increase in risk per year of use, whereas those
who used estrogen plus progestin had a 13% (95% CI
7.2–19.1) increase in risk per year of use. The P value
associated with the comparison of the rate of increase
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with estrogen plus progestin versus estrogen alone was
0.06. In the Breast Cancer Detection Demonstration
Project Follow-up Study [5], estrogen only and estro-
gen–progestin only were associated with 1% (95% CI
0.2–3) and 8.0% (95% CI 2–16) increases in risk per
year of use, respectively, among users during the previous
four years. The P value associated with the test of homo-
geneity of these estimates was 0.02. In a large
case–control study [6], ERT was associated with a 6%
(95% CI 0.97–15) increase in the RR for breast cancer
for each 5 years of use, whereas EPRT was associated
with a 24% (95% CI 7–45) increase. In another large
case–control study [20], ERT and EPRT were associated
with 2% (95% CI 1–3) and 4% (95% CI 1–8) increases
in the RR per year of use, respectively. Progestin only use
has been associated with a statistically significant
increase in risk in two studies [8,20]. Several studies have
suggested that EPRT is associated with greater increases
in risk in leaner than heavier women [5,8], which is consis-
tent with the collaborative reanalysis of the world’s data
[17]. Other studies have reported similar increases in risk
in lean and heavy women [20,23]. Increases in risk have
been noted for both testosterone-derived progestins [7,8]
and progesterone-derived progestins [5–6,18–20,22].

Several observational epidemiologic studies have exam-
ined the association between EPRT and selected tumor
characteristics. One noted an increase in risk only for
lobular carcinomas [22], whereas several others reported
greater increases in risk for lobular than ductal tumors
[18,20]. Other studies, however, reported increases in risk
with the vast majority of breast cancers with a ductal his-
tology [5] or for both ductal and lobular carcinomas [23].
In two studies that examined risk according to the
hormone receptor status of the tumors [18,23], increases
in risk were evident for hormone receptor positive tumors
but not for receptor negative tumors. One study [6] found
similar increases in risk across all stages of disease with
EPRT, whereas increases in risk associated with ERT
were limited to in situ disease. Another study [20] found
similar increases in risk for both localized and more
advanced breast cancer.

Several observational epidemiologic studies have
assessed breast cancer risk according to type of EPRT
regimen. One study [8] reported greater increases in risk
for the combined/continuous regimen than for the cyclic
regimen (19%/year versus 3%/year). Other studies
[18,20] reported similar increases in risk associated with
the cyclic and combined/continuous regimens. Yet
another study [6] found greater increases in risk with the
cyclic than with the combined/continuous regimen (odds
ratios per 5 years of use were 1.38 [95% CI 1.13–1.68]
and 1.09 [95% CI 0.88–1.35], respectively), but this dif-
ference was not statistically significant. In a study con-
ducted in Finland [4], where long cycle EPRT (adding a

progestin period every second or third month) has been
used since 1990, both the long cycle and monthly cycle
EPRT regimens were associated with statistically signifi-
cant 30% increases in breast cancer risk. Risk was not
evaluated as a function of dose or duration of use.

Results from two randomized controlled trials showed an
increase in breast cancer risk associated with the com-
bined/continuous estrogen–progestin regimen (0.625 mg
conjugated equine estrogen plus 2.5 mg medroxyproges-
terone acetate) [24,25]. The estrogen–progestin compo-
nent of the Women’s Health Initiative was stopped early,
in part because of an increased risk of breast cancer in
those taking estrogen plus progestin as compared with
placebo (hazard ratio 1.26, 95% CI 1.00–1.59) [24]. A
total of eight additional invasive breast cancers per
10,000 person-years were attributed to the estrogen–
progestin regimen. Those findings are consistent with the
relative hazard of 1.27 (95% CI 0.84–1.94) found after
6.8 years of follow-up in the Heart and Estrogen/Progestin
Replacement Study Follow-up [25], a randomized trial in
postmenopausal women with coronary disease.

Although HRT is associated with an increased incidence
of breast cancer, it has been associated with lower mortal-
ity from breast cancer in most studies that examined
breast cancer death among healthy hormone users as
compared with nonusers, possibly reflecting more favor-
able tumor characteristics associated with HRT use [26].
Published data are insufficient to assess associations
between the estrogen–progestin regimen, specifically,
and breast cancer mortality.

Hormone replacement therapy and
mammographic densities
Extensive areas of mammographic density, representing
stromal or epithelial tissue, have been associated with
substantially increased breast cancer risk. Although
changes in mammographic density have not been exam-
ined in relationship to changes in breast cancer risk,
changes in densities resulting from a variety of interven-
tions suggest that mammographic densities may be a
short-term marker of risk [27].

Most studies that examined changes in mammographic
density according to type of HRT regimen have found that
a greater percentage of women on EPRT than on ERT
experienced increases in density [28–32]. In one of those
studies [28], a double-blind randomized placebo-con-
trolled trial, the percentages of women who experienced
increases in density were similar among those taking
cyclic and combined/continuous EPRT: 23.5% in those
on the cyclic regimen with 10 mg medroxyprogesterone
acetate; 19.4% in those on the combined/continuous
estrogen–progestin with 2.5 mg medroxyprogesterone
acetate; 16.4% in those on the cyclic regimen with
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micronized progesterone; 3.5% in those taking estrogens
alone; and 0% in the placebo group. In a Swedish study of
changes in mammographic density assessed at two
screening examinations [29], a greater percentage of
women on combined/continuous EPRT than on cyclic
EPRT experienced increases in mammographic density
(28% and 10%, respectively), although both groups expe-
rienced greater increases in density than those on ERT
(5%). Other studies [30–32] reported that greater per-
centages of women on combined/continuous, but not
cyclic, EPRT exhibited increases in mammographic
density as compared with women on ERT. For instance, in
a study of 175 women participating in a population-based
screening program [32], increases in mammographic
density were observed in 52% of women receiving com-
bined/continuous EPRT, in 13% of those receiving the
cyclic regimen, and in 18% of those receiving ERT.

Conclusion
Taken together, these data suggest that the addition of
progestins to ERT does not counteract the adverse
effects of estrogens on the breast, as it does in the
endometrium. In fact, the data suggest that EPRT may
have a more adverse effect on risk for breast cancer than
does ERT. Many issues remain unresolved, however.
These include the effects of different regimens and doses
of EPRT, long duration use, and whether the effects vary
according to tumor characteristics, such as histology,
extent of disease, and hormone receptor status. Data from
several large studies that are currently underway may
provide answers to some of these questions [33].

References
1. Brett KM, Madans JH: Use of postmenopausal hormone

replacement therapy: estimates from a nationally representa-
tive cohort study. Am J Epidemiol 1997, 145:536-545.

2. Hemminki E, Topo P: Prescribing of hormone therapy in
menopause and postmenopause. J Psychosom Obstet
Gynecol 1997, 18:145-157.

3. Mattox JH, Shulman LP: Combined oral hormone replacement
therapy formulations. Am J Obstet Gynecol 2001, 185(suppl):
S38-S46.

4. Pukkala E, Tulenheimo-Silfvast A, Leminen A: Incidence of
cancer among women using long versus monthly cycle hor-
monal replacement therapy, Finland 1994–1997. Cancer
Causes Control 2001, 12:111-115.

5. Schairer C, Lubin J, Troisi R, Sturgeon S, Brinton L, Hoover R:
Menopausal estrogen and estrogen-progestin replacement
therapy and breast cancer risk. JAMA 2000, 283:485-491.

6. Ross RK, Paganini-Hill A, Wan PC, Pike MC: Effect of hormone
replacement therapy on breast cancer risk: estrogen versus
estrogen plus progestin. J Natl Cancer Inst 2000, 92:328-332.

7. Persson I, Weiderpass E, Bergkvist L, Bergström R, Schairer C:
Risks of breast and endometrial cancer after estrogen and
estrogen-progestin replacement. Cancer Causes Control
1999, 10:253-260.

8. Magnusson C, Baron JA, Correia N, Bergström R, Adami H-O,
Persson I: Breast-cancer risk following long-term oestrogen-
and oestrogen-progestin-replacement therapy. Int J Cancer
1999, 81:339-344.

9. Söderqvist G: Effects of sex steroids on proliferation in normal
mammary tissue. Ann Med 1998, 30:511-524.

10. Pike MC, Spicer DV, Dahmoush L, Press MF: Estrogens,
progestogens, normal breast cell proliferation, and breast
cancer risk. Epidemiol Rev 1993, 15:17-35.

11. Foidart J-M, Colin C, Denoo X, Desreux J, Béliard A, Fournier S,
de Lignières B: Estradiol and progesterone regulate the prolif-
eration of human breast epithelial cells. Fertil Steril 1998, 69:
963-969.

12. Hargreaves DF, Knox F, Swindell R, Potten CS, Bundred NJ:
Epithelial proliferation and hormone receptor status in the
normal post-menopausal breast and the effects of hormone
replacement therapy. Br J Cancer 1998, 78:945-949.

13. Hofseth LJ, Raafat AM, Osuch JR, Pathak DR, Slomski CA, Haslam
SZ: Hormone replacement therapy with estrogen or estrogen
plus medroxyprogesterone acetate is associated with
increased epithelial proliferation in the normal post-
menopausal breast. J Clin Endocrinol Metab 1999, 84:4559-
4565.

14. Raafat AM, Hofseth LJ, Haslam SZ: Proliferative effects of com-
bination estrogen and progesterone replacement therapy on
the normal postmenopausal mammary gland in a murine
model. Am J Obstet Gynecol 2001, 184:340-349.

15. Colditz GA, Hankinson SE, Hunter DJ, Willett WC, Manson JE,
Stampfer MJ, Hennekens C, Rosner B, Speizer FE: The use of
estrogens and progestins and the risk of breast cancer in
postmenopausal women. N Engl J Med 1995, 332:1589-1593.

16. Newcomb PA, Longnecker MP, Storer BE, Mittendorf R, Baron J,
Clapp RW, Bogdan G, Willett WC: Long-term hormone
replacement therapy and risk of breast cancer in post-
menopausal women. Am J Epidemiol 1995, 142:788-795.

17. Collaborative Group on Hormonal Factors in Breast Cancer:
Breast cancer and hormone replacement therapy: collabora-
tive reanalysis of data from 51 epidemiologic studies of 52
705 women with breast cancer and 108 411 women without
breast cancer. Lancet 1997, 350:1047-1059.

18. Chen C-L, Weiss NS, Newcomb P, Barlow W, White E:
Hormone replacement therapy in relation to breast cancer.
JAMA 2002, 287:734-741.

19. Colditz GA, Rosner B: Cumulative risk of breast cancer to age
70 years according to risk factor status: data from the Nurses’
Health Study. Am J Epidemiol 2000, 152:950-964.

20. Newcomb PA, Titus-Ernstoff L, Egan KM, Trentham-Dietz A,
Baron JA, Storer BE, Willett WC, Stampfer MJ: Postmenopausal
estrogen and progestin use in relation to breast cancer risk.
Cancer Epidemiol Biomarkers Prev 2002, 11:593-600.

21. Kirsh V, Kreiger N: Estrogen and estrogen-progestin replace-
ment therapy and risk of postmenopausal breast cancer in
Canada. Cancer Causes Control 2002, 13:583-590.

22. Li CI, Weiss NS, Stanford JL, Daling JR: Hormone replacement
therapy in relation to risk of lobular and ductal breast carci-
noma in middle-aged women. Cancer 2000, 88:2570-2577.

23. Ursin G, Tseng C-C, Paganini-Hill A, Enger S, Wan PC, Formenti
S, Pike MC, Ross RK: Does menopausal hormone replace-
ment therapy interact with known factors to increase risk of
breast cancer? J Clin Oncol 2002, 20:699-706.

24. Writing Group for the Women’s Health Initiative Investigators:
Risks and benefits of estrogen plus progestin in healthy post-
menopausal women: principal results from the Women’s
Health Initiative randomized controlled trial. JAMA 2002, 288:
321-333.

25. Hulley S, Furberg C, Barrett-Connor E, Cauley J, Grady D, Haskell
W, Knopp R, Lowery M, Satterfield S, Schrott H, Vittinghoff E,
Hunninghake D: Noncardiovascular disease outcomes during
6.8 years of hormone therapy: Heart and Estrogen/Progestin
Replacement Study Follow-up (HERS II). JAMA 2002, 288:58-
66.

26. Nanda K, Bastian LA, Schulz K: Hormone replacement therapy
and the risk of death from breast cancer: a systematic review.
Am J Obstet Gynecol 2002, 186:325-334.

27. Boyd NF, Martin LJ, Stone J, Greenberg C, Minkin S, Yaffe MJ:
Mammographic densities as a marker of human breast
cancer risk and their use in chemoprevention. Curr Oncol Rep
2001, 3:314-321.

28. Greendale GA, Reboussin BA, Sie A, Singh HR, Olson LK, Gate-
wood O, Bassett LW, Wasilauskas C, Bush T, Barrett-Connor E:
Effects of estrogen and estrogen-progestin on mammo-
graphic parenchymal density. Ann Intern Med 1999, 130:262-
269.

29. Persson I, Thurfjell E, Holmberg L: Effect of estrogen and estro-
gen-progestin replacement regimens on mammographic
breast parenchymal density. J Clin Oncol 1997, 15:3201-3207.

Available online http://breast-cancer-research.com/content/4/6/244



248

Breast Cancer Research    Vol 4 No 6 Schairer

30. Sendag F, Terek MC, Ozsener S, Oztekin K, Bilgin O, Bilgen I,
Memis A: Mammographic density changes during different
postmenopausal hormone replacement therapies. Fertil Steril
2001, 76:445-450.

31. Erel CT, Esen G, Seyisoglu H, Elter K, Uras C, Ertungealp E, Aksu
MF: Mammographic density increase in women receiving dif-
ferent hormone replacement regimens. Maturitas 2001, 40:
151-157.

32. Lundström E, Wilczek B, von Palffy Z, Söderqvist G, von Schoultz
B: Mammographic breast density during hormone replace-
ment therapy: differences according to treatment. Am J Obstet
Gynecol 1999, 181:348-352.

33. Wren BG: Megatrials of hormonal replacement therapy. Drugs
Aging 1998, 12:343-348.


