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Women receive hormone preparations for a variety 
of reasons, including birth control and treatment 
for abnormal uterine bleeding, perimenopausal 
and postmenopausal symptoms, endometriosis, 
endometrial hyperplasia, endometrioid carcinoma, 
breast carcinoma, and certain types of infertility. 
Usually the exogenous hormone is some form of 
progestin, but estrogenic and even androgenic hor-
mones are used for some disorders. Since the 
endometrium has estrogen and progesterone 
receptors, it shows the effects of these hormones.

An endometrial biopsy or curettage may be 
performed when abnormal bleeding occurs or 
when hormone therapy does not correct abnormal 
bleeding that is thought to be related to anovula-
tory bleeding. Sometimes, however, the biopsy is 
intended to evaluate the status of the endometrium 
following hormonal therapy, as in the case of 

hyperplasia managed with progestin therapy or 
routine follow-up of patients on hormone replace-
ment therapy. In other circumstances, the endo-
metrial sampling is coincidental with another 
procedure, such as tubal ligation, where the 
patient has received hormone therapy to ensure no 
interval pregnancy. The hormone, the dosage, and 
the duration of therapy influence the appearance 
of the endometrium. Clinical information regard-
ing hormone use helps in the pathologic interpre-
tation, but this history sometimes is incomplete 
when the specimen is received. Consequently, the 
possibility of exogenous hormonal effects should 
always be kept in mind.

This chapter reviews the effects of different 
types of hormones on the endometrium: (1) hor-
mones used in women of reproductive age that 
clearly have estrogenic or progestogenic effects, 
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such as oral contraceptives; (2) estrogen–
progestin hormone replacement therapy in 
postmenopausal women; (3) tamoxifen therapy 
for breast cancer; and (4) other hormones with 
less well-established effects on the 
endometrium.

�Estrogenic Hormones

Estrogen therapy is largely used in perimeno-
pausal or postmenopausal women to treat symp-
toms of menopause, such as vasomotor 
instability, genitourinary syndrome of meno-
pause (previously termed atrophic vaginitis), 
and osteoporosis [1–8]. Estrogenic substances 
include conjugated estrogens, such as Premarin 
(Wyeth Pharmaceuticals, Collegeville, PA), 
micronized estradiol such as Estrace (Allergan 
Incorporated, Dublin, Ireland), or transdermal 
estradiols such as Vivelle-Dot (Novartis 
Pharmaceuticals Corp, East Hanover, NJ). Use 
of estrogenic hormones by themselves is associ-
ated with an increased risk of developing endo-
metrial hyperplasia and endometrioid 
carcinoma, so the use of these hormones alone 
is now unusual in patients with a uterus. 
Consequently, the effects of unopposed exoge-
nous estrogen are seen less frequently in biopsy 
specimens than the effects of combined estro-
gen–progestin compounds, as progestins abro-
gate the effect of estrogen stimulation on the 
uterus. Nonetheless, some patients do receive 
estrogen replacement only.

Unopposed estrogenic stimulation causes the 
endometrium to proliferate [9–12]. The result is 
variable, depending on the dose and duration of 
use. Often the pattern is that of proliferative 
phase endometrium, showing tubular to tortuous 
glands and abundant stroma. The patterns can be 
identical to those seen with anovulatory cycles 
and may include superimposed breakdown and 
bleeding (see Chap. 5). Continued, prolonged 
estrogenic stimulation can lead to disordered pro-
liferative phase patterns and hyperplasia. 
Estrogen-related epithelial cytoplasmic changes, 
especially squamous differentiation and ciliated 
cell change, also often occur.

In some patients continued estrogen use 
leads to atypical hyperplasia and carcinoma 
[13, 14]. The risk of malignancy increases with 
the duration of therapy. After 1  year of treat-
ment, low-dose unopposed estrogen was asso-
ciated with a marginally nonsignificant increase 
in endometrial hyperplasia [15]. Unopposed 
estrogen use for 2–3  years significantly 
increased the risk of developing endometrial 
hyperplasia [15] and endometrioid carcinoma 
[16, 17]. The highest risk is in patients who 
have taken estrogens for 10  years or longer 
[16]. When carcinoma develops, it usually is 
low grade and superficially invasive, but high-
grade lesions may occur.

All the estrogen-related changes are 
reviewed elsewhere in the text, including nor-
mal proliferative phase patterns (Chap. 2), pro-
liferative with glandular and stromal breakdown 
(Chap. 5), hyperplasia and cytoplasmic change 
(Chap. 9), and carcinoma (Chap. 10). The 
reader should refer to those chapters for 
detailed morphologic descriptions of the spe-
cific entities.

�Progestins, Oral Contraceptives, 
and Selective Progesterone 
Receptor Modulators

Although progestin effects are common, the sub-
ject of progestin-related changes is complex. 
Various forms of these synthetic analogues of 
progesterone, also termed “progestogens” or 
“progestagens,” are widely used, either alone or 
in combination with an estrogen. Progestin-only 
therapy is useful in the empirical medical man-
agement of abnormal uterine bleeding that clini-
cally appears to be anovulatory. These hormones, 
such as medroxyprogesterone acetate or noreth-
indrone acetate, suppress ovulation and endome-
trial growth. They also lead to secretory changes 
followed by gland involution and progesterone 
withdrawal bleeding, effecting a medical “curet-
tage.” Consequently, progestins are especially 
helpful in managing ovulatory disorders where 
irregular, noncyclical endometrial growth results 
in abnormal bleeding. Often a trial of progestin is 
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given to alleviate apparent abnormal bleeding, 
and if the bleeding does not resolve, biopsy or 
curettage follows to exclude other structural 
pathology.

Progestins, usually given in combination with 
estrogens, are the basis for the oral contraceptive 
or “birth control pill.” Most oral contraceptives 
are used in a fixed-dose formulation, with small 
doses of both the estrogen and progestin taken 
daily. Some oral contraceptives use a “phasic” 
combination with increasing amounts of proges-
tin over a 21-day medication period. In either 
case the combination estrogen and progestin is 
administered over 3 weeks, and no medication is 
given in the 4th week to allow withdrawal bleed-
ing to occur. Some oral contraceptives contain 
only progestin and are taken continuously with-
out a hormone-free fourth week. The dose of pro-
gestin and estrogen used in modern oral 
contraceptives is much lower than that used in the 
initial formulations of oral contraceptives in the 
1960s. Consequently, the pharmacologic effects 
of these steroid contraceptives are somewhat dif-
ferent than those originally described. Other 
combined hormone contraceptive methods 
include the etonogestrel/ethinyl estradiol vaginal 
ring, which is inserted vaginally for 3 weeks and 
the norelgestromin/ethinyl estradiol transdermal 
patch, which is placed on the skin weekly for 
3  weeks. Both are removed following the third 
week, and similar to oral contraceptive pills, have 
a “hormone-free” fourth week.

Long-acting progestin-only contraceptive 
methods include a medroxyprogesterone injec-
tion every 12  weeks, the subdermally placed 
etonogestrel implant and the levonorgestrel intra-
uterine device (IUD), which are effective 
3–5  years, respectively. The levonorgestrel-
releasing intrauterine device may also be used to 
treat hyperplasia or endometrioid carcinoma of 
the endometrium. Other noncontraceptive bene-
fits of hormonal contraception include cycle reg-
ularity, prevention of menstrual migraines; 
treatment of acne or hirsutism, leiomyomas, or 
endometriosis; and a decreased risk of endome-
trial, ovarian, or colorectal cancer [18–23].

The morphologic appearance of the endome-
trium following progestin therapy is variable and 

depends on the underlying status of the endome-
trium as well as the dose, potency, and duration of 
progestin therapy [12, 14, 24–26]. In fact, brief use 
of oral contraceptives for emergency contracep-
tion shows no significant histologic effects on the 
endometrium [27–30]. When used for emergency 
contraception, both levonorgestrel and the selec-
tive progesterone receptor modulator (SPRM), uli-
pristal acetate, act by delaying or inhibiting 
ovulation [31]. Ulipristal acetate (UPA) acts by 
reversibly blocking progesterone receptors and is 
also used as intermittent or preoperative treatment 
for women with uterine leiomyomas.

With more prolonged use of progestin, how-
ever, its effects can persist for several weeks to 
months following cessation of their use. To help 
simplify this complex subject, the effects of the 
progestins can be placed into three general mor-
phologic patterns that form the basis for under-
standing the entire spectrum of progestin-mediated 
changes. These patterns include (1) decidual 
(pregnancy-like) changes, (2) secretory changes, 
and (3) inactive changes (Table 6.1). The pattern 
encountered depends on the degree of estrogen 
“priming” of the endometrium and the dose and 
duration of administration of the progestin. There 
often is an overlap between the various patterns 
of progestin effect in the endometrium.

Table 6.1  Morphologic features of progestin effects

Decidual (pregnancy-like) effects
 � Abundant tissue, often polypoid
 � Glands are predominantly inactive, but rarely show 

marked secretory activity
 � Stroma appears decidualized with lymphoid 

infiltrate
 � Vascular ectasia
Secretory effects
 � Moderate to sparse amount of tissue
 � Mildly tortuous secretory glands lined by columnar 

cells
 � Stromal cells are plump, oval (predecidual)
 � Vascular ectasia
Inactive effects
 � Sparse tissue
 � Glands are small and inactive, not coiled
 � Variable amount of stroma with plump to spindle-

shaped cells

Progestins, Oral Contraceptives, and Selective Progesterone Receptor Modulators
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�Patterns of Response

�Decidual Pattern

The decidual or pregnancy-like pattern, as the 
term implies, features differentiation of endome-
trial glands and stroma to a point where they 
resemble the endometrium in pregnancy with 
decidual transformation of the stroma. Although 
the term “decidua” applies most strictly to the 
endometrium of pregnancy, this term also is use-
ful for describing this progestin-induced pattern. 
This exaggerated effect typically occurs in endo-
metrium which is influenced by high estrogen 
levels and therefore is actively growing and pro-
liferating. This morphology is most common fol-
lowing high-dose progestin therapy for 
anovulatory cycles or for hyperplasia. In these 

cases the amount of tissue can be copious, and 
the biopsy or curettage can yield large polypoid 
tissue fragments. Although the tissue is polypoid, 
this finding does not indicate the presence of true 
polyps. With marked progestin effect, the stromal 
cells become enlarged and show abundant cyto-
plasm and prominent cell borders, resembling the 
decidua of pregnancy (Fig. 6.1). The stroma can 
show occasional mitotic figures. The glands are 
predominantly inactive, but with marked proges-
tin effect, the glands develop a hypersecretory 
pattern with vacuolated cytoplasm and abundant 
luminal secretions. An Arias-Stella-like reaction 
with nuclear enlargement and hyperchromasia 
may occur in glands, but this is very rare. Some 
glands are dilated (Fig. 6.2). The spiral arteries 
also can show marked thickening with endothe-
lial and smooth muscle hyperplasia [12]. The 

Fig. 6.1  Progestin effect, decidual pattern. Marked 
decidual reaction following progestin therapy of anovula-
tory bleeding. The changes resemble the endometrial 

decidual transformation in pregnancy. Inactive glands 
with secretory exhaustion are surrounded by abundant 
decidualized stroma

6  Effects of Hormones
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venules in the superficial portion of the endome-
trium become ectatic (Fig. 6.3). Often, especially 
in treated hyperplasia, the glands show promi-
nent eosinophilic or mucinous cytoplasmic 
change [32]. Occasional cases of decidua-like 
progestin effect show prominent squamous 
change within glands. This change is usually 
seen in cases in which the biopsy results that led 
to therapy demonstrate hyperplasia, often with no 
squamous differentiation [26, 33].

Cases with advanced decidual changes often 
show areas of breakdown and bleeding, espe-
cially as the dilated venules thrombose. As a 
result, many of the features of breakdown and 
bleeding described in Chap. 5 are superim-
posed on the progestin effect. With breakdown, 
the collapse of the stroma and glands signifi-
cantly alters their appearance, partially mask-

ing the patterns of development. In these areas 
of breakdown, the decidua-like character of the 
stromal cells is lost as the cells degenerate and 
lose cytoplasm. The glands fragment and 
become haphazardly oriented. Consequently, it 
remains important to avoid areas of active 
bleeding and find intact tissue in order to accu-
rately assess the changes associated with the 
progestin effect.

�Secretory Pattern

The secretory pattern of progestin effect mimics 
the glandular and stromal changes seen in the 
luteal (secretory) phase of the menstrual cycle. 
With the secretory pattern, the glands are tortu-
ous, and the glandular cells have basally ori-

Fig. 6.2  Progestin effect, decidual pattern. Plump stro-
mal cells with cystic dilation of a gland. The gland is lined 
by cuboidal epithelium with vacuolated cytoplasm. 

Signet-ring-like cells (lower left) and ectatic vessels are 
seen (courtesy of Dr. Chengbao Liu, The Johns Hopkins 
Hospital)
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ented nuclei (Figs. 6.4, 6.5 and 6.6). These low 
columnar cells typically have a small amount of 
pale-staining supranuclear cytoplasm and may 
show small, randomly distributed vacuoles. The 
apical border often becomes smooth and well 
defined, unlike the ragged luminal border in 
normal secretory endometrium [12]. The lumens 
may have a small amount of dense, eosinophilic 
secretions. The stromal cells show weak prede-
cidual change as they gain cytoplasm and 
become mildly enlarged. These predecidualized 
cells are ovoid with identifiable pale cytoplasm 
but are not as large or polygonal as fully decidu-
alized stromal cells. Although the glandular and 
stromal changes superficially resemble the 
secretory phase endometrium of a menstrual 
cycle, neither the glands nor the stroma are 
appropriately developed for any day of the 
normal cycle. Usually the glands appear to be 

underdeveloped, lacking tortuosity. Stromal 
predecidual change tends to be confluent, lack-
ing the intermittent edema that characterizes 
most of the normal secretory phase. Scattered 
mitotic figures can be found in the stroma. As in 
other progestin-related patterns, the superficial 
stroma contains ectatic venules and may throm-
bose (Fig. 6.7).

�Inactive Pattern

The inactive pattern represents the other end of 
the spectrum of progestin effect, in which the 
endometrium is hypoplastic. This pattern evolves 
following prolonged progestin therapy or with 
continued use of contraceptive hormones includ-
ing levonorgestrel-releasing IUD and medroxy-
progesterone acetate injection (Depo-Provera, 

Fig. 6.3  Progestin effect, decidual pattern. Marked 
decidual change in the stroma and small inactive glands 
lined by a single layer of epithelium characterize the 

decidual pattern of progestin effect. Ectatic venules are 
present in the upper left of the field

6  Effects of Hormones
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Pfizer, New  York, NY) (Fig.  6.8). The glands 
atrophy, although they continue to show weak 
secretory changes. The glands lose their tortuos-
ity and are small and tubular with scant to absent 
luminal secretions. The epithelium is low colum-
nar with basal nuclei and a small amount of pale 
cytoplasm.

When the progestin dose is low, the stromal 
cells remain mildly enlarged with a small amount 
of discernible cytoplasm but lose their decidua-
like appearance (Fig.  6.9). Instead, they are 
plump and ovoid with only a moderate amount 
of cytoplasm. Cell borders become indistinct, 
and stromal mitoses are not found. Vascular 
channels beneath the surface epithelium become 
ectatic. In contrast to the physiologic atrophy 
pattern of the postmenopausal endometrium, 
progestin-induced atrophy often has more abun-
dant stroma, while the glands become tiny and 
indistinct.

�Other Stromal Changes

Whereas the glands atrophy with prolonged 
progestin effect, with high doses of progestin, 
the stroma retains a decidua-like appearance. 
In such cases the stroma can show alterations 
that can be confusing or alarming. For instance, 
the stroma can appear hyperplastic and pseu-
dosarcomatous with increased cellularity as 
well as nuclear hyperchromasia, enlarged 
nucleoli, and variation in cell and nuclear size 
[12, 34, 35]. A pseudosarcomatous change is 
rare with modern progestin therapy, however, 
and is infrequent in our experience. The stroma 
can show other peculiar alterations. One 
change occasionally seen is clustering of 
groups of enlarged stromal cells with interven-
ing areas of myxoid change or edema. This 
change can impart an epithelioid appearance to 
some of the decidualized cells, especially when 

Fig. 6.4  Progestin effect, secretory pattern. The glands show marked secretory changes, and the stroma is transformed 
into decidua-like cells

Patterns of Response
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the cells are enlarged with prominent cell bor-
ders. The decidualized stromal cells can 
develop other epithelioid features such as 
eccentric nuclei and vacuolated cytoplasm 
(Fig. 6.10) [36, 37]. In such cases the decidual-
ized stroma can mimic signet-ring cells of met-
astatic carcinoma [37].

In some cases of progestin effect, infiltrates 
of lymphocytes or neutrophils yield patterns 
that can suggest endometritis (Fig.  6.11). For 
instance, with prolonged progestin effect of the 
levonorgestrel IUD, the stroma often contains a 
moderate infiltrate of stromal granular lympho-
cytes and mononuclear cells [38]. These are the 
normal lymphoid cells of the endometrium that 
appear exaggerated owing to the relative atro-
phy of the other components. This striking infil-
trate can mimic chronic inflammation. An 
absence of plasma cells and no evidence of 
gland infiltration by inflammatory cells are 

helpful features to separate this progestin effect 
from true inflammation (see Chap. 7). Also, 
especially in pregnancy-like patterns of proges-
tin effect, multiple small foci of breakdown are 
accompanied by a neutrophilic response. These 
neutrophils, however, are a localized response 
to tissue necrosis and do not represent an infec-
tious process.

Often there is overlap between the various pat-
terns of progestin effect, which depend on the 
duration of progestin use, the dose of the proges-
tin, and underlying endogenous estrogen levels. 
In some cases, different fields from the same 
specimen show different patterns of progestin 
effect that can range from decidualized stroma to 
secretory or inactive change. Consequently, mor-
phologic identification of progestin effects 
requires recognition of the spectrum of changes 
that may be found. Furthermore, some patients 
on progestins, especially those on oral contracep-

Fig. 6.5  Progestin effect, secretory pattern. High-magnification view of a pattern resembling secretory phase endome-
trium shows a tortuous gland with secretions. The stromal cells are plump, having a moderate amount of cytoplasm

6  Effects of Hormones
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tives, can even show proliferative phase patterns 
when the estrogen influence is present, but the 
progestin influence is temporarily decreased or 
absent. Long-term use of oral contraceptives 
rarely may result in permanent endometrial atro-
phy after the agent is discontinued [39].

�Combined Estrogen and Progestin 
as Replacement Therapy 
for Menopausal Women

Because of the possible deleterious consequences 
of unopposed estrogen therapy on the endome-
trium, estrogen replacement is nearly always 
given with a progestin in perimenopausal and 
postmenopausal patients with a uterus. Another 
treatment option is the combination of estrogen 
and bazedoxifene, a selective estrogen receptor 
modulator, which prevents bone loss and does 

not increase the risk of hyperplasia [40–42]. 
Combined estrogen–progestin hormonal replace-
ment can be given either sequentially or in com-
bination [43, 44]. The most common forms of 
estrogen prescribed are conjugated equine estro-
gens, synthetic conjugated estrogens, micronized 
17β-estradiol, and ethinyl estradiol. Sequential 
medication uses daily estrogen for the first 
21–25  days of the month and daily progestin 
added for the last 10–13  days. This regimen 
results in withdrawal bleeding. The continuous 
regimen uses both estrogen and progestin daily. 
In the continuous regimen, breakthrough bleed-
ing may occur during the first 6 months, but then 
bleeding usually stops. Patients receiving either 
the sequential or the combined regimen may 
undergo biopsy as part of the routine surveillance 
to ensure that no neoplasm develops.

With the sequential estrogen–progestin regimen, 
the endometrium often shows a weakly proliferative 

Fig. 6.6  Progestin effect, secretory pattern. The endome-
trium has some resemblance to secretory endometrium of 
the normal luteal phase with tortuous glands and abun-
dant, predecidualized stroma. The amount of stroma is 

increased relative to the normal secretory phase. The 
glands, while slightly tortuous, are markedly underdevel-
oped relative to glands in the normal luteal phase

Combined Estrogen and Progestin as Replacement Therapy for Menopausal Women
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pattern with small, tubular glands in scant stroma 
[45]. The epithelium can have occasional mitotic 
figures. The pattern is identical to the weakly pro-
liferative phase pattern seen in association with 
anovulatory bleeding caused by estrogen with-
drawal (see Chap. 5). Sometimes the tissue shows 
a superimposed progestin effect with poorly devel-
oped secretory changes in the glands (Fig.  6.12) 
[10, 46–48]. This latter pattern of secretory changes 
is especially likely to be seen if the biopsy is taken 
during the period of progestin administration. In 
these cases, the glandular cells show mild tortuosity, 
basal nuclei, some cytoplasmic vacuoles, and scant 
luminal secretions. In biopsy material, focal glandu-
lar and stromal breakdown also may be seen. With 
the combination regimens, and for that matter also 
with sequential therapy, the endometrium usually 
is inactive [26, 45, 46, 49–54]. Secretory changes 
can be seen especially if higher doses of estrogen 
and progestin are used [55]. Occasionally a patient 
receiving either the sequential or the combination 

regimen may have a more significant lesion in the 
biopsy specimen [53, 56–59]. Polyps, hyperplasia, 
and carcinoma are lesions that have been found in 
a few cases. In general, however, estrogen–proges-
tin and estrogen–bazedoxifene replacement therapy 
control endometrial proliferation, and significant 
proliferative and neoplastic lesions are less com-
mon than in women not receiving this therapy [9, 
45, 58, 60–64].

�Progestin-Like Effects with No 
Hormone Use

On rare occasions endometrial tissue will show 
morphologic features of a progestin effect even 
though there is clearly no history of exogenous hor-
mone use. These changes may be seen in both pre-
menopausal and postmenopausal women, and their 
etiology is poorly understood. In premenopausal 
women, these patterns can be decidua-like [65] or 

Fig. 6.7  Progestin effect, secretory pattern. Underdeveloped 
secretory glands in abundant stroma with decidual change 
near the surface. A thrombus is present to the right of center. 

Thrombi such as this result in bleeding that frequently leads 
to biopsy

6  Effects of Hormones
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can resemble “pill effect” changes, with hypoplas-
tic secretory glands and plump stromal cells. It is 
possible that this alteration is due either to abnor-
mal persistence of a functioning corpus luteum or 
to the so-called luteinized unruptured follicle. This 
latter entity, as the name implies, occurs when a 
follicle develops, does not rupture (ovulate), and 
persists with luteinization of the granulosa and 
theca cells. If progesterone is produced by the 
unruptured follicle, then the result could be a pro-
gestin effect from the endogenous source.

There have been a few examples of idiopathic 
endometrial decidual reaction in postmenopausal 
women who are not taking hormones [36]. These 
patients have tended to present with abundant pol-
ypoid tissue. The etiology of the change is not 
known, but it may be the result of local mechanical 
factors rather than a response to progesterone-like 
hormones. Mechanical stimulation, including 

biopsy, can cause increased decidual changes in 
the progesterone-primed endometrium [25, 66]. 
Also, an intrauterine device (IUD) may lead to an 
enhanced decidual reaction in the endometrium 
[25, 67, 68].

�Effects of Other Hormones

�Selective Progesterone Receptor 
Modulators

These drugs are used in management of endome-
triosis and uterine leiomyomas. Histologic 
changes can range from inactive and normal-
appearing cycling endometrium to a spectrum of 
unique features [69]. With short- or long-term 
use of ulipristal acetate (UPA), a variety of non-
physiologic changes can occur and given the 

Fig. 6.8  Depo-Provera effect, inactive pattern. Small glands in abundant stroma; endometrium following long-term 
progestin use often has more abundant stroma while the glands become tiny and indistinct

Effects of Other Hormones
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collective term “progesterone receptor modula-
tor-associated endometrial change (PAEC).” 
These changes can include an increase in cysti-
cally dilated glands lined by flattened epithelium 
with low mitotic activity and apoptosis, while the 
stroma can be edematous or have a fibroblastic 
appearance resembling the stroma of endometrial 
polyps [70, 71]. The stromal vessels have a range 
of findings from “chicken-wire capillaries,” to 
ectatic thin-walled or thickened walls with 
smooth muscle [70]. Because of the antiproges-
terone effects of UPA, and therefore unopposed 
estrogenic effects, endometrial hyperplasia was 
observed in up to 1.1% of patients [70]. However, 
similar to the nonphysiologic findings, the hyper-
plasia regressed to benign 6  months following 
discontinuation of the drug [70, 72].

�Tamoxifen

Tamoxifen is a nonsteroidal antiestrogen that is 
widely used in the hormonal therapy of breast car-
cinoma. This drug is a selective estrogen receptor 
modulator (SERM) with its action mediated 
through the estrogen receptor. The effect of 
tamoxifen on the endometrium appears to depend 
on the ambient estradiol concentration, meno-
pausal status, and the dose and duration of tamox-
ifen use [73–75]. Current data suggest it can act as 
both an estrogen antagonist and an agonist [76]. 
Most normally cycling premenopausal patients 
taking tamoxifen continue to have regular men-
strual cycles, but some develop amenorrhea. With 
continued use, serum estrogen and progesterone 

Fig. 6.9  Progestin effect, inactive pattern. Small inactive 
glands in spindle cell stroma show scant secretory changes. 
The abundant stroma, composed of plump cells with a 

moderate amount of cytoplasm, distinguishes this pattern 
from atrophy due to lack of estrogen. This pattern is com-
monly seen in women on continuous oral contraceptives

6  Effects of Hormones
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levels often are increased to two or three times the 
normal levels. In postmenopausal women, tamox-
ifen has estrogenic effects on vaginal epithelium.

A large volume of literature has accumulated 
on the effects of tamoxifen. Before beginning 
tamoxifen therapy, asymptomatic postmeno-
pausal women with ER-positive breast cancer 
were found to have a high prevalence of subclini-
cal endometrial abnormalities, including 29.6% 
with polyps (up to three polyps harbored simple 
hyperplasia) and 0.8% with endometrial hyper-
plasia [77, 78]. Baseline endometrial pathology 
correlated with increasing patient age, BMI, and 
time since menopause; therefore, endometrial 
screening in obese, older women before tamoxi-
fen therapy may be useful [77, 78]. In general, 
postmenopausal women on tamoxifen should be 

monitored for symptoms of hyperplasia and car-
cinoma [79]. Premenopausal women on tamoxi-
fen have no increased risk of endometrioid 
carcinoma, and routine gynecologic care is rec-
ommended [80]. Both transvaginal ultrasound 
and endometrial biopsy have been used to moni-
tor patients on tamoxifen, and in the absence of 
symptoms, few pathologic lesions are found [81]. 
In asymptomatic postmenopausal patients on 
tamoxifen, atrophy is the most common finding 
[82, 83]. Endometrial abnormalities are more 
commonly found in symptomatic patients [82, 
84], although some women with no symptoms or 
ultrasound abnormalities will be found to have a 
pathologic lesion [82, 85, 86]. Patients receiving 
a progestin after initial tamoxifen therapy can 
show decidual reaction of the stroma [87, 88].

Fig. 6.10  Progestin effect, decidual pattern. The decidual cells have vacuolated cytoplasm and eccentric nuclei result-
ing in a signet-ring cell appearance

Effects of Other Hormones
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Both endometrial hyperplasia and carcinoma 
occasionally occur in patients on tamoxifen, and 
some studies suggest an increased frequency of 
both these disorders in patients receiving tamoxi-
fen [74, 79, 89–98]. The relative risk of 
developing endometrial carcinoma appears to be 
within the same range as reported with unop-
posed estrogen use [89]. The apparent increase 
may be the result of increased rate of detection of 
otherwise asymptomatic, “silent” tumors, how-
ever. There are conflicting results regarding the 
histologic grade of endometrial carcinomas that 
develop in women receiving tamoxifen treat-
ment. Some patients develop high-grade 
carcinoma [91, 99–101], but most studies indi-
cate those carcinomas associated with tamoxifen 
use do not differ in grade from carcinomas that 
occur in patients not receiving this hormone [91, 
102, 103]. Most endometrial cancers are low 

stage and well differentiated [104]. When com-
paring tamoxifen to aromatase inhibitors (AI), 
another endocrine treatment for early breast can-
cer, vaginal bleeding, endometrial polyps, and 
atypical hyperplasia was more common in the 
tamoxifen treated group [105]. Carcinosarcomas 
(malignant mixed müllerian tumors [MMMTs]) 
and other sarcomas including endometrial stro-
mal sarcoma and adenosarcoma also have been 
reported in patients on tamoxifen [106–109]. 
When comparing carcinosarcomas occurring in 
women with and without tamoxifen use, those 
with tamoxifen-related carcinosarcomas may 
have favorable tumor characteristics but compa-
rable stage-specific survival outcomes [110].

Endometrial polyps appear to be one of the 
most common pathologic findings in patients on 
tamoxifen [73, 82, 99, 100, 105, 111–117]. 
These patients are postmenopausal and have 

Fig. 6.11  Progestin effect. Abundant stroma containing a rich infiltrate of stromal granular lymphocytes mimicking an 
endometritis
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received long-term tamoxifen therapy for meta-
static breast carcinoma. The polyps tend to be 
large and multiple [118], and they may be recur-
rent [119]. The stroma is variably edematous, 
myxoid, or fibrous. Often these polyps show 
mildly hyperplastic changes (Fig.  6.13) (see 
Chap. 8). Various types of cytoplasmic change or 
metaplasia have been described in the glands, 
especially mucinous and clear cell change [114, 
118, 120]. Occasionally endometrial polyps in 
patients receiving tamoxifen show foci of secre-
tory changes in the glands with clear to vacuo-
lated cytoplasm (Fig. 6.14). The mechanism of 
the secretory effects is not known. Some authors 
have found that the polyps show glands polar-
ized along the long axis of the polyp with stag-
horn-shaped glands and a cambium layer of 
stromal condensation around them [114]. In at 

least one reported polyp, the stroma also showed 
decidual changes that could not be attributed to 
any exogenous progestin use [112]. Some pol-
yps, however, show markedly hyperplastic 
glands, and others show cystic glands with focal 
atypia [111, 112]. A few examples of atypical 
hyperplasia and carcinoma arising within these 
polyps also have been reported [100, 118, 121, 
122]. The levonorgestrel intrauterine system was 
found to decrease the frequency of benign endo-
metrial polyps and endometrial hyperplasia in 
women taking tamoxifen, but it was not clear if 
endometrial cancer was prevented [123]. With 
the expanding role of tamoxifen in the treatment 
and possible prevention of breast carcinoma, 
more clinical information will be accumulated 
regarding the effect of this drug on the 
endometrium.

Fig. 6.12  Estrogen–progestin therapy. Endometrium 
from a postmenopausal woman receiving estrogen–pro-
gestin replacement therapy shows small secretory glands 

with extensive subnuclear vacuoles. This progestin effect 
resembles early secretory phase endometrium
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�Raloxifene

Raloxifene is another selective estrogen receptor 
modulator (SERM) and may be useful in prevent-
ing postmenopausal osteoporosis. This drug 
appears to be a more pure estrogen antagonist, 
lacking the weak estrogen agonist effects of 
tamoxifen [124, 125]. When compared to pla-
cebo, raloxifene showed no difference in the inci-
dence of ovarian cancer, postmenopausal 
bleeding, endometrial hyperplasia, or carcinoma 
[126]. In comparison to those receiving tamoxi-
fen, there appears to be no increase in endome-
trial pathologic lesions with raloxifene [127–130]. 
In patients diagnosed with endometrial cancer in 
the general population, tamoxifen compared to 
raloxifene users were three times more likely to 
develop endometrial cancer [131]. In that same 
population, the risk of endometrial cancer was 
50% less among raloxifene users compared to 
nonusers [131]. Usually the endometrium is 
inactive.

�Clomiphene Citrate

Clomiphene citrate is another SERM that is 
used to induce ovulation in the treatment of 
infertile patients who are anovulatory [1]. This 
hormone stimulates multiple follicles to 
develop, and ovulation follows. It is thought to 
act by competitively binding to estrogen recep-
tors in the hypothalamus, causing increased lev-
els of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) that induce ovulation. 
Like tamoxifen, clomiphene citrate has been 
found to have estrogenic as well as antiestro-
genic activity.

Morphologic effects of clomiphene on the 
endometrium are difficult to assess. Biopsies often 
are performed in the luteal phase of clomiphene-
induced cycles to assess the endometrial develop-
ment. Usually the pattern is that of normally 
developing secretory phase endometrium. One 
study of the morphologic effects of clomiphene 
citrate on the endometrium suggested that the drug 

Fig. 6.13  Tamoxifen-related polyp. Portion of a large 
polyp removed by curettage in a postmenopausal patient 
on tamoxifen for breast carcinoma. The glands have irreg-

ular, staghorn shapes and showed weak proliferative 
activity. The stroma varies from fibrous to edematous
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causes significant alterations in secretory phase 
development [132]. Decreased gland tortuosity 
with scant secretions in clomiphene-treated cases 
was described. The gland-to-stroma ratio was 
reportedly decreased relative to secretory endome-
trium in untreated women. In early secretory endo-
metrium, the subnuclear vacuoles appeared to be 
larger and more sharply defined, and later in the 
secretory phase, the luminal secretions appeared to 
be hyalinized and inspissated. The stroma also 
showed decreased predecidual change compared 
to untreated endometrium. This report suggests 
that clomiphene may cause reproducible morpho-
logic changes in secretory phase endometrium. 
Another study reported advanced secretory activ-
ity in clomiphene citrate-induced cycles [133]. 
Other investigators have found no changes in 
endometrial morphology following clomiphene 
citrate administration [134–136]. In our opinion, 
any morphologic changes associated with clomi-
phene citrate are subtle and difficult to appreciate 
by routine microscopy.

�Danazol

Danazol is structurally related to testosterone and 
is a weak androgen [137]. Its main metabolite, 
ethisterone, is a weak progestin, however [138]. 
This steroid is used for the treatment of endome-
triosis [1]. Because it suppresses endometrial 
growth, it also may be used to treat heavy men-
strual bleeding [139–142], symptomatic leiomy-
omas [142], and endometrial hyperplasia [143, 
144]. The side effect profile of acne, hirsutism, 
and weight gain makes it a less desirable treat-
ment option [139].

The few studies of the effects of danazol on 
the endometrium show changes similar to those 
found in progestin therapy [138, 145, 146]. 
Within a few months of use, the amount of tissue 
is reduced [147]. Glands show weak and irregular 
secretory changes with mild tortuosity, basal 
nuclei, and some cytoplasmic vacuolization. The 
stroma is hypercellular. With prolonged therapy, 
the glands become inactive with scant to no 

Fig. 6.14  Tamoxifen effect with secretory change. Endometrial biopsy from a woman with breast cancer shows weak 
secretory effect manifested by small cytoplasmic vacuoles
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secretory activity [137, 146–148]. Vascular ecta-
sia also can occur [149]. Occasionally there is 
some proliferative activity with stromal and glan-
dular mitoses.

�Human Menopausal Gonadotropins/
Human Chorionic Gonadotropin

Human menopausal gonadotropins (hMG or 
menotropins) are extracted from the urine of 
postmenopausal women and consist of FSH and 
LH. These drugs are used to induce ovulation in 
the treatment of infertility due to anovulation, 
such as polycystic ovarian disease. Human chori-
onic gonadotropin (hCG) has structural and bio-
logic similarities to LH and is used to simulate 
and improve on the midcycle LH surge associ-
ated with ovulation. This hormone is used in con-
junction with hMG and can be used along with 
clomiphene citrate-induced ovulation.

The effects of hMG and hCG on endometrial 
morphology are difficult to define. Some studies 
suggest that the main change caused by adminis-
tration of hMG/hCG is endometrial “inadequacy” 
with delayed development of more than 2 days 
when the histologic date is compared to the 
chronologic date [150–153]. In one study, 27% of 
patients treated with hMG/hCG showed inade-
quacy in development with out-of-phase histo-
logic dates [150]. Other studies, however, have 
reported “advanced” histology with more highly 
developed secretory changes than expected for 
the cycle day, gland-stromal dyssynchrony, or 
normal glandular development [154, 155]. 
Despite the apparent discrepancies in the findings 
between studies, there are no specific morpho-
logic alterations that can be definitely correlated 
with the effects of these hormones. There is a 
positive relationship between endometrial thick-
ness and clinical pregnancy with in vitro matura-
tion (IVM) treatment [156]. When comparing 
low-dose human menopausal gonadotropin and 
micronized 17beta-estradiol supplementation to 
improve endometrial thickness during IVM, both 
showed significant improvement in endometrial 
thickness, but hMG had the additional advantage 
of larger ovarian follicles and a greater number of 

in vivo matured oocytes [157]. For the patholo-
gist interpreting biopsies from women who 
receive these hormones, accurate histologic clas-
sification into early, mid or late secretory phase is 
the most important consideration.

�Gonadotropin-Releasing Hormone 
Agonists

Gonadotropin-releasing hormone (GnRH) ago-
nists include leuprolide acetate, buserelin acetate, 
and goserelin acetate. They are also referred to as 
“luteinizing hormone-releasing hormone ago-
nists.” These preparations are used to suppress 
the endometrium prior to resectoscopic ablation 
and to decrease the size of leiomyomas before 
surgical removal [158, 159]. They are also used 
to prevent spontaneous LH surges before oocyte 
retrieval and to improve follicular development 
for ovulation induction during in vitro fertiliza-
tion (IVF) and gamete intrafallopian transfer 
(GIFT) [1]. In conjunction with progestins, these 
compounds may also have utility for contracep-
tion. When they are used to suppress endometrial 
growth, GnRH agonists cause marked atrophy of 
the endometrium [141, 149]. When GnRH ago-
nists are used in conjunction with a progestin, the 
endometrium shows apparent secretory changes 
consistent with progestin effect [160].

�Antiprogestin RU486

The synthetic progestogenic steroid RU486, or 
mifepristone, has high affinity for progesterone 
receptors in the endometrium, which causes its 
antiprogesterone action [161]. Its main use is for 
medical abortion, which involves the use of med-
ications rather than a surgical procedure for ter-
mination of early pregnancy. The effects on the 
uterus include necrosis of the capillary endothe-
lium [162] and decidua [161] uterine contractility 
and sensitivity to prostaglandin [163]. The drug 
is used in high dose to induce early abortion and 
is most effective up to 63 days of gestation (cal-
culated from LMP). The more common regimen 
is oral administration of mifepristone followed 
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by misoprostol, a prostaglandin E1 analogue, 
48 h later.

Mifepristone also has been used to treat leio-
myomas and pain in women with endometriosis 
[164]. Daily administration has contraceptive 
potential and has been shown to block ovulation 
[165, 166]. Studies suggest that with longer-term 
use, the secretory phase is not appropriately 
developed [161, 167–174].

One case report of an adolescent female osteo-
porosis treated with high-dose mifepristone for its 
antiglucocorticoid effect describes recurrent dif-
fuse simple hyperplasia of the endometrium 
[175]. Controversy has been associated with the 
histological effects on women receiving low-dose 
mifepristone for 6  months for the treatment of 
fibroids. One study reported simple non-atypical 
hyperplasia in 28% [176]. A National Institutes of 
Health sponsored workshop evaluated the effects 
of mifepristone (including the specimens from the 
aforementioned study), asoprisnil, ulipristal ace-
tate, and JNJ-17072341. Premalignant lesions 
such as atypical hyperplasia/EIN were not identi-
fied. There was a subset of cases with asymmetry 
of stromal and epithelial growth resulting in 
prominent cystically dilated glands with admixed 
estrogen (mitotic) and progestin (secretory) 
effects [69, 177]. These effects are consistent with 
progesterone receptor modulators (PRM) and the 
previously mentioned PRM-associated endome-
trial changes (PAEC) in the ulipristal acetate sec-
tion above. In postmenopausal women receiving 
estrogen alone, this drug has effects similar to 
those of progesterone, suggesting it acts as a pro-
gesterone agonist [161, 167, 168, 178].

�Clinical Queries and Reporting

A wide variety of indications for hormone use 
influence the reasons for biopsy and the clinical 
questions posed to the pathologist. Most biopsies 
that show hormone effects are performed for one 
of the following reasons: (1) surveillance during 
postmenopausal hormone replacement therapy, 
(2) evaluation of abnormal uterine bleeding 
related to hormone therapy, (3) assessment of 
treatment of hyperplasia or carcinoma, and (4) 

evaluation of the status of the endometrium 
following hormone induction of ovulation or 
endometrial growth in infertility therapy. For 
each of these indications, there are specific con-
siderations in interpretation and reporting.

�Postmenopausal Hormone 
Replacement

Surveillance biopsy of asymptomatic postmeno-
pausal patients receiving estrogen or estrogen–
progestin replacement therapy usually is an 
office-based procedure intended to provide a 
small representative sample. The primary con-
cern is whether the endometrium shows evidence 
of hyperplasia or neoplasia that would require 
cessation or change of the hormone therapy. The 
presence or absence of these changes should be 
explicitly stated in the report. This information 
can appear either in the diagnosis or as a com-
ment. In these cases, accurate reporting of the 
degree of proliferative activity, if any, also is 
important.

�Abnormal Uterine Bleeding

There are several situations in which hormone 
therapy is related to abnormal bleeding. 
Sometimes patients on oral contraceptives or 
other progestins experience “breakthrough bleed-
ing,” which indicates bleeding of a noncyclical 
type. This may occur as irregular bleeding during 
the first few months of oral contraceptive use or 
later after many months of oral contraceptive use. 
Often the bleeding is caused by glandular atrophy 
and increased “fragility” of the tissue with focal 
glandular and stromal breakdown. In other situa-
tions, hormone therapy may be used as primary 
therapy for abnormal bleeding, especially AUB 
due to ovulatory dysfunction (see Chap. 5). 
Usually these patients have anovulatory cycles, 
and a progestin is given to suppress proliferation. 
If the bleeding is not controlled by progestin, 
then curettage is performed.

Other hormone therapies may also lead to 
abnormal bleeding. For example, tamoxifen ther-
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apy for breast cancer, or estrogen replacement 
therapy for menopausal symptoms, may be asso-
ciated with bleeding. Biopsy in such cases is per-
formed to rule out significant structural lesions. 
Also, megestrol acetate (Megace) therapy for 
breast cancer may lead to decidual transforma-
tion of the endometrium with focal glandular and 
stromal breakdown. In any of these cases in 
which hormone therapy is associated with abnor-
mal bleeding, the biopsy is performed to assess 
the status of the endometrium and to rule out pos-
sible underlying inflammation or structural disor-
ders such as polyps, hyperplasia, or neoplasia. In 
addition, the biopsy may be therapeutic, remov-
ing the abnormal tissue that is bleeding. Most of 
these biopsies show progestin effects that range 
from decidual patterns to inactive patterns. When 
the patient has received unopposed estrogen, 
however, the pattern usually is proliferative. A 
specific diagnosis should be rendered. If this is 
not possible, a descriptive diagnosis should be 
made. When glandular and stromal breakdown 
also is present, this should be reported. In all 
these cases, it is important to exclude other 
lesions such as hyperplasia or carcinoma, so a 
comment regarding the absence of these lesions 
is generally indicated.

�Treatment of Hyperplasia 
and Endometrioid Carcinoma

Hyperplasia, either with or without atypia, may 
be managed by progestin therapy to suppress 
gland growth and then re-biopsied to determine 
the efficacy of the therapy. In these cases, it is 
important to note whether or not there is evidence 
of continued persistent hyperplasia and whether 
or not atypia is found. In progestin-treated hyper-
plasia, the underlying pattern of gland growth 
and cellular differentiation often becomes dis-
torted. Frequently the tissue resembles that seen 
in early pregnancy. When there is a well-
developed decidua-like response, it is difficult to 
fully assess the degree of gland complexity, and 
the secretory changes of the glands make evalua-
tion of cytologic atypia difficult or impossible. 
Generally, cytologic atypia and mitotic activity 

are suppressed by progestin treatment, and the 
gland cells show rounded nuclear contours, con-
densed chromatin, and loss of nucleoli. It is 
important to state clearly that progestin effect is 
present and that it may not be possible to assess 
fully the degree of the glandular abnormality. An 
effort also should be made to review the previous 
material to assess the effect of the therapy on the 
hyperplasia.

Studies have evaluated the effect of progestin 
therapy on complex atypical hyperplasia and 
well-differentiated endometrioid carcinoma to 
assess features that would predict the effective-
ness of the therapy [32, 179]. These patients often 
are poor surgical candidates or wish to preserve 
fertility if premenopausal. Most patients were 
treated with an oral progestin or a progestin-
releasing IUD.  In women with a pre-treatment 
diagnosis of complex atypical hyperplasia 
(CAH), progestin therapy generally decreases the 
glandular crowding and complexity of the indi-
vidual glands; however, small foci of glandular 
confluence (cribriform pattern) may be present 
[179]. Metaplastic changes including eosino-
philic, squamous, and mucinous changes are fre-
quent [179]. In women with a pre-treatment 
diagnosis of well-differentiated carcinoma, 
glands displaying complex outlines and conflu-
ency (cribriform and/or papillary patterns) are 
often present and may be more pronounced in 
post- rather than pre-treatment samples [179]. 
Cytoplasm is usually eosinophilic, and the meta-
plastic changes are similar to those encountered 
in progestin-treated CAH [179].

To fully evaluate the response to treatment, it 
is important to review the pre-treatment biopsy 
and all subsequent posttreatment specimens 
available for review [179]. This is important 
because studies found that most cases showed 
resolution of the process, but persistence of cyto-
logic atypia and architectural abnormalities after 
6 months of therapy were associated with treat-
ment failure. One study, however, did find that 
confluent or cribriform gland patterns did not 
imply disease persistence or progression and that 
only cytologic atypia was important in determin-
ing treatment failure [32]. That study also noted 
that eosinophilic and mucinous cytoplasmic 
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changes were frequently seen following proges-
tin therapy and occasional cases also showed 
squamous change. See Chap. 9 (Endometrial 
Hyperplasia, Endometrial Intraepithelial 
Carcinoma, and Epithelial Cytoplasmic Change) 
and Chap. 10 (Endometrial Carcinoma) for fur-
ther details.

�Infertility Therapy

When a biopsy is done during hormone therapy 
in the infertile patient, the clinical questions 
depend on the hormone used and the indication 
for biopsy. Often before beginning treatment, the 
clinician would like to rule out a structural cause 
for infertility such as endometrial polyps, uterine 
septa, submucosal leiomyomas, chronic endome-
tritis, or endometrial hyperplasia or carcinoma. 
During treatment with a drug, such as clomi-
phene citrate, the reproductive endocrinologist or 
gynecologist wishes to know whether secretory 
phase development has occurred (see Chap. 2). 
When ovulation-inducing medication is used, 
one obvious question is whether the endome-
trium shows secretory changes that reflect ovula-
tion or if the pattern is proliferative. Historically, 
this determination required accurate histologic 
dating of secretory endometrium (see Chap. 2). 
However, when the clinician requests accurate 
dating of secretory phase endometrium, a diagno-
sis of early, mid-, or late secretory phase endome-
trium is recommended [180].

In addition to the specific situations for hor-
mone use given in the preceding, hormone 
effects, especially progestin-related changes, can 
be found in other biopsy specimens when the 
hormone use is incidental. These cases include 
biopsies performed during evaluation of pelvic 
pain, pre-hysterectomy sampling, or curettage at 
the time of tubal ligation. Furthermore, progestin 
effects can persist for a variable period of one or 
more months after the drug is discontinued. 
Occasionally, some of these cases may represent 
an endogenous progestin effect with no exoge-
nous hormone use. Consequently, the finding of 
the histologic changes of apparent progestin 
effect is not negated by the clinical history. When 

the biopsy clearly shows a progestin effect, we 
recommend a brief description of the gland and 
stroma changes followed by the term “consistent 
with exogenous hormone therapy effect” as the 
diagnosis. For example, “Inactive decidualized 
endometrium, consistent with exogenous hor-
mone therapy effect.”

In some cases the glands and stroma show 
some changes that suggest progestin effect but 
the features are not diagnostic. Usually these 
cases show glands with poorly developed secre-
tory changes and plump stromal cells that appear 
to be partly decidualized. If the clinical history 
does not establish progestin use and the changes 
by themselves are not diagnostic of progestin 
effect, then it is best to give a descriptive diagno-
sis. This diagnosis can reflect the fact that 
irregular secretory changes are present and sug-
gest the possibility of progestin effect. A descrip-
tive diagnosis would serve to indicate that the 
changes are benign and caused by an imbalance 
in the amounts of sex steroid hormones, regard-
less of their source.
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