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Progesterone receptor modulators (PRMs) have been used for contraceptive research, as well as for treatment of
fibroids, endometriosis and heavy or irregular menstrual bleeding. Long-term treatment with these compounds
results in changes to the endometrium resulting in potential confusion in trying to characterize endometrial biopsies.
A meeting was held to discuss the properties of PRMs, the effects of perturbed hormonal control of the endometrium
and the need for further understanding of the biology of progesterone receptor action to facilitate the development of
new PRMs. A panel of pathologists was convened to evaluate endometrial changes associated with a minimum of three
months of chronic treatment with PRMs. Four different agents were used in the treatment regimens but the pathol-
ogists were blinded to treatment regimen or agent. The panel agreed that the endometrial biopsies did not fit into a
classification of either proliferative or secretory endometrium but exhibited an unusual architecture that could be
characterized as glandular dilatation. There was little evidence of mitosis, consistent with a proposed anti-prolifera-
tive effect of PRMs. The panel concluded that the biopsies did not reveal evidence of safety concern and that pathol-
ogists and investigators familiar with endometrial effects of chronic PRM exposure should consider working with
pharmaceutical companies and regulatory agencies to develop standard descriptions of PRM-associated endometrial

changes as well as the types of histologic changes that would signal a need for intervention.

Introduction

Progesterone receptor modulators (PRMs), defined as any
molecule that binds the ligand-binding domain of the progesterone
receptor (PR), have been used for contraceptive research, as well
as treatment of fibroids, endometriosis and heavy or irregular
menstrual bleeding. Long-term treatment with these compounds
results in changes to the endometrium, but no standard descriptors
exist for these changes, and many pathologists are unfamiliar with
endometrial changes associated with chronic PRM use. In
addition, the mechanisms underlying hormone action on the endo-
metrium, particularly through the PR, are still poorly understood.
On 7-8 April 2006, the Center for Population Research at the
National Institute of Child Health and Human Development
(NICHD), with additional support from the Division of Cancer
Treatment and Diagnosis, the Division of Cancer Treatment and
the Office of Women’s Health of the National Cancer Institute

"Report of a meeting held in Bethesda, MD, on 7—8 April 2006. The contents of
this article reflect both individual and collective opinions of the meeting par-
ticipants and are not intended to represent the official position of the US
Department of Health and Human Services, or the National Institutes of Health;
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and the National Institutes of Health (NIH) Office of Research
on Women’s Health, convened a meeting to discuss what is
known about the hormonal milieu of the endometrium, the proper-
ties of PRMs, the effects of perturbed hormonal control of the
endometrium and the need for further understanding of the
biology of PR action to facilitate the development of new
PRMs. Also discussed were limitations to endometrial assessment
and future directions for regulatory interpretation of endometrial
changes with chronic PRM treatment. The following summarizes
the workshop’s deliberations and conclusions.

The endometrium and the menstrual cycle

Estrogen and progesterone are key hormones for steroid action
within the endometrial cycle. Following menstruation and repair,
the developing ovarian follicle produces estrogen, which promotes
endometrial proliferation and stimulates expression of both the
estrogen receptor (ER) and the PR across all cell types (Bouchard
et al., 1991). Much of what is known about the endometrial prolif-
erative phase is based on studies done in non-human primates.
During repair and proliferation, mitosis occurs in the functionalis
layer of the endometrium (Fig. 1), a highly active layer consisting
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Secretory

Proliferative

Figure 1: Proliferative and secretory endometrium Representative prolifera-
tive or secretory endometria are from cycling cynomolgus macaques
(Macaca fascicularis). Basalis: stroma and glands of the basalis layer of the
endometrium which is largely maintained after menstruation. Functionalis:
stroma and glands in the endometrial tissue layer, that is sloughed during men-
struation. Myo: myometrium portion of the uterus. Images are courtesy of R.M.
Brenner, Oregon National Primate Research Center. Original magnifications
~100x

of glands supported by stroma (McClellan et al., 1986; Brenner
et al., 2003). Results from studies in which bromodeoxyuridine
(BrdU) was used to specifically label functionalis or basalis cells
(RM. Brenner and O.D. Slayden, personal communication)
demonstrated that the basalis layer may not serve as a source of
stem cells for endometrial regeneration after normal menstruation.
Instead, changes in the microenvironment may reprogram the few
functionalis cells remaining after menstruation to regenerate a new
functionalis.

Following ovulation in the human, the corpus luteum produces
progesterone which transforms the proliferative endometrium into
the secretory structure required for implantation and pregnancy.
Mitosis stops in the functionalis layer; in macaques, it begins in
the basalis at this time (McClellan er al., 1986; Brenner et al.,
2003). Glands acquire glycogen, which is converted to glycopro-
teinaceous secretions that support or enhance implantation.
Stromal cells undergo predecidualization in which spindle-shaped
fibroblasts become plump, epithelia-like cells, and these predeci-
dual cells aggregate in the upper functionalis, forming a
compact layer that can receive the embryo. Initial production of
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progesterone during the ovarian luteal phase occurs in concor-
dance with ER and PR expression in the secretory endometrium.
However, expression of both receptors disappears at ~7—10 days
after ovulation, corresponding with the usual time of implantation
(Wilcox et al., 1999). At this point, progesterone acts alone on
stromal cells and estrogen production disappears (DeZiegler
et al., 1998), which is critical for uterine receptivity. The temporal
and spatial regulation of the ER and PR is apparent only in the
functionalis; PR expression is continuous throughout the cycle
in the basalis. In the absence of fertilization, progesterone is even-
tually withdrawn with the death of the corpus luteum, resulting in
the loss of lysosomal integrity (Salamonsen et al., 1999). This loss
leads to enzymatic degradation of the functionalis, which is
cleaved from the basalis and sloughed off in menstrual blood.

Genomic expression patterns in the endometrium can be separ-
ated based on steroid receptor patterns and the phase of the men-
strual cycle with different effects in the stromal cells or the
epithelial cells (Lessey, 2003; Talbi et al., 2006). During the pro-
liferative phase, genes involved in the cell cycle, cell signaling and
DNA replication are expressed. Genes involved in secretion, ion
transport and metabolism are expressed during the early secretory
phase, and genes involved in cell adhesion and in the negative
regulation of cell division are expressed at middle stages in the
secretory phase. The late secretory phase is characterized by the
expression of genes required for menstruation.

Consequences of altered steroid action
in the endometrium

Endometrial cells require a balance between estrogen and pro-
gesterone production. The absence of progesterone removes the
‘progesterone brake’, leading to persistent estrogenicity and con-
stant endometrial proliferation. The endometrium can become
disordered, although the ratio of stroma to glands remains
normal, and vascular abnormalities such as dilated capillaries
become apparent (Ferenczy and Mutter, 2004).

In women with polycystic ovarian syndrome (PCOS), endo-
metrial ER expression persists into the secretory phase and is
high in both the stroma and the lumen, and coactivators are over-
expressed (Gregory et al., 2002). Androgens also appear to play a
role in endometrial physiology. Endometrial expression of the
androgen receptor (AR) is higher in women with PCOS than in
women with normal endometrium, which putatively contributes
to the poor reproductive performance associated with PCOS
(Apparao et al., 2002).

Women with endometriosis have altered endometrial gene
expression patterns compared with women with normal endome-
tria (Giudice, 2003; Kao et al., 2003). Cyr61 stimulates adhesion
and angiogenesis and its expression is altered in women with
endometriosis. In normal endometrium, Cyr61 is expressed in
the proliferative phase but disappears by the mid-secretory
phase. In women with endometriosis, however, Cyr61 expression
persists throughout the cycle potentially contributing to endome-
triotic lesions (Absenger et al., 2004). Anti-estrogen and antipro-
gestin agents appear to inhibit Cyr61 expression, thus, regulation
of Cyr61 is a candidate as a mechanism of action for the thera-
peutic role for PRMs in the treatment of endometriosis
(Sampath et al., 2002; Absenger et al., 2004).
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Steroidal treatment

All cell types within the endometrium, including epithelial, endo-
thelial, stromal, vascular and white cells, appear to respond to pro-
gestin treatment. Furthermore, the endometrial effects of progestin
treatment derive from the effects of exposure to endogenous steroid
production, combined with the consequences of the route through
which exogenous steroid is delivered. Some of these differences
are based on differences in the down-regulation of the PR and
are most likely mediated by the PR-A subtype (Critchley et al.,
1998b). As demonstrated by an examination of spiral arterioles,
the PR is expressed perivascularly (Critchley et al., 2001). A
recent study indicates that ER-B and PR, but not ER-a, are
expressed in the endothelial cells (Krikun et al., 2005).

The combined oral contraceptive pill (COCP) provides a
systemically administered regimen of ethinyl estradiol (EE) and
a progestin. Prolonged use of the COCP results in the replacement
of cyclic changes with an atrophic state in which the endometrium
is shallow and inactive, with limited regeneration. The prolifera-
tive phase is brief, resulting from the inhibitory action of the con-
stituent progestin. In addition, the secretory endometrium lacks the
features of the mid- to late luteal phase (Buckley and Fox, 1989),
and thin, dilated blood vessels and defects in blood-vessel wall
integrity are apparent (Charnock-Jones ef al., 2000). In a recent
study (Anderson et al., 2005), the endometrium was atrophic or
inactive in two-thirds of COCP users, but no hyperplasia was
found.

The levonorgestrel (LNG) intrauterine system (IUS) delivers a
high dose of androgenic progestin via a local route of adminis-
tration but does not inhibit ovulation. Endometrial levels of this
progestin are 1000 times higher than that seen with oral or sub-
cutaneous routes of administration. The LNG-IUS has become a
popular treatment for heavy bleeding (Anderson and Rybo,
1990). In one study, 64% of women using the LNG-IUS for
6 months canceled their scheduled hysterectomies, compared
with 14% of women in the control group (Lahteenmaki er al.,
1998). In another study (Barrington and Bowen-Simpkins,
1997), 74% of women using the LNG-IUS for 12 months experi-
enced reduced menstrual bleeding within 3 months. In a more
recent study, however, Hurskainen and colleagues (2004) found
that within 5 years, 42% of women using the LNG-IUS as a treat-
ment for menorrhagia had undergone hysterectomy, suggesting
that breakthrough bleeding is still problematic for some women
using these types of treatment. Endometrial morphology in
women using the LNG-IUS is typical of that observed in women
who use progestins long-term, including atrophic glands, decidua-
lized stroma, down-regulation of the ER and PR and changes in
blood vessel integrity (Critchley er al., 1998a; Ferenczy, 2003).
In addition, the AR, which is usually expressed only in the
stroma during the proliferative phase and is down-regulated in
the late secretory phase, is continuously down-regulated at 3, 6
and 12 months following LNG delivery (Burton et al., 2003).

No single factor has been identified to explain the mechanism
underlying breakthrough bleeding. It may be that the dilated,
superficial and fragile endometrial blood vessels associated with
progestin-only contraception might result from alterations in the
basement membrane. Another possibility is the role of hypoxia-
or reperfusion-induced free radicals in promoting alterations in
angiopoietin response (Krikun et al., 2002). Yet another
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possibility is the perturbation of angiogenesis, which is influenced
by endocrine and paracrine factors and by hormone manipulation
(Lebovic et al., 2000). Progesterone increases the expression of
the angiogenesis inhibitor, TSP-1 (Mirkin and Archer, 2004),
and antiprogestins inhibit it.

Hyperplasia, endometrial polyps and endometrial cancer
Sustained, persistent estrogenic stimulation in the absence of pro-
gestin ultimately results in hyperplasia. In the Post-menopausal
Estrogen/Progestin Interventions (PEPI, 1996) trial, 60% of
women receiving only estrogen had hyperplasia, which was
apparent as early as 3—4 months following the initiation of treat-
ment. No increase in hyperplasia was seen with a combination of
estrogen and progestin (medroxyprogesterone actetate) versus
treatment with a placebo. In another study, hyperplasia was
observed in 15% of women receiving unopposed estrogen but in
less than 1% of women treated with a combination of estrogen
and the progestin, norethindrone acetate (Kurman et al., 2000).
In one study of women with dysfunctional bleeding, the preva-
lence of hyperplasia or cancer was 6.8%, and cycle irregularity,
hypertension and age were cited as prominent risk factors
(Ash et al., 1996).

A study of premenopausal women undergoing operative
hysteroscopy found a low rate of hyperplasia and no cancer, but
a high rate (about 75%) of endometrial polyps (Machtinger
et al., 2005). The prevalence of endometrial polyps also has
been examined in premenopausal women with abnormal bleeding
(Farquhar et al., 1999; DeWaay et al., 2002), perimenopausal
women (Goldstein et al., 2002), infertile women undergoing IVF
(Hinckley and Milki, 2004; Shokeir et al., 2004; de Sa Rosa e
Silva et al., 2005) and a placebo group in a breast cancer trial
(Chalas et al., 2005). Prevalence varied by study, ranging from
2 to 32%. The most consistent risk factors among these studies
were weight of 90 kg or more and age of 40 or 45 years and
older. Although endometrial polyps had been reported as precur-
sors for cancer, the prevalence of polyps that did progress to
cancer ranged 0—4.5% in studies of premenopausal, perimenopau-
sal and post-menopausal women (Bakour et al., 2000; Goldstein
et al., 2002; Savelli et al., 2003; Ben Arie et al., 2004; Shushan
et al., 2004).

Only 10-20% of endometrial cancers occur in premenopausal
women (McGEE, 1958; Peterson, 1968; Crissman et al., 1981;
Gallup and Stock, 1984; Jeffrey et al., 1986), and only 2—5%
occur in women younger than 40 years (Nisker er al., 1978;
Jeffrey et al., 1986; Gronroos et al., 1993). Hyperplasia is of par-
ticular concern as a cancer precursor. It is generally agreed that
hyperplasia without cytological atypia is not a precursor to
cancer. In contrast, several studies have reported endometrial
hyperplasia with atypia coincident with carcinoma (Kurman
et al., 1985; Hunter et al., 1994; Widra et al., 1995; PEPI Trial
Writing Group, 1996; Ho et al., 1997; Zaino, 2000; Agostini
et al., 2001; Valenzuela et al., 2003; Novac et al., 2005; Shutter
and Wright, 2005). The percentage of hyperplasia without atypia
progressing to cancer ranged 0.5-4.5%, whereas those with
atypia carry a 25% average progression rate to cancer. These
studies were mainly done in post-menopausal women. In
New Zealand, as guidelines for cancer screening were under
development, endometrial samples obtained between 1995 and
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1997 from premenopausal women with abnormal uterine bleeding
were reassessed (Farquhar et al., 1999). Of the 1003 women ident-
ified, 4.4% overall had hyperplasia or carcinoma. Prominent risk
factors included infertility, nulliparity, weight >90 kg, age >45
years and family history of colon cancer. Family history of
endometrial cancer was important only in cases of complex
hyperplasia or complex hyperplasia with atypia. On the basis of
these reassessments and a calculated probability of progression
from hyperplasia to cancer, investigators calculated that 21
women would have to be screened to detect one case of endo-
metrial cancer, if simple hyperplasia cases were included. If
screening was limited to complex hyperplasia, 34 women would
have to be screened. The New Zealand guidelines thus recommend
that among women experiencing heavy bleeding, all women
weighing 90 kg or greater and aged 45 years or older should
undergo an endometrial evaluation, either by transvaginal ultra-
sound or EM sampling (http: //www.nzgg.org.nz).

Assessing the endometrium

Pathology and histology

The traditional scheme for classifying endometrial biopsies was
developed in 1994 by the World Health Organization (WHO)
(Scully et al., 1994) and is still used in clinical trials, including
those evaluated by the US Food and Drug Administration
(FDA). This scheme includes four categories categorized by
glandular architecture and cytology—simple, hyperplasia
without atypia; complex hyperplasia without atypia; simple
hyperplasia with atypia and complex hyperplasia with atypia.
The presence of atypia is considered a major discriminator for
precancerous lesions. The WHO classification scheme is limited
by difficulties in assessing endometrial cytology, by poor inter-
observer reproducibility and by a tendency for pathologists to
overdiagnose benign lesions as hyperplasia (Winkler er al.,
1984; Mutter et al., 2000a,b; Zaino, 2000; Wright et al., 2002).
Baak and colleagues have devised another classification system
based on morphology, morphometry, clonality and immunohisto-
chemistry (Baak et al., 2005; Hecht et al., 2005). This has led to
a clinically predictive diagnosis schema (Table 1), in which endo-
metrial intraepithelial neoplasia (EIN) lesions diagnosed by

Table 1: EIN classification

routine hematoxylin and eosin histology have a 45-fold increased
risk for future carcinoma (occurring > 1 year after EIN diagnosis).
Negative predictive value is very high; 39% of patients with EIN
had cancer diagnoses within the first year, compared with 0% of
patients for which the diagnosis was benign (not EIN) (Baak
et al., 2005).

An element of the EIN system is the integration of PTEN inac-
tivation as a marker for malignant potential (Mutter et al.,
2000a,b). PTEN is a tumor suppressor gene that regulates the
rate of cell division and enables apoptosis. Under normal con-
ditions, PTEN expression is robust in an estrogen-rich environ-
ment such as the proliferative endometrial glands and stroma.
Mutations in PTEN, resulting in PTEN-null cells, are commonly
present in cancer cells, including endometrial cancer (Risinger
et al., 1997). In a study of normal, proliferating endometrial
samples, Mutter and colleagues (2001) found that 43% contained
glands in which PTEN was absent. These glands were not shed
during the menstrual cycle; 83% of women with PTEN-null
glands still carried them after 1 year. PTEN-null cells thus
would have an advantage in this environment due to resistance
to apoptosis. In the presence of progesterone, PTEN levels in
normal cells decline, extending their lifespan. The result is that
both normal and PTEN-null cells would compete more equally
for survival. Hormone action, therefore, can act as a positive or
negative selection factor for mutant clones.

However, additional, as yet unknown, changes must occur
before these cells become malignant. The diagnosis of EIN is
based on histopathologic observations of monoclonal lesions
that progressed to carcinoma in individual patients; including
evidence that cytology in lesion cells differs from that found in
background cells, that the glands in these lesions are not always
atypical, and that the absolute appearance of all neoplastic
glands is inconsistent among patients. By the time these lesions
have expanded into recognizable precancerous aggregates, secon-
dary genetic changes have occurred, the cumulative effect of
which is the promotion of aggressive behavior. Thus the transition
from premalignancy to malignancy involves a transformation of a
benign neoplasm to a malignant one.

The EIN model has several diagnostic implications. Larger-
scale topography is important for determining whether lesions
are benign, premalignant or malignant. Systemic effects, such as

Classification Characteristics

Recommended treatment

Endometrial hyperplasia

EIN EIN lesions are monoclonal as demonstrated by X-chromosome inactivation or
clonal propagation of altered microsatellites, and about two-thirds have
functional inactivation of PTEN. Defined by five specific diagnostic criteria that

are lacking in the WHO schema:

Includes the WHO categories of simple and complex hyperplasia without atypia.

Progesterone therapy or
trans-abdominal hysterectomy
Like atypical endometrial
hyperplasia, EIN would be treated
with hormonal therapy or surgery

(i) cytology that differs between architecturally crowded foci and background;
(ii) stromal volume, i.e. <55% of the total endometrium;

(iii) maximum linear dimension >1 mm;
(iv) exclusion of adenocarcinoma;
(v) exclusion of benign mimics.

Adenocarcinoma

Cells have invaded the stroma and myometrium.

Treatment based on surgical stage

EIN, endometrial intraepithelial neoplasia.
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those of estrogen on the endometrium, produce changes that are
irregular on a small scale but regular throughout the endometrial
compartment, whereas premalignancies are monoclonal processes
that begin as an expanding localized lesion. It is not atypical
cytology, so much as changed cytology between the background
and the localized lesion that is critical for diagnosis. Thus, the
precancerous EIN is distinguished from endometrial hyperplasia
based on molecular and morphometric characteristics. The
system eliminates management dilemmas, and inter-observer
reproducibility is better than that for the WHO classification
system (Baak et al., 2005). However, more validation is needed
in community practice, and no consensus has yet been reached
on the need to change the WHO classification.

Endometrial dating

Because the basalis layer of the human endometrium is less
responsive to hormonal stimuli, pathologists do not use this
layer to date endometrial biopsies. Noyes criteria (1956, 1963),
which were developed based on predictable patterns of morpho-
logical characteristics associated with the proliferative phase or
the secretory phase of the endometrial cycle, have traditionally
been used to date endometrial biopsies. However, work by
Lessey and colleagues (2000) suggests that these criteria might
be more variable than originally stated, and other studies have
questioned the accuracy of these criteria (Coutifaris et al., 2004;
Myers et al., 2004). Inter-observer reproducibility also is proble-
matic for this approach (Myers et al., 2004).

The detection and counting of cells undergoing mitosis is the
best tool for examining the proliferative endometrium. Traditional
S-phase markers such as tritiated thymidine and BrdU have been
used to study mitosis in the glands, stroma and endothelium.
The Ki67 antibody (Gerdes et al., 1983) also has been used exten-
sively and has proven useful for examining patterns of prolifer-
ation, but this antibody detects antigen expressed during all
phases of the cell cycle and therefore is not specific to cells under-
going mitosis. Likewise, the KiS2 antibody, or p100 (Heidebrecht
et al., 1997), also detects antigen expressed from S-phase to
mitosis, but this antibody is somewhat weaker than that against
Ki67. MPM2 (Westendorf et al., 1994), which detects several pro-
teins that are phosphorylated during mitosis, is more specific, but it
also stains unknown material in the cells. PCNA, which primarily
detects proteins associated with DNA synthesis, is another mitotic
marker. A recently developed antibody, which detects phosphory-
lated histone H3, can be used with computer-assisted analysis to
improve mitotic counts per gland area (Brenner et al., 2003),
and the use of this antibody correlates well with traditional
mitotic counts in human and macaque endometrium.

Pathologists and histologists are asked to make predictions
based on biopsies, which can provide only a snapshot of the endo-
metrium at a certain point in the menstrual cycle, and both face
problems with reproducibility and current classifications. Avail-
able histological classifications do not account for functional
changes such as steroid receptor expression or proliferation
markers. In addition, traditional histology has relied on Pipelle
sampling, which captures tissue only from the functionalis layer,
disrupts the spatial arrangement of tissue, and misses the overall
complexity of the endometrium. Furthermore, the lines between
endometrial stages are somewhat arbitrary and staging correlates

Progesterone receptor modulators and the endometrium

better with the actual LH surge than with defined lengths of preo-
vulatory or postovulatory phases (Johannisson et al., 1987). This
difficulty may be overcome in the future with the use of
genomic analysis and hierarchical clustering classifying endo-
metrial biopsies into stages based on gene expression.

Imaging

Invasive imaging techniques tend to offer more accuracy in
assessing the endometrium. Hysteroscopy, e.g. provides a visual
inspection of the endometrial epithelium and can aid in identifying
structures that impinge upon the endometrium and cause distor-
tions. However, hysteroscopy does not provide information
about the biology underlying the observed changes. In addition,
invasive techniques carry the risk, although rare, of complications
such as perforation, bleeding and infection.

Non-invasive imaging techniques are appealing, but they are
limited by the lack of surrogate markers that would allow for the
prediction of major health problems. In addition, research based
on these methods has been limited to studies in post-menopausal
women or in premenopausal women undergoing fertility treat-
ment, and these studies usually have examined only endometrial
thickness which does not necessarily correlate with histology.
Among available non-invasive techniques, ultrasound has been
the most widely used in assessing the endometrium. In a prospec-
tive trial in which 77% of the women were premenopausal
(Goldchmit et al., 1993), ultrasound images appeared to correlate
well with endometrial biopsies that were <5 mm thick and
showed only benign changes. The 2D ultrasound can distinguish
stages in the menstrual cycle based on endometrial thickness
and other characteristics, but the homogeneity of the endometrium
during the proliferative stage precludes distinct diagnoses. The 3D
and saline-infusion sonography (SIS) can be used to evaluate the
contours of and further delineate the pathology within the
uterine cavity. In addition, 3D ultrasound could be a highly accu-
rate imaging technique from a morphological standpoint.

All available imaging techniques are of varying utility as diag-
nostic tools. Transvaginal sonography (TVS) and SIS have been
useful in diagnosing endometrial polyps in pre- and post-
menopausal women, and SIS has aided in the diagnosis of
benign conditions in premenopausal women (Dueholm et al.,
2001; de Kroon et al., 2003; Cepni et al., 2005). TVS, SIS and hys-
teroscopy also have been useful in women undergoing endometrial
cautery (Dueholm ef al., 2002) and in identifying lesions in
women experiencing heavy bleeding (Critchley er al., 2004).
Although research on magnetic resonance imaging (MRI) and
computed tomography (CT) is limited, MRI has proven useful in
diagnosing adenomyosis in premenopausal women (Dueholm
et al., 2001), and both techniques have been invaluable in
detecting cancer (Walsh, 1992; Imaoka et al., 1999). CT has
proven effective in post-menopausal women, but it has not been
studied as a diagnostic tool in premenopausal women.

PRMs in clinical practice

PRMs include mifepristone, onapristone, CDB-2914 and °J
compounds’ such as asoprisnil (J867), as well as some others in
development (Fig. 2) (Chabbert-Buffet et al., 2005).
Mifepristone, which has demonstrated effectiveness as a con-
traceptive (Gemzell-Danielsson et al., 1993), is the most widely
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Figure 2: Structures of progesterone and some PRM compounds that are
currently in clinical trials for therapeutic indications. Mifepristone—Danco,
New York, NY, USA; Exelgyne, Paris, France; CDB-2914—HRA Pharma,
Paris, France; Asoprisnil—TAP Pharmaceutical Products, Inc, Lake Forest,
IL, USA.

studied of these compounds. Progesterone antagonists, such as
mifepristone, do not bind to the ER yet they inhibit endometrial
proliferation in women with endogenous estrogen (Brenner ef al.,
2002; Narvekar et al., 2004). PRM regulation of steroid receptors
in the endometrium has been explored in an effort to explain the
effect. Low-dose, chronic administration of mifepristone results
in the up-regulation of the ER and AR and the down-regulation
of the PR (Narvekar et al., 2004). Treatment with a combination
of estradiol (E,) and progesterone antagonists results in the
further up-regulation of the ER and PR in the epithelium,
expression of the AR in these cells and further up-regulation of
all three receptors in the stroma (Brenner et al., 2002). Although
evidence suggests that androgens may play a role, the antiprolifera-
tive effects of PRMs on the endometrium are not fully understood.

Clinical studies of the contraceptive effects of mifepristone
have shown varying effects based on dose and duration of use.
Low doses of mifepristone (0.1 or 0.5 mg daily) failed to inhibit
ovulation (Gemzell-Danielsson et al., 1997). In a contraceptive
study of the 0.5 mg daily dose, five pregnancies were observed
in 32 women over 141 cycles of exposure (Marions et al.,
1999). Higher daily doses of mifepristone appear to be more effec-
tive; in a study of women in Shanghai and Edinburgh who had not
used any other contraception, no pregnancies occurred in 200
months of exposure in 50 sexually active women on continuous
treatment with 2—5 mg daily (Brown et al., 2002). However,
5 mg of mifepristone taken weekly was less effective, with 3 of
18 women becoming pregnant during 63 cycles of treatment
(Marions et al., 1998). Another study of intermittent mifepristone
treatment ended early because of low efficacy; almost half the
study participants ovulated monthly, and three pregnancies
occurred in 56 women-months Godfrey er al., 2004). In other
studies, women received 5 or 10 mg mifepristone followed by a
progestin; ovulation was inhibited in only 19% of patients at the
5 mg dose and in 24% of patients at the 10 mg dose (Croxatto
et al., 1996,1998a,b). In a contraceptive trial of sequential mife-
pristone and progestin, only one pregnancy occurred in 359
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women-months of exposure (von Hertzen and Van Look, 2005).
Larger studies are needed to confirm the efficacy and safety of
sequential treatment.

Uterine fibroids (myoma) are another indication for PRM treat-
ment (Murphy et al., 1993; Zeng et al., 1998; Steinauer et al.,
2004; Chwalisz et al., 2005a,b; Eisinger et al., 2005). In clinical
trials of mifepristone that were not placebo controlled, 5—50 mg
daily for 3—-6 months reduced myoma volumes by 26-74%,
with a rate of amenorrhea ranging from 63 to 100%. In addition,
mifepristone treatment reduced the prevalence of dysmenorrhea,
menorrhagia and pelvic pressure in these trials. A study by
Eisinger et al. (2005) also showed a 50% reduction in uterine
and myoma volume, with amenorrhea occurring in 60—65% of par-
ticipants receiving mifepristone. Asoprisnil also has been studied
for its efficacy in treating fibroids and has shown dose-dependent
effects on uterine volume reduction, myoma volume, pressure
symptoms, duration and intensity of bleeding, menorrhagia and
amenorrhea (Chwalisz et al., 2005a,b). When mifepristone treat-
ment was stopped in a Chinese population, fibroids recurred at a
rate of 18%, compared with a rate of 40% in women who had
received GnRH receptor agonist (Zeng et al., 1998). Another
study of response to treatment cessation showed that in women
who had received 5—10 mg mifepristone daily for 12 months,
uterine volumes were considerably less at 10 months after treat-
ment ended than they were at baseline (Eisinger et al., 2005).

Other indications for treatment with PRMs include endometrio-
sis, prolonged menstrual bleeding, infertility and cancer. Daily
mifepristone treatment for 3—6 months, at 50 mg per day, alle-
viated endometriosis, resulting in amenorrhea, pain reduction
and no effects on bone mineral density (Kettel er al., 1996;
Chwalisz et al., 2005a,b).

A major side effect leading to discontinuation during the first
few months of use of progestin-only contraceptives is prolonged
bleeding. Mifepristone improved the bleeding patterns in women
with LNG-releasing devices, progestin-only pills or Depo-
Provera® (Cheng et al., 2000; Gemzell-Danielsson et al., 2002;
Jain et al., 2003; Massai et al., 2004; Weisberg et al., 20006);
addition of EE along with mifepristone resulted in further
improvement (Weisberg et al., 2006). In this latter study, doxycy-
cline (a potent inhibitor of matrix metalloproteinases) was as
effective as the combination of mifepristone and EE in improving
the bleeding patterns of Implanon™ users.

After oral administration, mifepristone has been detected in
follicular fluid (Cekan et al., 1989) and has been shown to
inhibit premature LH surges (Escudero et al., 2005). By retarding
endometrial maturation, mifepristone might shift the time of
implantation, resulting in improved synchronization of embryonic
and endometrial maturation and increased pregnancy rates
(Paulson et al., 1997; Escudero et al., 2005).

The anti-tumor effects of PRMs have been studied in post-
menopausal women with metastatic breast cancer and in women
with refractory ovarian cancer (Perrault et al., 1996; Rocereto
et al., 2000). Mifepristone has proven somewhat effective in the
treatment of meningioma, although associated side effects of high-
dose chronic therapy of mifepristone may be problematic in some
cases (Spitz et al., 2005; Grunberg et al., 2006). Newer gener-
ations of PRMs with reduced antiglucocorticoid activity may be
better tolerated for chronic therapy in which effects on the gluco-
corticoid receptor (GR) are not beneficial.
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Clinical observations

PRMs exert dose-dependent effects on both the endometrium and
ovulation. A potential concern about continuous daily treatment
with a progesterone antagonist is that the endometrium would be
chronically stimulated by estrogen (unopposed estrogen),
leading to development of endometrial cancer. Importantly,
chronic treatment with various PRMs did not result in endome-
trium exhibiting an unopposed estrogen effect, which would be
characterized by the prevalence of mitotic activity and the
absence of apoptosis.

Studies of <2 mg mifepristone daily demonstrated normal or
disordered endometrium and normal or delayed ovulation
(Batista et al., 1992; Gemzell-Danielsson et al., 1997; Croxatto
et al., 1998a,b; Marions et al., 1999). At daily doses between
2 and 10 mg, however, the endometrium exhibited more disor-
dered architecture, including cystic glandular dilatation, decreased
mitotic activity and a non-secretory glandular pattern (Ledger
et al., 1992; Croxatto et al., 1993; Cameron et al., 1995; Baird
et al., 2003; Narvekar et al., 2004). In the study of 2 or 5 mg
daily mifepristone treatment in women in Shanghai and Edinburgh
(Narvekar et al., 2004), endometrial thickness had increased by
4 months of mifepristone treatment in the women in Edinburgh
but decreased in the women in Shanghai, with some ethnic differ-
ences in histology. Ovulation was inhibited in 95% of women
taking daily doses of 5 mg in this study. Further study of these
populations found ethnic differences in estrogen secretion, with
greater suppression in the Chinese women. In a study using a
higher dose of mifepristone, women receiving 50 mg mifepristone
daily for 6 months showed suppressed follicular development and
a mixture of secretory and proliferative endometrium. Mitosis was
decreased, and the ER and PR were strongly expressed in the
glands and stroma (Murphy ef al., 1995).

Safety concerns surrounding PRM treatment have centered on
possible associations with endometrial hyperplasia. Eisinger and
colleagues reported simple hyperplasia after 6 months of treat-
ment in 14% of women receiving mifepristone for uterine
myomas; all these women had been taking 10 mg daily
(Chwalisz et al., 2005a,b). It should be noted, however, that
many of the hyperplasias reported in this study were actually
cystic glandular dilatation. In an earlier study, this group reported
that simple hyperplasia had occurred in 28% of women taking
5-10 mg daily (Eisinger et al., 2003). Inactive endometria
and/or cystic glandular dilatation were apparent in women
taking 2—5 mg daily; in one case, simple hyperplasia without
atypia observed at 60 days reverted to atrophic endometrium at
120 days (Baird et al., 2003). No hyperplasia was observed in
women taking 1 mg daily, although 25% of these women experi-
enced increased endometrial thickness, and 34% experienced
dilated glands (Croxatto et al., 1998a,b).

At very high doses of mifepristone, both antiprogestin and anti-
glucocorticoid effects are observed. The GR is expressed through-
out the menstrual cycle, in decidua, and in white cells, both in the
endometrial stroma and in the endothelium (Henderson et al.,
2003). Chronic administration of low-dose mifepristone results
in pronounced expression of the GR in the glands (Narvekar
et al., 2006). In one case report, a woman with Cushingoid features
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and morbid osteoporosis, who received 400 mg mifepristone daily
to stop further bone loss, experienced complex hyperplasia that
resolved to normal once treatment was discontinued (Newfield
et al., 2001). Across several studies, in a total of 76 meningioma
patients with treatment periods ranging from 10 months to 14
years of daily doses (about 200 mg) of mifepristone, 14% had
hyperplasia, 8% had hyperplasia combined with endometrial
polyps and 2.6% had endometrial polyps alone (Martineau and
Levental, 2000; Spitz et al., 2005; Grunberg et al., 2006). At
these doses, the antiglucocorticoid activity of mifepristone
increases cortisol and adrenocorticotrophic hormone levels,
which in turn lead to increased production of E, precursors
(Nieman et al., 1985; Zeng et al., 1998; Kettel et al., 1996;
Martineau and Levental, 2000; Newfield et al., 2001). The antiglu-
cocorticoid properties of mifepristone have provided a rationale
for its use to treat neuropsychiatric disorders associated with
abnormalities in the hypothalamic—pituitary axis (Wolkowitz
and Reus, 1999; Belanoff er al., 2002; Pomara et al., 2002;
Young et al., 2004; Simpson et al., 2005; Flores et al., 2006).
Mifepristone has been used successfully to treat psychotic and
bipolar depression and is under evaluation for treatment of schizo-
phrenia and Alzheimer’s disease. Daily asoprisnil treatment, on
the other hand, has shown no effect on cortisol levels (DeManno
et al., 2003; Chwalisz et al., 2005a,b). Also, it should be empha-
sized that low doses of mifepristone, which are proposed for
benign gynecological complaints, have not been associated with
complex hyperplasia.

Classification of PRM treated endometrium

Most of the studies relied on endometrial biopsies sampled once
during the treatment period, and consideration of PRM effects
should take into account the hormonal milieu of the endometrium
at the time of sampling. Although several changes have been
identified in endometrial samples from women receiving PRM
treatment, descriptions of these changes do not fit into the
current lexicon for histology or pathology, and no common
labels have been devised. At present, how these samples are diag-
nosed depends largely on the pathologist’s experience in examin-
ing PRM-treated endometrial tissue, the kinds of questions the
pathologist is asked, and the descriptors listed on the institution’s
report form.

For the purpose of better understanding the challenges facing
the pathologists who will be called upon to diagnose endometrial
effects of chronic PRM treatment, the organizers of the meeting
invited a panel of pathologists with expertise in reading endo-
metrial biopsies. The pathologists reviewed slides of biopsies
obtained after PRM treatment for at least three months. Four
different agents were used in the treatment regimens, but the path-
ologists were unaware of which agent had been used for any par-
ticular slide. After examining the slides, the panel agreed that the
biopsies exhibited an unusual architecture that could be character-
ized as demonstrating glandular dilatation (Fig. 3). There was little
evidence of mitosis, consistent with the proposed antiproliferative
effect of PRMs. The group concluded that the endometrial samples
did not fit into a classification of either proliferative or secretory
endometrium. In the absence of an opportunity to describe what
was seen (i.e. using a form with pre-existing categories), or
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Figure 3: Endometrium obtained by endometrial biopsy Proliferative endometrium was obtained during the follicular phase of the menstrual cycle. PRM treated
endometrial tissue was obtained after daily treatment for 3 months with a PRM. The figure is representative of images seen when any of four different PRM com-
pounds were used as the treatment agent. Original magnifications ~100x. Images courtesy of C. Bergeron, Laboratoire Pasteur-Cerba and A.R.W. Williams,

University of Edinburgh

experience with looking at many slides showing the same charac-
teristics, the pathologists agreed that there would be a tendency to
overdiagnose hyperplasia resulting from prolonged PRM treat-
ment. After reviewing many slides, however, the panel concluded
that the biopsies did not reveal evidence of safety concern. More
study will be needed to identify long-term outcomes of PRM
treatment, rather than relying on pathologists and histologists to
extrapolate information from biopsies obtained after a short
period of PRM exposure.

Few studies have used ultrasound or other imaging techniques
to assess endometrial changes following PRM treatment, and the
few that have done so focus primarily on endometrial thinning.
The effects of compounds such as danazol and goserelin acetate
(Garry et al., 1996), oral contraceptives (Grow and Iromloo,
2006) and tamoxifen (Chang et al., 1998) have been examined
in greater detail. The results from placebo-controlled studies
using ultrasound to examine the effects of selective ER modulators
(SERMs) in post-menopausal women suggest that these com-
pounds, though estrogenic, do not stimulate endometrial prolifer-
ation (Voipio et al., 2002; Ronkin et al., 2005). Ultrasound
evaluation in premenopausal women has been used primarily for
those women undergoing fertility treatment and has suggested a
correlation between endometrial thickness and pregnancy
outcome (Kovacs et al., 2003; Al Fozan et al., 2004). For future
research studies, TVS and SIS might be most useful in premeno-
pausal women, whereas SIS and hysteroscopy might prove more
useful for post-menopausal women. MRI and CT, though effective
in revealing neoplasia, would not be useful for the types of studies
needed to assess the effects of PRMs on the endometrium.

PRMs: design and selectivity

Ideally, selective PRMs (SPRMs) would offer high affinity,
minimal steroid receptor cross-reactivity, either agonistic or anta-
gonistic action in the uterus (depending on the indication), neutral
or antagonistic action in the breast and no activity in the central
nervous system, cardiovascular system or liver. Yet the rational
design of such a compound faces several limitations. The defi-
nitions of progestin versus antiprogestin vary across studies,
depending on the end points those studies use. Distinguishing
between the two classes based on estrogen activity can be proble-
matic. Both progestins and antiprogestins have been shown to
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function similarly in the breast, e.g. in the regulation of the
estrogen-induced pS2 protein (Savoldi et al., 1995). In addition,
the mechanism of PR action is poorly understood for any tissue,
and the contribution of genomic and non-genomic activities to
PR biology is unknown. Traditional models for PR action have
emphasized the PR-B isoform as the one through which down-
stream activation takes place (Leslie er al., 1997). However,
emerging evidence suggests that the PR-A and PR-B isoforms
regulate different genes (Cheng et al., 2001; An et al., 2005;
Smid-Koopman et al., 2005), and studies in mice have demon-
strated that the PR-A isoform mediates the anti-estrogenic activi-
ties of progestins (Fernandez-Valdivia et al., 2005).

Steroid receptor cofactors also must be considered. Work with
SERMs indicates that the selectivity of the steroid receptor
results in part from the receptor’s interaction with different coac-
tivators (McDonnell et al., 2000; Hall and McDonnell, 2005).
There are >200 coactivators, whose expression patterns differ
among cell types, and the structure of the receptor can adapt
various conformations to allow different protein-protein inter-
actions. The rational design of SPRMs will depend on the identi-
fication of cofactors for the PR and ways to regulate their activity.
The use of phage display to identify potential AR cofactors (Hsu
et al., 2003) may serve as a model for SPRM discovery. Almost
400 proteins were found, 20% of which were transcription
factors. Computer-assisted hierarchical clustering was used to
group putative ligands based on their relative binding affinities
for various cofactors, and the anabolic and proliferative activities
of the AR could be separated based on cofactor interactions. Work
to identify PR-cofactor interactions and the ligand dependence for
those interactions can further enable drug discovery.

PRMs: pharmacodynamic properties

Existing PRMs all bind the PR binding pocket, but with varying
affinity. The binding affinity does not necessarily predict the
effects of that compound. For example, onapristone is among
the most potent progesterone antagonists, but it binds the PR
with low affinity. Whereas onapristone shows a complete
absence of PR-agonist properties with respect to morphological
and functional aspects within the genital tract, other PRMs, includ-
ing mifepristone, clearly show both PR-agonistic and -antagonistic
effects. Furthermore, the effects exerted by these compounds
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depend on the hormonal background, such as pregnancy, the
presence or absence of progesterone or research designs in
ovariectomized animals given exogenous estrogen.

Studies in rabbits and guinea pigs suggest that the pharmaco-
logical effects of these compounds arise from interactions
between antagonistic and agonistic properties (Elger et al.,
2000). The compounds tested in these studies varied in the
degrees of antagonistic and agonistic effects on ovulation, endo-
metrial proliferation and labor induction. Some compounds that
show pronounced PR-agonistic effects on vaginal and uterine
mucosa have a blunted or abolished potential to induce labor in
pregnant guinea pigs, irrespective of the tested dosage. Above
certain dose levels, a balance of antagonistic and agonistic proper-
ties appears to prevail and results in a plateau of the dose-response
curve, below the respective maximum of agonists, such as pro-
gesterone, or antagonists, such as onapristone. Even mifepristone,
often considered a ‘pure’ antagonist, appears to have a balance of
both antagonistic and agonistic properties. In humans, mifepris-
tone or onapristone exhibit antagonistic effects in inducing bleed-
ing (Herrmann et al., 1982), preventing secretory endometrium
formation and ER and PR suppression (Swahn er al., 1990;
Cameron et al., 1996) and inhibiting progesterone-induced gene
expression (Cameron et al., 1997). The AR also is upregulated
in response to antagonistic effects (Gemzell-Danielsson et al.,
1993; Chabbert-Buffet et al., 2005). However, mifepristone also
exhibits agonistic effects by inducing secretory changes in
estrogen-treated, post-menopausal endometrium (Gravanis et al.,
1985; Koering et al., 1986) by suppressing FSH and LH
production (Herrmann et al., 1982; Batista et al., 1994;
Baird et al., 1995).

The balance between the antagonistic and agonistic properties
of these compounds has therapeutic implications. Submaximal
antagonistic effects of some PRMs cannot be overcome by
merely changing the dose. Inhibitory effects on ovulation are
apparent with both PR antagonists and agonists, but the combi-
nation of these activities may lead to an abolishment of anti-
ovulatory activity, as shown in guinea pig (Chwalisz et al.,
2000; Elger et al., 2000; Schubert et al., 2005). A pharmacody-
namic or functional definition of an ideal SPRM may include
the presence of significant PR-agonist or antagonist properties,
the absence of unopposed estrogenic effects in the endometrium
and the control of endometrial proliferation and inhibition of men-
strual bleeding, irrespective of effects on ovulation.

PRM development: regulatory considerations

Europe: CHMP, European Medicines Agency

In the European Union, there is no formal regulatory guidance for
PRMs or for usage in premenopausal women. However, the com-
mittee for Medical Products for Human Use (CHMP) has issued
points to consider for hormone replacement therapy (HRT) in
post-menopausal women (www.emea.eu.int/pdfs/human/ewp/
002197en.pdf), which call for HRT regimens to include a combi-
nation of estrogen and progestin to prevent the estrogen-associated
increase in risk for endometrial cancer. These guidelines rely on
standard histological classifications and call for the assessment
of efficacy and safety by obtaining biopsies at baseline, the end
of a study and the end of treatment. Biopsies must be obtained
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by independent pathologists who are blinded to treatment and
the assessment point at which the biopsy is obtained, and
samples must be processed in a central laboratory. The threshold
for safety is an incidence rate of <2% for endometrial cancer
after 1 year of treatment, with an upper limit of a two-sided
95% confidence interval (CI) of 2% or less.

The CHMP also has issued guidance on hormonal contracep-
tives, but, with the exception of an indirect assessment through
bleeding patterns, no specific recommendations regarding
endometrial safety have been included in the safety section of
this guideline. However, recommendations for clinical and
pharmacological assessment include studies of hormonal activity
and the mechanism of contraception. If there is any indication
that endometrial safety is compromised, thorough clinical
safety documentation is required, including endometrial biopsies
when needed to rule out malignant transformation. In the absence
of validation, surrogate endpoints cannot replace endometrial
biopsy. The CHMP guidance on hormonal contraceptives also
refers to International Conference of Harmonization (ICH)
Topic El guidance, which addresses the extent of population
exposures in the assessment of clinical safety for drugs that
will be used long-term to treat non-life-threatening conditions
(www.emea.eu.int/pdfs/human/ich/037595en.pdf). Topic El
defines ‘long-term’ as chronic or repeated intermittent use for
longer than 6 months, and it calls for safety evaluations to charac-
terize and quantify the safety of a drug over a duration of time
consistent with long-term use.

United States: FDA

Like the CHMP, the FDA has no formal guidance on steroid recep-
tor modulators. The guidance, that is relevant to the effects of
steroid receptor modulators on the endometrium is the document
titled ‘Estrogen and Estrogen/Progestin Drug Products to Treat
Vasomotor Symptoms and Vulvar and Vaginal Atrophy
Symptoms—Recommendations for Clinical Evaluation’ (www.
fda.gov/cder/guidance/5412dft.pdf). These guidelines, which
are targeted toward treatment in post-menopausal women, call
for endometrial evaluation via biopsies taken at baseline, during
treatment and at 1 year after treatment. Sonography is encouraged
for adjunct assessment. The guidelines require histological assess-
ment by three independent pathologists who are blinded both to
treatment and to the readings of the other reviewing pathologists.
The final diagnosis for a sample is based on concurrence by at least
two of the reviewers or, in the case of no agreement, the most
serious diagnosis. Thus, overdiagnosis can sometimes be proble-
matic. The safety threshold for new treatments is an incidence
rate of 1% or less for endometrial hyperplasia, with the upper
bound of a one-sided, 95% CI of 4% or less. Histological assess-
ments rely on standard WHO criteria.

More studies are needed before the FDA can establish guide-
lines for development of PRMs for therapeutic indications. The
effects of PRM treatment on the endometrium and key regulatory
questions will center on risk and benefit of new compounds
compared with the known risks of available treatments. The
development of new guidance most likely would consider precli-
nical findings, known pharmacological effects, indications and
duration of treatment, and attention would be paid toward the
use of songoraphy and surrogate markers such as PTEN during
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safety assessments. In addition, because of the antagonistic and
agonistic properties apparent in PRMs, continued safety testing
might be required. Education also would be important to ensure
standardized diagnoses, particularly among pathologists who
are not familiar with endometrial changes associated with PRM
treatment.

The requirement for concurrence by three independent patholo-
gists is of some concern, particularly if reviewers are unfamiliar
with PRM-associated changes and in light of the potential bias
introduced by groups. This concern can be addressed at earlier
stages of PRM development, when pathologists can work together
to develop standard descriptors for PRM-associated changes.
However, the opinions of three independent pathologists would
still be required during Phase III confirmatory trials.

Future directions

Further understanding of the biology of PR action is needed to
facilitate the development of new PRMs. Specifically, the
contribution of cofactors to the balance between estrogen and
progesterone during the menstrual cycle, and the role of
growth factors should be explored. The development of receptor
isoform-specific PRMs might prove beneficial, in light of
differences in isoform expression among various types of
malignancies (Arnett-Mansfield et al., 2001; Mote et al., 2002;
McGowan et al., 2004; Mote et al., 2004). How the antigluco-
corticoid properties of PRMs can be exploited to treat
malignancies also should be explored, particularly in light of
in vitro studies demonstrating high-affinity GRs in malignancies
that are not normally hormone dependent (Alford et al., 1979;
Walker et al., 1980).

The need for standard classifications is an important theme for
PRM development and the effects of these compounds on the
endometrium. Two classification schemes based on pharmacody-
namic properties (Chwalisz et al., 2005a,b) and interactions with
coregulators (Smith and O’Malley, 2004) have been proposed.
New and standardized nomenclature should be developed to
address not only the interaction between antagonistic and agonistic
properties and the role for receptor cofactors, but also the combi-
nation of endometrial and ovulatory effects induced by PRMs.
Consensus also is needed on histological and pathological classi-
fications. Histologists and pathologists should work together to
develop consistent, standardized terms to describe hyperplasia,
precancerous lesions and endometrial stages during the menstrual
cycle. In addition, pathologists familiar with endometrial effects of
chronic PRM exposure should consider working with pharma-
ceutical companies and involving regulatory agencies to develop
standard descriptions of PRM-associated endometrial changes
and to educate all pathologists to adopt these standard terms.

Investigators also should work with regulatory agencies to con-
sider modifications of existing guidelines for short-term use of
PRMs, including how to examine ethnic or geographic data, if
data are pooled, and ways to extrapolate recommendations for
post-menopausal women to perimenopasual and premenopausal
women. Consensus also must be reached on acceptable monitoring
for PRM development, particularly the type and duration of moni-
toring, as well as on the types of histologic changes that would
signal a need for intervention.
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