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Hormonal Biophysiology of the Uterus )

Liane Deligdisch-Schor and Angelica Mares Miceli

1 Uterine Development

The uterus is derived from the fusion of Miillerian ducts originating from the meso-
dermal genital ridge, starting at their caudal end and progressing up. This event starts
in the invagination of coelomic epithelium, around the sixth week in utero (i.u.).
Cervical glands appear by 15 weeks and endometrial glands as well as myometrial
tissue around 19 weeks i.u. This development occurs under the influence of the mater-
nal steroid sex hormones circulating from the maternal blood via the placenta into the
fetal circulation. Miillerian duct development is normally inhibited in the male fetus
by androgens and by a nonsteroidal hormone, Miillerian inhibiting substance (MIS)
produced by the Sertoli cells of the testis [1, 2]. Congenital anomalies of the uterus are
rare, mostly resulting from imperfect or absent fusion of the Miillerian ducts or atresia
associated with an autosomal recessive or dominant genetic defect.

The endometrium at birth is usually at resting phase, inactive, and consists of a
single layer of cuboidal epithelium with sparse glands surrounded by spindle-
shaped stromal cells. Maternal hormonal influence however may elicit proliferative
and secretory changes due to estrogenic and progesterone activity and even prede-
cidual changes during intrauterine life with rare menstrual changes in the neonate.
After delivery the endometrium normally reverts to its resting phase until menarche.
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The GnRH pulse generator is capable to induce ovarian follicle maturation and
estrogen synthesis and secretion during intrauterine development of the female
fetus and resumes this activity with the advent of menarche. At birth, with the acute
loss of placental and maternal hormones, the neonate hypothalamus-placental-ovary
system is released from negative suppression. It resumes secretion of GnRH stimu-
lation and FSH and LH release for about the first 6 months of life, after which this
secretion declines. Leptin, a substance produced in the adipocytes, plays an impor-
tant role having the ability to activate the central elements controlling the hypotha-
lamic pulse generator and the onset of puberty.

Puberty starts with nocturnal pulses of gonadotropin secretion with LH exceed-
ing FSH, generating increase in serum estradiol which increments LH secretion by
the anterior pituitary resulting later in full secretion of gonadotropins.

After a decade of quiescence, GnRH pulsatile secretion resumes at daytime, and
gradually repetitive ovulatory cycles emerge. The ovarian steroid hormone secre-
tion elicits a maturation process of the uterus: the corpus uteri grows first faster than
the cervix, and the endometrium matures with established cycles of proliferation,
secretion, and menstrual shedding following the cyclic stimulation and withdrawal
feedback mechanisms of the pituitary-ovarian system.

Menarche usually occurs between 9 and 16 years of age, after secondary sexual
characteristics have begun their development. The first menstrual cycles are usually
non-ovulatory and irregular, with intervals of 2-3 months. Once regularly established
the cycles last 3—6 weeks, with menstrual shedding occurring 2 weeks after ovulation.
The preovulatory phase is variable, while the postovulatory phase is relatively con-
stant. The menstrual blood flow including endometrial shed tissue lasts 2—7 days [3, 4].

2 Endometrial Cyclic Changes

The endometrial cavity is a roughly triangular collapsed space, with the apex open-
ing at the bottom into the endocervical canal’s upper and internal ostium; the lower
and external ostium of the endocervical canal opens into the vaginal cavity. The
continuity of the endometrial cavity and the vagina makes possible the periodic
shedding of the endometrial functional layer and of menstrual blood.

During the reproductive period of life, the endometrium undergoes cyclic
changes that vary between 21 and 42 days, with the average cycle lasting 28 days.
In this model, ovulation is presumed to occur on day 14. “Dating” of the endome-
trium is based on the histological description of the endometrial tissues, glands,
stroma, and blood vessels every day of the cycle, starting after the menstrual shed-
ding. The cyclic structural changes of the endometrial tissue occur under hormonal
influences which are cyclic as well and dependent on a delicate balanced interplay
of stimulation, withdrawal, and feedback between anterior pituitary, nonsteroid hor-
mones, and gonadal (ovarian) steroid hormones, depending on the central nervous
system, mostly hypothalamic factors. Ovarian follicles are selected each month by
promoting the growth of one and atresia of the other graafian follicles. This is due
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to the secretion by the anterior pituitary lobe of follicular-stimulating hormone
(FSH) during the stimulatory phase of the selected follicle. The granulosa cells in
the follicles respond with the increase of their FSH receptors. The secretion of estra-
diol is related to granulosa aromatase synthesis depending on FSH arriving at the
follicle and the ability of local estradiol to increase FSH receptors on follicle granu-
losa cells. FSH decline starts due to negative feedback at the preovulatory peak of
increased estradiol and inhibin secretion. FSH-induced LH-receptor presence on the
granulosa cells of the dominant follicle achieves LH stimulation at midcycle with
subsequent progesterone synthesis on the cumulus and mural granulosa cells. LH
initiates the process of ovulation and completion of meiosis, progressive luteiniza-
tion of the follicle with granulosa cells shifting steroid synthesis to yield both estra-
diol and progesterone. Both enhance estradiol-positive feedback on GnRH pulse
and anterior pituitary LH surge response. Eventually as the luteal phase progresses,
progesterone-negative feedback acts to terminate the LH surge at both the pituitary
and hypothalamic levels [5-8]. Gonadotropin releases at the maturation of the fol-
licle are physiologically well coordinated based on feedback relationships, in the
early follicle selection phase (FSH) and at ovulation (LH). The resulting “transla-
tion” by the endometrial tissue of hormonal cyclic stimulation and withdrawal is
manifested at histologic examination by a prompt response consisting of a complex
pattern of architectural and diversified cellular changes. “Dating” of these changes
reflects the accuracy of adequate responses to hormones by the tissue destined to
serve as a host to an implanting conceptus, thus securing the survival of the species.

The endometrial tissue lining the inner surface of the myometrium is composed
of two layers: the basal layer and the functional layer. The basal layer lies on the
myometrial tissue and is composed of basal glandular structures surrounded by stro-
mal tissue containing blood vessels. It is poor in hormone receptors and does not
display obvious structural changes during the menstrual cycle except for a partial
shedding with the menstrual blood flow. During the reproductive life, the functional
layer changes promptly exhibiting a wide variation of patterns involving glands,
stroma, and blood vessels, with different aspects on every single day of the cycle,
that can be assessed on endometrial biopsied tissue. During the preovulatory phase
which lasts on average 14 days, but can be variable in its duration in otherwise nor-
mal cycles, the endometrium is proliferative under predominant estrogenic influ-
ence, and three consecutive patterns are described: early, mid-, and late proliferative
endometrium. Specific histological patterns are expected to be seen on every single
day of the postovulatory 14 days (for a summary of the histologic cyclic
changes/“dating” of the endometrium, see Table 1).

The early proliferative phase starts with repair and regrowth of the endometrial
tissues after menstrual shedding. Basal glands are proliferating from their bottom
toward the surface, and the endometrial thickness increases up to tenfold during the
preovulatory phase. The epithelial and stromal cells acquire estrogen receptors
which are expressed during the proliferative and early secretory phase. The glands
are tubular and straight lined by cuboidal to columnar epithelial cells in the early
proliferative phase, become coiled in the mid-proliferative, and lined by columnar
cells, and tortuous and pseudostratified in the late proliferative phase due to the
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increase in size and numbers of the epithelial cells. Mitotic activity is also progres-
sively increasing during the preovulatory phase. The nuclei of glandular epithelial
cells are centrally located and display during early proliferation diffusely distrib-
uted chromatin. In mid- and late proliferative endometrium, the nuclei display
coarse clumps of chromatin, and mitotic figures become frequent, located late in the
apical region of the cells. Nucleoli are prominent, large, and complex. The apical
border of the cell shows microvilli, and the cytoplasm contains abundant ribosomes
reflecting the protein synthesis during the proliferative phase. The stroma is abun-
dant, representing about half the volume of the endometrium, roughly equal to the
volume of the glands. The stromal cells are spindle-shaped, with plump nuclei and
scant cytoplasm; mitotic activity is present in the stroma along with that in the
glands. There is stromal edema during the mid-proliferative phase, about on the
eighth to tenth post menstrual day (Figs. 1 and 2). The blood vessels are rather
inconspicuous, thin, and straight. Few hours after ovulation, the histologic appear-
ance changes dramatically under the additional influence of progesterone secreted
by the corpus luteum (Fig. 3). The endometrial tissue becomes more abundant, due
to increase of stromal cells and edema. Histologically during the first postovulatory
days, the endometrial glandular epithelium becomes secretory, first (day 16) show-
ing subnuclear vacuoles (Figs. 4 and 5) which then, on the 17th day, become supra-
nuclear. The epithelial cells on ultrastructure display giant mitochondria surrounded
by loops of endoplasmic reticulum and glycogen accumulation in the sub- and
supranuclear vacuoles (Fig. 6). The nuclei are pushed from their initial basal posi-
tion to the middle third of the cell (“piano-key”” image) and return on the 18th day
to the basal position. During the proliferative phase, the endometrial surface is
smooth; after ovulation, the secretory vacuoles are present in almost all (80-90%)
cells lining all glands (Figs. 7 and 8). This is the histological evidence on endometrial
biopsy that ovulation has indeed occurred and is an important finding in the work-
up for infertility. By day 19-20, the vacuoles disappear from the cytoplasm being
secreted at the luminal border into the glandular lumen. The apical border becomes
frayed and the cell is cuboidal. No new mitoses are present in the glands during the
secretory phase, except for those “leftover” during the first days from the prolifera-
tive phase. The stromal changes are most evident after day 20. Stromal edema is
seen on day 21, reaching its peak on day 22, with stromal cells consisting of spindle-
shaped nuclei and scant or visually absent cytoplasm (bare nuclei), while glands
appear dilated, lined by a quiescent epithelium, containing abundant secretion in
their lumen. On day 23 the vascular component of the endometrium, so far incon-
spicuous, becomes prominent with the appearance of spiral arterioles (Figs. 9 and
10). The coiled spiral arterioles increased in length and thickness and appear on
histologic sections with multiple lumina, due to the coiling, with a markedly
increased surface. This finding is important for the evaluation of the quality of the
postovulatory endometrium. The coiled, increased surface of the endometrial arte-
rioles offers more opportunity for a possible blastocystic trophoblast to tap into the
maternal blood and achieve implantation. Endometrial biopsy evaluation for infer-
tility assesses not only ovulation, evident as secretory glands, but its efficiency as a
site of implantation, by the presence of well-formed spiral arterioles. On day 24 the
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stromal cells surrounding the spiral arterioles become decidualized: they become
plump, and their central nuclei are surrounded by cytoplasm which increases in
volume. This change extends to the stroma beyond the perivascular zones, involving
the entire stroma by day 25. The decidual cells form a mosaiclike pattern with a
compact endometrial surface. The glands after day 24 are dilated and contain inspis-
sated secretion; on day 26 the glands have a sawtooth appearance, and their lining
epithelium appears exhausted. On day 27 numerous leukocytes appear in the stroma,
and the glandular epithelium exhibits fragmented nuclear debris due to the apopto-
sis of the tissue. On day 28 there is a marked infiltration of the stroma by leukocytes,
and breakup by apoptosis of endometrial tissue starts. Dissolution of endometrial
glands and stroma follows the withdrawal of both estrogens and progesterone as a
result of negative feedback. On endometrial biopsy of early menstrual endome-
trium, there are disrupted glands with secretory features, though mostly exhausted,
lined by cuboidal cells. Fibrin thrombi are seen in the blood vessels and the stroma
appears broken down and hemorrhagic. During the following days of menstrual
shedding and bleeding, the glands collapse, the stroma is condensed, and the nuclei
become pyknotic. Endometrial biopsies taken at this point do not show sufficient
evidence whether the cycle was ovulatory or not.

Dating of endometrium is the identification of the day of the cycle from the
microscopic pattern of endometrial biopsies. An accurate evaluation is possible due
to the specific features that are characteristic for each postovulatory day and for
most proliferative days. Diagnosing the presence and quality of ovulation from its
endometrial tissue response is an important test for the adequacy of this tissue as a
potential host for an implanting conceptus. latrogenic hormone therapy, mostly ste-
roid sex hormone therapy, has an important influence on the endometrial micro-

Fig. 1 Mid-proliferative endometrium: glands are straight, stroma edematous. H&E x40
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Fig. 2 Mid-proliferative endometrium: tubular glands. Mitotic activity in the glands H&E x 100

Fig. 3 Ovulating ovary with hemorrhagic corpus luteum

structure modifying the histologic patterns and often creating confusion when
compared to the natural cyclic changes.

3 Uterus at Menopause

Menopause is characterized by the progressive diminution and eventual cessation of
ovarian secretion of estrogen, due to failure to respond to gonadotropic hormones.
Within a year after the final menstrual period, ovarian follicle exhaustion is com-
plete. FSH and LH continue to rise with tripling of LH by 3 years postmenopause.
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Fig. 4 Postovulatory endometrium: day 16—17 subnuclear vacuoles. H&E x40

Fig. 5 Postovulatory
endometrium, day 16-17.
Subnuclear vacuoles,
nuclei in middle third of
cell, “piano-key”

pattern H&E x100

Hypergonadotropism persists, although diminished [9]. In the absence of estrogen
stimulation, the endometrium becomes thin, inactive (non-proliferative and nonse-
cretory), and gradually atrophic. The myometrium including possible leiomyomas
is shrinking as well. The endometrium is thin, less than 1 mm. On endometrial
biopsies the glands appear straight, tubular, and lined by cuboidal epithelium with
centrally located round nuclei. No pseudostratification is present. Commonly seen
are cystically dilated glands lined by flattened epithelium [10]. On ultrastructure the
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Fig. 6 Transmission
electron microscopic
image of postovulatory
endometrium: subnuclear
glycogen aggregates,
prominent nucleolus, large
mitochondria surrounded
by endoplasmic reticulum,
free cytoplasmic ribosomes

Fig.7 Scanning electron
microscopy: proliferative
endometrium. Note smooth
surface and glandular
openings
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Fig. 8 Scanning electron
microscopy: secretory
endometrium, deeply
folded surface covered by
secretory granules

Fig. 9 Scanning electron
microscopy: spiral
arterioles on day 23

cytoplasmic organelles are poorly developed and randomly distributed, with occa-
sional cytoplasmic vacuoles, and short blunt microvilli are noted on the apical bor-
der of the cells [11]. The stroma is dense with a network of precollagen fibers
surrounding spindle-shaped cells, with an occasional lymphoid cell infiltrate.
Perimenopausal irregular vaginal bleeding is common, and endometrial biopsies
may show glandular crowding due to stromal breakdown. The crowding and back-
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Fig. 10 Spiral arteriole surrounded by decidualized stromal cells, day 24, H&E x 100

to-back glandular pattern may arise suspicions of hyperplasia and neoplasia. Careful
examination of the epithelial cells to identify nuclear atypia (different from
“smudged” nuclei), special stains for p53, K67, and estrogen/progesterone recep-
tors are helpful for the diagnosis and further management of the patient, including
hormone therapy for menopause. Extragonadal estrogen in postmenopausal women
is derived from androgen conversion to estrogen. Available estrogen varies with the
substrate; as the amount of fat and the aromatase capacity of fat tissue increase,
circulating levels of total and free estrone and estradiol increase [12—-15]. With obe-
sity sex hormone-binding globulin levels decrease providing greater androgen sub-
strate availability and higher concentration of free biologically active estrogens
[16-19].

Endometrial biopsies are frequently performed on peri- and postmenopausal
women, in order to establish the nature of often occurring irregular vaginal bleed-
ing, to rule out possible malignancy or precursor of malignant changes, and to
establish a baseline before hormone replacement therapy (HRT) is recommended.
The interpretation of the histologic findings may be difficult as hormonal influences
are often unpredictable during the process of ovarian gradual failure, and locally, the
hormone receptors may be irregularly distributed or absent. Given the wide variety
of histopathologic and immunopathologic patterns, the management of the patient,
hormone therapy including HRT, has to be individualized and coordinated with the
general state of health and metabolism (especially obesity and diabetes) and corre-
lated with the baseline endometrial biopsy.
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Hormonal Effects in Reproductive
Technology with Focus on Diminished
Ovarian Reserve

David Barad

1 Introduction

We often take our biological functions for granted. When a natural function ceases
to occur normally, we feel cheated, betrayed by our own bodies. This is never truer
than when a couple finds themselves dealing with the problem of infertility.

Infertility has been defined as the failure to achieve an ongoing pregnancy within
the course of 1 year of trying to conceive. But in fact, for couples who have decided
to build a family, each month without an established pregnancy can feel like a little
death. Since reproduction is commonly dependent on sexual intercourse between a
man and woman, in the past, it was relegated to a very private sphere of discussion.
For decades couples suffered privately with this problem, too embarrassed to dis-
cuss it with their families or even with their physicians.

A deeper understanding of reproductive processes has evolved in our lifetime to
encompass greater control of reproduction, both in contraception and in family
building, and has gradually brought this conversation into the open and provided
new tools to help couples faced with these problems.

Reproductive problems that, in the past, were often surgically treated can now be
approached with less intervention. Men and women who, in the past, would be left
childless can now find hope to build their families. This chapter will describe some
of the tools we now use to help couples achieve their family goals, especially those
dealing with diminished ovarian reserve, and will look at how we expect these
opportunities to grow in the future.
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2 Causes of Infertility

In simplest terms there are three major components in evaluating the infertile cou-
ple: (1) evaluation of normal sperm production and function, (2) evaluation of nor-
mal ovarian production of oocytes, and (3) evaluation of anatomical factors that
might prevent the joining of these gametes.

2.1 Male Factor

Semen analysis should be one of the first evaluations undertaken. Male factor infer-
tility is present in half of all infertile couples [1]. Evaluation by means of a semen
analysis is inexpensive and noninvasive. Today, most cases of male factor infertility
can be addressed using assisted reproductive technologies; however, male factor
will not be a major focus of this chapter.

2.2  Tubal Factor

Today, instead of undergoing tubal surgery, it is more likely for a patient to choose
in-vitro fertilization to achieve pregnancy. Today’s reproductive surgeons are not
likely to experience many tubal ligation reversals or even lysis of adhesions as part
of their training. Surgical correction of tubal infertility has become a thing of the
past as the generation of surgeons trained in those procedures is aging out of prac-
tice and IVF techniques and laboratories continue to improve. Instead, the surgeons
in training are more likely to find themselves performing a salpingectomy or proxi-
mal tubal ligation in order to improve pregnancy rates with IVF [2, 3]. While such
surgery can improve the odds of a successful IVF cycle, benefit of this improvement
must be weighed against the risks of surgery. Women undergoing IVF after salpin-
gectomy may not respond as well to ovulation induction [4], though this change in
response may have little clinical importance for a woman beginning with normal
ovarian reserve, it may well have clinical importance for those who already have
evidence of diminished ovarian reserve. In our practice, where most of our patients
have diminished functional ovarian reserve, we rarely recommend tubal surgery
before undergoing IVF.

2.3 Ovarian Reserve

A thorough understanding of ovarian physiology is needed to understand and treat
problems of ovarian reserve. Women are born with all the oocytes they will ever
have. Primordial follicles form during the first 5 months of fetal development. At
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birth a woman may have up to four million primordial follicles; however, by
puberty these numbers will have diminished to only 200,000-400,000. This cohort
is further depleted each month, and, in a woman’s late 30s, when the total cohort
has fallen below 25,000, loss of follicles continues to fall even more rapidly even-
tually reaching menopausal levels when there are fewer than 1000 follicles at
around age 51 [5].

Throughout life primordial follicles (the oocyte surrounded by a thin layer of
follicular epithelial cells) will represent most follicles in the ovary. As follicles
transition from primordial to primary, secondary, tertiary, and ultimately graafian
follicle stages, most will be lost. Over a women’s reproductive lifetime only
400-600 of these follicles will ever achieve ovulation. Thus, for every follicle that
achieves ovulation, thousands will have degenerated into atresia. The process of
selection as follicles transition toward maturity can take several months and may
be thought of in three basic stages: gonadotropin-independent pre-antral follicles,
gonadotropin-dependent antral follicles, and growing graafian follicles. Each of
these stages has specific characteristics and opportunities for clinical manipula-
tion, although in general only the last (graafian follicle) stage has been subject to
treatment in the past.

The clinical index of the ability of the ovary to produce oocytes is known as
functional ovarian reserve (FOR) which is generally dependent on the antral follicle
pool. Age is the primary marker of ovarian reserve; however, in any given age group,
there may be a wide range of FOR that can be estimated by other predictors in addi-
tion to age [6]. Some predictors of FOR, other than a woman’s age, are antral folli-
clecount (AFC), anti-Mullerian hormone (AMH), and cycle basal follicle-stimulating
hormone (b-FSH) level.

2.3.1 Antral Follicle Count (AFC)

Antral follicles are those follicles variously defined as being between 4 and 10 mm
in diameter. The antral follicle is characterized by having a fluid-filled antrum.
Antral follicles are gonadotropin dependent, and, under influence of LH, antral the-
cal cells secrete androgens that, together with circulating androgen from the adrenal
cortex, can then, under influence of FSH, be aromatized to estrogen by the neigh-
boring granulosa cells.

Modern sonography allows the recognition of the small developing antral folli-
cles in the ovary. Antral follicle count (AFC) may be used as an index of a woman’s
ovarian reserve. A normal AFC is between 4 and 24 follicles between 2 and 10 mm
in diameter [7]. Both AFC and ovarian volume decrease with age; however, AFC
has been shown to be a better predictor of poor ovarian response than ovarian vol-
ume [8]. An AFC of less than four was associated with an almost nine times lower
chance of achieving a pregnancy with IVF [9]. Having a higher AFC is associated
with an increased risk of ovarian hyperstimulation syndrome [10]; this risk increases
continuously with increased AFC, though there is no established consistent cutoff
for risk of hyperstimulation.
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2.3.2 Basal Follicle-Stimulating Hormone (b-FSH)

For more than 30 years, basal follicle-stimulating hormone has been used to esti-
mate ovarian reserve and a woman’s potential to achieve pregnancy [11-13]. Basal
FSH (b-FSH) is an indirect measure of ovarian reserve since it is measuring the
hypothalamic-pituitary response to feedback from developing ovarian antral folli-
cles which secrete activins, inhibins, and follistatins in addition sex steroids [14].
The testing is done on day 2 or 3 of the menstrual cycle since the ovarian sex ste-
roids from developing follicles are at their lowest level at that time. Because of this
the b-FSH level reflects the feedback of the other peptides more than that of the sex
steroids. When the b-FSH testing is done, it is necessary to also measure estradiol
simultaneously to confirm that estradiol is at a basal level, less than 60 pg/mL. As
women age there are fewer antral follicles producing substances to inhibit FSH, and
as a result, basal FSH will steadily rise. In general women with levels of b-FSH less
than 10—12 mIU/mL are considered to have “normal” ovarian reserve, and those
with higher levels are considered to be potential “poor responders” [13, 15]. The
highest b-FSH a woman has had is a better predictor than a current b-FSH of her
response in any treatment cycle [16, 17], and waiting for a cycle with more favor-
able lower b-FSH does not improve IVF outcomes.

The concept of age-specific testing considers that there is a specific normal range
for b-FSH for each age group (Fig. 1). Age-specific b-FSH levels can be a useful
guide in measuring a woman’s ovarian reserve at any age [18-20]. Age-specific test-
ing allows the adjustment of planned ovulation induction protocols appropriate for
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Fig. 1 Cycle day-3 baseline follicle-stimulating hormone mean 95% confidence interval by age.
Shaded area superimposed on figure to illustrate patients identified with premature ovarian aging
(diagonal lines) or diminished ovarian reserve (black). (From Barad. Age-Specific Ovarian
Function Testing. Obstet Gynecol 2007)
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a woman’s specific ovarian reserve [21]. Too often an b-FSH greater than 12 is used
to recommend the use of donor eggs rather than a women’s own [22]. In our practice
we have found that women with b-FSH greater than 20 mIU/mL can still achieve
live birth rates of up to 6% per initiated IVF cycle [23]. While such rates are still far
lower than those that could be anticipated using eggs of a younger donor, we believe
that couples should have a right to choose what they feel is the best option for them.

2.3.3 Anti-Mullerian Hormone (AMH)

Anti-Mullerian hormone (AMH) is a glycoprotein hormone in the transforming
growth factor family and is a product of pre-antral and small antral follicles. Since
AMH is produced by each pre-antral and small antral follicle, the serum AMH lev-
els can be used as an index of the functional ovarian reserve, not reflecting the entire
ovarian cohort of follicles but only those in the antral follicle stage [24-27]. These
follicles are, indeed, those that are about to enter competition for graafian follicle
dominance.

As follicles approach the antral stage, they gain the ability to produce anti-Mul-
lerian hormone (AMH). AMH plays an important role in regulating follicular devel-
opment. High levels of AMH will inhibit the transition of early follicle stages to the
antral stage and will inhibit FSH stimulation of antral follicle transition to graafian
follicles [28]. Once follicles transition to the graafian follicle stage, they no longer
have the capacity to produce AMH. Any factor that will influence the antral follicle
cohort will be reflected in changes in AMH serum levels. Both recent pregnancy and
use of strong hormonal contraception can lower AMH levels [29, 30]. Serum levels
of AMH decrease as a woman ages, and the number of antral follicles and functional
ovarian reserve is decreased. Consequently age-specific levels of AMH can be used
to judge a woman’s current state of FOR relative to her peers [25, 31, 32].

3 Ovulation Induction

More than 40 years ago, the first successful IVF cycle was conducted without ovula-
tion induction [33]. It soon became clear that success in IVF could be improved by
recruiting as many oocytes as possible [34]. Thereafter, therapeutic strategies origi-
nally used to treat an ovulatory women were transitioned to the treatment of ovula-
tory women. In nature the human ovulatory cycle allows the promotion of only one,
or rarely two, graafian follicle to reach maturity and ovulate. Exogenous administra-
tion of gonadotropins to an ovulatory woman was used to raise the level of follicle-
stimulating hormone high enough that the full cohort of gonadotropin-dependent
follicles was allowed to grow and mature leading to the production of multiple
oocytes [35]. This type of controlled ovarian stimulation (COS) created a greater
chance of conception and a parallel consequent increase in the risk of multiple preg-
nancy if conception was allowed in vivo.
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It soon became clear that the cumulative likelihood of live birth with IVF
increases with the number of oocytes retrieved [36-38]. Increased rates of live birth
were even more apparent when taking cumulative pregnancy rate (fresh plus subse-
quent transfer of cryopreserved embryos) into account [37, 39].

When using COS for IVF, dosing of FSH generally ranges from 150 to 450 TU
with the dose often adjusted according to estimated ovarian reserve based on age,
antral follicle count (AFC), anti-Mullerian hormone (AMH), and day-3 FSH. The
intent of such individualized COS is to produce an effective number of mature
oocytes with minimal risk of hyperstimulation or other complications. Among
women with good ovarian reserve, increased gonadotropin dosage will lead to
increased recovery of oocytes [40] and a subsequent improved live birth rate, as
noted above.

However, past experience has shown that for woman with evidence of decreased
ovarian reserve, the use of increased gonadotropin doses alone to achieve greater
oocyte recovery is often futile [41, 42]. One study of indicators of ovarian reserve
found that there is great individual variation in response to COS that appears to be
independent of these predictors [43]. Another found that while women with dimin-
ished FOR had greater risk of cancelation of their IVF cycles, those who reached
transfer had only a small, though significant, decreased adjusted relative risk of live
birth [44]. A meta-analysis found that IVF live birth rates with individualized COS
did not differ significantly from live birth rates when 150 units of FSH was admin-
istered no matter what the assessed ovarian reserve [45]. Thus, the use of individual-
ized COS remains controversial. In our practice we believe that response to ovulation
induction is most dependent on the functional ovarian reserve (FOR) which is in
turn dependent on maintenance of the antral follicle pool.

4 Maintenance of the Antral Follicle Pool

A good antral follicle pool is essential for providing best chance of reproductive
success [46—48]. Antral follicles are the resource from which graafian follicles will
develop. Past approaches to ovulation induction focused on promotion of antral fol-
licles into graafian follicle growth by provision of excess gonadotropin either by
exogenous injection of gonadotropins or by inducing production of endogenous
gonadotropin by inhibiting normal feedback to the pituitary of hypothalamus [49].

Women lose ovarian reserve as they age through the depletion of their remaining
follicles and consequent diminished replenishment of the antral follicle pool. With
fewer antral follicles, fewer graafian follicles can develop. As the population of
developing follicles is diminished, so too is the endocrine milieu of the ovary. This
leads to a variety of other consequences for the reproductive system in general
including progressive symptoms of sex hormone deprivation such as vaginal dry-
ness, loss of libido, hot flashes, and sleep disturbance.

Over the past decade, our group has explored various ways of helping women to
get the most function out of their remaining follicle pool. The underlying philoso-
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phy of this approach is to foster the preservation and growth of pre-antral and antral
follicles to provide maintenance of the antral follicle pool.

4.1 Factors Promoting Growth of Pre-antral and Antral
Follicles

4.1.1 Androgens

In women circulating androgens are derived from both the adrenal glands and the
ovaries [50]. The major adrenal androgens are dehydroepiandrosterone (DHEA)
and its sulfate DHEAS which are produced in the zona reticularis of the human
adrenal cortex [51]. With age the number of cells in the zona reticularis is known to
decrease leading to decreased production of DHEA and DHEAS [51-53]. Androgens
are precursors required for normal ovarian steroidogenesis [54, 55]. Thus, with loss
of adrenal androgen production, there is a consequent loss of ovarian function.

Androgens are important growth factors for early follicle development. Support
for the concept that androgens are necessary for normal early follicular develop-
ment comes from experiments using androgen receptor knockout mouse models
[56, 57]. In these experiments granulosa cell-specific androgen receptor knockout
(ARKO) mice were used to examine the role of androgens in normal follicular
development. GC-specific ARKO mice were more likely than wild type to have
ovarian failure and longer estrous cycles. In addition, ovaries from the GC-specific
ARKO mice had a greater proportion of pre-antral and atretic follicles with evi-
dence of fewer antral follicles or corpora lutea [57]. In later studies androgens were
found to decrease follicular atresia by suppression of proapoptotic protein expres-
sion and enhancement of FSH receptor expression, independent of transcription
[58]. Similar non-genomic modulation of androgen action has been reported in
other species [59].

In the setting of excess androgens, more follicles can develop to the antral folli-
cle stage. One consequence of this androgen excess is the typical picture of polycys-
tic ovary syndrome in which excess androgens lead to an excess number of antral
follicles and excessively high AMH. The high AMH levels interfere with the action
of follicle-stimulating hormone and may contribute to anovulation.

Recognition of this interaction of androgens and antral follicle growth has led to
the use of androgens to promote greater numbers of follicles to the antral follicle
stage in women who have diminished ovarian reserve. This approach presumes that
there are still pre-antral follicles that could be promoted.

We first became aware of this phenomenon while treating a patient who was
almost 43 years old and was undergoing back-to-back oocyte banking cycles. In her
first few cycles, she produced only one or two oocytes, but then, after a few more
cycles, her oocyte production increased markedly ultimately producing 17 oocytes
in her eighth consecutive treatment cycle [60]. When we observed the remarkable
increase in production of oocytes, we asked what she might be doing that was pro-
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moting this response. She told us that she had begun using dehydroepiandrosterone
(DHEA) after her early cycles had failed to produce many oocytes. She became
aware of the potential for DHEA to augment ovarian response to ovulation induc-
tion by reading an earlier series of case reports on the internet [61].

Following this experience, we began offering DHEA to other patients with evi-
dence of diminished ovarian reserve and found that in a remarkable number of cases
we were able to make a significant difference in response and in pregnancy rates
[62, 63]. Recent meta-analyses have concluded that in women reported to be poor
responders, pre-treatment with DHEA or testosterone may be associated with
improved I'VF live birth rates [64, 65].

There are a few important caveats in using DHEA among women with poor ovar-
ian reserve. It is important not to heavily suppress gonadotropins in the preparatory
phase of treatment. Effectiveness of androgen treatment appears to be partly depen-
dent on the interaction of androgens and the endogenous gonadotropins. This may
be a possible explanation why some trials of DHEA in which long agonist IVF
protocol was used have been unable to show a significant benefit of DHEA treat-
ment [66].

We do not use oral contraceptives to schedule IVF cycles. The use of oral contra-
ceptives to help schedule cycles may lead to a 20% reduction in live birth rate [67].
The use of oral contraceptives has been associated with reduction in the antral fol-
licle pool [68] and can reduce IVF oocyte yields [29].

In our practice the current preferred approach is for patients with diminished
ovarian reserve to use micronized DHEA 25 mg three times a day for up to 2 months
prior to initiation of ovulation induction. We prefer our patients to use divided doses
because DHEA is rapidly absorbed and rapidly cleared and we would like to pro-
vide a steady blood level. We test for serum androgens and ovarian reserve param-
eters before starting DHEA and at baseline for each menstrual cycle. In general, in
the presence of SHBG around 50-60 nmol/L, our target for total testosterone is
between 28 and 56 ng/dL (1.0-2.0 nmol/L). We found that most of our patients with
diminished ovarian reserve had baseline testosterone of less than 20 ng/dL and that
only those who were able to raise testosterone to approach a minimal level of 30 ng/
dL had favorable results to treatment [69].

4.1.2 Growth Hormone

Growth hormone is a hormone secreted by the somatotroph cells of the anterior
pituitary peptide hormone important for cell growth, normal development, and
metabolism. Growth hormone acts on the liver to produce IGF-1, which is respon-
sible for growth hormone’s metabolic effects. IGF-1 receptors are present both in
human oocytes and cumulus granulosa cells [70-72]. IGF-1 has been shown to have
arole in murine granulosa cell differentiation [73], follicle recruitment [74], oocyte
maturation and FSH receptor development [75], and inhibition of apoptosis [76].
IGF-1 increases the estradiol secretory response of granulosa cells to follicle-stim-
ulating hormone [77]. In women undergoing IVF, the level of follicular fluid IGF-1
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was found to be proportional to the number of oocytes retrieved and inversely pro-
portional to the amount of gonadotropin needed for successful ovulation induction
[78]. Co-treatment with growth hormone was found to be associated with increased
density of FSH receptors, LH receptors, bone morphogenetic hormone receptors,
and growth hormone receptors of granulosa cells of older women with a history of
poor ovarian reserve [79].

Growth hormone supplementation is potentially useful in ovulation induction.
Over the last decades as recombinant growth hormone has become commercially
available, there have been many studies looking at the effects of growth hormone on
ovulation induction [§0-86]. Almost all these studies administered growth hormone
along with routine fertility medication during the ovulation induction cycle. Most
studies used GH doses between 4 and 12 units per day. A few studies started GH on
day 21 of the previous cycle. Evidence for meta-analysis has suggested that growth
hormone has the greatest benefit when used to treat women classed as poor respond-
ers, those with a history of fewer than four oocytes retrieved in a previous cycle.

Recent randomized trials in poor responders have confirmed a growth hormone
benefit in increased collected oocytes; however, growth hormone had no effect on
the primary outcome of live birth [87, 88].

A recent Cochrane review found that while GH did not improve results in routine
IVF cycles there is “‘some evidence of increased pregnancy and birth rates in women
who are considered ‘poor responders’ to in vitro fertilization.”

Growth hormone is reported to modulate the action of FSH on follicles by upreg-
ulating local synthesis of IGF-1. Interestingly a similar effect was noted by Casson
[61, 89] in early experiments using DHEA with treated patients having increased
IGF-1. Much of the focus on gonadotropin/IGF-1 interaction has revolved around
the effects on granulosa cell cultures to increase aromatase activity, estradiol pro-
duction, progesterone production, and LH receptor formation. However, IGF-1 also
has a proposed role in stimulating early follicle development and oocyte maturation
[90, 91].

Synthetic human growth hormone was developed in 1985 and approved by the
FDA for specific uses in children and adults. Synthetic growth hormone use as a
supplement for ovulation induction has not been FDA approved.

We believe the greatest potential for GH would be during preparation for an
ovulation induction cycle. Theoretically administration of GH during the 6 weeks
before starting a cycle will influence developing antral follicles to present a better
cohort of follicles when ovulation induction is begun.

4.1.3 Platelet-Rich Plasma

As women age oocytes are gradually depleted with a consequent progressive loss of
ovarian function and fertility. When a woman’s follicle cohort falls below a critical
level, she enters a transitional time of diminished ovarian reserve known as ovarian
insufficiency. For most women this phase begins in the mid to late 30s and may last
over 10-15 years before the onset of actual menopause. During this transition fertil-
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ity is continuously reduced as is the production of ovarian sex steroids leading to
increased symptoms of estrogen deficiency. These changes naturally occur at a time
in their lives when contemporary women may only just be beginning to think about
having a family.

Various strategies have been applied to help women restore ovarian function or
to maximize the utility of what function may remain. Most past approaches to treat-
ment of ovarian insufficiency have focused on maximizing induction of the cohort
of antral follicles which constitute a women’s functional ovarian reserve. These are
the follicles which have survived the several months of development from primor-
dial follicle to the antral follicle stage and most likely represent only a fraction of
that original cohort.

Recently the use of platelet-rich plasma (PRP) has been proposed as an addi-
tional strategy for improving ovarian function [89]. PRP has been used in other
medical fields to regenerate skin [90] and cartilage [91]. The rational for the use of
PRP in these settings is that it contains growth factors which stimulate cellular
anabolism, inflammatory modulators that create an anti-inflammatory effect, and
fibrinogen which acts as a scaffold for regenerating tissue [92-94].

One current hypothesis regarding the possible effect of PRP in the ovary is that
the growth factors released by activated PRP may induce the transformation of
germline stem cells (GSCs) into primordial follicles, thus replenishing a diminished
follicle pool [95]. Evidence in support of this hypothesis is limited [89, 96-98]. A
few case reports of pregnancies occurring in women said to have premature ovarian
failure have recently been reported [89, 99].

Women with POI may still have occasional irregular periods and may even occa-
sionally achieve a pregnancy. In our practice we are presently recruiting women
with POl into a clinical trial (NCT03542708) in which one randomly selected ovary
is treated with PRP and the other ovary remains as a control. The endpoint of this
study is to see if there is a differential response in follicle development between the
treated and untreated ovary.

4.1.4 Estrogen Priming

We use estrogen priming for 7-10 days before beginning ovulation induction. Once
ovulation induction is begun, we switch the estrogen prime to ethinylestradiol,
which does not interfere with assay reading of estradiol coming from the patient’s
ovaries.
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S Optimizing Oocyte Production

5.1 Individualized Egg Retrieval

Over the past 2 years, we rarely used any cycle control at all. Instead we time our
retrievals earlier than spontaneous ovulation would be expected to occur in the pro-
tocol we have called highly individualized egg retrieval [103].

As women age, oocyte quantity [5] and quality [104] are significantly dimin-
ished. Among older women undergoing ovulation induction for in vitro fertilization,
a large percentage of oocytes retrieved are atretic [105]. The bidirectional commu-
nication in the cumulus granulosa cells and the oocyte is critical for the oocytes
growth and differentiation [ 106—108]. With aging, the number of cumulus granulosa
cells per oocyte [109] and the competence of those cells to maintain oocyte health
become compromised [110].

We found that granulosa cell molecular function was diminished among older
women. FSH receptor (FSHR), aromatase (CYP19A1), and 17b-hydroxysteroid
dehydrogenase (HSD17B) expression were downregulated, while LH receptor
(LHCGR), P450scc (CYP11A1), and progesterone receptor (PGR) were upregu-
lated in granulosa cells collected from follicular fluid of women undergoing in vitro
fertilization cycles. Together these findings revealed age-related changes consistent
with premature luteinization [105] (Fig. 2).

We reasoned that loss of cumulus granulosa cell support could be a direct cause
of the increasing incidence of oocyte atresia observed among our older patients.
Based on this observation, we began timing retrieval at earlier stages of follicular
development among older women [105]. This change in timing of oocyte retrieval
resulted in a lower percentage of atretic eggs and a significantly improved preg-
nancy rate [103] (Table 1).

5.2 InVitro Maturation of Immature Qocytes (IVM)

One consequence of moving the timing of the oocyte retrieval to earlier stages of
follicular development is that a greater percentage of oocytes are MI or GV. We
chose to retrieve immature oocytes rather than atretic oocytes that had no possibility
of salvage. As expected, many of the MI oocytes progressed to MII once the cumu-
lus granulosa cells were stripped away. Although these oocytes achieve nuclear
maturity, they may not have achieved cytoplasmic maturity, and thus embryos pro-
duced from these in vitro oocytes do not have the same potential to achieve preg-
nancy as those oocytes that were already MII at collection. Clearly, this is an area
that will need more exploration.
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Fig. 2 mRNA expression of genes from granulosa cells collected from follicular fluid of women
undergoing in vitro fertilization cycles determined by real-time PCR. Values with same letters or
without letters above the columns within each unit figure were not different significantly (PO0.05).
White columns: group 1 (oocyte donors), n = 7; gray columns: group 2 (middle-aged infertile
patients), n = 10; black columns: group 3 (older infertile patients), n = 10. (FSH receptor (FSHR),
aromatase (CYP19A1), 17b-hydroxysteroid dehydrogenase (HSD17B) LH receptor (LHCGR),
P450scc (CYPI11AI), and progesterone receptor (PGR)). (Adapted from Wu, Barad et al. J
Endocrinol. 2015 Sep;226(3):167-80)

5.3 Rebound

When caring for patients with significant POI/POA with several previous failed
cycles of ovulation induction, it is common to find women who do not respond at all
to ovulation induction; they have no evidence of follicle growth and no estradiol
rise. Paradoxically, we found that when we stop all medications and recheck in
3 days about half of such patients would show evidence of follicle growth and rising
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Table 1 Comparison IVF parameters with early retrieval and standard retrieval among women
with evidence of diminished ovarian reserve

IVF parameters Early retrieval Standard retrieval
Number of patients 24 13

Age (years) 39.4+0.6 38.5+0.6
Serum FSH (mIU/mL) 128+1.3 11.3+1.2
Serum AMH (mg/mL) 0.49 +0.09 0.43 +0.12
P4/E2 ratio on trigger day 2.49 +0.37 3.16 = 0.68
Retrieved oocytes 34+0.6 57+13
Matured oocyte 2.7+0.44 34+09

% of mature oocytes 81.5+4.5 55.8 + 8.3
Immature oocytes 0.45+0.1 0.7+0.2

% of immature oocytes 126 £34 144 +5.1
Atretic oocyte 0.32+0.2 1.3+0.3*

% of atretic oocyte 79+3.0 28.2 +7.2%
Fertilized oocytes 22+x04 3.1+0.7

% of fertilized oocytes 87.5+52 86.8 +5.1
Total transferable embryos 1.6x0.2 25+0.3
High quality embryos 1.1x0.2 09+0.2

% of high quality embryos 68.2 +10.7 53.8+9.3
Clinical pregnancy rate 41.7% (10/24) 7.7% (1/13)*

From Wu et al. Journal of Ovarian Research (2018) 11:23
P <0.05

estradiol. We have termed this paradoxical phenomenon “rebound.” We now rou-
tinely ask patients to return for a “rebound check” 3—4 days after stopping ovulation
induction. When we see evidence of such response, ovulation induction is restarted,
and many of these patients reach retrieval.

Through August 2019, 49 women with maximal levels FSH greater than 20 mIU/
mL, AMH less than 0.01 ng/mL, and failure to exhibit a rise in estradiol greater than
60 after more than 8 days of ovulation induction have been treated in “rebound”
cycles in our practice. Of these 24 responded and ovulation induction was restarted.
Twenty-two patients reached retrieval and 15 patients reached embryo transfer.
Until now, managing the “rebound” has not resulted in a pregnancy.

6 Embryo Factors

6.1 Fertilization and Implantation

In vivo fertilization occurs in the fallopian tube within 24 h of ovulation. The fertil-
ized zygote then travels down the fallopian tube over 3—4 days to the uterus, arriving
there around the fifth day after ovulation. Implantation may not occur until 6-8 days
following fertilization.
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6.1.1 Fertilization

Fertilization is a complex process dependent on competent sperm being transported
to the distal fallopian tube. Tubal disease that could hinder the ability of ovum
pickup by the distal fimbria or hinder transport of either the oocyte, sperm, or fertil-
ized zygote may all give rise to infertility. In the past tubal disease was surgically
treated with various procedures designed to restore tubal patency. However, even in
the best of hands, the live birth rate was often less than 25% within a year of surgery
[111, 112]. Furthermore, after surgery to repair a damaged fallopian tube, the odds
of ectopic pregnancy increase fourfold [113]. For these reasons, surgical approaches
to tubal disease have fallen out of favor.

6.1.2 Ectopic Pregnancy

The incidence of ectopic pregnancy following IVF embryo transfer (ET) ranges
from 1 to 2% [113-115]. Ectopic pregnancy following ET is more common among
women with a history of tubal disease and less common following day-5 ET [115].
No one knows what happens to an embryo that has been transferred to the uterine
cavity days before endometrial receptivity has been achieved. It may be that embryos
move often back into the proximal fallopian tube, retracing the normal path of
development. Since ectopic pregnancy is known to occur after ET, at least some
embryos must migrate back into the fallopian tubes, but perhaps most do, and only
a few unlucky embryos result in a tubal implantation. As noted above implantation
will not begin for a few days after ET, so a day-3 ET will spend more time preim-
plantation than a day-5 embryo, increasing the risk of ectopic implantation for
women with a history of tubal disease [114]. Women who used the contraceptive
device known as Essure©, which creates proximal tubal occlusion, experienced
lower pregnancy rates after IVF embryo transfer compared to those who were
treated by laparoscopic salpingectomy before IVF [116]; perhaps the opportunity to
migrate back into the fallopian tube improves the chance of a successful cycle?
Thus, one may speculate that passage back to a normal tube may give embryos an
advantage, while transit in a damaged tube creates a risk.

6.2 Embryo Selection

A typical cycle of in vitro fertilization will produce multiple oocytes and many
embryos. As already noted above, the major rationale for using ovulation induction
was to produce multiple oocytes and allow formation of multiple embryos. One goal
of producing multiple embryos was to allow selection of the most favorable embryo
or set of embryos for transfer. Over the years, various strategies have been used to
select embryos and decide how many embryos to transfer.
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6.2.1 Embryo Morphology

Once an egg becomes fertilized, the resulting zygote will begin to divide. Each cell
division is an independent event based on each cell’s individual metabolic response
to its immediate environment. After 3 days in culture, we expect that a zygote will
have divided three times, each time doubling the number of blastomeres. For this
reason, we expect an embryo that has undergone three normal divisions to have
eight blastomeres. Embryos with greater or fewer numbers of blastomeres might
represent abnormal cell division and are considered less favorably. Embryos are
also graded based on appearance color, texture, symmetry, and on the percent of
small cytoplasmic fragments surrounding the blastomeres [117]. The best graded
embryos are symmetrical and have few or no fragments (Table 2).

Embryos allowed to remain in culture for 5 days will, under normal conditions,
progress to the blastocyst stage. The typical blastocyst will have a spherical trophecto-
derm made up of 200-300 cells and a much smaller inner cell mass. The trophectoderm
will develop into the placenta, and the inner cell mass will go on to form the embryo
proper. Day-5 embryos are scored based on their stage of development and on the char-
acteristics of the cells in the inner cell mass and in the trophectoderm [117] (Table 2).
Since the process of embryo implantation does not occur until several days after
fertilization, transfers could in theory occur anytime in the first 6 days after fertiliza-
tion. When embryo culture methods had improved enough to allow culture of
embryos to blastocyst, it soon became apparent that embryos which had survived to
the blastocyst stage had a greater chance of implanting and establishing a pregnancy
that could result in a live birth. Although many assumed that culture to blastocyst
resulted in a more successful embryo, this was not the case. Embryos that could
survive in the laboratory to the blastocyst stage simply proved that they were stron-
ger, not as a result of extended culture but because they had always been the most fit
of their cohort. One of the costs of using extended culture to identify highly success-
ful embryos is the loss of embryos that could not survive in extended culture.
Current best evidence suggests that while blastocyst culture allows selection of a
successful embryo for a fresh embryo transfer, because fewer embryos are cryopre-
served, there is no evidence of difference in cumulative pregnancy rates using
embryos produced from a single oocyte retrieval [118].

Table 2 SART grading system
Growth phase | Overall grade Stage

Cleavage Good, fair, poor Cell #: 1 through >8
Fragmentation: 0%, <10%, 11-25%, >25%
Symmetry: perfect, moderately asymmetric,
severely asymmetric

Morula Good, fair, poor Compaction: complete, incomplete
Fragmentation: 0%, <10%, 11-25%, >25%
Blastocyst Good, fair, poor Expansion: early, expanding, expanded, hatched

Inner cell mass: good, fair, poor
Trophectoderm: good, fair, poor

From J Assist Reprod Genet (2010) 27:437-439
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6.2.2 Preimplantation Genetic Testing

In the 1980s preimplantation genetic testing (PGT) was developed with the goal of
identifying genetic disease when both parents were known to be carriers for condi-
tions like cystic fibrosis, Huntington’s disease, or hemophilia. Techniques were
soon extended to try to rule out balanced translocations and aneuploidies in embryos
before embryo transfer.

This technique, first called preimplantation genetic diagnosis (PGD), used fluo-
rescence in situ hybridization (FISH) to identify aneuploidy in polar bodies or sin-
gle blastomere biopsies from day-3 embryos [119-121]. As evidence accumulated
over time, it became clear that damage to the embryo from blastomere biopsy and
the inaccuracy of the FISH technique [122] actually decreased the chance of a suc-
cessful pregnancy [123-125].

In response to these observations, new techniques were developed to test
embryos at a later stage of development when more cells could be sampled recog-
nizing that at this later stage of development these cells would represent a smaller
percentage of the resulting embryo and hopefully lead to less embryo damage
[126, 127]. The resulting technique of trophectoderm biopsy would sample 4 to 6
cells from the trophectoderm and would use new methods of genetic analysis of
these cells that would allow reporting of the ploidy of all 24 chromosomes
[128-130].

For young women less than 35 years old, selection of a blastocyst with a euploid

biopsy promised an excellent chance of a successful pregnancy. However, by the
age 40 years, almost 60% of embryos had aneuploid biopsy results, while by
44 years the percentage of aneuploid biopsies increased to 88% and more than 40%
of couples had no embryos with euploid biopsy for transfer [131].
Recognizing that no test is 100% accurate, we and others began offering to transfer
embryos that had been called “aneuploid” based on their trophectoderm biopsy. We
realized that the only way to lose all chance of a successful pregnancy was to never
offer an embryo transfer. When these embryos were transferred, it turned out that a
substantial number were able to achieve pregnancy and normal live birth [132, 133].
A recent survey found more than 400 live births after transfer of embryos deter-
mined by PGT to be abnormal [134]. It turned out that the accuracy of preimplanta-
tion testing was limited by the mosaic nature of early human embryos [135] and by
the ability of some embryos to self-correct mitotically derived aneuploidy [136,
137]. Today, preimplantation genetic testing (PGT) is widely practiced, though
many still consider it to be controversial [138]. In general, we do not recommend
PGT to our patients with diminished ovarian reserve as we believe our role is to
promote the best chance of pregnancy and not to try to guarantee a so-called per-
fect embryo.
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Role of Hormones in Common Benign
Uterine Lesions: Endometrial Polyps,
Leiomyomas, and Adenomyosis

Myriam Kossai and Frédérique Penault-Llorca

1 Introduction

Leiomyoma, adenomyosis, and endometrial polyps are benign uterine neoplasms or
disorders. They are considered a specific entity in the PALM-COEIN FIGO [1].
They are absent before menarche and regress rapidly after menopause, indicating
that sex steroid hormones (estrogen and progesterone) play a pivotal role in the
development of these diseases. Estrogen and progesterone are secreted mainly by
the ovaries and in smaller amounts by the adrenal glands. They are secreted cycli-
cally during the reproductive life and are required for the process of implantation,
which is the result of a series of complex interactions between the decidualized
endometrium and the early embryo [2].

Leiomyoma, adenomyosis, and endometrial polyps seem to develop in the con-
text of hormonal imbalances, in association with various factors ranging from
genetic factors to modifiable lifestyle factors. In this chapter we define these entities
and describe our current knowledge regarding their etiopathogenesis and the influ-
ence of sex steroid hormones on their development. Available and emerging therapy
is presented for each disease.

M. Kossai (P<)) - F. Penault-Llorca (P<)
Department of Pathology and Molecular Pathology, Centre Jean Perrin,
Clermont-Ferrand, France

UMR INSERM 1240, Universite Clermont Auvergne, Clermont-Ferrand, France
e-mail: myriam.kossai @clermont.unicancer.fr;
frederique.penault-llorca@clermont.unicancer.fr

© Springer Nature Switzerland AG 2020 37
L. Deligdisch-Schor, A. Mares Miceli (eds.), Hormonal Pathology of the Uterus,

Advances in Experimental Medicine and Biology 1242,
https://doi.org/10.1007/978-3-030-38474-6_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-38474-6_3&domain=pdf
mailto:myriam.kossai@clermont.unicancer.fr
mailto:frederique.penault-llorca@clermont.unicancer.fr
mailto:frederique.penault-llorca@clermont.unicancer.fr

38 M. Kossai and F. Penault-Llorca

2 Leiomyoma

2.1 Definition, Epidemiology, Clinical Features

Uterine leiomyomas (ULs), often called fibroids or myomas, are benign smooth
muscle tumors. They are the most common neoplasms in women, occurring in
>70% of women worldwide [3, 4], but the true incidence is certainly underesti-
mated. Histological studies on a series of uteri serially examined, resected for non-
cancerous conditions, showed that 56—77% of women had ULs [3, 5]. They mostly
affect women during their reproductive age. Black women are particularly affected
by ULs, with a higher prevalence and a two- to threefold incidence, occurring at a
younger age than in Caucasian, Asian, and Hispanic women [4, 6, 7].

ULs occur in the uterine body (Fig. 1) but can develop in the cervix, uterine liga-
ments, and, rarely, the ovary and fallopian tube. A FIGO classification system has
been established, based on tumor location (Fig. 2) [8]. They are well-demarcated
lesions consisting of interlacing bundles of smooth muscle cells separated by sub-
stantial extracellular matrix (ECM) (Fig. 3). Histological examination defines the
malignant potential of ULs by the assessment of nuclear grade and atypia, the count
of mitoses, and the presence or absence of coagulative necrosis. Several subtypes
have been described such as myxoid, epithelioid, cellular, and degenerated ULs
(Fig. 4). Despite a low mitotic index, some subtypes present unusual growth pat-
terns, commonly attributed to malignant lesions. These are diffuse leiomyomatosis,
intravascular leiomyomatosis, benign metastasizing ULs, and disseminated perito-
neal leiomyomatosis. For example, intravascular leiomyomatosis is a condition in
which benign smooth muscle cells are present within the lumen of veins, which
could spread to the heart without invading other tissues. Disseminated peritoneal

Fig. 1 Uterine leiomyomata (submucosal, intramural, and subserosal) and endometrial polyp
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Fig. 2 The FIGO leiomyoma classification system. (From Munro et al. Int J] Gynaecol Obstet.
2011)

Fig. 3 Leiomyoma composed of spindle-shaped smooth muscle cells, with uniform, regular
nuclei. H&E x40

leiomyomatosis exhibits small nodular deposits of benign smooth muscle through-
out the superficial subperitoneal tissues without tissue invasion.

Clinically, ULs are symptomatic in about one third of women over 30 years, ris-
ing to more than 40% in women over 40 years. They present with a variety of symp-
toms due mostly to their local mass effect. Heavy menstrual bleeding and pelvic
pressure are the most common symptoms. Chronic pelvic pain, pressure upon adja-
cent organs resulting in incontinence, increased urinary frequency, and constipation
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Fig. 4 Microscopic section of a leiomyoma with degenerative changes. H&E x40

are commonly described. ULs can also cause problems related to pregnancy includ-
ing infertility, early pregnancy loss, and later pregnancy complications [9]. The dis-
ease is more severe in black women compared to white women, with larger and
more numerous tumors [7, 10].

The severity of symptoms depends on the number, size and location of the tumors
in the uterus. ULs are often multiple and demonstrate a large heterogeneity even
within the same woman, presenting several ULs showing different growth rates
[3, 11].

As a consequence, ULs represent a major indication of hysterectomy and an
important public health burden. As an example, the estimated annual healthcare-
related costs of ULs range from 6 to 34 billion USD in the United States [12].

2.2  Risk Factors and Etiopathogenesis

A variety of risk factors that can overlap have been identified, from genetic and
epigenetic factors to modifiable lifestyle factors [13, 14]. Increasing age until age of
menopause and ethnicity (African ancestry) are the main factors. Family history of
ULs, time since last birth, high blood pressure, obesity, soybean milk and food addi-
tive consumption, and vitamin C deficiency are other factors. Pregnancy (with a risk
that decreases with an increasing number of pregnancies), oral contraceptive use,
and smoking in women with a low BMI may lower the risk of ULs.

Other pathogenetic factors have also been reported such as growth factors, cyto-
kines, chemokines, and extracellular matrix components. The role of steroid hor-
mones remains decisive for the development and growth of ULs.
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The ULs’ etiology is unclear, certainly multifactorial; ULs derive from a prolif-
eration of a single clone of smooth muscle cells [15, 16]. The myometrium and ULs
contain multipotent somatic stem cells that represent a reservoir supporting growth
and self-renewal [17]. Stem cells from ULs carry genetic mutations, whereas the
myometrium does not, suggesting that a mutation as a first “hit” is required for the
genesis of UL from a myometrial stem cell. Among genetic alterations, 12 trisomy,
deletions in 7q, and mutations in genes encoding high mobility group AT-hook 2
(HMGA?2) or mediator complex subunit 12 (MED12) have been reported [18-20].
The latter one is frequent, found in around 70% of ULs. In addition to sporadic
alterations, ULs are a feature of hereditary leiomyomatosis and renal cancer syn-
drome (HLRCC) caused by heterozygous germline mutations in fumarate hydratase
(FH) [21, 22].

ULs seem to develop in response to the menstrual cyclic steroid hormones.
Estrogen and progesterone and their nuclear receptors (ER and PR, respectively)
stimulate the genesis and growth of ULs. Messenger RNA and protein, estrogen and
progesterone, and their receptor levels are higher in UL compared to those in nor-
mal myometrium [23-26]. Stem cells derived from ULs express low levels of estro-
gen and progesterone compared with UL cells or normal myometrial cells [27]. The
growth of UL cells requires the surrounding myometrial cells with higher levels of
steroid hormone receptors and their ligands, potentially mediated in a paracrine
fashion [17]. Some studies showed that estrogen and progesterone activate several
pathways such as the WNT/B-catenin pathway, leading to the stimulation of various
transcription factors and downstream signaling, ultimately giving rise to the clonal
proliferation of ULs [28-31]. Ovarian estrogen and estrogen induced locally by the
aromatase activity are key regulators in UL cells. Aromatase inhibitors are efficient
in reducing significantly UL size, showing that local aromatase activity is essen-
tial [32].

Progesterone is essential for maintenance and growth of ULs and, according to
some studies, appears to be an even more important regulator than estrogen [33—
36]. A study suggested that estrogen maintains PR levels and that progesterone, by
interacting receptors, promotes UL growth [37]. Progesterone and progesterone
receptors influence proliferation of ULs by regulating expression of growth factor
signaling proteins such as epidermal growth factor (EGF) and signaling pathways.
Progesterone receptors can directly bind to antiapoptotic BCL-2 promoter prevent-
ing apoptosis in UL cells [38—40]. The use of antiprogestins or selective progester-
one receptor modulators in clinical trials provides yet the strongest evidence for the
effect of progesterone on UL growth. Indeed, these treatments induced a decreased
tumor size [35, 36, 41-44].

2.3 Treatment

Regarding UL treatment, there are no standard guidelines due to a lack of random-
ized controlled trials. Studies comparing treatment options are rare and follow-up
investigation is often missing. The strategy depends on the presence or absence of
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symptoms and their nature (heavy menstrual bleeding, bulk symptoms, or both). For
women with asymptomatic ULs, it is generally recommended to have follow-up
evaluations. There is an exception for women with submucosal ULs who want
future childbearing: hysteroscopic resection is indicated even if ULs are asymptom-
atic, according to some guidelines [45]. Although surgical interventions had histori-
cally been the mainstay in UL treatment, therapeutic options for symptomatic ULs
also include medical and radiological procedures. However, a systematic review
pointed out the lack of high-quality evidence supporting the effectiveness of most
medical treatments [46].

2.3.1 Medical Treatment

For UL-related heavy bleeding, nonsteroid treatments include antifibrinolytics
(tranexamic acid) and nonsteroidal anti-inflammatory drugs (NSAIDs) that have
shown to be effective [47]. NSAIDs also reduce pain.

Contraceptive associate synthetic analogues of progesterone and estrogen are
widely prescribed for the treatment of UL-related heavy menstrual bleeding.

Progesterone receptor agents are intended to reduce heavy menstrual bleeding by
reducing endometrial hyperplasia associated with ULs. They include antiprogestins
(mifepristone), selective progesterone receptor modulators (SPRMs, ulipristal ace-
tate UPA), and levonorgestrel intrauterine device (LNG-IUD). UPA showed to be
effective in decreasing ULs and uterine volume and improved symptoms such as
pain and bleeding, most patients achieving amenorrhea [35, 36]. Because of specific
pathological SPRM-related endometrial changes, an intermittent regimen is recom-
mended [48]. These are also used for preoperative treatment of ULs. Hence, SPRMs
are becoming the standard medical option for ULs with bulk symptoms. Studies
assessing mifepristone showed a decrease in size of ULs and the total uterine vol-
ume at the completion of the period of active treatment. UL-related symptoms
affecting the quality of life were also substantially improved [49, 50]. LNG-IUDs
have been shown to reduce bleeding and to restore hemoglobin levels in women
with ULs (except those that are submucosal) [51]. Mifepristone and LNG-IUDs
have not been approved as therapy for ULs; further clinical trials to support their use
are required [52].

Gonadotropin-releasing hormone (GnRH) agonists reduce the size of ULs and
the overall uterine volume associated with a reduction of bleeding reported in some
studies [53, 54]. Other symptoms such as pelvic pain and pressure, urinary fre-
quency, and constipation were consistently ameliorated. Despite these positive
effects, this treatment causes numerous side effects mimicking menopause,
including vasomotor effects and bone mineral density loss, although some of these
can be improved with hormonal “add-back” therapy using estrogens. Another prob-
lem resides in the fact that ULs recur following discontinuation of treatment. Hence,
this drug is recommended for preoperative management for short periods [45, 55].
GnRH antagonists have similar effects with GnRH agonists with an immediate
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effect, avoiding the “flare-up” [56]. They reduce UL volume, but they do not
improve bleeding and are not considered as an effective treatment for ULs.

Selective estrogen receptor modulator (SERM) raloxifene was assessed in ran-
domized trial showing inconsistent results [57, 58]. Aromatase inhibitors showed to
be effective in reducing ULs and uterine volume as well as symptoms [59]. Those
agents are not currently supported for the treatments of ULs.

2.3.2 Interventional Procedures for ULSs

Several studies randomized women to uterine artery embolization (UAE) proce-
dure; this is a conservative approach and should be considered for women with
symptomatic ULs. ULs and uterine volume decreased significantly as well as symp-
toms after UAE, regardless of the embolization agent or size of particles used to
occlude the UL arteries [60]. The EMMY trial was a long-term follow-up report
from the “Embolization for the Treatment of Symptomatic Uterine Fibroid Tumors”
study and confirmed that ULs and uterine volume reductions persist up to 5 years
after UAE; however, 28% (23/81) of women underwent subsequent hysterec-
tomy [61].

Magnetic resonance-guided focused ultrasound (MRgFUS) is a noninvasive
thermoablative technique, also effective in reducing UL size and symptoms, but
remains experimental [62].

Laparoscopic radiofrequency UL ablation with intra-abdominal ultrasound guid-
ance has been approved for the treatment of ULs with bulk symptoms [63, 64]. In
addition, this procedure seems to result in less intraoperative blood loss and a shorter
hospital stay, compared to myomectomy.

Myolysis using energy delivery systems based upon radiofrequency electricity or
supercooled cryoprobes and laparoscopic ligations of the uterine arteries are other
techniques used for women with UL-related bulk symptoms, but they need to be
validated in clinical trials [45, 65].

2.3.3 Surgical Treatment

For women with intrauterine ULs (FIGO type 0, type 1, or type 2 up to 4 cm), myo-
mectomy seems to be the best option for the treatment of UL-related bleeding [45].
It can be performed by hysteroscopy, laparoscopy or laparotomy. This technique
removes ULs and preserves the uterus. However, patients must be informed that the
symptoms may persist and ULs may recur, requiring further surgery. It is
recommended in asymptomatic women who desire future fertility given its minimal
morbidity.

Endometrial ablation is a minimally invasive procedure to be considered for
women who wish to preserve fertility but as a second option after medical treatment
since this technique increases the risk for extrauterine pregnancy [66].
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Definitive hysterectomy is used following the failure of medical treatment in
women with FIGO type 3 and higher ULs. It is recommended for women who do
not intend to get pregnant. This method showed significant improvement in quality
of life [45].

3 Adenomyosis

3.1 Definition, Epidemiology, Clinical Features

Adenomyosis is not considered a neoplasm but an endometrial disorder described
as “the benign invasion of endometrium into the myometrium, producing a diffusely
enlarged uterus which microscopically exhibits ectopic non-neoplastic, endometrial
glands and stroma surrounded by the hypertrophic and hyperplastic myometrium”
(Fig. 5) [67]. It was initially described by Carl von Rokitansky in 1860, before
endometriosis, but the term was first used by Frankl in 1925. The endometrial-
myometrial junction is irregular, the involvement of the superficial myometrium by
endometrial mucosa occurring to varying degrees. Consequently “adenomyosis” is
not well defined. The distance to which the endometrial tissue extends into the myo-
metrium has been expressed as a number of microscopic fields from the junction. It
has been commonly suggested that the diagnosis is based on a myometrial depth of
>2.5 mm on one microscopic field at ten times magnification from the junction [68].

Adenomyosis occurs mostly in the late reproductive years, and its prevalence
varies widely, with an average rate of 20-25% [69]. Recent studies showed that this
condition is not particularly associated with other uterine disorders or neoplasms
such as leiomyoma and prolapse [70].

Fig. 5 Extensive adenomyosis in uterine cross section, with sponge-like appearance due to endo-
metrial glands and their cystic hyperplasia (gross image)
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Dysmenorrhea and dyspareunia are the most common symptoms, but the patient
can be asymptomatic [71]. Pain, heavy periods, and infertility are other reported
symptoms.

Until recently, adenomyosis could only be diagnosed by histology on hysterec-
tomy. With the improvement of high-resolution ultrasound and the development of
magnetic resonance imaging (MRI), the diagnosis of adenomyosis can now be rela-
tively reliably made without a hysterectomy [72—74].

3.2 Risk Factors, Etiopathogenesis

Age, multiparity, and prior uterine surgery are the main risk factors involved in the
etiology of adenomyosis [75]. The development of adenomyosis is influenced by
steroids, but the pathogenetic mechanisms of adenomyosis remain unclear. Other
factors which have been proposed to play a role in the etiopathogenesis of adeno-
myosis are inflammation, altered cell proliferation, and neoangiogenesis [76].

Regarding adenomyosis etiology, there are two main theories. Adenomyosis may
develop from invagination of the endometrial basalis into the myometrium, through
an altered or absent junctional zone [77]. This altered junctional zone presents week
smooth muscle fibers that have loosened their tissue cohesion [78]. The invagination
is due to activation of the tissue injury and repair (TTAR) mechanism, resulting in a
local supraphysiological estrogen production in eutopic and ectopic endometrium
in patients with adenomyosis. A higher level of estrogen was detected in menstrual
blood but not in peripheral blood in women with this disease, corroborating these
findings [79].

Gene polymorphisms such as catechol-O-methyltransferase (COMT), cyto-
chrome P450-1B1 (CYP1B1), and COX-2 have been associated with the risk of
developing adenomyosis [80, 81]. Progesterone and estrogen have antagonist
effects. Some studies demonstrated that some epigenetic aberrations in progester-
one receptor genes lead to a reduction or a loss of the progesterone receptor activity
in women with adenomyosis [82, 83]. This hormonal deregulation indirectly
increases estrogen-induced proliferation.

Postmenopausal women with breast cancer treated with tamoxifen have a higher
rate of adenomyosis than those untreated [84]. By its estrogenic action, tamoxifen
may promote the development of adenomyosis or its persistency in postmenopause
[85]. Hence, hyperestrogenism promotes hyperperistalsis and increases local dam-
age allowing the invagination of endometrial tissue into the myometrium [86—88].

The cycle of auto-traumatization worsens with each menstrual cycle, increasing
the disruption of the muscular fibers and the “invasion” of the endometrium into the
muscular uterine wall. Also, cesarean section, increased birth rates, and prior uter-
ine surgery are risk factors for adenomyosis, supporting that tissue trauma plays a
role in the pathogenesis of this disease [§9-92].

The other hypothesis suggests that adenomyosis may originate from the differen-
tiation of endometrial stem cells or de novo from metaplasia and displaced embry-
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onic pluripotent Miillerian remnants [76, 93, 94]. This Miillerian metaplasia theory
is supported by case reports of adenomyosis in hypoplastic myometrium of patients
with Mayer-Rokitansky-Kuster-Hauser syndrome (absence of functional
endometrium).

The other origin of metaplasia may lie in small populations of adult epithelial
and stromal stem cells that have been reported in the uterus and are thought to dif-
ferentiate [95]. These cells reside in the endometrial basalis within niches and have
a clonogenic and progenitor activity responsible for the remarkable regenerative
activity of the endometrium [93]. They may also have enhanced capacity to regener-
ate, leading to a dysregulation of endometrial stem cells, which could represent a
mechanism for seeding ectopic endometrium into the myometrium. Endometrial
stem cells may be deposited in the muscular wall due to retrograde menstruation
containing endometrial fragments and then differentiate into endometrial tissue.
Moreover, it has been suggested that adult stem cells could be activated by tissue
injury promoting the disruption of stem cell niches in the junctional zone [93, 96].
Recently, Ibrahim et al. described a population of epithelial stem-like cells called
“pale cells” in the basal endometrial glands [97]. These cells have motile properties
and may represent the population that migrates actively into the myometrium, fos-
tered by microscopic injury at the endometrial junctional zone.

3.3 Treatment

Several therapeutic options are available, from medical hormonal or nonhormonal
treatments to nonconservative surgery, but to date there are no international guide-
lines. The choice depends on the woman’s age, reproductive status, and clinical
symptoms [98].

3.3.1 Steroidal Treatments

Adenomyosis is an estrogen-dependent condition that responds to hormonal treat-
ment. The aim of medical treatment is to induce amenorrhea and inhibit ovulation,
based on the theory that the responses of the eutopic and ectopic endometrium are
substantially similar, leading to an improvement of the symptoms and a potential
increase of fertility.

Oral estrogen-progestin contraceptives commonly used to treat adolescents
cause decidualization and subsequent atrophy of the uterus, enabling long-term pain
control and reducing menstruation.

GnRH agonists present antiproliferative and anti-inflammatory effects, reducing
the uterine size and improving symptoms [99]. However, the use of GnRH agonists
has hypoestrogenic side effects such as vasomotor syndrome, genital atrophy, mood
instability, and reduced bone mineral density. To limit these side effects, an “add-
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back” therapy is recommended. Nonetheless, specific studies on this therapeutic
regimen for the treatment of adenomyosis are lacking.

Progestins such as danazol, norethisterone acetate (NETA), and dienogest (DNG)
have the same mechanism of actions as GnRHa and also induce a hypoestrogenism,
having consequently the same effects. Unfortunately, there are limited data regard-
ing the use of progestins in women with adenomyosis. Few retrospective and pro-
spective studies showed a significant improvement in pelvic pain and bleeding
[100-107].

Levonorgestrel-releasing intrauterine device (LNG-IUD) seems to be an effec-
tive long-term treatment. It leads to a reduction of menstruation and pain through a
decidualization and an atrophy of the uterine wall and a reduction of uterine volume
[108-110]. It acts directly on adenomyotic lesions by downregulating estrogen
receptors [111]. Ozdegirmenci et al. compared the LNG-IUD with hysterectomy in
adenomyosis patients, in a randomized controlled trial. After 6 months, the hemo-
globin levels in both groups were similar and increased with LNG-IUD; this treat-
ment has a superior effect on the quality of life compared to hysterectomy [112].

Selective estrogen receptor modulators (SERMs), selective progesterone recep-
tor modulators (SPRMs), and aromatase inhibitors (Als) are emerging drugs that
show promising results [69], but supporting evidence for their clinical use is still
necessary.

3.3.2 Nonsteroidal Medical Treatments

Nonsteroidal anti-inflammatory drugs (NSAIDs) are usually used to treat
adenomyosis-related symptoms. Some systemic reviews showed that they are effec-
tive in treating menstrual pain and reducing menstrual blood loss [47, 113]; how-
ever, there are no studies investigating the use of NSAIDs in adenomyosis. Medical
approaches can be ineffective and symptoms often relapse.

3.3.3 Interventional Procedures

Conservative treatment is required for women who wish to preserve their fertility.
Uterine artery embolization (UAE) and MRI-guided focused ultrasound (MRgFUS)
are conservative interventional procedures [114—116]. UAE has shown to be effec-
tive in the treatment of women with ULs and with both ULs and adenomyosis [117].
Several studies investigated the use of MRgFUS in women with symptomatic ade-
nomyosis; this procedure appears to be effective and safe, but more clinical data is
required [117].
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3.3.4 Surgical Treatment

Minimally invasive surgical procedures are an alternative option when medical
treatment is insufficient. Hysteroscopic excision of adenomyosis foci has been sug-
gested before treatment for fertility. Results of studies on endometrial ablation of
adenomyosis are conflicting [117]. This technique should not be used when foci of
adenomyosis are deep, a major cause of treatment failure.

Surgical excision by laparoscopy of localized lesions sparing the uterus seemed
to be safe. Hysterectomy is a definitive surgery and represents the gold standard
treatment for women who have no desire for future fertility. Total hysterectomy
should be favored over subtotal hysterectomy since there were few case reports of
recurrence of the disease in the cervical stump or in the rectovaginal septum [118].

4 Endometrial Polyps

4.1 Definition, Epidemiology, Clinical Features

Endometrial polyps (EPs) are localized exophytic biphasic growths of endometrial
glands and stroma with blood vessels protruding into the uterine cavity. They can
arise at any age in about 13—-17% of women but are more frequent shortly after
menopause [119]. They can be single or multiple, measuring a few millimeters up
to several centimeters, and can be sessile or pedunculated in shape (see Fig. 1). They
can develop anywhere in the uterine cavity and can regress spontaneously [120].
EPs are in a large majority benign (Fig. 6), but atypical hyperplasia and adenocarci-
noma, generally of the endometrioid type, may occur [121].

EPs are usually asymptomatic. They can be a cause of abnormal bleeding with
no correlation with the polyp’s size or growth rate [122].

4.2 Etiopathogenesis

Several hypotheses have been suggested regarding their pathogenesis. They may
arise as monoclonal overgrowths of genetically altered stromal cells promoting pro-
liferation of adjacent epithelial cells [123, 124]. Rearrangements in a high mobility
group (HMG) family of transcription factors have been identified in EP [124—-126].
It has been suggested that they can develop through a mechanism involving an
aromatase-dependent focal hyperestrogenism [127, 128]. Ovarian hyperthecosis, a
source of estrogen, may participate to the development of EPs in postmenopausal
women [129]. EPs are related to hormonal imbalances; they can be functional show-
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Fig. 6 Benign endometrial
polyp with non-atypical
glandular hyperplasia.
H&E x100

ing cycling changes in synchrony with those seen in the adjacent normal endome-
trium but more often are nonfunctional with no proliferative or secretory activity.

In recent years, the increasing age and the use of tamoxifen were the two most
significant risk factors for the development of EPs (Fig. 7) [122]. Women on
tamoxifen are more likely to present much larger, more fibrotic EPs, with mucinous
metaplasia, and these EPs are more likely to contain hyperplasia or carcinoma [130].

Other risk factors have been reported in the pathogenesis of EPs, such as obesity,
hypertension, and diabetes, but none of them is significant when women’s age is
taken into consideration [131].

EPs are associated with an increased risk of endometrial malignancy. Primary
malignancy degeneration of a polyp occurs in 0.5-4.8% [132, 133]. EPs can also
spontaneously regress over time, especially smaller ones (mean diameter 10.7 mm)
compared to larger ones (mean diameters 15.1 mm), more frequently in premeno-
pausal women [122].

4.3 Treatment

Current management of EPs depends on whether the patient is asymptomatic or not
[134]. Some studies reported no correlation between polyp’s growth rate, monitored
by ultrasound scans, and symptoms. These findings suggest that routine ultrasound
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Fig. 7 Tamoxifen-treated
patient with endometrial
polyp showing cystic
glands, mucinous
metaplasia, and fibro-
hyalinized stroma. H&E
x25

scans should not be used to predict the onset of symptoms and that patients with
asymptomatic EP should report symptoms if they appear rather than having routine
ultrasound scans [122].

EPs are generally removed by transcervical resection (TCRP) under hysteros-
copy, a minimally invasive effective method, or by curettage or other sampling tech-
niques such as pipelle [135]. When endometrial hyperplasia or adenocarcinoma is
present on the specimen, the patient should be managed in the same way as if these
premalignant and malignant lesions were found in a non-polypoid area.

Few studies have investigated the use of hormone therapy in the treatment of EPs
after resection or the use of levonorgestrel-releasing intrauterine device, but signifi-
cant clinical evidence supporting their use is needed [136, 137]. Currently, there is
no recommended medical hormone therapy for the treatment of EPs.

5 Conclusions

Leiomyoma, adenomyosis, and endometrial polyps are common endometrial dis-
eases. They share some common risk factors and symptoms such as heavy men-
strual bleeding, pelvic pain, and a negative impact on women’s quality of life. They
also represent a significant health cost, particularly leiomyoma.
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They seem to arise in a context of hormonal imbalances due to steroid hormones,
estrogen and progesterone. A growing body of evidence suggests that those hor-
mones and their receptors are key modulators in the genesis and the growth of those
pathologic entities. Further studies are required to understand their involvement in
the pathogenesis of those lesions and their link to other factors such as extracellular
matrix components, growth factors, chemokines, cytokines, and tissue repair mech-
anisms. This will allow the identification of potential targets and co-targets for med-
ical intervention.

Currently, medical therapies of leiomyoma and adenomyosis are focused on
estrogen and progesterone receptors, showing significant results in decreasing
symptoms and improving the quality of life of patients. Selective progesterone
receptor modulators such as ulipristal acetate in the treatment of symptomatic leio-
myoma demonstrated their efficacy in numerous studies and are currently available.
Gonadotropin-releasing hormone agonists are used in preoperative treatment of
leiomyoma. Steroidal treatment in adenomyosis showed consistent results, although,
to date, there are no specific steroid therapy. For the treatment of endometrial polyp,
transcervical resection remains the gold standard since these entities are easily
resectable. In addition, most of them are nonfunctional, raising the possibility that
hormonal treatment will not have any effect on their growth or their related
symptoms.
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Endometrial Carcinoma and its Precursors

Pouya Javadian and Farr Nezhat

1 Introduction

Endometrial cancer affects mainly postmenopausal women. The average age of
women diagnosed with endometrial cancer is 62; it is uncommon in women under
the age of 45. This cancer is slightly more common in white women, but the inci-
dence rate increase was higher in blacks, likely because black women in the United
States appear to undergo hysterectomy at higher rates than white women. However,
mortality was almost twofold higher in blacks than in whites (7.1 vs. 3.9 per 100,000
patients), possibly due to a higher incidence of aggressive cancer subtypes, as well
as issues of access to and quality of healthcare services [1].

Obesity (BMI > 30), nulliparity, and late menopause or exogenous estrogen
without adequate opposition by a progestin are known risk factors for endometrial
carcinoma. Patients who received selective estrogen receptor modulator (SERM)
tamoxifen and raloxifene and, more recently, aromatase inhibitors are also at
increased risk of developing endometrial carcinoma. Another condition leading to
long-term estrogen stimulation of the endometrium is the polycystic ovary
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syndrome. In addition, women with Lynch syndrome (hereditary nonpolyposis
colon cancer) are at a markedly increased risk of endometrial cancer [2].

In the early 1980s, Bokhman suggested that there are two pathogenic types of
endometrial cancer, type I and type II. While the majority of tumors are type I endo-
metrioid carcinomas (EC), developing from and associated with atypical glandular
hyperplasia, and related to prolonged unopposed estrogen effect, type I endome-
trial carcinomas may develop from atrophic endometrium. Occasionally an early
stage of type II EC is detected, endometrial intraepithelial carcinoma (EIC)—as
opposed to endometrial intraepithelial neoplasm (EIN), a precursor of type I
EC. Type II EC are more aggressive tumors, often detected in late stages and not
necessarily related to estrogen effect, as they are seen in multiparous, nonobese,
mostly older patients. Their etiology is less clear, with possible genetic and environ-
mental factors involved. Recent studies of human mammary tumor virus (HMTV)
have identified viral envelope particles in the endometrial cancer epithelial cells in
23% of the examined cases, suggesting a possible cofactor via downstream effect [3].

Endometrial hyperplasia is characterized by a proliferation of endometrial glands
resulting in a greater gland-to-stroma ratio (>50%) than observed in normal prolif-
erative endometrium. The proliferating glands vary in size and shape, and cells may
have cytologic atypia. Atypical hyperplasia results from increased estrogenic stimu-
lation of the endometrium and is a precursor of endometrioid endometrial cancer.
Unopposed estrogen stimulation yields a continuous spectrum of changes, ranging
from proliferative endometrium to endometrial hyperplasia. Endometrial cancer is
defined by the ability to invade local tissue and metastasize. Histopathologic clas-
sification of endometrial lesions provides a stratification of risk for progression to
cancer by defined endometrial changes.

Type I endometrial carcinoma arises in women with obesity, hyperlipidemia, and
signs of hyperestrogenism, such as anovulatory uterine bleeding, infertility, late
onset of menopause, and hyperplasia of the stroma of the ovaries with associated
endometrial hyperplasia. Endometrioid endometrial carcinoma is estrogen-
responsive, and the main risk factor for this disease is long-term exposure to excess
endogenous or exogenous estrogen without adequate opposition by a progestin [4].
These patients mainly have well or moderately differentiated tumors, superficial
invasion of the myometrium, high sensitivity to progestins, and a favorable progno-
sis (85% 5-year survival rate) [5].

Type II endometrial carcinomas tend to present at an advanced stage and develop
without previous hyperplasia. These non-estrogen-related carcinomas including
serous adenocarcinoma, tend to be poorly differentiated and clinically more aggres-
sive. Approximately 70% of patients with uterine serous carcinoma, some of them
serous papillary (UPSC), and 50% with clear cell carcinomas present with stage III
or IV disease. The patients who fall in this pathogenic group tend to have poorly
differentiated tumors, deep myometrial invasion, a high frequency of metastatic dis-
ease to the lymph nodes, decreased sensitivity to progestin, and poor prognosis
(58% 5-year survival rate) [6].
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2 Endometrial Hyperplasia

Endometrial hyperplasia is rare in women under the age of 30 with an increasing
incidence with age and an overall peak incidence of 386/100,000 women in women
aged 50-54 years. The incidence then appears to decrease, with endometrial hyper-
plasia being found to be more common in early postmenopausal women (within
5 years of menopause) compared to late postmenopausal women (over 5 years from
menopause) [7].

There are currently two systems of nomenclature for endometrial cancer precur-
sors, the 1994 World Health Organization (WHO94) classification and the endome-
trial intraepithelial neoplasia (EIN) system. The International Society of
Gynecological Pathologists (ISGyP) and International Federation of Gynecology
and Obstetrics (FIGO) used a classification system of endometrial hyperplasia that
divided it into four categories, based on architectural structure and cytologic fea-
tures: simple or complex endometrial hyperplasia, with or without atypia. When the
abbreviation AEH is used, it refers to atypical endometrial hyperplasia (AEH). The
presence of atypia appeared to be the most important criterion for progression to
adenocarcinoma or the coexistence of endometrioid adenocarcinoma. The rates of
coexisting endometrioid adenocarcinoma with AEH are reported to be as low as
13% and as high as 43% [8]. More recently, four tier classification was replaced by
a two tier classification. Terms “simple” and “complex” were discarded, and endo-
metrial hyperplasia is classified into two categories, “with” or “without atypia,”
according to the presence or absence of atypia.

In hyperplasia without atypia, glands are crowded with very little endometrial
stroma and a complex gland pattern and out-pouching formations. The incidence of
simple hyperplasia is highest in women aged 50-54 years with a rate of 142/10,000
women. The natural history of hyperplasia without atypia is likely to follow a benign
course. It is often seen in women near menopause when anovulatory cycles are
common. The removal of the estrogenic stimulation or treatment with progestogens
favorably influences the outcome. The majority of lesions will regress (60%) with-
out treatment, and 84% will regress with progestin therapy.

Atypical hyperplasia refers to hyperplasia that contains glands with cytologic
atypia and is considered premalignant. There is an increase in the nuclear/cytoplas-
mic ratio with irregularity in the size and shape of the nuclei. Rates of atypical
hyperplasia are highest in an older population with a peak incidence of 54/100,000
women in women aged 60—64 years. This appears to correlate with a similar age of
peak incidence in endometrial cancer. Atypical hyperplasia has a 36% progression
rate, and even with progestins, 27% have been reported to progress to malignancy.
Fifty-five percent of cases of atypical hyperplasia are expected to regress with pro-
gestin therapy. Adenocarcinomas arising or associated with atypical hyperplasia are
usually of endometrioid type [9, 10].
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2.1 Endometrial Intraepithelial Neoplasia Classification

The endometrial intraepithelial neoplasia (EIN) classification system was proposed
by an international group of gynecologic pathologists in 2000. For a diagnosis of
EIN to be made, the following criteria must be met: area of glands exceeds the
stroma, cytology differs between the crowded focus and the normal background
endometrium, the size of the lesion exceeds 1 mm, and benign pathology with over-
lapping features such as polyps or effects of exogenous estrogen can be eliminated.
EIN is a precursor of type I endometrial carcinoma, which comes to clinical atten-
tion in early stages, being symptomatic. EIN must be distinguished from EIC (endo-
metrial intraepithelial carcinoma). While EIN originates in hyperplastic
endometrium, in the presence of hyperestrogenic states (endogenous or exogenous),
EIC arises de novo, in atrophic endometrium (relationship with estrogen, endoge-
nous or exogenous, still unknown), and is the precursor of type Il endometrial car-
cinomas, with aggressive behavior.

2.2 Clinical Presentation and Diagnostic Evaluation

Endometrial hyperplasia typically presents with abnormal uterine bleeding and is
most common in women who are perimenopausal or early postmenopausal. Among
premenopausal women, obesity, polycystic ovarian syndrome, and chronic anovula-
tion are common risk factors. Occasionally, in women with no abnormal uterine
bleeding, endometrial hyperplasia is detected via abnormal glandular or endome-
trial cells on cervical cytology. Premenopausal women with irregular vaginal bleed-
ing and postmenopausal women with any vaginal bleeding should be evaluated with
an office endometrial sampling or a D&C. The gold standard for diagnosis of endo-
metrial hyperplasia is endometrial biopsy. Most commonly this is undertaken dur-
ing hysteroscopy to visualize the endometrial cavity [11].

2.3 Management

The management of endometrial hyperplasia is determined by clinical factors and
by the diagnostic classification. Classification is based upon histologic features and
risk of progression to endometrial carcinoma. Treatment is dependent on cause,
malignant potential, fertility requirements, and medical co-morbidities as well as
patient preference. Treatment options include surveillance, progestin therapy, or
hysterectomy. Hormonal management of endometrial hyperplasia is recommended
for those women who are not fit for surgery, for women who wish to preserve fertil-
ity, and for women with hyperplasia without atypia. All management strategies
should also be accompanied by removal of the extrinsic or intrinsic source of
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unopposed estrogen, since excess exposure to estrogen is the main cause of endo-
metrial neoplasia. A diagnostic D&C can also be therapeutic, and progestins or a
combination of oral contraceptive agents will likely be effective. Gonadotropin-
releasing hormone (GnRH) agonists, ovulation induction (e.g., with clomiphene or
aromatase inhibitors), metformin, and danazol can be used as alternative to proges-
tin treatment. The endometrium needs to be reevaluated histologically, by office
biopsy or D&C, at approximately 3—6 month intervals for at least 1-2 years (see
Fig. 1) [12].

Patients with endometrial hyperplasia with atypia have a high risk of progression
to endometrial carcinoma and a potential for concurrent invasive disease. If atypia
is present, the risk of finding an adenocarcinoma in the hysterectomy specimen
ranges from 14 to 57%. The definitive treatment for complex atypical endometrial
hyperplasia is hysterectomy. Surgical options include abdominal and minimally
invasive procedures such as laparoscopy. ACOG does not recommend supracervical
procedures as treatment because these procedures can leave behind residual dis-
ease [13].

Progestin therapy is a reasonable option for women who wish to preserve fertil-
ity or who cannot tolerate surgery [14]. Megestrol 160 mg/day, in divided doses, has
been the drug of choice with acceptable results even in the face of complex endome-
trial hyperplasia with atypia (Fig. 2) [15].

Type | endometrial adenocarcinoma, endometrioid pe, associated with atypical
glandular (adenomatous) hyperplasia

Fig.1 Type I endometrial adenocarcinoma, endometrioid type, associated with atypical glandular
(adenomatous) hyperplasia
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Type Il endometrial adenocarcinoma, clear cell (left) and serous type (right), arising in
atrophic endometrium

Fig. 2 Type II endometrial adenocarcinoma, clear cell (left) and serous type (right), arising in
atrophic endometrium

3 Endometrial Carcinoma

Endometrial carcinomas can be classified into different histologic types (Table 1).
Adenocarcinomas arising from hyperplastic endometrium or associated with atypi-
cal hyperplasia are more commonly of endometrioid type. For this histologic sub-
type, the median age at diagnosis is 65 years. Seventy-five percent of all uterine
cancers are histologically endometrioid adenocarcinoma. For most patients with
endometrioid-type tumors, particularly grade 1 or 2 lesions, and hyperplasia, hyper-
estrogenism is the etiologic basis [2, 9].

Adenocarcinomas are further categorized by depth of invasion and grade. The
International Federation of Gynecology and Obstetrics (FIGO) uses a combination
of architectural patterns and nuclear features for histologic grading [5].

The grade of an endometrial cancer endometrioid type is determined by the
microscopic architectural pattern as well as the nuclear features. Architectural grade
refers to the percentage of solid components found in the tumor: grade 1 (well dif-
ferentiated) has less than 5% solid components, grade 2 (intermediate differentia-
tion) has 6-50% solid components, and grade 3 (poorly differentiated) has more
than 50% solid components.

Although this system relies predominantly on the glandular architecture, the
most recent revision of the FIGO (International Federation of Gynecology and
Obstetrics) staging system and the WHO histopathologic classification of uterine
carcinoma recommend that tumors be graded using both architectural and nuclear
criteria. FIGO rules for grading state that notable nuclear atypia, inappropriate for
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Table 1 Classifications of « Endometrioid carcinoma
endometrial carcinomas

Squamous differentiation

Villoglandular

Secretory

¢ Mucinous carcinoma

¢ Serous endometrial intraepithelial
carcinoma

¢ Serous carcinoma

¢ Clear cell carcinoma

¢ Neuroendocrine tumors

— Low-grade neuroendocrine tumor
Carcinoid tumor

— High-grade neuroendocrine tumor

Small cell neuroendocrine carcinoma

Large cell neuroendocrine carcinoma

¢ Mixed cell adenocarcinoma

¢ Undifferentiated carcinoma

¢ Dedifferentiated carcinoma

architectural grade, raises the grade of a grade 1 or grade 2 tumor by one. The grade
of tumors that are architecturally grade 1 or 2 should be increased by one grade in
the presence of “notable” nuclear atypia, defined as grade 3 nuclei.

By convention, serous and clear tumors are considered grade 3 or high-
grade tumors.

Multiple prognostic factors have been identified for endometrial carcinoma.
Histologic differentiation, stage of disease, myometrial invasion, peritoneal cytol-
ogy, and lymph node metastasis are considered as important ones.

The histologic type of the endometrial carcinoma is related to prognosis, with the
best prognosis associated with endometrioid adenocarcinomas, as well as better dif-
ferentiated tumors with squamoid metaplasia, and secretory carcinomas.
Endometrioid grade 1 and 2 tumors represent ~80% of endometrial carcinomas.
These tumors usually have a favorable prognosis, are estrogen-related, and may be
preceded by an intraepithelial neoplasm (atypical endometrial hyperplasia) (Fig. 1).

Poor prognostic histologic types are serous carcinomas, clear cell carcinomas,
and poorly differentiated carcinomas with or without squamous elements (adeno-
squamous carcinoma), as previously noted. These tumors usually present as grade 3
tumors which account for 10-20% of endometrial carcinomas (Fig. 2) [16].

Higher-grade tumors are associated with increased incidence of lymph node
metastasis, myometrial invasion, and a poorer overall prognosis. For staging pur-
poses, FIGO classifies depth of invasion as less than 50% of the myometrium or
greater than 50% of the myometrium. [17].
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3.1 Staging, Prognosis with Risk Factors

Tumor stage is a well-recognized prognostic factor for endometrial carcinoma
(Table 2). Careful evaluation of the endometrial lining by the pathologist is essential
for proper diagnosis and treatment of endometrial cancer [18].

Because of the considerable discrepancy between the clinical extent of disease
spread and pathologic spread noted after surgical staging, FIGO adopted a surgical-
pathologic staging classification in 1988. FIGO staging classification attempts to
categorize patients into prognostic groups based on extent of disease and tumor
grade (Table 3) [5].

Older patients have tumors of a higher stage and grade when compared to
younger patients [19]. White patients have a higher survival rate than black patients,
a finding partially explained by higher-stage and higher-grade tumors among black
women. In addition, black women are more likely to develop uterine serous cancers.

The clinical determinants are patient age at diagnosis, race, and clinical tumor
stage. The pathologic determinants are tumor grade, histologic type, tumor size,
depth of myometrial invasion, microscopic involvement of vascular spaces in the
uterus by tumor, and spread of tumor outside the uterus to the retroperitoneal lymph
nodes, peritoneal cavity, or uterine adnexa.

One of the most important prognostic factors for uterine cancer is the presence
of extrauterine disease. The lymph node assessment in patients with early-stage
disease is controversial. The rate of nodal involvement varies with stage and histol-
ogy. Whereas well-differentiated tumors with superficial invasion have a 3—-5% risk
of nodal metastasis, deeply invasive poorly differentiated tumors have up to a 20%
risk of nodal involvement. High-grade histology, such as serous or clear cell tumors,
is also associated with increased risk of nodal metastasis. Myometrial invasion
greater than one-half and tumors larger than 2 cm are also associated with an
increased risk of nodal disease [20].

As mentioned earlier, endometrioid endometrial carcinoma is estrogen-
responsive, and the main risk factor for this disease is long-term exposure to excess
endogenous or exogenous estrogen without adequate opposition by a progestin.

Table 2 Five-year survival Five-year overall
based on FIGO 2009 staging FIGO stage | survival, %
criteria; staging in these IA 90.3%
patients includes
lymphadenectomy 1B 80.8%
1I 80.5%
IIA 68.5%
1B 53.1%
IIIC1 58.3%
1ICc2 51.2%
IVA 22.0%

IVB 21.1%
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Table 3 International Federation of Gynecology and Obstetrics 2009 staging for endometrial
carcinoma

Stage

1A Tumor confined to uterine corpus, <50% myometrial invasion

1B Tumor confined to uterine corpus, >50% myometrial invasion

I Tumor invades cervical stroma but confined to uterus

IIIA Tumor invades uterine serosa or adnexa

111B Involvement of vagina or parametrium

IIC1 Metastasis to pelvic lymph nodes

1cz2 Metastasis to para-aortic lymph nodes

IVA Invasion of bladder or bowel mucosa

IVB Distant metastases including intra-abdominal metastasis, inguinal
lymph nodes, or both

Hormone replacement therapy (oral, patch, vaginal ring with systemic dose) with
estrogen without an opposing progestin in a woman with a uterus results in a mark-
edly increased risk of endometrial hyperplasia or carcinoma. The risk is related to
both estrogen dose and duration of use. Despite the risk of unopposed estrogen,
women who develop endometrial cancer appear to have favorable prognostic fac-
tors. Stage of disease and histologic grade appear to be lower in estrogen users. The
poor prognostic subtypes, such as serous adenocarcinoma, clear cell carcinoma, and
adenosquamous carcinoma, appear less frequently in estrogen users. As a result,
survival rates with estrogen-related endometrial cancer are much better than those
of non-estrogen-related cancers. The risk of endometrial hyperplasia and carcinoma
with estrogen therapy can be significantly reduced by the concomitant administra-
tion of a progestin. This was first illustrated by the Women’s Health Initiative ran-
domized trial, which compared continuous estrogen-progestin therapy with placebo.
Women who used oral contraceptives at some time in their life had decreased risk of
developing endometrial cancer compared with women who had never used oral
contraceptives. This protection occurred in women who used oral contraceptives for
at least 12 months, and protection continued for at least 10 years after oral contra-
ceptive use [21, 22].

Tamoxifen is a nonsteroidal, synthetic triethylene estrogen derivative used in the
adjuvant therapy of breast cancer and also prophylactic. It induces binding to the
estrogen receptors in the nuclear DNA resulting in a decrease of the unbound recep-
tors available. It acts as an estrogen antagonist on the breast tissue, but on the uterus,
tamoxifen is both agonistic and antagonistic to estrogens, especially in postmeno-
pausal patients. During tamoxifen therapy, more so in prolonged administration of
the drug, numerous patients developed endometrial polyps and myometrial leio-
myomas and adenomyosis. Most endometrial polyps are benign, displaying often
mucinous metaplasia and stromal fibrosis; occasional malignant changes are associ-
ated with benign cystic polyps. High-grade malignant tumors such as malignant
mixed Miillerian tumors and high-grade endometrial adenocarcinomas have been
reported [23-26]. In the largest published series studying endometrial tissue from
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700 patients treated with tamoxifen for breast cancer, high-grade endometrial can-
cer was more common (2/3 vs. 1/3) than low-grade endometrioid carcinomas usu-
ally seen in hyperestrogenic patients. Most patients, however, had benign endometrial
biopsies showing cyclic changes, atrophy, and benign polyps in 24%. Malignant
changes were seen mostly in the polyps, more frequently in older patients, with
longer duration of tamoxifen therapy [27]. Despite the undesirable effects of this
therapy on the uterus, it is now considered that the benefits (prevention of contralat-
eral breast cancer, recurrence, beneficial effects on the cardiovascular and skeletal
systems) exceed the deleterious effects of tamoxifen therapy in breast cancer
patients. Early diagnosis of endometrial malignancy is possible with hysteroscopy,
ultrasound examination, and endometrial biopsies.

3.2 Diagnosis

Abnormal uterine bleeding is the most common clinical presentation in women
diagnosed with endometrial carcinoma. Occasionally, women with no abnormal
uterine bleeding present with abnormal findings on cervical cytology. Type II endo-
metrial carcinoma not associated with endometrial hyperplasia may present with
late-stage vaginal bleeding.

The risk of endometrial carcinoma and the need for endometrial evaluation
depend on age, symptoms, and the presence of risk factors. The amount of bleeding
does not correlate with the risk of cancer. All postmenopausal women with uterine
bleeding must be evaluated for endometrial cancer, although only 20% of these
patients will have a malignant genital neoplasm.

If endometrial carcinoma is found, endocervical curettage may be performed to
rule out invasion of the endocervix. A routine cytologic examination (Pap smear)
from the exocervix, which screens for cervical neoplasia, detects endometrial carci-
noma in only approximately 50% of the cases [28-30].

3.3 Hormone Receptors
3.3.1 Estrogen

Endometrial cancer is strongly influenced by hormonal factors, with established
risk factors including obesity, menstrual and reproductive changes, and exogenous
hormones. Estrogens play a mitogenic role in the normal endometrium, stimulating
tissue growth during the first part of the menstrual cycle. The risk of endometrial
hyperplasia and cancer with unopposed estrogen therapy is both duration- and dose-
dependent. Creasman and associates noted that in stage I and stage II cancers, pro-
gesterone receptor-positive status was a highly significant, independently prognostic
factor in endometrial cancer. Although estrogens appeared to influence both type I
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and II tumors, studies showed that the association of unconjugated estradiol was
stronger for the type I tumors, consistent with a central role for estrogens in influ-
encing the progression of endometrial hyperplasias to these malignancies. The rela-
tive risk of endometrial cancer increased by estrogen therapy, and the excess risk
persisted 5 or more years after cessation of therapy; however, the tumors that
develop may be less aggressive as survival is better in women with cancers associ-
ated with estrogen therapy [2, 7].

Studies have shown that unconjugated estradiol is more strongly linked to low-
grade than to high-grade tumors, which supports the data suggesting that the high-
grade endometrioid tumors may be etiologically distinct from type I cancers and
more resemble type II cancers [2].

3.3.2 Progesterone

Progesterone inhibits estrogen-induced endometrial growth during the luteal phase,
while also transitioning the endometrium to a receptive state that is ready for blas-
tocyst implantation. This balance between pro-growth estrogens and anti-growth
progestogens is often dominated by estrogens during cancer development.

In the subset of patients with type I endometrial cancer who are either unable to
undergo surgery or want to maintain fertility, progestins (synthetic progestogens)
are given as the main course of treatment. Progestins work by binding to and acti-
vating progesterone receptor (PR). Progestins are generally well tolerated. Side
effects are usually minor and include weight gain, edema, thrombophlebitis, head-
ache, and occasional hypertension. In patients with medical comorbidities, use of
hormonal agents may be preferable to cytotoxic chemotherapy. Current recommen-
dations for progestin therapy include oral medroxyprogesterone acetate (Provera),
intramuscular medroxyprogesterone acetate (Depo-Provera), and megestrol acetate
(Megace) [31, 32, 38].

3.4 Management
3.4.1 Surgical Approaches

Surgery with hysterectomy and salpingo-oophorectomy is the mainstay of manage-
ment of endometrial cancer. Laparoscopy has been associated with fewer postopera-
tive complications than laparotomy. Most patients who have endometrial cancer
will have stage I endometrial carcinoma. Need for further treatment is based on
intraoperative and histologic findings [33].

Pelvic and para-aortic lymphadenectomy remain controversial; practice varies
across different institutions or surgeons. There is yet no consensus about which
patients will require lymph node staging. Sentinel lymph node evaluation following
lymphatic mapping has become a standard option for the management of the
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retroperitoneal lymph nodes in endometrial cancer. Data supporting the use of sen-
tinel lymph node dissection include prospective and retrospective studies showing
increased detection of lymph node metastasis and a low false-negative rate com-
pared with systematic lymph node dissection [34].

3.4.2 Chemotherapy and Hormone Therapy

Cytoreduction therapy (debulking with surgery and chemotherapy or radiation)
appears to improve overall survival rates in patients with intra-abdominal disease,
also decreasing recurrence rates. More favorable results using paclitaxel with and
without carboplatin have been demonstrated. Evidence to support the use of adju-
vant progesterone therapy to prevent endometrial cancer recurrence is lacking.
Progesterone is a treatment option for patients with stage I endometrial cancer who
wish to preserve fertility.

There is a 30% chance that the patient whose biopsy showed a grade 1 carcinoma
may have a grade 2 or 3 carcinoma diagnosed in the hysterectomy specimen; this
can be explained by the heterogeneity in tumor differentiation. Discordance between
the curettage and hysterectomy specimens occurs in 15-25% of the cases [35].
Patients should be counseled on immediate hysterectomy once childbearing is com-
pleted. There are a number of tumor characteristics that increase the likelihood of
response to hormone therapy. These include low-grade tumors, the presence of ste-
roid hormone receptors, and a longer disease-free interval [36].

3.4.3 Radiotherapy

Radiation therapy is an option for patients who are medically inoperable.
Postoperative brachytherapy for endometrial cancer consists of the placement of an
applicator within the vaginal cavity to irradiate very focally the vaginal vault and the
upper 2-3 cm of the vaginal cavity to a depth of 5 mm. The objective is to poten-
tially sterilize residual cells in the vaginal vault and to avoid a vaginal recurrence.
Because the irradiated volume is very small and the total dose is relatively low, this
treatment is usually very well tolerated with only minor and transient acute side
effects (proctitis, cystitis, vaginal discharge). External beam radiation therapy has
decreased pelvic recurrences compared with vaginal vault brachytherapy alone but
yielded no survival benefit and impaired quality of life and global health status [37].

References

1. Sponholtz T, Palmer J, Rosenberg L, Hatch E, Adams-Campbell L, Wise L. Reproductive
factors and incidence of endometrial cancer in U.S. black women. Cancer Causes Control.
2017;28(6):579-88.



Endometrial Carcinoma and Its Precursors 71

2.

3.

4.
5.

10.

11.

12.

13.
14.

15.

17.

18.

19.

20.

21.

22.

23.

Setiawan V, Yang H, Pike M, McCann S, Yu H, Xiang Y, Wolk A. Type I and II endometrial
cancers: have they different risk factors? J Clin Oncol. 2013;31(20):2607-18.

Deligdisch L, Marin T, Melana S, Mandel J, Holland JF, Pogo B. Human mammary tumor
virus (HMTV) in endometrial carcinoma. Int J] Gynecol Cancer. 2013;23:1423-8.

Bokhman J. Two pathogenetic types of endometrial carcinoma. Gynecol Oncol. 1983;15:10.
Lewin S, Herzog T, Barrena MN, Deutsch I, Burke W, Sun X, Wright J. Comparative perfor-
mance of the 2009 international federation of gynecology and obstetrics’ staging system for
uterine corpus cancer. Obstet Gynecol. 2010;116(5):1141-9.

. Grice J, Ek M, Greer B, Koh W, Muntz H, Cain J, Tamimi H, Stelzer K, Figge D, Goff

B. Uterine papillary serous carcinoma: evaluation of long-term survival in surgically staged
patients. Gynecol Oncol. 1998;69(1):69-73.

. Damle R, Dravid N, Suryawanshi K, Gadre A, Bagale P, Ahire N. Clinicopathological

Spectrum of endometrial changes in peri-menopausal and post-menopausal abnormal uterine
bleeding: a 2 years study. J Clin Diagn Res. 2013;7(12):2774-6.

. Kendall B, Ronnett B, Isacson C, Cho K, Hedrick L, Diener-West M, Kurman R. Reproducibility

of the diagnosis of endometrial hyperplasia, atypical hyperplasia, and well-differentiated car-
cinoma. Am J Surg Pathol. 1998;22:1012.

. Deligdisch L, Cohen CJ. Histologic correlates and virulence implication of endometrial carci-

noma associated with adenomatous hyperplasia. Cancer. 1985;56:1452.

Fox H, Buckley C. The endometrial hyperplasias and their relationship to endometrial neopla-
sia. Histopathology. 1982;6:493.

Emons G, Beckmann M, Schmidt D, P. Mallmann and Uterus commission of the Gynecological
Oncology Working Group (AGO). New WHO classification of endometrial hyperplasias.
Geburtshilfe Frauenheilkd. 2015;75(2):135-6.

Gallos I, Ganesan R, Gupta J. Prediction of regression and relapse of endometrial hyperplasia
with conservative therapy. Obstet Gynecol. 2013;121(6):1165-71.

ACOG Practice Bulletin. Management of endometrial cancer. Obstet Gynecol. 2005;65.

Gal D, Edman C, Vellios F, Forney J. Long-term effect of megestrol acetate in the treatment of
endometrial hyperplasia. Am J Obstet Gynecol. 1983;143(3):316-22.

Cade T, Quinn M, Rome R, Neesham D. Progestogen treatment options for early endometrial
cancer. BJOG. 2010;117(7):879-84.

. Kurman R, Carcangiu M, Herrington C, R. E. Young and World Health Organization. WHO

classification of tumours of the female reproductive organs. 2014. pp. 126-50.

Brinton L, Felix A, McMeekin D, Creasman W, Sherman M, Mutch D, Cohn D, Walker J,
Moore R, Downs L, Soslow R, Zaino R. Etiologic heterogeneity in endometrial cancer: evi-
dence from a Gynecologic Oncology Group trial. Gynecol Oncol. 2013;129(2):277-84.
Creasman W, DeGeest K, DiSaia P, Zaino R. Significance of true surgical pathologic staging:
a Gynecologic Oncology Group study. Am J Obstet Gynecol. 1999;181:31-4.

Deligdisch L, Kase NG, Bleiweiss 1J. Endometrial cancer in elderly women: a histologic and
steroid receptor study. Gerontology. 2000a;46:17-21.

Vargas R, Rauh-Hain J, Clemmer J, Clark R, Goodman A, Growdon W, Schorge J, Del Carmen
M, Horowitz N, Boruta DN. Tumor size, depth of invasion, and histologic grade as prognostic
factors of lymph node involvement in endometrial cancer: a SEER analysis. Gynecol Oncol.
2014;133(2):216-20.

Creasman W. Estrogen replacement therapy: is previously treated cancer a contraindication?
Obstet Gynecol. 1991;77(2):308-12.

Creasman W, Henderson D, Hinshaw W, Clarke-Pearson D. Estrogen replacement therapy in
the patient treated for endometrial cancer. Obstet Gynecol. 1986;67(3):326-30.

Dieudonne AS, Lambrechts D, Smeets D, Belmans A, Wildiers H, Paridaens R, Hyonil C,
Timmerman D, Christiaens MR, Vergote I, Neven P. The rs1800716 variant in CYP2D6 is
associated with an increased double endometrial thickness in post-menopausal women on
tamoxifen. Ann Oncol. 2014;25:90-5.



72

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

P. Javadian and F. Nezhat

Hrstka R, Podhorec J, Nenutil R, Sommerova L, Obacz J, Durech M, Faktor J, Bouchal P,
Skoupilova H, Vojtesek B. Tamoxifen-dependent induction of AGR2 is associated with
increased aggressiveness of endometrial Cancer cells. Cancer Investig. 2017;35:313-24.
Magriples U, Naftolin F, Schwartz PE, Carcangiu M. High-grade endometrial carcinoma in
tamoxifen-treated breast cancer patients. J. Clin Oncol. 1993;11:485-90.

Robinson DC, Bloss JD, Schiano MA. A retrospective study of tamoxifen and endometrial
cancer in breast cancer patients. Gynecol Oncol. 1995;59:186-90.

Deligdisch L, Kalir T, Cohen CJ, De Latour M, Le Bouedec G, Penault-Llorca F. Endometrial
histopathology in 700 patients treated with tamoxifen for breast cancer. Gynecol Pathol.
2000b;78:181-6. Selected for Breast Diseases: A Yearbook Quarterly 2001, publ. Mosby
Yearbook Inc.

Clark T, Barton P, Coomarasamy A, Gupta J, Khan K. Investigating postmenopausal bleeding
for endometrial cancer: cost-effectiveness of initial diagnostic strategies. BJOG. 2006;113:502.
Dijkhuizen F, Mol B, Brolmann H, Heintz A. The accuracy of endometrial sampling in the
diagnosis of patients with endometrial carcinoma and hyperplasia: a meta-analysis. Cancer.
2000;89:1765.

Torres M, Weaver A, Kumar S, Uccella S, Famuyide A, Cliby W, Dowdy S, Gostout B, Mariani
A. Risk factors for developing endometrial cancer after benign endometrial sampling. Obstet
Gynecol. 2012;120(5):998-1004.

Hwang J, Kim D, Bae H, Kim M, Jung Y, Yun B, Seong S, Shin E, Kim M. Combined oral
medroxyprogesterone/Levonorgestrel-intrauterine system treatment for women with grade 2
stage IA endometrial Cancer. Int J Gynecol Cancer. 2017;27(4):738.

Park J, Kim D, Kim T, Kim J, Kim J, Kim Y, Kim Y, Bae D, Nam J. Hormonal therapy for
women with stage IA endometrial cancer of all grades. Obstet Gynecol. 2013;122(1):7-14.
Creutzberg C, van Putten W, Koper P, Lybeert M, Jobsen J, Warldam-Rodenhuis C, De Winter
K, Lutgens L, van den Bergh A, van de Steen-Banasik E, Beerman H, van Lent M. Surgery
and postoperative radiotherapy versus surgery alone for patients with stage-1 endometrial car-
cinoma: multicentre randomised trial. Lancet. 2000;355(9213):1404—11.

Khoury-Collado F, Murray M, Hensley M, Sonoda Y, Alektiar K, Levine D, Leitao M,
Chi D, Barakat R, Abu-Rustum N. Sentinel lymph node mapping for endometrial cancer
improves the detection of metastatic disease to the regional lymph nodes. Gynecol Oncol.
2011;122(2):251-4.

Obermair A, et al. Endometrial cancer: accuracy of the finding of a well differentiated tumor
at dilatation and curettage compared to the findings at subsequent hysterectomy. Int J Gynecol
Cancer. 1999;9:383-6.

Deleon M, Ammakkanavar N, Matei D. Adjuvant therapy for endometrial cancer. J Gynecol
Oncol. 2014;25(2):136-47.

Creutzberg C, van Putten W, Koper P, Lybeert M, Jobsen J, Warlam-Rodenhuis C, De Winter
K, Lutgens L, van den Bergh A, van der Steen-Banasik E, Beerman H, van Lent M, PORTEC
Study Group. Survival after relapse in patients with endometrial cancer: results from a ran-
domized trial. Gynecol Oncol. 2003;89(2):201-9.

Gunderson C, Fader A, Carson K, Bristow R. Oncologic and reproductive outcomes with pro-
gestin therapy in women with endometrial hyperplasia and grade 1 adenocarcinoma: a system-
atic review. Gynecol Oncol. 2012;125(2):477.

American Cancer Society. American Cancer Society. Facts & Figures. 2019. https://www.cdc.
gov/cancer/uterine/statistics/index.htm


https://www.cdc.gov/cancer/uterine/statistics/index.htm
https://www.cdc.gov/cancer/uterine/statistics/index.htm

®

Check for
updates

Endometriosis and Endometriosis-
Associated Ovarian Cancer (EAOC)

Tanja Pejovic, Sarah Thisted, Michael White, and Farr R. Nezhat

1 Introduction

Endometriosis is a gynecologic disease that affects over 10% of women of repro-
ductive age causing pelvic pain, dysmenorrhea, and infertility, resulting in signifi-
cant disability and reduced quality of life [1, 2].

In endometriosis the endometrial glands, stroma, and blood vessels develop out-
side the uterus, most commonly in the ovary, often creating cystic cavities lined by
endometrial tissue (ovarian endometriotic cysts). Hormonal-related cyclic changes
may involve the ectopic endometrial tissue the shedding of which may fill the closed
cavity of the cyst with blood irritating the epithelial lining and producing an inflam-
matory reaction. The endometrioid tissue lining may also react by epithelial atypical
hyperplasia and even neoplasia, in a manner somehow similar to that in the uterine
cavity and under the same hormonal influences. It should be mentioned that
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endometriosis develops during the reproductive period of a woman’s life being
absent before puberty and in late menopause, except for the iatrogenic effect of
hormone therapy.

The diagnosis of endometriosis requires histologic evidence of the presence of
endometrial glandular and stromal tissue outside of the uterus. Microscopically, the
tissue may exhibit estrogen-related changes (cell proliferation) and, during preg-
nancy or with progestin therapy, secretory changes and even stromal decidualiza-
tion. The vicinity of steroid hormone-secreting Graafian follicles may enhance their
effect on the ovarian endometriotic foci.

The most frequent sites affected by the endometriosis are the ovaries, posterior
cul-de-sac, fallopian tubes, bladder, and large and small bowel, but endometriosis
may affect almost any organ in the body such as the lung and even the brain.

2 Pathogenesis

Several hypotheses have been suggested as the etiology of the endometriosis. The
most accepted is the theory of retrograde menstruation whereby the retrograde men-
strual flow through the fallopian tubes into the peritoneal surface seeds these sur-
faces and organs leading to attachment of endometrial cells and their proliferation
at distant pelvic and abdominal sites and peritoneal cavity. Second hypothesis, coe-
lomic metaplasia, assumes that metaplastic changes in the peritoneum, under stim-
uli from the estrogen stimulation, environment, infections, or other agents, transform
the mesothelium into endometrial cells to develop endometriosis. Very recent
genetic studies have suggested that endometriosis is a clonal disease in the epithe-
lium and its development is independent of stroma, providing new insight into the
genesis of endometriosis.

3 The Relationship of Endometriosis and Ovarian Cancer

The association between endometriosis and ovarian cancer has perplexed clinicians
and scientists for many years since it was first reported by Sampson in 1925 [3].
Today endometriosis is classified in typical and atypical, based on the degree of
histological atypia. At the present time, it is, however, unclear if atypical endome-
triosis is a true precursor of endometriosis-associated ovarian cancer (EAOC) or
whether it represents an inflammatory and reactive histologic background [4]. The
clear cell carcinoma and endometrioid carcinoma are the most frequent histologic
types associated with endometriosis; however, even serous and mucinous subtypes
have been found in association with endometriosis occasionally.

Several excellent reviews have summarized the current evidence on endometrio-
sis and EAOC including theories on possible pathogenesis of ovarian cancer arising
from endometriosis, yet to date there is no clear mechanism and uniform hypothesis
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that would explain the risk of ovarian cancer in women with endometriosis and the
etiology of EAOC.

The significance of this relationship was reported by Britton in a large Swedish
study of 20,686 women hospitalized because of endometriosis and followed for
11.4 years and is further confirmed by Brinton et al. in 2004 with a retrospective
cohort study conducted in the United States [5], analyzing the correlation of endo-
metriosis causing primary infertility and ovarian cancer, resulting in an SIR of 4.19
(95% CI 2.0-7.7) and a risk ratio of 2.72 (95% CI 1.1-6.7) compared with patients
with secondary infertility and no endometriosis. Further analysis within the cohort
of primary infertility patients with endometriosis in 2005 by Brinton et al. again
revealed elevated relative risks (95% CI) of 2.9 (1.2-7.1) for ovarian cancer, 2.4
(0.7-8.4) for colon cancer, 4.65 (0.8-25.6) for thyroid cancer, and 2.3 (0.8-6.7) for
melanomas [6]. These Swedish cohort studies were expanded by Melin et al. in
2006 to evaluate whether risk ratios were consistent with longer follow-up [7]. The
cohort was 64,492 endometriosis patients discharged from hospitalization identified
through the Swedish Inpatient Registry from 1969 to 2000. When cross-referenced
with the national Swedish Cancer Registry, 3349 patients were identified to have
developed ovarian cancer. With extended follow-up and calculation of updated stan-
dardized incidence ratios, there was no risk for overall cancer (1.04), but an increase
was noted in ovarian cancer (1.43 [95% CI 1.2—1.7]), endocrine tumors (1.36 [95%
CI 1.2-1.6]), non-Hodgkin lymphoma (1.24 [95% CI 1.0-1.50]), and brain tumors
(1.22 [95% CI 1.0-1.4]). Importantly, the risk for women with early diagnosis and
long-standing endometriosis was most pronounced, with standardized incidence
ratios (SIRs) of 2.01 and 2.23, respectively [8]. Of note, women with a history of
hysterectomy at or before time of endometriosis diagnosis did not show an elevated
risk [9]. Again, both studies of the Swedish cohorts may be skewed to reflect malig-
nant incidence ratios for cases of more severe endometriosis, because the cohorts
were hospitalized patients with more advanced stages of endometriosis. Also,
because records of hospitalized patients were retrospectively cross-referenced with
a separate cancer patient registry, there is the possibility of negating or including
cases erroneously.

Olsen et al. completed the largest study that did not support the increased ovarian
cancer risk in endometriosis patients [9]. Analyzing a group of 37,434 postmeno-
pausal women, a cohort of 1392 postmenopausal patients who self-reported the
diagnosis of endometriosis was isolated. After an average 13-year follow-up, no
significant increased risk was found for all cancers, breast cancer, or ovarian cancer,
but there was a significant association with increased risk of non-Hodgkin lym-
phoma, with an age-adjusted risk ratio of 1.8 (95% CI 1.0-3.0). This study involved
acceptable long-term follow-up; however, several factors must be taken into account.
The study was underpowered, as the cohort was smaller and included only three
ovarian cancer cases. Furthermore, the endometriosis was not histologically con-
firmed, and, because all of the patients were postmenopausal, it is possible that
younger patients may have already developed ovarian cancer and died. Table 1 sum-
marizes the epidemiologic studies of ovarian cancer risk in endometriosis patients.
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Table 1 Epidemiologic studies assessing ovarian cancer risk in endometriosis patients

Mean Ovarian Ovarian cancer in
Study follow-up | malignancies | endometriosis patients
Author type Cohort size (years) identified (SIR/OR)
Brinton Cohort | 20,686 11.4 29 Overall cancer
etal., 1997 endometriosis risk
[19] patients
Ovarian cancer 1.2
Ovarian cancer 1.9
with >10 years
Follow-up 2.5
Ovarian cancer 4.2
with long-
standing
endometriosis
Brinton Cohort | 12,193 45 Ovarian cancer 2.5
et al., 2004 infertility
[20] patients
Brinton Cohort 2491 2.53 (1.19-5.38)
et al., 2005
[5]
Ness et al., | Case 66 Ovarian cancer 1.7
2000 [17] control
Borgfeldt Nested 28,163 81 Ovarian cancer 1.3
and Andolt | case
2004 [19] control
Modugano | Case 177 1.3 (1.1-1.6)
et al., 2006 | control
[21]
Melin et al., | Cohort | 64,492 12.7 122 Overall cancer 1.04
2006 [7] risk
Ovarian cancer 1.43
Ovarian cancer 2.0
early
Diagnosed 22
endometriosis
Ovarian cancer
with long-
standing
endometriosis
Olson et al., | Cohort |1392 13 3 No increased risk
2002 [8] for overall or
ovarian cancer
Kobayashi | Cohort | 6398 12.8 46 Ovarian cancer 8.95
etal., 2007
[22]
Ovarian cancer 13.2

>50 years old
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Reciprocal analysis of the prevalence of endometriosis found in ovarian cancer
patients also supports the clinical correlation. In a review of 29 studies from 1973 to
2002 on the prevalence of endometriosis in epithelial ovarian cancers organized by
location of disease, the following three groups were compiled: (1) histologic proof
of transition from ovarian endometriosis to cancer as defined by Sampson [10], (2)
ovarian cancers with endometriosis in the same ovary, and (3) ovarian cancers with
concomitant pelvic endometriosis. The second category was considered to be the
best estimation of endometriosis in the different histologic subtypes, yielding a
prevalence of 4.5% in serous, 1.4% in mucinous, 35.9% in clear cell, and 19% in
endometrioid carcinomas [11, 12].

These data were further corroborated by Valenzuela et al. in 2007 [13]; among 22
cases of ovarian endometrioid adenocarcinomas of the ovary, three patients were
found to have concomitant endometriosis as defined by the Sampson criteria. The
review by Van Gorp et al. calculated an ovarian cancer prevalence of 0.9% in all
cases of endometriosis, 2.5% when present in the same ovary, and 4.5% when coex-
istent with any pelvic endometriosis [11]. Malignant extraovarian endometriosis is
estimated to account for 25% of all malignant transformations of endometriosis and
80% of the endometrioid subtype [14-16].

Looking at the trend of ovarian cancer in endometriosis is more difficult because
endometriosis is not always aggressively resected and confirmed by histopathologic
studies. Only a limited number of the studies controlled for confounding factors for
both diseases, such as parity, infertility, tubal ligation, ovarian hyperstimulation,
and duration of endometriosis; Ness et al. completed two case—control studies con-
firming the association between endometriosis and ovarian cancer [17, 18]. In a
group of 767 women with ovarian cancer and 1367 control subjects, with adjust-
ments made for age, parity, family history of ovarian cancer, race, oral contraceptive
use, tubal ligation, hysterectomy, and breast-feeding, overall women with breast
cancer were 1.7-fold more likely to report an endometriosis history [17].
Furthermore, in a pooled study of 13,000 women, ovarian cancer was more likely
among subfertile women, especially with infertility resulting from endometriosis,
showing an odds ratio of 1.9 (95% CI 1.2-2.9) [18].

In 2012, Pearce et al. suggested that ovarian cancer risk associated with endome-
triosis varies according to histologic subtype of ovarian cancer [23]. In a pooled
analysis of 13 case—control studies from the Ovarian Cancer Association Consortium
database, the investigators assessed self-reported endometriosis data from a total of
23,144 women—13,326 controls, 7911 with invasive ovarian cancer, and 1907 with
borderline ovarian cancer. When stratified by age (5-year categories) and ethnic
origin (non-Hispanic white, Hispanic white, black, Asian, and other) and adjusted
for duration of oral contraceptive use (ranging from 0O to >10 years), self-reported
history of endometriosis was associated with a significantly increased risk of inva-
sive clear cell, invasive low-grade serous, and invasive endometrioid ovarian cancer
subtypes. No association was found between a history of endometriosis and invasive
mucinous, invasive high-grade serous, or borderline (both serous and mucinous)
ovarian cancer [23, 24].
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Over the last few years, a new paradigm for ovarian cancer pathogenesis has
emerged that presupposes two distinct types of ovarian epithelial carcinoma with
distinct molecular profiles: type I and type II carcinomas. Type I tumors include
endometrioid, clear cell carcinoma, and low-grade serous carcinoma and mostly
arise via defined sequence either from endometriosis or from borderline serous
tumors, mostly presenting in an early stage. Histologic evidence of endometriosis is
found in 23-36% of type I endometrioid and clear cell ovarian cancers [25]. Together
these cancers are known as endometriosis-associated ovarian cancer (EAOC). In a
clinical and histological correlation study of endometriosis and ovarian cancer [26],
out of 76 with stage 1 invasive ovarian cancer, ovarian endometrioma was present in
40 cases. Fifty-four patients had non-serous carcinomas (40 endometrioid, 10 clear,
and 4 mixed endometrioid and clear cell carcinoma), and all had ovarian endome-
triomas, peritoneal endometriosis, or both. Interestingly, one third had abnormal
endometrial pathology such as endometrioid adenocarcinoma, hyperplasia, or
polyp. No serous carcinoma patient presented with pelvic pain and abnormal vagi-
nal bleeding with or without pelvic pain [26].

The type II serous carcinomas, which overall represents the bulk of ovarian
malignancies, were not associated with pelvic endometriosis.

Recent molecular studies in type I ovarian carcinomas identified the presence of
somatic mutations in ARIDIA, KRAS, PTEN, PIK3CA, MLH]I, and B catenin [27,
28]. In addition, TP53, BCL2, and POLE mutations have also been described
[29, 30].

Similar gene mutations have been found both in EAOC and adjacent benign
endometriosis suggesting that they share the common clonal origin [31]. PTEN
mutation were found in benign endometriotic cysts as well as in endometrioid and
clear cell ovarian carcinoma suggesting that PTEN may be involved early in malig-
nant transformation of endometriosis. On the other hand, in EAOC, KRAS mutation
is frequently seen in endometrioid and mucinous carcinomas, but it is not present in
adjoining endometriosis or atypical endometriosis.

ARIDIA is a tumor suppressor gene that encodes BAF250a protein, a member of
SWI/SNF chromatin remodeling complex [32]. Mutations in ARIDIA have been
found in clear cell carcinoma (46-95%) and in endometrioid carcinoma of the ovary
(30%) [33]. The high frequency of ARIDIA mutation, leading to a functional loss of
the protein, strongly suggests its role in EAOC.

TP53 mutation which is otherwise pathognomonic for high-grade serous ovarian
carcinoma is found in 30% of endometriosis when it is associated with clear cell
carcinoma. Benign endometriosis has not been associated with 7P53 mutation, and
it has not been found in endometriosis coexisting with endometrioid carcinoma
(reviewed in [4]).
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4 Epigenetics

The role of epigenetic gene regulation in endometriosis and EAOC is currently
under investigation. The exact mechanism and the interrelation of multiple epigen-
etic changes are not fully understood, yet it is known that EAOC despite sharing in
general common genetic aberration does behave different biologically; this may be
a consequence of epigenetic gene silencing or activation. The two main types of
EAOC, clear cell carcinoma (CCC) and endometrioid cancer (EC), have different
biomarkers. Transcription factor HNF1f (hepatocyte nuclear factor-1p) is a bio-
marker of ovarian CCC histology, but not of EC. HNF1f-positive cells have been
found both in clear cell carcinoma and adjacent endometriosis. The main role of
HNFIp is in glycogen synthesis, antioxidative defense, anti-apoptosis, and resis-
tance to chemotherapy. HNF1p is overexpressed in clear cell carcinoma whereby it
upregulated glycolysis and yielded increased amount of lactate. This allows cancer
cells to avoid excess reactive oxygen species (ROS) production, thereby allowing
survival advantage in endometrioma. On the other hand, HNF1 upregulates the
synthesis of glutathione and antioxidant, and that gain also gives advantage to clear
cell carcinoma survival.

EC has a high expression of estrogen receptors ERa and ERp. This expression is
significantly higher than in clear cell carcinoma (reviewed in [34]). Estrogen recep-
tor expression may be modifiable by a number of facts such as epigenetic (methyla-
tion, acetylation) or heme binding. In endometriosis ERf is hypomethylated, and
therefore the protein is overexpressed, while ERa is lower in endometriosis [35].
Upregulation of ER and hyperestrogenic state may lead to malignant transformation
into EC in endometriosis, not associated with clear cell carcinoma. Overexpression
of ER is actually associated with better outcome of both EC and CCC, not having a
role in cancer progression [36]. Further, hypomethylation of ER gene promoter is
correlated with HNF'If gene promoter hypermethylation in EC [37]. The combina-
tion of low ER and high HNF1p is a potential marker of EC.

S The Role of Microenvironment and Immune System

Endometriosis is a chronic inflammatory condition, and endometriotic cells are
adaptable to microenvironment with high levels of cytokines and heme, initially.
However, the interplay between these factors and endometriotic cells may start the
cascade of cellular events eventually leading to remodeling of extracellular matrix
and malignant transformation [38]. Several molecules have been reported as crucial
in this process such as MMP-2 as well as CXCR4 which increases VEGF and stimu-
lates the process of angiogenesis in endometriotic foci [39, 40].

The theory of the so-called redox imbalance has been out forward recently to
unify different factors involved in the pathogenesis of endometriosis and associated
cancers. In this hypothesis, repeated episodes of retrograde menstruation lead to
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bleeding into endometriotic cysts and pelvic cavity and release of hemoglobin
(Hob), free iron, and heme. Persistent exposure to high heme concentrations exposes
tissues to high oxidative stress and formations of reactive oxidative species (ROS).
ROS promote DNA damage and early carcinogenesis. It is important to know that
most of the iron in endometriotic cyst is heme iron, and not free iron. Heme iron is
oxidized to metHb with generation of superoxide anion 02—yvia antioxidation. The
levels of nitric oxide which catabolizes the reaction from oxyHb to metHb is ele-
vated in serum and peritoneal fluid of the patients with endometriosis. It is metHb
that induces the production of free radicals, which damage DNA. However, seem-
ingly paradoxically, metHb is downregulated in EAOC, which shows that disturbed
balance between oxidative stress and antioxidants is in favor of antioxidants in
EAOC (reviewed in [34]). Therefore, this concept of malignant transformation of
endometriosis proposes that iron metabolism involvement in malignant transforma-
tion of endometriosis is a two-step process: first the by-products of heme metabo-
lism induce ROS and oxidative stress, and then synthesis of antioxidants occurs
with consequent resistance to apoptosis and tumor initiation (reviewed in [34]).

While scientists are on the tract to identify the molecular pathways involved in
endometriosis and EAOC, the very critical clinical question remains as on how to
identify women with endometriosis who are at risk of developing EAOC based on
the current knowledge.

Although ovarian cancer will develop in only 0.3-1.6% of women with endome-
triosis, it is important to assess, document, and systematically follow up the risk
factors that may predispose patients to developing ovarian cancer. These include the
following: (1) long-standing endometriosis, (2) endometriosis diagnosed at an early
age, (3) endometriosis associated with infertility, and (4) the presence of enlarging
ovarian endometrioma or changing characteristics and mural nodule formation.

Women found to be at an increased risk of ovarian endometrioma have options
of medical (hormonal) or surgical treatment. The treatment should be personalized
based on patient’s age, desire for childbearing, family history, and type and charac-
teristics of endometriomas. Nezhat et al. have described two types of endometrio-
mas: type I and type II [41].

Type I endometriomas are characterized by small lesions that spread across peri-
toneal and ovarian surfaces, whereas type Il endometriomas originally start as func-
tional hormone-secreting ovarian cysts that are invaded by cortical endometriosis
and gradually develop into endometriomas. Hormonal treatment often results in
incomplete regression of endometriotic lesions and recurrence of endometriomas.
Additionally, in type II endometriomas, adjuvant hormonal suppressive therapy that
prevents ovulation can decrease the risk of recurrent ovarian endometrioma forma-
tion [41]. Melin et al. showed that women who underwent unilateral oophorectomy
for endometriosis had a significantly reduced risk of later development of ovarian
cancer, with an OR of 0.19 (95% CI, 0.08-0.46) compared with controls. In addi-
tion, ovarian cancer was significantly less likely to develop in women who under-
went radical surgical excision of all visible endometriosis, with an OR of 0.30 (95%
CL 0.12-0.74) [42].
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In light of the accumulated data and observations regarding endometriosis and
ovarian cancer, criteria may be established to stratify the risk of cancer by identify-
ing and monitoring women with endometriosis for risk factors and pursuing risk-
reducing medical and surgical treatment options in these women. At the time of
surgical diagnosis and treatment, consideration for complete resection of pelvic
endometriosis, salpingectomy, oophorectomy, or hysterectomy should be individu-
alized based on a patient’s age, desire for future fertility, and preoperative consulta-
tion with the patient [43]. These initiatives, if validated, should substantially reduce
the risk of ovarian cancer as well as the total mortality risk. As new research becomes
available, the recommendations may be refined in terms of both screening and
prevention.

In addition to ovarian endometriosis, extraovarian endometriosis may also be
associated with malignant transformation (i.e., bowel, bladder, cesarean section
scars) [44, 45]. The review by Van Gorp et al. [10] shows ovarian cancer to be preva-
lent in 0.9% of all endometriosis cases. Furthermore, it shows 2.5% prevalence
when present in the same ovary and 4.5% when coexistent with pelvic endometrio-
sis. It is estimated that malignant extraovarian endometriosis accounts for 25% of
all malignant endometriosis transformations, 80% of which are of the endometrioid
cancer subtype [45]. This rate of incidence of non-ovarian endometriosis transfor-
mation suggests that a more in-depth focus on this issue is necessary. There are also
reported cases of synchronous endometriosis-associated ovarian and endometrial
cancers in certain patient populations.

6 Synchronous Endometrial Carcinoma with Endometrioid
Ovarian Carcinoma

Although the association between endometriosis and some subtypes of ovarian can-
cer has been well established, there is less known about the association between
endometriosis and endometrial cancer. More evidence is showing patients with a
history of endometriosis that are presenting with synchronous endometrioid endo-
metrial carcinomas (EEC) and endometrioid ovarian carcinomas (EOC). The rate of
endometrial cancer diagnosis was significantly higher in women with endometriosis
and EOC (33%) than in other ovarian malignancies (11%) (p = 0.04) [46, 47].
Deligdisch et al. (2007) retrospectively reviewed 76 patients with stage 1 ovarian
carcinoma and histologic characteristics. Forty patients had a diagnosis of EOC
with endometriosis, and 17/40 (22%) of patients had coinciding endometrial cancer
or 11/40 (14%) with endometrial hyperplasia or polyps [48]. In an earlier study of
endometrial cancer, Walsh et al. discovered that at time of surgery, 25% of patients
with known endometrial carcinoma were found to have also ovarian carcinoma,
>90% EOC [49]. Evidence from molecular studies by Schultheis et al. (2016) dem-
onstrated that 17 patients who underwent genome sequencing had similarities in
genetic mutations in EECs and EOCs. Interestingly, four patients had bilateral
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EOCs and EEC which were found to be all clonally related [47]. Anglesio et al.
showed that there is a clear genetic relationship between EOC and endometriosis
[50]. There is no clear evidence of the pathogenesis for these findings; however
there are several theories. It can be hypothesized that endometrial cells, migrating
into the pelvis with the retrograde menstruation, can give rise to atypical endome-
triosis and to EAOC [51]. Another hypothesis is that synchronous endometrial and
ovarian (SEO) carcinomas result from the dissemination of cells from one organ site
to another. However, whether this can be considered a metastasis, dissemination, or
the same mutation that occurs in both tissues remains unclear [51]. Most patients
with simultaneous EOC and endometrial neoplasia display an analogous hyperes-
trogenic hormonal profile [26].

7 Treatment for EAOC

After primary staging and debulking surgery, there are no established guidelines for
the management of a patient with endometriosis-associated ovarian carcinoma
(EAOC). Depending on histologic type and disease stage, treatments are varied
from expectant management, adjuvant chemotherapy, radiation therapy, or a combi-
nation approach due to the rarity of disease [52-57]. EAOC have mostly two main
histologic subtypes: clear cell carcinoma (CCC) and endometrioid carcinoma (EC)
[58]. Several population-based studies compared outcomes of patients with prior
endometriosis with diagnosed CCC and EC versus patients without endometriosis.
EAOC patients were diagnosed at a younger age, had earlier stage of disease, had
decreased recurrence rates (26.9% vs. 41%), and had an improved overall 5-year
survival (75% vs. 55%) [56, 58—60].

Early-stage disease CCC and EC treated with adjuvant chemotherapy was shown
to decrease disease recurrence. Regimens mainly consisted of carboplatin/paciltaxel
or irinotecan/cisplatin for 6 cycles in retrospective cohort studies [61-63]. This was
beneficial for stage 1C yet controversial for stages 1A and 1B with lower recurrence
rates and no significant difference in overall survival [64—66]. Later stages of CCC
have shown resistance to chemotherapy, whereas chemotherapy for EC should
remain with standard regimens [61, 62].

Later-stage CCC treated with radiotherapy has shown improved survival and
decreased mortality in several studies likely due to its resistance to standard chemo-
therapy regimens. Nagai et al. (2007) treated patients with external beam radio-
therapy versus platinum chemotherapy for stages 1-3. Results showed an increase
in disease-free survival and overall survival (81.2% and 81.8%, respectively) in the
radiation group versus 25.0% and 33.3% in the platinum group [67]. Swenerton
et al. (2010) treated patients with adjuvant radiotherapy having a 40% reduction in
disease-specific mortality [68]. Hoskins et al. (2012) treated patients with combina-
tion carboplatin/paclitaxel and radiation with an improved disease-free survival of
20% at 5 years [69].
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Endocrine therapy for treatment of endometriosis has been previously studied to
decrease symptoms and potential progression of disease after surgical treatment
[70-73]. These hormonal treatments are also well documented in the treatment of
endometrial carcinoma especially for premenopausal patients seeking future fertil-
ity [74, 75]. For both CCC and EC, there is evidence for the use of adjuvant treat-
ment with aromatase inhibitors or progesterone [76, 77]. Several studies and phase
II trials utilized aromatase inhibitors specifically with recurrent EC or chemotherapy-
resistant EC with decreased rates of recurrence and increased survival [78-80].
Initial data for adjuvant aromatase inhibitors and progesterone treatments used as a
long-term maintenance therapy have also been promising [43, 81, 82].

8 Conclusion

Although not yet fully delineated, there is a strong relationship between endome-
triosis, ovarian cancer, and some endometrial cancers. Gynecologists as well as gen-
eral practitioners must be mindful of the apparently increased risk of ovarian cancer
among endometriosis patients. Special attention should be paid to patients with
early endometriosis diagnosis, a long-standing history of disease, associated infer-
tility, and/or infertility treatment, as these patients seem to be at the highest risk.
Advancements in more precise diagnostic analysis into the pathogenesis of endo-
metriosis and the possibility of malignant transformation may help to provide new
insights into diagnostic and treatment modalities. Specifically, further elucidation of
the involved genetic and immune mechanisms of endometriosis is necessary.
Overall, once the transition from benign endometriosis to atypical and malignant
tissue is clearly elucidated, marker expression can be analyzed to guide clinical
management and outcome. Genomics and proteomics may facilitate the develop-
ment of these diagnostic and therapeutic tools. At this time, however, surgical resec-
tion followed by medical treatment remains the primary method of treatment of
endometriosis. With the correlation of endometriosis and ovarian cancer continuing
to strengthen over time, appropriate and timely resection and elimination of disease
should be practiced.
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Hormone Therapy in Menopause

John Paciuc

1 Introduction

Menopause is by definition the final menstrual period (FMP) resulting from marked
decrease in ovarian estrogen production confirmed by 12 months of amenorrhea [1].
In natural menopause, the mean age is 52, with a wide range of 40-58. As women
frequently live past 80, a third of their lives will be spent in menopause and beyond
[1, 2]. The low estrogen levels of the menopause transition often trigger bothersome
systemic vasomotor symptoms (VMS) and night sweats and, over time, equally both-
ersome local symptoms of vulvovaginal atrophy (VVA) and dyspareunia and other
urogenital symptoms, now termed genitourinary syndrome of menopause (GSM).

Menopausal hormone therapy (MHT), previously referred to as hormone replace-
ment therapy (HRT), is FDA approved and endorsed by North American Menopause
Society (NAMS), the International Menopause Society (IMS), and the Endocrine
Society for use, where there are no contraindications, for four indications:

. Vasomotor symptoms (VMS) that are bothersome

. Osteoporosis prevention and fracture reduction (in postmenopausal women)
. Genitourinary syndrome of menopause (GSM)

. Premature ovarian insufficiency (POI) and Early natural menopause

B W =

MHT is either in the form of estrogen (ET) alone for women without a uterus or
as a combination of estrogen—progestogen (EPT) for women with a uterus. The
indication for progestogen use is to prevent endometrial hyperplasia or endometrial
cancer from unopposed estrogen. Progestogens are a large extremely heterogeneous
family of steroid molecules that fall into two categories: (1) Progestins—all by
definition synthetic such as medroxyprogesterone acetate (MPA), norethindrone
acetate, and many others and (2) Progesterone —all native and natural.
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2 Contraindications for MHT

In general, MHT should not be used in women with undiagnosed abnormal vaginal
bleeding, known liver impairment or disease, prior estrogen-sensitive breast or
endometrial cancer, personal history of thromboembolic disease such as DVT or
pulmonary thromboembolism, or inherited high risk of thromboembolic disease
such as known protein C, protein S, or antithrombin deficiency, active or history of
thromboembolic disease such as stroke or MI or coronary heart disease, dementia/
Alzheimer’s disease, porphyria cutanea tarda, and hypertriglyceridemia (>400 mg/
dL oral ET) [3, 4].

Caution should be exercised in women with gallbladder disease (oral route), dia-
betes, hypoparathyroidism (hypocalcemia risk), benign meningioma, intermediate
or high risk of breast cancer, high risk of heart disease, and migraine with aura [4].
There are lesser concerns that endometriosis may reactivate and that leiomyomas
may grow [3].

More common adverse effects (AEs) include nausea, bloating, weight gain, fluid
retention, mood swings, and breast tenderness; these are more commonly
progestogen-related and more with synthetic progestins such as MPA (commonly
used in the past including the WHI but far less now) and less with micronized pro-
gesterone (more commonly used in current clinical practice).

3 Historical Overview

Over the past half century, the persona of estrogen has swung on a pendulum from
hero to post-WHI villain and again now as the putative health champion.

4 Before the WHI

4.1 Observational Data

Conjugated equine estrogen (CEE), isolated from pregnant mare urine, was
approved by the FDA for the relief of menopausal symptoms in 1942. The New York
Times bestseller Feminine Forever, released in 1966, catalyzed the enthusiasm for
estrogen as reliever of menopausal symptoms as well as harbinger of youth. Around
that time, during the 1970s and early 1980s, small observational studies recorded
30-50% reductions in cardiovascular disease and all-cause mortality among post-
menopausal users of estrogen versus nonusers [5-9]. In the late 1980s and early
1990s, observational studies, meta-analyses, and epidemiological studies continued
to suggest that MHT reduced the risk of osteoporosis, coronary heart disease (CHD),
dementia, and all-cause mortality [10-18].
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MHT was actually endorsed by the American College of Physicians and recom-
mended as a prevention strategy in 1992 [19]. Yet many critics felt these data may
represent “healthy user” bias. Namely, women who choose to take MHT are health-
ier and have healthier lifestyles than women who do not. Only large randomized
controlled trials could validate the observational suggestion that MHT prevents
CHD and lowers mortality.

4.2 The Postmenopausal Estrogen/Progestin Intervention
(PEPI) Trial

Prior to the WHI, the PEPI trial in 1991 enrolled women aged 45-64 all less than
10 years postmenopausal to participate in a 3-year RCT. They were randomized to
five groups: (1) placebo (2) Conjugated equine estrogen (CEE): (the most com-
monly used estrogen at the time) 0.625 mg/day alone (women without a uterus) (3)
CEE 0.625 mg/day with medroxyprogesterone acetate (MPA)x—most commonly
used progestin at the time 10 mg/day for 12 days per 30-day cycle (4) CEE daily
with MPA 2.5 mg continuously (both each day) and (5) CEE with micronized pro-
gesterone 200 mg/day for 12 days per 30-day cycle.

The study was very limited by the fact that blinding was suboptimal; symptom-
atic women who felt better knew they were on estrogen and those not better dropped
out of the study knowing they were on placebo. Despite flaws, the study proved
efficacy of estrogen for menopausal symptom relief, endometrial protection (from
either progestogen), maintenance of bone density, and prevention of osteoporosis
[5, 20, 21]. In fact, in 1995, the continuous combined estrogen and progestin regi-
men was approved by the FDA for the treatment of menopausal symptoms as well
as for the prevention of osteoporosis.

4.3 The Heart and Estrogen Replacement Study (HERS)

In 1998, the HERS was a large randomized placebo-controlled clinical trial designed
to test the next level of conventional thinking, namely, as studies (observational)
suggest estrogen users have a lower incidence of coronary heart disease (CHD) than
nonusers, can an RCT prove that estrogen can treat cardiovascular disease not just
prevent it? The trial would be secondary prevention study of estrogen’s efficacy in
slowing the progression or even more ambitiously reversing disease in women with
established coronary heart disease. 2763 women with coronary heart disease with a
mean age of 67 were randomized to either oral CEE 0.625 mg plus MPA 2.5 mg
daily or a placebo and followed for an average of 4 years. Although there were no
statistically significant differences between groups with 172 women in the hormone
group versus 176 in the placebo group with MI or CHD deaths, there were more
CHD events in the hormone group especially during the first year of treatment than
in the placebo group as well as more cases of thromboembolic events and gallblad-
der disease. The trial results were used as evidence against the recommendation of
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starting MHT for women with existing CHD as secondary prevention [22, 23]. Yet,
unresolved was whether a large RCT could answer the question of the use of estro-
gen for primary prevention.

5 The Women’s Health Initiative (WHI) Study

5.1 Intention and Design

The intent of the WHI study was, on a grand scale, to boldly ask whether estrogen
can provide primary prevention of CHD not only in younger women 1-10 years
postmenopausal as previously seen in observational studies and in the PEPI trials
but also in women well beyond menopause. 27,000 women were enrolled. The aver-
age age was 63 and 12 years since menopause. The goal was to create three groups
of women aged 50-54, 55-59, and 60-79, the first two groups were restricted to 10
and 20% of the total number of enrollees, respectively; consequently, the older
women aged 6079 years dominated as 70% of the study.

Women were randomized to either oral CEE (0.625 mg; Premarin) with oral
MPA (2.5 mg) (EPT arm) versus placebo if they had a uterus or CEE alone
(0.625 mg; Premarin) (ET arm) versus placebo if they had a hysterectomy. This
leviathan $625 million NIH-funded study, planned to run for 8.5 years, had primary
endpoints of CHD and breast cancer and secondary endpoints of stroke, pulmonary
embolus, endometrial cancer, colon cancer, hip fracture, and all-cause mortality.

The combined estrogen plus progestin (EPT) arm of the trial was suddenly and
prematurely halted in 2002 after an average of 5.2 years due to increased risks of
coronary events, invasive breast cancer, stroke, and venous thrombo-embolism
(VTE) which were felt to outweigh notable benefits of reduced hip fractures,
colorectal cancer, and diabetes compared to placebo. The absolute risks of adverse
events per 10,000 person years were actually 7 more cardiac events, 8 more strokes,
9 more pulmonary embolisms, 8 more breast cancers, 6 fewer colorectal cancers, 5
fewer hip fractures compared with placebo group, and no difference in deaths com-
pared to placebo. This language of Absolute Risk is both user-friendly and nonin-
flammatory, yet buried deep inside a paper which only went to press long after the
media and public already got the news. Unfortunately, the news delivered to the
media and public in an entirely different language; the bewildering and terrifying
language of Hazard Ratios of 1.26 for breast cancer and 1.29 for coronary heart
disease was not only was statistically significant but the news was grossly misinter-
preted by the media, namely that women taking MHT had a 26% chance of develop-
ing breast cancer and a 29% chance of having a coronary event! [24].

The estrogen-only arm of the trial was then halted by the NIH 2 years later in
2004 and so the WHI ended due to an increased risk of stroke (HR 1.39 yet in abso-
lute risk 12 additional cases per 10,000 woman-years compared to placebo) and a
null effect on CHD. There were also fewer cases of breast cancer in the estrogen-
only arm compared with the placebo arm.
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5.2 Aftermath and Clinical Consequences of the WHI “Early
News”

The fear and confusion generated by the initial reporting of the WHI data through
the media sent shock waves through the medical and lay community. Women were
fearful primarily of breast cancer as well as cardiac risks, and physicians were fear-
ful of litigation. Over half of all women who had heard these early WHI findings
reported that it adversely affected their use of HRT as well as their overall level of
trust toward their physician’s counseling regarding HRT.

As such, prescriptions for HRT plummeted by more than 70% over the subse-
quent 7 years after the WHI study; by 2010, HRT use fell below 5% to the U.S. pop-
ulation of women over 40 [25, 26]. Adverse clinical events followed in tandem with
the drop in HRT use.

One large study that retrospectively reviewed medical records of a large HMO
found that the post-WHI discontinuation of MHT was associated with a step-wise
rate of increase of hip fractures; they paralleled declines in bone-mineral density
(BMD) and progressed rapidly from a HR of 1.16 in the first year off MHT to a HR
of 1.77 the fifth year off [27]. Another large study that retrospectively reviewed a
large claims database from multiple healthcare plans demonstrated a significant
increase in fractures among postmenopausal women in the 3 years after the WHI
publication which followed a decline in use of MHT despite a concurrent increase
in the use of other bone-modifying agents [28] Recall that prevention of osteoporo-
sis and fractures was and remains one the four FDA approved indications of MHT
in the United States as well as most other countries in the world.

The major harms of discontinuing the use of MHT is not limited to increased
fractures. A study using collective data of 332,000 women with two million woman
follow-up years from national registries of Finland highlighted significant cardio-
vascular risk directly related to discontinuing MHT. In the first year of discontinu-
ing MHT, women who were under 60 had a two- to threefold increased risk of
mortality from both myocardial infarction as well as from stroke compared with
expected number of deaths in the age-matched general population in Finland [29].

An engaging mathematical study was performed using the post-hoc WHI 10-year
follow-up data showing a 13 per 10,000 per year higher rate of mortality among hys-
terectomized women randomized to placebo compared with women aged 50-59 ran-
domized to estrogen over a 10-year follow-up [30, 31]. The goal of the study was to
calculate the mortality toll of estrogen avoidance in women who had hysterectomies in
the United States between 2002 and 2011 as a direct result of the fear generated by the
WHI initial results. When the excess mortality of 13/10,000 per year was applied to the
calculated number of women who would have had a hysterectomy and the known
percent decline in estrogen use for 10 years post-WHI, the avoidance of estrogen
would have resulted in excess deaths anywhere between 19,000 and 92,000 [25, 30].

Another adverse post-WHI event was the proliferation of the “bioidentical hor-
mone” market. “Bioidentical hormone” is a marketing rather than a medical term.
Its marketing and sales flourished in a seller’s market created by the post-WHI
media scare of standard formulations. Often sold on the internet by nonphysicians,
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these are actually compounded products which may contain any variable combina-
tion of estrogens, progesterone, DHEA, testosterone, thyroxine, melatonin, and
growth hormone. There is limited quality control regarding purity, dosing, batch-to-
batch consistency, and lack of any clinical efficacy and safety data. The estrogens
added may cause endometrial hyperplasia and the progesterone, if even added, may
not be potent enough to inhibit proliferation of endometrium to hyperplasia or even
cancer. Cases of endometrial cancer following the use of compounded HRT have
been reported [32]. The most common estrogen used in the past and in the WHI was
conjugated equine estrogen—derived from the urine of pregnant mares and the most
common progestogen used was medroxyprogesterone acetate (MPA)—a synthetic
progestin and neither remotely bioidentical. Currently, the most commonly pre-
scribed estrogen is 17-B-estradiol and the most commonly prescribed progestogen
is micronized progesterone—both although not compounded and instead FDA-
approved as a result of passing safety and efficacy trials—are in fact by definition
“bioidentical” and even more accurately “body-identical.” This needs to be high-
lighted when discussing MHT with women.

5.3 WHI Late News but Good News

Several years after the sudden halt of the WHI in 2002 and its initial “bad news”
particularly regarding CVD risk, a number of age-stratified post hoc studies were
performed. Unlike the older women aged 60-79 which comprised 70% of the
enrollees, the women aged 50-59 had actual beneficial and protective effects
for CVD.

In 2007, it was reported that in the 50-59 year subgroup there was a 25% reduc-
tion in risk of CHD with EPT with a HR of 0.76 (95% CI 0.5-1.16) and that an
adverse risk was null until 20 years from menopause [33, 34]. Moreover, both the
WHI E/PR (HR 0.67; 95% CI, 0.43-1.04) and the WHI E trial (HR 0.70; 95% CI,
0.46-1.09) showed a 30% reduction in all-cause mortality in women aged younger
than 60 years and/or less than 10 years since menopause when randomized to MHT
compared with placebo [25, 34].

In 2006, Salpeter et al. [35] performed a meta-analysis on 23 RCTs with 39,049
women to look at MHT effect on CHD events (MI or cardiac death) in younger and
older postmenopausal women. MHT significantly reduced events in younger women
(OR 0.68 95% CI1 0.48-0.96) but not in older women (OR 1.03 95% CI1 0.91-1.16).

6 The Timing Hypothesis

The timing hypothesis (or early window or critical window hypothesis) quite sim-
ply states that the benefits of menopausal hormone therapy (MHT)—specifically
estrogen—in preventing atherosclerosis occurs only when the therapy is initiated
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before advanced atherosclerosis develops. More specifically, it posits that giving
exogenous estrogen to a woman soon after endogenous estrogen deficiency of
menopause will have beneficial cardiovascular effects before atherosclerosis has
had time to progress significantly. Conversely, if exogenous administration is sig-
nificantly delayed with time allowed for the development of complicated atheroma-
tous plaque, the effect will either be null or harmful [36].

The late Professor Thomas Clarkson DVM (1931-2015) was the first to propose
the timing hypothesis with his seminal work on atherosclerosis in menopausal
cynomolgus monkeys. He elegantly demonstrated that the time when hormone ther-
apy is initiated with reference to when menopause started will determine its effect
on coronary artery atherosclerosis. When estrogen was given immediately after sur-
gical menopause (oophorectomy), coronary artery atherosclerosis was robustly
reduced by 70%. In contrast, when the administration of estrogen was delayed by
2 years after oophorectomy (equivalent to 6 human postmenopausal years), there
was no reduction of coronary artery atherosclerosis. Such a delay in the initiation of
MHT in postmenopausal monkeys would allow the progression of atherosclerosis
with plaque instability approximating the same phenomenon in humans aged 60-65
[37], the dominant group in the WHI study.

A concise summary of atherosclerosis progression as well as the effects of early
versus late estrogen effects on the endothelium would help clarify the mechanics
behind the timing hypothesis.

Atherosclerosis progresses from fatty streaks (plaque precursors) initially cover-
ing only 15% of the luminal surface in 70% of women by median age 35. Plaques
increase in size and fibrous caps start developing through the menopause transition
and early menopause. By median 55, plaques and their fibrous caps continue to
grow with possible necrosis and calcifications. By median 65, plaques become
increasingly complex with inflammation (within the plaques as well as the fibrous
cap shoulders), worsening calcification, necrosis, and activation of metalo-
proteinases leading to overall plaque instability [37].

On healthy endothelium (i.e., with either no or only early-stage atherosclerosis)
estrogens cause (1) vasodilatation through nongenomic rapid release of nitrous
oxide (NO) as well as genomic expression of NOS genes, increased cox-2, and
decreased endothelin; (2) decreased inflammation with reduced tumor necrosis fac-
tor-alpha a, decreased cell adhesion molecules, and decreased monocyte chemoat-
tractant protein-1; and (3) overall decreased lesion progression rate via increased
nitric oxide, decreased inflammatory cell adhesion, decreased platelet aggregation,
decreased vascular smooth muscle cell proliferation, and decreased low-density
lipoprotein (LDL) oxidation/binding [38]. By contrast, once the healthy endothe-
lium is transformed by advanced atherosclerosis, estrogen’s effects, rather than
being protective and beneficial, become deleterious. The estrogen receptors have
decreased expression/function and consequently there is decreased vasodilatation,
increased inflammation and, via increases in matrix metalloproteinases (MMP) and
increased neovascularization, there is overall increased plaque instability
(Fig. 1) [38].
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Fig. 1 The timing hypothesis: differential effects of HRT on early and later stages of atheroscle-
rotic disease. Atherosclerosis is characterized by the gradual loss of vascular protective mecha-
nisms and the emergence of advanced, unstable lesions [44]. SSH effects on the endothelium and
its protective functions, vascular smooth muscle cells, and inflammatory cells differ, depending on
the stage of atherosclerosis in the underlying blood vessel [3, 8, 23, 29, 47, 108]. LDL low density
lipoprotein, CAMs cell adhesion molecules, MCP-1 monocyte chemoattractant protein 1, TNF-a
tumor necrosis factor—a, VSMC vascular smooth muscle cell, MMP matrix metalloproteinase,
COX-2 cyclooxygenase 2

Two clinical trials were designed specifically to test and validate the timing
hypothesis: the KEEPS trial and the ELITE trial. As a moratorium was placed on
government-funded HT trials after the WHI, the Kronos foundation sponsored the
KEEPS (Kronos Early Estrogen Prevention Study). The KEEPS was a randomized,
double-blinded placebo-controlled trial to test the hypothesis that the initiation of
HT (oral conjugated equine estrogens or transdermal 17-B-estradiol) in healthy
recently postmenopausal women would slow the progression of atherosclerosis by
measuring changes in carotid artery intimal media thickness (CIMT). 727 women in
essentially good health averaging 1.5 years postmenopause were randomized to
three groups—(1) oral CEE 0.45 mg (lower than 0.625 mg dose most frequently
used in clinical practice at the time of the study and also the dose used in the WHI),
(2) transdermal estradiol 50 pg patches, or (3) placebo. Due to concerns over the
slightly increased risk of breast cancer seen in the EP group in the WHI compared
with decreased breast cancer in the E alone group, medroxyprogesterone acetate
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(MPA) used in the WHI continuously in women with a uterus was replaced with
micronized progesterone 200 pg 12 days each month in the KEEPS. Despite
improved lipids, neither hormone formulation delayed the progression of athero-
sclerosis over placebo group over 4 years; specifically, the annual increases in CIMT
of 0.007 mm per year was similar across all three treatment groups [39]. Although
the results were surprising and could not support the timing hypothesis with its null
effect, some felt this was from too low a dose of estrogen, acting on too healthy a
population for too short a time. Despite this, the study confirmed in both oral and
transdermal estrogen treatment arms, reductions in hot flashes, improved sleep and
maintenance of bone density, and no adverse events (including venous thrombosis)
[40]. An ancillary sexual function study of KEEPS [41] reported improvements in
both physical and emotional domains of sexual function with both oral estrogen and
transdermal estrogen arms compared with placebo. Based on completion of the
well-validated Female Sexual Function Inventory (FSFI), a 19-item questionnaire
covering six domains of sexual function: both physical (lubrication, pain) and emo-
tional/libidinal (desire, arousal, orgasm, satisfaction)—the results showed similar
improvement of physical symptoms of pain and lubrication with either oral or trans-
dermal estrogen. However, with improving the libidinal domains (desire, arousal,
orgasm, satisfaction), transdermal estradiol was found to be superior over oral estro-
gen. The explanation lies behind sex-hormone-binding globulin (SHBG) whose lev-
els are raised by oral estrogen’s hepatic first pass effect on the liver and subsequently
binds up free testosterone. Less free testosterone would adversely affect libido [41].
As such, women with menopausal symptoms who also experience hypoactive sex-
ual desire disorder (HSDD) would have another reason to benefit from transdermal
over oral estrogen.

The Early Versus Late Intervention Trial (ELITE) was proposed to the NIH in
2002 to more definitively and rigorously test the timing hypothesis [42]. Six hun-
dred and forty-three healthy postmenopausal women were stratified into two study
cells according to time since menopause (1) less than 6 years (early postmenopause
group) or (2) 10 or more years (late postmenopause group) and were randomized to
either oral estradiol 1 mg daily plus (if with uterus) sequential 10 days of progester-
one vaginal gel or oral placebo plus (if with uterus) placebo vaginal gel. The pri-
mary outcome was the rate of change of coronary artery intimal-media thickness
(CIMT) which was measured every 6 months. After being followed for a median of
5 years, there was a notable difference in the effect of estradiol on CIMT progres-
sion between the early and late groups (P = 0.007 for the interaction). In the early
group, CIMT increased by 0.0078 mm per year in the placebo group versus a slower
increase by 0.0044 mm per year in the estradiol group (P = 0.0008).

In the late group, the rates of progression of CIMT in placebo and estradiol
groups were similar (0.0088 vs. 0.0100, respectively) [42]. This study demonstrates
estrogens beneficial effect on atherosclerosis progression when given early post-
menopause versus a null or deleterious effect when given late and elegantly sup-
ports the timing hypothesis.

A post-trial analysis of the same ELITE trial examined the association between
plasma estradiol levels and atherosclerosis progression to see if the associations
were similar in both early versus late postmenopause groups. Higher serum estra-
diol levels were inversely associated with CIMT progression in the early group and
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positively associated with CIMT progression in the late group. In short, this post-
trial analysis shows that the serum estradiol levels achieved with oral estradiol was
associated with CIMT progression in both early and late groups but in 180° opposite
directions!! To quote the investigators, “these results not only support the HT timing
hypothesis tested by the main (ELITE) trial but also add an explanatory mechanism
consistent with the timing hypothesis™ [43].

The timing hypothesis is the final arbiter in the historical dispute over estrogen
as hero versus villain and the bedrock principle supporting the main tenet of meno-
pausal hormone therapy; namely, that when there is an indication for E or E/P,
without contraindications, it should only be initiated in women who are younger
than 60 or within the first 10 years since the onset of menopause.

6.1 Vasomotor Symptoms

Vasomotor symptoms (VMS), commonly referred to as hot flushes (or hot flashes,
inferior term incorrectly implying brevity of event) and night sweats, are the hall-
mark symptom of menopause with an 80% prevalence. They are the most common
reason for seeking medical care during the menopause transition. VMS are subjec-
tively described as a sudden sensation of heat and warmth in the face, neck, and
chest often with sweating, reddening of the skin, anxiety, palpitations, and sleep
disruption. The mean duration is 3—4 min with a wide range of a few seconds to
60 min [44].

VMS can have an enormous impact on quality of life and psychosocial impair-
ment on many levels. Their effects can run the gamut from disturbed sleep with
insomnia and sleep apnea to mood swings (irritability, sadness, tension) to cognitive
deficits (impaired concentration and verbal memory) to social and work impairment
(disruption of family relationships, social isolation, embarrassment, anxiety, fatigue,
and reduced work productivity) [44].

Long thought to be of relatively short duration, recent studies show that VMS can
last over 10 years. Data from the Study of Women’s Health Across the Nation
(SWAN) report a median duration of 7.4 years. Four patterns or trajectories were
observed:

1. The early-onset group started even before their menses stopped and waned with
their final menstrual period (FMP).

2. The later-onset group started after their menses stopped and continued well into
their postmenopausal years.

3. The mild vasomotor group had few or no vasomotor symptoms over the meno-
pause transition.

4. The “Super Flasher” group—a term coined by Dr. Rebecca Thurston’s lab—
started their VMS before their FMP and continued well into the postmenopause
for a median duration of 11.8 years (and median post FMP persistence of
9.4 years [45].
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VMS are more prevalent in African-American women, those with a high BMI,
less education, lower income, smoking and alcohol consumption, depression and
other mood disorders, and any type of increased perceived stress and anxiety.

In a Bayesian network analysis [46] attempting to causally organize the myriad
factors underlying hot flashes (HF), hormone levels of estradiol and progesterone
were not surprisingly most consistently associated with HFs. Apart from hormone
levels, smoking and alcohol consumption were the only other primary factors
directly related with VMS. The authors further commented that the role of educa-
tion as a factor might in fact be mediated by smoking as there is a strong association
between education level and smoking [46].

Recent data are also reporting various forms of physical or emotional trauma as
risk factors for more frequent and intense VMS. These include a history of post-
traumatic stress disorder, intimate partner violence, and child abuse or neglect. One
compelling study objectively showed that among a group of women reporting vaso-
motor symptoms, those with a physical or sexual abuse history had 1.5-2 times the
number of sleep vasomotor symptoms than women without such history [47].

Lower levels of estradiol and higher levels of follicle-stimulating hormone are de
facto characteristics of all menopausal women and are also consistently and repeat-
edly correlated to VMS [45, 46]. Yet, as not all menopausal women experience
VMS, there are other partially mapped out systems that must act as facilitators [45].

6.2 Physiology of VMS

The mammalian hypothalamus maintains core temperature within a thermoneutral
zone (TNZ) by effecting heat dissipation (i.e., vasodilation, sweating, cold seeking)
should the core temperature rise above the TNZ and heat conservation (shivering,
warm seeking behavior) and should the core temperature fall below the TNZ. The
hot flush is a pathologically exaggerated heat dissipation response with peripheral
vasodilatation, increased surface heat and profuse sweating with evaporative heat
loss [48]. The trigger is a small elevation in core body temperature within an abnor-
mally narrowed thermoneutral zone [48]. What causes the narrowing of the TNZ
remains a puzzle; some postulate that it is declining estrogen via its association with
decreased levels of endorphins and serotonin and increased levels of norepineph-
rine. Any medication that increases serotonin, estrogen, and endorphins or decreases
norepinephrine would widen the thermoneutral zone and prevent the generation of
a HF. Hence, the efficacy of SSRIs and MHT via increases of serotonin and estro-
gen, respectively, and of clonidine via its effect on lowering norepinephrine for
treating VMS.

Although increased LH and GNRH secretion are seen with hot flushes, neither
are causative. Women who lack LH from surgical removal of their pituitary can still
have hot flashes from administration and withdrawal of exogenous estrogen [49,
50]. Comparably, women with Kallman’s syndrome who lack hypothalamic GNRH-
producing neurons can still have hot flushes with estrogen withdrawal [49, 51].



100 J. Paciuc

There are many neuropeptides that are implicated in the regulation of GNRH
secretion: neuropeptide Y, corticotropin-releasing hormone, leptin, ghrelin, orexin
A, and beta-endorphins [52]. Recent data have shown a central and dominant role of
the kisspeptin/neurokinin B/dynorphin group (KNDy) of neurons, located in the
hypothalamus, as the generators of the hot flush via regulation of GNRH activity.
Kisspeptin acts upstream of GNRH and following stimulatory inputs from neuroki-
nin B and inhibitory inputs from dynorphin, kisspeptin—signals directly to GNRH
neurons to control GNRH pulsatile secretion [53]. Padilla et al. [54] elegantly dem-
onstrated in the lab that direct artificial stimulation of kisspeptin neurons induced an
increase in skin temperature in the tails of both female and male mice. In addition,
the kisspeptin neurons became more sensitive to stimulation (activation) after ovari-
ectomy in the female mice, suggesting that hot flush susceptibility may be altered in
estrogen withdrawal states such as menopause. Attention has been drawn more spe-
cifically to neurokinin B (NKB) and its receptor neurokinin B-3 receptor (NK3R)
both expressed by kisspeptin neurons to signaling hot flushes. An experiment in
which premenopausal women were given NKB peripherally developed hot flushes
precisely mimicking those seen in postmenopausal women [55]. A population-
based study showed that SNP gene mutations in TACR3—the gene that expresses
NK3R——could be linked with the variability in hot flushes experienced by post-
menopausal women [55, 56].

To prove the concept that NK3R antagonism may in fact block the generation of
hot flushes, Prague et al. [57] performed a randomized, double-blinded,
placebo-controlled crossover trial of an oral NK3R antagonist (MLE4901). The
recruited subjects, postmenopausal women with at least 7 bothersome hot
flushes/24 h, were each treated for 4 weeks with agent and then another 4 weeks
with placebo with a 2-week “wash-out” period in between. Both subjective report-
ing as well as objective measures (skin conductance) demonstrated a 73% reduction
in hot flush (HF) frequency that started as soon as day 3 and lasted the full 4 weeks
on the oral NK3R antagonist. In the placebo group, by contrast there was only a
28% reduction in HF frequency, similar to the 25% average placebo effect seen in
other studies. This was a phase II trial and so far no products of this class have yet
come to market. Their potential for improving QOL for millions of women with
VMS who cannot take estrogen is enormous.

7 Treatment of VMS

7.1 Estrogen Therapy

Estrogen therapy, with or without progesterone and compared with other pharmaco-
logic or alternative therapies, remains the most effective therapy for treating VMS [3].
In a large meta-analysis of 21 RCTs, compared with placebo, estrogen alone or com-
bined with a progestogen reduced symptom frequency by 77% as well as symptom
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severity [58]. An exhaustive database search performed by NAMS found no other
pharmacological or alternative therapy capable of providing more relief [3]. When
MHT is discontinued, VMS will return to approximately half of women [3, 59, 60].

7.2 Nonhormonal Pharmacologic (Prescription) Therapies
7.2.1 Paroxetine

Paroxetine (Paxil), a selective serotonin reuptake inhibitor (SSRI) is the ONLY non-
hormonal pharmaceutical approved by the FDA for the treatment of moderate to
severe VMS. Unlike the higher dosing range of 20-50 mg/day for its usual treat-
ment of major depressive disorders, a low dose paroxetine salt of 7.5 mg/day or
standard paroxetine 10-25 mg/day is the recommended dosing for moderate to
severe vasomotor symptoms alone [61, 62].

Other SSRIs and SNRIs (Selective Norepinephrine Reuptake Inhibitors) similar
to paxil have proven efficacy at reducing VMS frequency and severity by placebo-
controlled RCTs include escitalopram, citalopram, venlafaxine, and desvenlafaxine
[61]. Contraindications to SSRIs and SNRIs include simultaneous use of mono-
amine oxidase (MAO) inhibitors, history of neuroleptic syndrome from prior use of
antipsychotic therapy, and prior history of serotonin syndrome.

7.3 Contraindications Women on Tamoxifen

Paroxetine and fluoxetine are to be categorically avoided in tamoxifen users. These
SSRIs in particular are highly potent inhibitors of CYP2D6, the enzyme which
converts tamoxifen to its most active metabolite endoxifen.

Safer choices, endorsed by NAMS, are the SSRI’s escitalopram and citalopram
and the SNRI’s venlafaxine and desvenlafaxine.

7.4 Gabapentin (GABA)

Gabapentin is an anticonvulsant drug used to treat seizures in children and adults
and is also FDA-approved for treating diabetic neuropathy and postherpetic neural-
gia. Though FDA off label for this indication, many placebo-controlled trials have
demonstrated GABA at 900 mg daily (300 mg TID) to reduce the frequency and
intensity of VMS. One study actually showed that at the high dose of 2400 mg per
day, GABA was in fact on par with the efficacy of conjugated equine estrogen (CEE
0.625 mg). However, its effectiveness was hindered by marked adverse effects of
headache, dizziness, and disorientation [61, 63]. Its less threatening side effect also
includes drowsiness; this agent may be an optimal choice for women whose VMS
are associated with significant sleep disruption.
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7.5 Clonidine

Clonidine, as mentioned previously, is a centrally acting alpha-2 adrenergic ago-
nist that has been shown only slightly better efficacy to placebo [61, 64]. It was
used rarely decades ago for treating VMS in patients with a contraindication or
who simply declined estrogen. As it has both significantly more adverse effects
(hypotension, lightheadedness, headache, dry mouth, sedation, dizziness, consti-
pation, and significant rebound hypertension) as well as much less efficiency than
SSRIs, SNRIs, and GABA, Clonidine is only mentioned for its historical
significance.

8 Genitourinary Syndrome of Menopause

In 2014, the North American Menopause Society (NAMS) and the International
Society for the Study of Women’s Sexual Health ISSWSH) convened to replace the
term vulvo-vaginal atrophy (VVA) with a less socially stigmatizing and more
descriptive term. Genito-urinary syndrome of menopause (GSM) became the new
term for covering the full constellation of potential genital, urological, and sexual
symptoms resulting from decreased estrogen and other sex steroid levels in
menopause.

The most common symptoms may include, but are not limited to vaginal dry-
ness, burning and irritation, painful sex that can evolve into secondary sexual dys-
function, bladder and urethral symptoms, recurrent vaginitis, more frequent and
recurrent urinary tract infections (UTIs), urinary urgency, and dysuria. Untreated,
the prevalence of this condition presenting with symptoms is 50% of all women in
postmenopause.

Unlike VMS, GSM generally presents later in menopause, never resolves and
gets worst over time if untreated. Abrupt or early menopause resulting from oopho-
rectomy, chemotherapy, primary ovarian insufficiency, GNRH agonist therapy, or
any other condition or treatment leading to sharp falls in estrogen will accelerate the
rate of progression, severity of symptoms, level of sexual dysfunction, and general
quality of life. GSM untreated affects all women over time in menopause to varying
degrees and with especially bothersome symptoms in close to 50% of women in the
United States [65].

In the VIVA survey of 3520 postmenopausal women aged 55—65 in the United
Kingdom, the United States, Canada, and Scandinavian countries, 45% reported
GSM symptoms and 75% endorsed a negative impact on quality of life. Only 4% of
those reporting symptoms understood the cause and, of those who did, only 37%
understood it was a chronic condition. Lastly, close to half queried (46%) were
unaware of local estrogen and other treatment options [66]. In another more widely
ranging survey of 2160 women aged 45-75, more than 90% endorsed symptoms of
GSM and their symptom severity ran in tandem with quality of life severity [67].
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Despite their negative impact on QOL, women will not seek help out of embarrass-
ment or the belief that “this is part of natural aging” [67]. Sadly, breast cancer sur-
vivors often feel so grateful to be alive that they choose not to complain. As such,
symptoms are not voluntarily endorsed, providers don’t ask and the survivor suffers
in silence. Worst, those who bravely endorse their GSM symptoms in breast cancer
survivorship clinics will have them addressed less than 40% of the time by health-
care professionals [68].

9 Treatment Options

1.

4.

Moisturizers and lubricants

Recommended as first line, women with sexually symptomatic GSM may try
nonhormonal vaginal lubricants to be used during sex, vaginal moisturizers used
several times a week as well as regular sexual activity. For severe GSM present-
ing with vaginal constriction and vaginismus, lubricated serially graduated vagi-
nal dilators as well as pelvic floor therapy may be of benefit [69].
Estrogen

GSM is one of four conditions for which estrogen is FDA approved and
remains the “gold standard” treatment option. Low dose vaginal estrogen,
arbitrarily defined as the 7.5 pg vaginal ring or the 10 pg tablet, results in mini-
mal systemic absorption of (symbol less than or equal to) 20 pg/mL,; this is well
within the normal serum estradiol range of 0-30 pg/mL for postmenopausal
women [70]. For women who concurrently suffer from both VMS and GSM,
systemic estrogen (oral or transdermal with or without progestogen) usually suf-
fices to treat both conditions. However, 10-15% of women with moderate to
severe VMS will have such severe GSM that they will require both local vaginal
estrogen as well as systemic estrogen [71]. Unlike systemic estrogen, a proges-
togen is not required with low-dose vaginal estrogen.
Ospemiphene

Ospemiphene is an oral selective estrogen receptor modulator (SERM) that
is FDA approved for the treatment of moderate dyspareunia as a result of
GSM. An additional benefit is favorable effects on bone similar to raloxifene [1,
72], as well as no endometrial hyperplasia risk (with no progestogen needed).
Disadvantages are that it may actually increase vasomotor symptoms (VMS)
and the possible risk of venous thromboembolism (VTE).
DHEA

Vaginal DHEA (Prasterone), for the treatment of GSM, is the brainchild of
the late Professor Fernand Labrie (1937-2019) who pioneered the science of
intracrinolgy and brilliantly created a product that epitomizes translational medi-
cine. Intravaginal 6.5 mg dehydroepiandosterone (DHEA) ovule (Prasterone or
Intrarosa) is FDA-approved in postmenopausal women with moderate-severe
dyspareunia from GSM. A 12-week randomized placebo-controlled phase III
clinical trial of intravaginal DHEA demonstrated marked improvement compared
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to placebo: by 12 weeks, parabasal cells decreased by 28%, superficial cells

increased 8%, and vaginal pH decreased by 0.66 pH units over placebo.

Dyspareunia decreased by 1.42 severity score units over placebo score unites

(P = 0.0002) over placebo. On gynecological examination, vaginal secretions,

epithelial integrity, epithelial surface thickness, and color all improved by

86—121% over placebo. Lastly, serum steroid levels, namely DHEA and its main

metabolites (DHEA-S, testosterone, DHT, 4-dione, 5-diol, estrone, estradiol),

remained well within normal postmenopausal values [73].

The mechanism of action of vaginal DHEA is based on the science of intracri-
nology whose discovery and elucidation is less than 30-years old and arguably more
mechanistically complex than the classical mechanisms of endocrinology.
According to mechanisms of endocrinology, a hormone such as estrogen is pro-
duced by its parent organ the ovary and released into the bloodstream and distrib-
uted quite randomly and indiscriminately to all body tissues and organs, leaving the
tissue and organ specificity to the presence or absence in each cell of various levels
and subtypes of hormone (e.g., estrogen) receptors. According to the mechanisms of
intracrinology, there are over 30 steroid-forming enzymes specific for each periph-
eral tissue within the cell whose role is to convert a hormone present in that cell into
another type of hormone (or hormones) strictly for intracellular and local action [74].

In the case of DHEA, the vaginal tissue-specific enzymes will transform DHEA
into small amounts of both estrogen and testosterone for a uniquely and strictly
intracellular and local action [74]. Additionally, humans and primates uniquely pos-
sess intracellular steroid inactivating enzymes—glucuronyl transferases and sulfo-
transferases—which inactivate estrogens and androgens at their local intracellular
site of formation, hence cleverly preventing release into the bloodstream of biologi-
cally significant amounts of estradiol and testosterone [74]. Studies using highly
sensitive assays show a very slight but statistically significant increase in serum
estradiol and testosterone yet still falling in the lower half of normal postmeno-
pausal values [75, 76]. As the product is relatively new, it has not yet been studied
in breast cancer survivors nor have there yet been head-to-head trials with vaginal
estrogen comparing serum hormone levels and efficacy. Nonetheless, vaginal
DHEA is a novel invention that epitomizes the power and elegance of translational
medicine.

10 Off-Label Options

10.1 Vaginal Testosterone

The off-label use of vaginal testosterone is only mentioned for completeness, but
one should underscore it as controversial. Those in favor, quote the known fact that
genitourinary tissues robustly express both estrogen as well as testosterone recep-
tors [77]. As testosterone is converted to estradiol by the aromatase enzyme, it was
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posited that perhaps breast cancer survivors with GSM taking aromatase inhibitors
(Als) would be ideal candidates for vaginal testosterone as their Als would prevent
increased potentially risky serum estradiol levels. In a clinical trial on breast cancer
survivors on Als taking vaginal testosterone for GSM, the hypothesis was proven
wrong with 12% having persistently elevated estradiol levels [78]. As there are no
currently FDA-approved testosterone formulations (both local as well as systemic)
for women, this limits its use to less tested compounded options. As there remain
many other available options, one finds fewer reasons to advocate its use.

10.2 Vaginal Laser

The FDA has approved laser therapy for several medical indications including cos-
metic dermatology, refractive eye surgery, dentistry, and general surgery (tumor
removal, breast surgery, plastic surgery, and cataract removal) (FDA.gov website
section on medical lasers).

There have been over 40 peer-reviewed clinical studies showing efficacy and
safety in treating GSM in postmenopausal women as well as in breast cancer survi-
vors with the micro-ablative fractional CO, laser. The mechanism of action, vali-
dated with pre and post-treatment pathology studies, is the stimulation of growth of
new mature superficial vaginal epithelium replete with restored glycogen, neovas-
cularization, and restored collagen and elastin. The laser energy’s putative action is
though the initiation of a “heat shock response” within the vaginal lamina propria
which expresses heat shock protein #70 and other cofactors which in turn activate
fibroblast precursors to fully mature and produce collagen. Electron microscopy
elegantly performed by Salvatore et al. [79] demonstrates pretreatment endoplasmic
reticulum with empty crypts that then fill with collagen fibrils after laser stimulation
(Fig. 2).

Pathology studies pre and post-treatment demonstrate the lush re-epithelialization
of vaginal mucosa replete with Hematoxylin and Eosin stained glycogen. The atro-
phic postmenopausal vaginal epithelium is restored to premenopausal health with
the return of protective lactobacilli and, similar to the effects of vaginal estrogen,
dyspareunia as well as other GSM symptoms such as recurrent vaginitis and UTIs
improve [79] (Fig. 3).

The treatment is one option for breast cancer survivors who often have the most
extreme GSM symptoms. In a retrospective study of 82 breast cancer survivors with
GSM symptoms that failed nonestrogenic vaginal therapy who were given three
treatments of vaginal CO2 laser over 4 months, showed quite significant improve-
ments in dyspareunia and vaginal itching, dryness, burning, dysuria, and bleed-
ing [80].

In comparing efficacy of vaginal estrogen to laser, the lack of randomized trials
has been the major critique; one such study, the VeLVET, has just been completed
and awaits publication.
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Fig. 2 (a) Fibroblasts surrounded by the extracellular matrix: compact bundles of collagen fibers
are well distinguishable from the ground matrix (light microscopy, toluidine blue staining). (b)
High-magnification electron microscopy of collagen microfibrils with characteristic banding, in
close relationship with very thin filaments representing molecular components in the course of
aggregation to form mature microfibrils (fibrillogenesis). (¢) Part of a fibroblast under an electron
microscope. The cytoplasm is filled with profiles of the rough endoplasmic reticulum, constituted
by flattened cisternae transversally sectioned with a lot of ribosomes attached to membranes, and
dilated vesicles continuous with membranes of the rough endoplasmic reticulum. Both these struc-
tures are filled with a finely filamentous material representing molecular precursors of collagen
fibers. N nucleus. #Dilated vesicles

Vaginal Erbium YAG lasers (VEL), despite a shorter track record with fewer
studies compared to microablative fractional CO2, hold similar promise and are
currently under expanded trials. Data show that both energy systems have the enor-
mous potential to resolve severe GSM symptoms and impaired quality of life in
breast cancer survivors without the need for local hormone therapy.
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Fig. 3 Morphological findings from clinical practice. (a) Atrophic vaginal mucosa before frac-
tional CO, laser treatment. (b) Vaginal mucosa of the same person 2 months after treatment. Note
the lamina propria newly formed connective tissue with vessel-rich papillae, the thick stratified
squamous epithelium, and normally shedding superficial cells. (¢) Normal vaginal mucosa of a
fertile-age woman (reported for comparison)

11 Osteoporosis Prevention

The third FDA-approved indication for postmenopausal estrogen use is for the pre-
vention of osteoporosis but not the treatment of osteoporosis.

Osteoporosis is the most common cause of morbidity for women after the meno-
pause transition (menopause practice) [1]. Osteoporotic hip fractures occur at a
median age of 82 which leads to death within a year in 25%, long-term care needed
in another 25%, and the remainder will have long-term loss of mobility [1]. Women
have their peak bone mass at the age of 30, after which bone loss begins and finally
accelerates at menopause with the loss of ovarian estrogen.

Estrogen is the most physiologic agent available to maintain bone mass to pre-
vent osteoporosis. Standard dose estrogen, with or without a progestogen, has been
thought to prevent bone loss in postmenopausal women by primarily inhibiting
osteoclast-driven bone resorption and reducing the overall rate of bone remodeling
(NAMS 2017 position statement) More recently, the estrogen-mediated orchestra-
tion of bone remodeling has been found to be much more complex with details still
unfolding. Estrogen seems to have direct pleiotropic effects on osteoclasts, osteo-
blasts, and osteocytes resulting in decreased bone resorption, maintenance of bone
formation, and inhibition of bone remodeling, respectively [84].

Whatever the details of estrogen’s complex pleiotropic effects on bone finally
demonstrate in the lab, standard dose MHT has been clinically proven to reduce all
categories of osteoporotic fractures—namely hip, spine and non-spinal fractures in
both observational as well as RCT’s [3].
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Estrogen has a dose-related effect on bone mineral density, and bone protection
dwindles rapidly after cessation. An ideal clinical case for the use of MHT for the
prevention of osteoporosis would be in a woman who has no medical contraindica-
tions to estrogen, is in the “early window” (i.e., age younger than 60 or within
10 years of menopause onset), and also has vasomotor symptoms (VMS). Women
with premature menopause, without contraindications, are better served with estro-
gen than with a bone-specific treatment which have their potential adverse effects
and whose duration of use is limited [3].

12 Primary Ovarian Insufficiency and Early Menopause

Primary ovarian insufficiency (POI), the currently preferred term to replace primary
ovarian failure and premature menopause, is defined as menopause before the age
of 40 diagnosed by at least 4 months of amenorrhea and 2 menopausal FSH levels
1 month apart. The etiology is vast, ranging from iatrogenic (cancer treatments—
oophorectomy, chemotherapy, radiation), genetic (fragile-X syndrome, Turner syn-
drome), autoimmune (adrenal, thyroid), infectious, or environmental. Yet the cause
remains unknown in 90% of cases [86]. Early menopause occurs in women with the
above findings who are older than 40 but younger than 45.

Both conditions, especially POI, have many health risks directly related to ovar-
ian hormone deficiency, primarily estrogen [3, 87]. Unlike women in natural meno-
pause, these younger women should be viewed as having a pathologic state of
estrogen deficiency compared with their age-related peers with normal ovarian
function, and in these scenarios the term “Hormone Replacement Therapy” (as
opposed to Menopausal Hormone Therapy) is actually more appropriate [87].

Adverse health effects include persistent and severe menopausal symptoms of
both VMS (hot flashes, night sweats, insomnia) and GSM (vaginal dryness, dyspa-
reunia, decreased sexual desire, vaginitis, urinary frequency, dysuria, recurrent
UTIs), decreased bone density and increased risk of fracture, infertility, increased
risk of mood disorders such as depression and anxiety, increased risk of cognitive
decline, dementia and Parkinson’s disease, sexual dysfunction, increased risk of
thyroid and adrenal autoimmune disease, increased risk of prediabetes and type 2
diabetes, dry eye syndrome, increased risk of cardiovascular disease, and overall
increased mortality risk.

Sadly, over 50% of women with POI either refuse to take HRT, start it many
years after the diagnosis, or discontinue before age 45. As such, difference between
replacement therapy and extension therapy should be clearly explained to patients;
namely that they are missing a hormone whose absence is negatively impacting the
long list of adverse health effects and whose replacement would mitigate them to
restore health and quality of life.

There is universal consensus from the North American Menopause Society
(NAMS), the American Society for Reproductive Medicine (ASRM), the European
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Society of Human Reproduction and Embryology (ESHRE), The Endocrine Society
(ES), the International Menopause Society (IMS), and the European Menopause
and Andropause Society (EMAS) that in women with premature ovarian insuffi-
ciency (POI), systemic MHT, without contraindications, is recommended at least
until the age of natural menopause. POI is also the fourth FDA-approved indication
for MHT.

Yet, there remains no consensus for dosage, formulation, and route of adminis-
tration of estrogen and progestogen for POI as for all other indications. Sullivan,
Sarrell, and Nelson [87] address the question for POI with a thought experiment: the
ultimate lofty design of an artificial ovary that would deliver a constant parenteral
flow of the correct mix of hormones to mimic endogenous ovarian production
throughout a menstrual cycle. The first crude baby step in this direction would be a
transdermal patch that delivers 0.100 mg of estradiol per day. This would supply the
average serum estradiol levels of 100 pg/mL that women with normal ovarian func-
tion are exposed to over the full menstrual cycle. The transdermal route of estrogen
is preferred over oral as the risk of venous thromboembolism (VTE), as well as
stroke is markedly reduced by avoiding complications resulting from the oral route’s
first-pass effect on the liver. In the large Estrogen and Thromboembolism Risk
(ESTHER) study performed on postmenopausal women, the odds ratio for venous
thromboembolism for women using oral estrogen was 4.2 compared with 0.9 for
transdermal users [87, 88]. Although micronized progesterone (natural or body-
identical) has fewer risks and more benefits than the synthetic progestins such as
medroxy-progesterone acetate (MPA) and as such are currently in favor over the
latter used in the WHI, there is lack of consensus on which progestogen is best for
treating women with POI who have a uterus. The NIH performed a 3-year study [87,
89] looking at the effect of full replacement dosing on bone mineral density on
women with POI with transdermal estradiol 100 pg/mL daily with oral medroxy-
progesterone acetate (10 mg per day for 12 days per month). Bone mineral density
improved by as much as 8% at the femoral neck over 3 years as opposed to healthy
age-matched controls who lost bone density untreated. The addition of transdermal
testosterone to the HRT regimen did not provide additional bone density. The inves-
tigators chose MPA as their progestin over micronized progesterone due to lack of
endometrial protection data with the latter at such high (full replacement) doses of
estradiol. The PEPI group only examined and documented oral micronized proges-
terone’s ability to induce endometrial secretory changes with lower postmenopausal
estrogen dosing and not the higher HRT dose used for POI patients.

Transdermal estradiol in higher doses with adequate endometrial protection with
a progestogen seems to have better maintenance of bone mineral density compared
with oral contraceptives [3, 27, 90, 91]. Furthermore, oral contraceptives were
developed to suppress ovulation in normally cycling women and, as such, supply
supraphysiologic levels that provide no additional benefit beyond that of HRT with
much added risk, namely increased risk of thromboembolism, stroke, increased
blood pressure, unfavorable lipid profiles, and general increased cardiometabolic
risk [87].
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The only consideration for use of oral contraceptive with a patch during the pla-
cebo week over HRT would be for psychological benefit in younger women [3].

The psychological impact resulting from the caretaker’s delivery of the diagnosis
of POI cannot be underscored enough. POI has been associated with poor psycho-
social functioning, higher levels of depression and anxiety, low self-esteem, higher
perceived stress, and lower sexual well-being [92]. Younger women, particularly
those in their late 20s will be more devastated by the diagnosis carrying loss of fer-
tility and will generally be able to cope less well with any experienced menopausal
symptoms and as such would benefit from a peer-based support network. All women
should be informed sensitively and in an unrushed manner to be able to ask ques-
tions and should be given timely follow-up appointment and connected with infor-
mational and support networks.

13 Vasomotor Symptoms and Cardiovascular Disease Risk

Only recently, a compelling yet enigmatic body of data has emerged linking vaso-
motor symptoms (VMS) with preclinical markers of cardiovascular disease.

From the large SWAN study that delineated the previously noted four types of
trajectories/patterns of VMS (i.e., early onset VMS, consistently high VMS [the
Super Flashers]), late onset VMS, and persistently low VMS), a subgroup of 811
women were examined to look at the association between individual VMS pattern
and carotid artery disease risk.! Enrollees were healthy white, black, Hispanic, and
Chinese women aged 42—52 with a uterus and ovaries, not on OCP/MHT, 1-2 men-
ses in past 3 months, and no history of stroke or prior MI. They were seen annually
for completed measures of VMS, bloodwork, and physical measures for 13 years: a
carotid artery ultrasound was performed at the final annual study visit. The results
showed that the women with the pattern of early onset VMS as well as those with
persistently high VMS had higher carotid artery intima media thickness (CIMT)
compared with those with persistently low VMS. Notably, when adjusting for
covariables such as race/ethnicity and blood pressure, only the early onset VMS
group had higher CIMT compared with the persistently low VMS group [45, 93].

The WISE (Women’s Ischemia Syndrome Evaluation) study was a prospective
study of 936 patients who initially underwent clinically indicated (to further
evaluate signs and symptoms suspect for an ischemic event) coronary angiogra-
phy and then followed annually for fatal and nonfatal CVD events for a total
median of 9.3 years. Thurston et al. [114] performed a substudy of 104 women
who were all postmenopausal, over 50, and not taking hormone therapy (HT)

!'Carotid ultrasound measurement of carotid artery intimal media thickness (CIMT), also used in
the KRONOS and KEEPS studies to test the timing hypothesis, is an accepted surrogate for mea-
surement of CVD risk.
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examining the association between endothelial dysfunction and VMS patterns.
Ultrasound of the brachial artery was used to test for reduced flow-mediated dila-
tion (FMD).> Women with early onset VMS—notably before age 42—had lower
FMD, hence poorer endothelial function, than either the women who never had
VMS or those with later onset VMS. In addition, women with early onset VMS
had the highest CVD mortality and in fact, when adjusted for multiple covariate
CVD risk factors (such as hypertension, BMI, diabetes, ever smoker, dyslipid-
emia, former HT use), the CVD mortality risk actually became stronger (i.e.
unadjusted CVD mortality hazard ratio (HR) of 2.34 increased to 2.83 when
adjusted for covariate CVD risk factors.

These prior studies were limited by VMS data being subjective recollection
which can both fragment over time and be influenced by negative mood, itself being
related to both CVD risk and VMS.

As such, Thurston et al. [115] prospectively studied 300 nonsmoking healthy
unmedicated women aged 40—-60 with objective physiological recording of VMS (in
tandem with subjective diary VMS collections) and looked at their hematologic CVD
risk factors and carotid artery status. Even though they had somewhat favorable CVD
risk factor profiles, almost half of the participants had carotid plaque. Among those
reporting VMS, the frequency of VMS (both diary-collected and physiologically
recorded) was associated with higher carotid IMT as well as more plaque in a dose—
response relation. Even after controlling for CVD risk factors, the association
between VMS frequency and increased coronary IMT remained robust [115].

The mechanism linking VMS to CVD risk remains enigmatic. As it awaits deci-
phering, this compelling link should be a loud wake-up call for clinicians and inves-
tigators alike to broaden the timeframe for screening women for cardiovascular
disease; specifically, to not only use menopause as the “sentinel event” for screening
for preclinical CVD risk factors but to perhaps consider screening those with persis-
tent and severe VMS even earlier in the menopause transition [108-113, 116, 117].

14 Other Benefits of MHT

14.1 Joints and Muscles

Estrogen’s beneficial effect on general joint health with the symptomatic improve-
ment of arthritis and arthralgia is supported by many studies though the mecha-
nism is unclear [3]. When combined with exercise, estrogen seems to help maintain

2FMD is performed by first measuring the resting diameter of the brachial artery with ultrasound,
then distally placing a blood pressure cuff and stressing the artery by inflating it 40 mm above the
systolic BP for 4 min, then deflating the cuff and, 2 min later, measuring the final brachial artery
diameter. The calculation formula is FMD = 100 x peak diameter after cuff deflation minus resting
diameter divided by resting diameter) is an accepted surrogate marker for endothelial dysfunction.
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muscle mass and strength and thus attenuate sarcopenia. The potential health ben-
efits include reduced sarcopenia, while frailty is linked to falls, hip fractures, and
increased mortality. Skeletal muscle expresses estrogen receptors as the joint
tissue; beyond that, the mechanism by which estrogen works on muscle mass is
still enigmatic [3].

14.2 Metabolism

Contrary to popular lay belief, MHT is not associated with weight gain. In fact, it is
menopause and its hormone changes that are associated with increased android/
abdominal fat accumulation (IMS pos). Conversely, MHT reduces overall fat mass,
improves insulin sensitivity, and significantly reduces the number of cases of new-
onset type 2 diabetes mellitus (DM) [3]. The benefits are seen in both E alone as
well as E/P but more robust with E/P reducing type 2 DM incidence by as much as
40%; unfortunately, the benefit vanishes when MHT is stopped. Diabetes preven-
tion with MHT as a sole indication is currently not endorsed by the FDA or any
menopause societies, but is a powerful secondary benefit of MHT. The primary rec-
ommendation for diabetes prevention in prediabetics remains caloric restriction and
exercise with the goal of losing 7% of body weight.

14.3 Colorectal Cancer

The bulk of observational studies show that users of oral MHT have a lower inci-
dence of colorectal cancer. The initial results of the WHI in all age categories
reported a 38% lower risk specifically in the E/P arm compared with placebo while
on treatment. However, later postintervention results showed no lowering of risk of
colorectal cancer with either E/P or E alone. It seems as though the putative risk
reduction with colorectal cancer while on therapy vanishes once therapy is stopped
just as with bone health, metabolic health, and urogenital health.

15 Risks

15.1 Venous Thromboembolism (VTE), Gallbladder Disease,
Stroke

The risks of venous thromboembolism, gallbladder disease, and stroke are small, par-
ticularly without risk factors such as obesity, thrombophilia, or prior history of the
above. They are associated with oral estrogen though its hepatic “first pass” effect.
The use of transdermal estrogen instead or oral significantly reduces these risks [94].
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15.2 Breast Cancer

Cardiovascular disease (CVD) is the leading cause of death in men as well as
women. In women, 1 in 3.3 deaths are attributable to CVD compared to 1 in 32
attributable to breast cancer. Yet women are far more fearful of the latter which often
deters their use of MHT. Does HRT, in a low-risk patient, indeed increase the risk of
invasive breast cancer? And by how much compared with other modifiable known
risk factors?

Most studies, including the WHI, indicate a small increased risk of invasive
breast cancer with E/P—but in these studies, the P is always a progestin (synthetic
progestogen such as MPA used in the WHI) [91]. Micronized progesterone (MP)
and the synthetic progestins have markedly different effects on breast tissue [91].
Progestogens are a highly heterogeneous group lacking a “class effect”: they differ
in their chemical structure, metabolism, pharmacokinetics, affinity to progesterone
receptors (PR), and, perhaps most importantly, highly variable relative binding
affinities to other steroid receptors, androgen receptors (AR), mineralocorticoid
receptors (MR), and glucocorticoid receptors (GR); as such, their biological and
clinical effects are enormously varied [90].

A germane example is that micronized progesterone, the natural progesterone, is
highly selective to progesterone receptors yet lacks glucocorticoid activity;
conversely, MPA not only binds to the PR with even greater affinity than natural
progesterone but also binds to the glucocorticoid receptor (GR) with even greater
affinity than native cortisol [90].

Recent data suggest that micronized progesterones, unlike synthetic proges-
togens, do not appear to increase the risk of breast cancer [91, 95, 96]. In the
French E3N cohort study of 80,377 postmenopausal women followed for over
8 years, users of estrogens with micronized progesterone did not have an
increased risk over never users (RR 1.00; 95% CI 0.83—1.22). In contrast, both
users of estrogen only as well as users of estrogens with progestins (synthetic
progestogens) had increased risks over the never users (RR 1.29 and RR 1.69,
respectively) [91, 95].

In addition, current thinking is that MHT has a promoter effect rather than an
initiating effect on breast cancer [91, 97]. Santen [97] reviewed a mathematical
model which proposes 16 years to be the average time it takes for a single breast
cancer cell to grow to a clinically detectable lesion. The basis for the model is aver-
age doubling time of 200 days and the need for 30 doublings to reach a mammo-
graphically detectable threshold size of 1.1 cm. As such, the vast majority (94%) of
the tumors diagnosed over the 7-year duration of the WHI E/P were occult tumors
already in situ at the time the study began. Moreover, the promoting effect of a more
hazardous regimen no longer favored (i.e., CEE/MPA vs. estradiol/micronized pro-
gesterone) has a HR of 1.26 which is higher than that of drinking one glass of wine
and less than two glasses of wine daily [98, 99].
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15.3 MHT for Primary Prevention of CVD and Other Chronic
Diseases

With the exception of the prevention of osteoporosis, neither the FDA nor any of the
menopause societies endorse the use of MHT in women who do not have the indica-
tions of bothersome VMS, GSM, or POI—for primary prevention of CVD and other
chronic disease. The U.S. Preventive Services Task Force (USPSTF) issued a Draft
Recommendation in 2017 condemning the use of MHT for primary prevention with
a D recommendation [100]. A group of leading pundits in the menopausal orbit
penned a compelling and elegant rebuttal to the USPSTF’s erroneous statement.
Some highlights of the paper are as follows: “considering the relative importance of
coronary heart disease, fragility fractures, colorectal cancer and diabetes to the pub-
lic health—alongside potential harms—the balance is clearly toward benefit from
MHT when initiated within 10 years of menopause in women with appropriate indi-
cations, with continuation thereafter for an indeterminate period for the prevention
of chronic diseases” [101]. This view, they highlight, is shared in both the
International Menopause Society’s (IMS) latest position statement as well as by the
North American Menopause Society’s (NAMS) latest position statement [3] (in turn
endorsed by 35 national and international medical societies) [118].

As coronary heart disease is the leading cause of death in women, they compare
the strengths of available primary prevention strategies. Lifestyle interventions,
often with low compliance, will reduce the 10-year coronary risk by a maximum of
12-14%. Although statins and aspirin are used for prevention in men, they argue
that there is little statistically valid data supporting their use in women for primary
prevention of CHD or reduced mortality [81, 102—107]. In addition, they argue that
statin therapy—advocated by the USPSTF in place of MHT for primary prevention
of CHD—may increase the risk of diabetes in women [82], while MHT is protec-
tive. By contrast, Mikolla et al. [83] demonstrated in another study of close to
500,000 Finnish women on estradiol-based MHT that users compared to age-
matched nonusers had decreased risks of CHD death by 18-54%. Moreover, the risk
reduction was highest in those with the longest duration of use of MHT. In addition,
risk of stroke death as well as all-cause mortality was reduced.

16 Summary and Conclusions

Menopausal hormone therapy offered to postmenopausal women without contrain-
dications appears to be the most effective treatment for vasomotor symptoms, geni-
tourinary syndrome of menopause, prevention of osteoporosis, and for both
symptom relief as well as chronic disease prevention and reduction in all-cause
mortality in women with primary ovarian insufficiency, premature menopause, or
iatrogenic menopause. In addition to treating symptoms and improving quality of
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life, menopausal hormone therapy arguably appears to be the most effective modal-
ity for primary prevention of cardiovascular disease as well as prevention of other
chronic illnesses such as osteoporosis, colorectal cancer, diabetes, metabolic syn-
drome, and possibly dementia.

When abiding by the rules of the timing hypothesis namely if starting before the
age of 60 or within 10 years of the onset of menopause, in women without contrain-
dications, the highlighted benefits seem to outweigh the risks. The menopause transi-
tion should be targeted as a sentinel event to screen for preclinical markers for future
cardiometabolic disease. The newly discovered “high risk” cohort of women with
early onset and/or severe vasomotor symptoms deserves particular scrutiny as they
have a greater risk for preclinical cardiovascular and possibly other chronic diseases.

The timing hypothesis and its body of evidence has radically changed our views
post-WHI and in turn has radically changed our essential clinical practice princi-
ples. For almost 10 years post-WHI, the consensus for treating all postmenopausal
symptomatic women without contraindications was to “give the lowest dose for the
shortest amount of time.” The current consensus is that HT should be “individual-
ized to identify the most appropriate HT type, dose, formulation, route of adminis-
tration, timing of initiation and duration of use, using the best available evidence to
maximize benefits and minimize risks, and periodic re-evaluation of the benefits
and risks of continuing or discontinuing HT” [3].

Unfortunately, the lay community, as well as many of our own esteemed medical
colleagues of other specialties are too often unaware of this paradigm shift and
instead remain in post-WHI darkness. Until everyone is properly educated, wom-
en’s health may arguably suffer.
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Replacement Hormone Therapy
for Gender Dysphoria and Congenital
Sexual Anomalies

Angelica Mares Miceli

What is it about sexuality that makes it such a burning matter since the dawn of
mankind? So much so that even kings had to “give their consent”? Religion called
it “a sin”. Legislators got involved. Why was Egon Schiele convicted for “crimes
against morality” and his drawing burnt by a judge? Why was Oscar Wilde deprived
of his freedom for his sexual orientation? Much was lost of humankind heritage
because of society’s attitude toward sex and gender.

Today’s human society came a long way. Medical knowledge progressed incred-
ibly and so did social and cultural norms. In these days, on most places on the
planet, there is acceptance. Still, gender issues take a center stage, often inflaming
the social and political milieu everywhere. So how informed and prepared is the
medical community to deal with these issues?

It used to be binary, male or female, mutually exclusive states. Yin or Yang. Now
that approach is called “traditional” and “outdated.” In today’s society, is more and
more accepted a perception of gender identity as a continuum, a spectrum going
from male to female with other identities in between, a “gender fluidity” where
one’s sexual identity is not merely defined and dominated by one’s genitals [1].
“Binary thinking” is opposed and replaced by a more inclusive, expanded view,
creating a safer environment for the patients. There is a plethora of books and arti-
cles published in the last decade or so, approaching the subject from different
angles, from guidelines to definitions to practical advices for clinicians.
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1 Definitions

At this point, maybe a dictionary of terms is necessary. What is gender dysphoria?
Is it the same as transgender? Do all gender-diverse persons have gender dysphoria?
Are all people with gender dysphoria transgender? Standardized terminology for
healthcare providers was developed and is in use.

To begin with, gender dysphoria is a new diagnosis in the American Psychiatric
Association’s Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5), replacing the DSM-IV diagnosis of gender identity disorder [2]. It is
defined as a marked incongruence between the patient’s experienced or expressed
gender and his or her assigned gender at birth. In other words, gender dysphoria is
a distress associated with one’s own sense of self/gender identity and one’s gender
phenotype and assigned gender role due to that phenotype. For a clinician to diag-
nose gender dysphoria, the patient has to report at least 6 months of significant
distress or impairment in social or occupational areas, due to at least two out of
these six criteria:

1. Marked incongruence between one’s experienced or expressed gender and pri-
mary and/or secondary sex characteristics

2. Strong desire to be rid of one’s primary and/or secondary sex characteristics

3. Strong desire for the primary and/or secondary sex characteristics of the other
gender

4. Strong desire to be of the other gender

Strong desire to be treated as the other gender

6. Strong conviction that one has the typical feelings and reactions of the other
gender

91

According to a number of publications, there is a dramatic increase in gender dys-
phoria cases in the last decade or so, especially due to increased number of young
people with gender dysphoria seeking medical attention for gender-confirming ther-
apies [3-6].

The list of definitions and gender-related terminology is long and continuously
evolving [7]; here are some of the most important ones.

A transgender is a person whose gender identity or expression differs from their
sex assigned at birth.

Gender identity is an internalized sense of self as being male, female, or else-
where along or outside the gender continuum. Some people have complex identities
and may identify as agender, gender nonbinary, genderqueer, or gender fluid.

Sexual orientation is a term describing an enduring physical and emotional
attraction to another group; sexual orientation is distinct from gender identity and is
defined by the individual. Gender identity is distinct from sexual orientation, sex
development, and external gender expression (display of gender identity through
behavior, voice, interests, or appearance such as clothing or hairstyle).

A transgender female is a transgender person designated as male at birth.

A transgender male is a transgender person designated as female at birth.
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It is beyond the purpose of this chapter to exhaust the entire list of terms, but this
is one last definition for a historical term: transsexual. A transsexual is a transgender
person seeking medical or surgical therapy in order to affirm their gender.

Transgender and gender-diverse persons may have gender dysphoria (i.e., dis-
tress related to this incongruence) or not.

2 Therapeutic Approach

Today there is an ever-growing body of research about gender dysphoric or gender
incongruent individuals and the gender-affirming therapy. Therapeutic approaches
for gender dysphoric patients include not only hormonal therapy and surgery but
also facial hair removal, interventions for the modification of speech and communi-
cation, and other changes in gender expression and role, by living partially or totally
in the desired gender role. Psychotherapy is another important constituent part of
therapy for gender dysphoric patients; it includes not only the individual but also the
couple, the family, or even group therapy. All of these procedures have been accepted
as being medically sound and necessary by the WPATH (World Professional
Association for Transgender Health) [8].

Medical care for gender dysphoria and for that matter for certain congenital sex-
ual anomalies requiring it, is very complex and long in duration, with life-altering
consequences. It starts with creating an optimal clinical environment and perform-
ing a complete medical evaluation, ideally multidisciplinary, including physical and
mental exam. Past medical practices involved a succession of psychological assess-
ment followed by hormonal treatment followed by surgery. For cases of gender dys-
phoria, the current standard of care is to allow every transgender person to seek only
those treatments they wish, either medical or surgical or both, in order to affirm their
own gender identity [9].

Aside from hormonal therapies, a wide range of surgical interventions are avail-
able to transgender patients, such as feminizing vaginoplasties, masculinizing phal-
loplasty or scrotoplasty, metaoidioplasty (clitoral release or enlargement),
masculinizing chest surgery, facial feminization procedures, or voice surgery, to
name only few.

3 Hormonal Therapy: Introduction

Primary medical intervention for gender affirmation is hormonal therapy. Feminizing
and masculinizing hormone therapies are partially irreversible treatments, used to
facilitate the development of secondary sex characteristics of the experienced gender.

Feminizing hormone therapy for the transgender female includes estrogen (17-
beta estradiol) and progestogens, together with antiandrogens (spironolactone and
5-alpha reductase inhibitors); their role is to decrease the serum testosterone level to
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less than 50 ng/dL while maintaining a serum estradiol level of less than 200 pg/
mL. This hormonal therapy may reduce muscle mass, decrease libido and terminal
hair growth, and increase breast development and fat redistribution. In clinical stud-
ies, voice change was not an expected effect. Additional risks for feminizing hor-
monal therapy include breast cancer, prolactinoma, cardiovascular or cerebrovascular
disease, cholelithiasis, and hypertriglyceridemia; however, these risks are rare or
incompletely studied [10].

Masculinizing hormone therapy for the transgender male includes testosterone to
increase serum levels to 320-1000 ng/dL. Anticipated changes include acne, weight
gain, scalp hair loss, facial and body hair growth, voice deepening, vaginal atrophy,
clitoromegaly, and increased muscle mass. Patients receiving masculinizing hor-
mone therapy are at risk of erythrocytosis, as well as other possible metabolic
effects, but to date there is limited data about outcomes as death, thromboembolic
disease, stroke, osteoporosis, liver toxicity, or myocardial infarction [11-14].

There are many facets to consider when contemplating hormonal treatment.
Active hormone-sensitive malignancy is an absolute contraindication to gender-
affirming hormone treatment. Patients who are older, use tobacco, or have severe
chronic disease, current or previous venous thrombo-embolism, or a history of
hormone-sensitive malignancy should benefit from subspecialty consultation fol-
lowed by individualized dosing regimens. In general, the benefits and risks of treat-
ment should be carefully explained and weighed against the risks of no action (such
as suicidal ideation) [15].

Not all gender dysphoric persons need or seek hormonal treatment; however,
those who receive it, generally report an improved quality of life, with reduced anxi-
ety levels and higher self-esteem [15, 16]. Gender-affirming hormone therapy
mostly includes commonly used substances, familiar to most prescribers due to
their use in the management of menopause, contraception, hirsutism, male pattern
baldness, or abnormal uterine bleeding. Not only subspecialty clinicians, such as
obstetricians-gynecologists and endocrinologists, but also primary care physicians
may evaluate gender dysphoria and prescribe applicable hormone therapy or moni-
tor well-being and provide referrals.

Hormone therapy with estrogens and antiandrogens or testosterone is generally
safe but can be irreversible. Surgical therapy for gender affirmation has its own
risks, not to mention its irreversible character, and should be done only if patients
have sufficient mental ability to give informed consent. That is why guidelines are
necessary and a team of healthcare providers should be consulted on issues like
when to start the treatment, what treatment should be offered, and how often should
the patients receive it.

Updated guidelines of the Endocrine Society on transgender medical care,
cosponsored by the American Association of Clinical Endocrinologists, American
Society of Andrology, European Society for Paediatric Endocrinology, European
Society of Endocrinology, Pediatric Endocrine Society, and the World Professional
Association for Transgender Health, include the following key points:
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1. Prepubertal patients displaying gender dysphoria should not receive hormone
therapy.

2. Clinicians should inform their patients about different options for preservation of
fertility, before starting puberty-suppression treatments (in adolescents) or hor-
monal therapy.

3. In adolescents, treatment with GnRH analogues for hormone suppression should
start after physical changes of puberty are present.

4. Clinicians should evaluate and treat other medical conditions patients may have
that can be exacerbated by an eventual hormone therapy.

5. In cases of patients who need high doses of steroids to suppress their own body
synthesis of sex hormones, surgical removal of gonads may be considered.

6. Hormone therapy should be followed by long-term care, with all patients having
regular monitoring of prolactin levels, bone loss, cardiovascular and metabolic
disorders and evidently, cancer screening [17].

4 Hormonal Therapy for the Transgender Female

Hormonal therapy for the transgender female, so-called “feminizing hormone ther-
apy” or the male-to-female type (MTF) has the purpose to change the secondary
sexual characteristics from androgynous into feminine (i.e., development of breasts,
feminine pattern of hair, fat and muscle distribution, etc.) while suppressing the
male secondary sex characteristics.

The medications used for MTF therapy include estrogens, antiandrogens, pro-
gestogens, and GnRH (gonadotropin-releasing hormone) modulators. If estrogens
are administered postpuberty, it cannot undo many of the changes produced by
naturally occurring puberty; these may necessitate sex reassignment surgery and
other treatments in order to be reversed.

There are several contraindications for feminizing hormone therapy, absolute
and relative. The absolute contraindications are an estrogen-sensitive malignancy or
a medical history of it (i.e., breast, pituitary) and history of or increased risk of
thromboembolism, unless currently treated. Relative contraindications include a
family history of breast cancer and thromboembolic disease, liver and kidney
pathology, heart disease or risk factors for heart disease, strokes, hypercoagulabil-
ity states.

The mainstay of MTF hormonal therapy is estrogen, administered as 17-beta
estradiol (chemical product identical to the naturally synthesized estrogen by the
ovary) in a manner similar to the treatment of agonadal states (congenital, such as
Turner syndrome, or surgically acquired) or postmenopausal states. Conjugated
estrogens and ethinylestradiol are rarely used, due to their high risk for cardiovascu-
lar pathology. The main effect of estrogen therapy is “‘chemical castration”, that is
suppressing the testosterone level by ~95%; this effect is achieved usually by levels
of 200 pg/mL of estradiol. Obviously, dosages of estrogens can be reduced after an
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orchiectomy or sex reassignment surgery, when testosterone suppression is no lon-
ger needed [17].

When testosterone levels are inadequately suppressed by estradiol alone, antian-
drogens such as spironolactone and 5-alpha reductase inhibitors (finasteride and
dutasteride) can be used to further reduce or even suppress the effects of testoster-
one with the consequent change in the male secondary sexual characteristics.
Antiandrogens can also be used alone in patients who want to first explore reduced
testosterone levels before starting estrogen therapy or in cases of absolute contrain-
dications to estrogen therapy. In these cases, some patients may experience hot
flashes and low energy. As in the case of long-term androgen blockade without
estrogen replacement in men treated for prostate cancer resulting in bone loss, the
same effects would be expected in the similar treatment of transgender individu-
als [15].

Progestogens don’t yet have a defined role in feminizing hormone therapies;
their use is controversial at best. To date, there have been no studies and no evidence
pointing to the effects, positive or negative, of progestogens. There are two types of
progestogens: progesterone, the natural hormone, and progestins, which are syn-
thetic progestogens. At high doses, progestogens have antiandrogenic effect (due to
their antigonadotropic effect with subsequent suppression of testosterone levels).
Clinical research about the use of progestogens in transgender women is limited,
but there are many claims about their benefic effects (i.e., improved breast develop-
ment, mood, and libido). Aside from these positive effects, progestogens can have
adverse effects, ranging from sedation and mood changed, to increased risk of car-
diovascular disease (when added to estrogen therapy) and frequency of some benign
tumors (i.e., prolactinomas, meningiomas, etc.). In general, the response of trans-
gender women to progestogens therapy is very variable, with some responding
favorably, while others had negative effects [15]. Some researchers recommend
that, due to their potential adverse effects and the lack of scientific evidence in favor
of their beneficial effect, progestogen therapy in transgender women should not be
used or at most be used only for a limited period of time (2-3 years) [18]. Equally,
other researchers maintained that the risks of progestogens in transgender women
are likely minimal, and due to their theoretical benefits, should be used.

GnRH modulators are substances capable of completely shutting down gonadal
sex hormone production; they can decrease testosterone levels by about 95% which
is equivalent to the surgical castration state. They tend to have very few side effects
when administered together with estrogen-replacement therapy.

There are many physical changes as a result of hormone-replacement therapy in
transgender women: breast development (with potential for lactation), skin changes
(thinning of the skin, with accumulation of subcutaneous fat and reduced sebaceous
gland activity), eye and hair changes, reduction in the muscle mass with redistribu-
tion, bone and joints changes. However, characteristics already established after
puberty will not be affected (height, facial hair, voice features, etc.). Aside from
physical effects, there are also mood changes, libido changes, and neurological
changes.
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In terms of adverse effects, hormonal therapy increases the risk of thromboem-
bolic events (deep vein thrombosis, pulmonary thromboembolism), the risk of liver
toxicity, may cause development of prolactinomas, and results in changes of cancer
risks, protecting against breast cancer [19] and prostate cancer [20, 21].

5 Hormonal Therapy for the Transgender Male

Hormonal therapy for the transgender male, so-called “masculinizing hormone
therapy” or the female-to-male type (FTM), has the purpose of adjusting the sec-
ondary sex characteristics to those of the desired sex/experienced gender, in this
case, the development of male secondary sex characteristics (voice deepening and a
masculine pattern of hair, fat, and muscle distribution) while suppressing or mini-
mizing the female secondary sex characteristics.

The medications used for FTM therapy include androgens (namely testosterone)
and for prepubertal patients, puberty-suppression therapy with a GnRH analogue
(Lupron, Supprelin). As is the case with estrogens, if testosterone is administered
postpuberty, it cannot undo many of the changes produced by naturally occurring
puberty; these may necessitate surgery and other treatments to be reversed.

There are several contraindications for masculinizing hormone therapy, absolute
(pregnancy) and relative (polycythemia, liver disease, coronary artery disease, car-
diac failure, bleeding disorders, history of breast cancer, androgen-sensitive epi-
lepsy, migraines, sleep apnea, renal failure, or severe hypertension susceptible to
sodium retention and fluid overload, history of violent behavior, and acne, mild to
severe).

Many available formulations exist for testosterone, from the natural hormone to
dihydrotestosterone and synthetic androgens (e.g., nandrolone), as well as many
ways of administration; it can be injected, administered transdermal, oral, sublin-
gual or as skin implants. In practice, most commonly used is parenteral testosterone,
injected intramuscularly or subcutaneously, or transdermal testosterone 1% (incom-
pletely studied and less used) [22, 23]. In general, changes begin after 1-6 months
of therapy and stabilize after about 1-3 years of treatments.

Menstruation-suppression therapies can be used concomitantly with testosterone
therapy or prior to its initiation and include combined oral contraceptives (ethinyl
estradiol with variable doses of progestin), depot medroxyprogesterone, or
levonorgestrel-releasing intrauterine IUD (Mirena).

Antiestrogens like aromatase inhibitors (e.g., anastrozole) or selective estrogen
receptor modulators (e.g., tamoxifen) can be used to diminish the effects of high
levels of endogenous estrogen in transgender men. In addition, due to the fact that
growth process is mediated by estrogen, in adolescents who didn’t conclude their
growth (bone epiphysis are not closed yet), antiestrogens can help prevent reaching
an increased final height as well as hip widening. Finasteride and dutasteride
(5a-Reductase inhibitors) can also be used in the FTM hormonal treatment, to slow
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or prevent scalp hair loss and excessive body hair growth in transgender men taking
testosterone.

The end result of FTM hormonal therapy consists of multiple physical and psy-
chological changes, from skin and hair changes to reproductive changes, from car-
diovascular to metabolic, neurological and mood changes. Some of these changes
are reversible (redistribution of body fat, from a gynoid to an android pattern,
increased musculature, increased red blood cell count, increased libido, cessation of
ovulation and menstruation, etc.) while others are not (deepening of the voice,
growth of facial and body hair, growth spurt and closure of growth plates if hor-
mones were given before the end of puberty, clitoromegaly frequently at apex within
2-3 years of therapy, breast atrophy—mainly due to the loss of adipose tissue of the
breast.).

5.1 Effects of Hormonal Therapy for the Transgender Male:
Histological Aspects

Hormonal treatment with testosterone induces a hypoestrogenic state and, in a dose-
dependent fashion, has an effect on vaginal tissue consisting of atrophy and
increased vaginal pH, consequently increasing the risk of infections (vaginitis, cys-
titis, and cervicitis). Furthermore, the thinned, atrophic vaginal mucosa is more sus-
ceptible to trauma which may result in dyspareunia (painful vaginal intercourse).

Menses should cease within 5-6 months of testosterone therapy (often sooner).
Cessation of menses is driven by a combination of testosterone effect on ovaries,
consisting of induced ovulation suppression (which may be incomplete), and endo-
metrial atrophy. Initially thought that exogenous testosterone produces a milieu of
“unopposed” estrogen by the way of aromatization to estrogen and also, possibly,
by inducing an anovulatory state, thus theoretically increasing the risk of endome-
trial hyperplasia and carcinoma, some long-term data do not support this risk [24].
Literature shows only one such case report [25] and in fact, few more studies show
that the risk of endometrial hyperplasia and cancer is low due mainly to the fact that
transgender men develop endometrial atrophy while on androgen treatment [26, 27].

However, if prior to initiation of testosterone therapy, the patient had a history of
abnormal cycles (e.g., menorrhagia, metrorrhagia) cessation of menses may take
longer than 6 months, and if menstrual bleeding continues for more than
6—-12 months, the condition is described as “abnormal uterine bleeding” (AUB).
AUB may be explained by prior existence of underlying uterine pathology. Most
common causes include endometrial polyps, adenomyosis, leiomyomas, endome-
trial hyperplasia, and malignancy. These conditions should be investigated by imag-
ing (sonogram, transabdominal ultrasound, CT scan or MRI, etc.) and endometrial
biopsy. Other causes for AUB can be pregnancy (of course, ruling out of a preg-
nancy should be mandatory before initiation of testosterone therapy), ovarian causes
(malignancy, ovarian dysfunction, etc.), or iatrogenic causes.
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After long-term androgen therapy not only lower gynecological tract organs but
also ovaries develop some pathological conditions. While some case reports of
ovarian cancer in transgender men were published [28, 29], there is no evidence to
suggest an increased risk of ovarian cancer in transgender men on androgen therapy.
In terms of histological changes in the ovaries after testosterone treatment, there are
not many studies done to date.

The classical concept is that administration of androgens causes ovarian histo-
logical features suggestive of polycystic ovarian disease (PCOD). In a study con-
ducted by Dr. Deligdisch [30, 31], the effects of exogenously administered
testosterone on ovaries was studied on a group of 19 transgender men who under-
went bilateral salpingo-oophorectomy and compared to those in an age-matched
group of 12 patients who underwent pelvic surgery for nonendocrine reasons. The
most significant findings in the transgender men’s ovaries in this study included
enlarged or borderline enlarged ovaries, multiple ovarian cystic follicles in various
stages of growth and atresia (89.5% of the patients), diffuse ovarian stroma hyper-
plasia (84.2% of the patients), collagenization of the outer ovarian cortex (68.42%
of the patients), and luteinization of stromal cells (26.3% of the patients). Clinical
and microscopic findings of the 19 androgen-treated transgender men are shown in
Table 1. These data suggested that exogenous testosterone leads to development of
morphologic features similar to PCOS (Figs. 1 and 2).

These findings are supported by newer studies [26]. Dr. Grynberg et al. con-
ducted an analysis of 112 transgender men who received exogenous androgens for
at least 6 months prior to undergoing hystero-salpingo-oophorectomy. Moreover,
they analyzed specimens from additional 100 mastectomies which allowed them a
study of the breast tissue from the same cohort. Their main findings include an
increased mean ovarian volume, with histological characteristics of PCOS defined
as >12 antral follicles per ovary (79.5% of the patients), endometrial atrophy (45%
of the patients), marked reduction of breast glandular tissue, and increase of fibrous
connective tissue without atypical hyperplasia or carcinoma (93% of the patients).

These data confirm the associations between long-term androgen administration
and abnormalities in ovarian architecture with macroscopic and microscopic char-
acteristics of PCOS, together with an increased risk of endometrial atrophy and also
development of fibrotic breast tissue with marked glandular reduction.

6 Cancer Screening After Hormonal Treatment
in Transgender Persons

As a general commonsense rule, an ongoing and thorough medical and surgical his-
tory is essential to determine an individual patient’s screening needs, and this is the
rule that should apply to transgender persons undergoing hormonal treatment.
There are not many long-term follow-up studies for this cohort of patients, but
existing studies showed that there are not major differences in this category,
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compared to controls. However, there are many limitations to this studies and insuf-
ficient evidence exists as to assess an increase or decrease of the overall organ-spe-
cific cancer risk [32].

Fig. 1 Section of polycystic ovary in androgen-treated patient showing multiple cystic follicles
distributed beneath a thickened collagenized external ovarian cortex. Whole mount, x2.5

Fig. 2 Cystic follicle of androgen-treated patient lined by granulosa and prominent luteinized
theca cells. Hematoxylin and eosin stain. Magnification, x120
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This being the reality, primary care providers should conduct an organ-based
routine cancer screening for all transgender patients in accordance with current
guidelines, keeping in mind that if the patient still has an organ that meets the crite-
ria for screening (e.g. did not undergo mastectomy, oophorectomy, or hysterectomy,
etc.) based on risk factors, symptoms, or general screening recommendations, this
patient should undergo screening regardless of exogenous hormonal treatment.

7 Congenital Sexual Anomalies

The process of embryological development of the genital tract starts in the fourth
week of intrauterine development and is very complex, depending on an intricate
series of events influenced, directly or indirectly, by many factors, such as expres-
sion of transcription factors, germ cell development and migration from the yolk
sac, X chromosome integrity, and secretion of sex steroid hormones. Male and
female tract reproductive development starts from an undifferentiated mesoderm
known as the “genital ridge”; afterwards, the urogenital ridges develop into the
kidneys, adrenal cortex areas, gonads, and reproductive tracts. Initially, both
Wolffian (male precursor) and Miillerian (female precursor) ducts develop. Initiation
of embryo’s development into a male is determined by the presence of SRY gene
(“sex-determining region on the Y chromosome” gene) either in a male genotype or
in some cases, in an XX genotype in which the SRY region was retained as a result
of a translocation.

There are many congenital sexual anomalies and even more attempts to classify
them, which at best are controversial [33-37]. Although it is beyond the scope of
this chapter to extenuate the classification of congenital sexual anomalies, a brief
discussion is necessary.

Among the most commonly clinically encountered sexual congenital anomalies,
there are: agenesis or hypoplasia of a urogenital ridge (most common form in this
class is the Mayer—Rokitansky—Kiister—Hauser syndrome), ovarian hypoplasia (aka
Turner syndrome), agenesis and dysgenesis of the ovary (histopathologically indis-
tinguishable from Turner syndrome), androgen insensitivity syndrome (aka testicu-
lar feminization syndrome), hermaphroditism, and pseudohermaphroditism; also,
congenital abnormalities of the human female genital tract occurring when the
paired Miillerian ducts fail to fuse or the subsequent septum fails to resorb, yield an
entire spectrum of uterine anomalies: unicornuate uterus, uterus didelphys, bicornu-
ate uterus, septate uterus, arcuate uterus, absent vagina, septate vagina, ambiguous
genitalia, etc.

Advances in understanding of sex determination, sex differentiation, and psy-
chosexual development led to adoption of new terms and newer classifications. The
complex group of congenital disorders resulting in the phenotypic appearance of
atypical (formerly called “ambiguous”) external genitalia is now called “disorders
of sexual development” (DSD) [38—41]. In brief, DSD include XX, DSD (e.g., viril-
izing congenital adrenal hyperplasia, maternal androgen secreting tumor, ovotes-
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ticular disorders), XY DSD (e.g., impaired testosterone synthesis, Denys—Drash
syndrome, etc.), sex chromosome DSD (Turner syndrome, Klinefelter syndrome,
mosaicism, triple XXX syndrome), XX/XY disorder of gonadal development (com-
plete gonadal dysgenesis, partial gonadal dysgenesis, gonadal regression, ovotes-
ticular DSD), XY persistent Miillerian duct syndrome, and malformation syndromes.

The birth of an infant with atypical genitalia and underlying disorder of sexual
development (DSD) is cause of enormous anxiety for parents and presents unique
challenges with respect to sex assignment, parental education, and medical manage-
ment. Although many of these patients are diagnosed in infancy due to the pheno-
typical presentation that warrants immediate evaluation, some patients with DSD
are diagnosed later in life, when they seek medical attention for puberty disorders.
In all cases, there are many aspects to be addressed, including parental issues, ethi-
cal and social considerations, medical and surgical treatments; therefore, a multidis-
ciplinary approach including neonatologists, pediatric endocrinologists, urologists,
surgeons, gynecologists, radiologists, geneticists, etc. is always recommended.

The historic approach for the management of these patients consists of early
surgery for “correcting the external genitalia” together with eventual gonadectomy,
all done in the name of “matching the assigned gender.” Recently though, the pro-
cess of “gender assignment” considers many factors, including a well-established
(whenever possible) etiological diagnosis of the DSD, options for fertility preserva-
tion, eventual need for replacement hormonal therapy during puberty and finally,
delayed, elective surgical treatments.

7.1 Hormonal Treatment: General Considerations

In terms of hormonal treatment for different congenital sexual anomalies, there are
few generally accepted standard approaches. With the exception of congenital adre-
nal hyperplasia, hormonal treatment is directed toward pubertal induction (in cases
of hypogonadism), started around 10-13 years of age, and hormone replacement
therapy started at different ages, with the declared purpose of gender identity rein-
forcement, secondary sexual characteristics development, and psychosexual health
promotion.

Patients with adrenal insufficiency at presentation need immediate replacement
therapy with hydrocortisone. For the purpose of puberty induction, hormonal ther-
apy with sex steroids is controversial in terms of time for initiation, doses, and regi-
men, but most clinicians agree that hormonal treatment should be started around
11-12 years of age, with low doses which can be progressively increased.

For patients with female gender identity and a uterus, pubertal induction is
attempted with low doses of estrogen, gradually increasing the dose in a way that
mimics natural puberty process. After few years of estrogen therapy or after initia-
tion of menses (or breakthrough bleeding), progesterone is added to the therapeutic
regimen, in order to mimic the physiological hormonal cycle. Of note is the situation
where the patient lacks a uterus; in these cases, there is no need to add progesterone
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to the existing hormonal treatment. Similarly, for patients with male gender identity,
hormonal treatments with testosterone in different doses and ways of administration
are available for puberty induction.

In cases of patients over 50 years of age with gonadal failure, there is no consen-
sus about optimal hormonal replacement therapies. It was suggested that agonadal
women should be treated in a similar way as symptomatic perimenopausal women,
with estrogen replacement, with a recommendation for screening mammography.
For male patients with gonadal failure, indefinite testosterone therapy is currently
advised with the recommendation for prostate exams and PSA testing according to
the existing guidelines.

Following are some of the most common congenital anomalies and details of
their specific treatments.

7.2 Patients with 45, X0/46, XY and 46, XX/46, XY Mosaicism

In cases of 45,X0/46,XY mosaicism (mixed gonadal dysgenesis), patients present
with dysgenetic testes or streak gonads, hypoplastic and unilateral. External genita-
lia are variable, asymmetrical (possible unilateral cryptorchidism), rarely fully male
or fully female. Management of these patients includes gonadal biopsy for diagnos-
tic confirmation. Usually, these dysgenetic gonads carry a high risk of gonadoblas-
toma, requiring gonadectomy.

Patients with 46,XX/46,XY mosaicism may present with both a testicle and an
ovary (in the same individual) or a mixture of ovarian and testicular tissue in the
same gonad (ovotestis) (Fig. 3); in older classification, these patients were known as

Fig. 3 Ovotestis in true hermaphrodite
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“true hermaphrodites.” It should be mentioned that ovotesticular cases also include
pure gonadal dysgenesis: 46,XX ovotesticular DSD (33% of all ovotesticular cases)
and 46,XY ovotesticular DSD (7% of ovotesticular cases or chimerism). The diag-
nosis of hermaphroditism is based entirely on the gonads; the external genitalia
phenotype is variable and ranges from entirely female to entirely male, with inter-
mediate phenotypes characterized by ambiguous genitalia. Management of these
patients includes gonadal biopsy for diagnostic confirmation. If ovotestis is present,
resection of testicular tissue has to be considered, due to an existing 3% risk of
malignant transformation.

Compared to the general population, patients with DSD have an increased risk of
developing germ cell tumors. There is a number of risk factors generally believed to
be responsible for these tumors increased incidence, and they include (a) the pres-
ence of GBY (Gonadoblastoma on the Y chromosome) region and the gene TSPY,
most recent genetic candidate; (b) expression of the embryonic germ cell markers
(OCT3/4 and KITL) in patients older than 1-year of age; (c) the anatomical location
of the gonads. Most common tumor types encountered in dysgenetic gonads are
CIS/IGCNU (carcinoma in situ/intratubular germ cell neoplasia unclassified) in a
dysgenetic testis and gonadoblastoma.

Gonadoblastomas, first described by Robert Scully in 1953, are rare neoplasms
composed of germ cell and sex cord—stromal derivatives; they are almost always
seen in patients with dysgenetic gonads or undescended testis. Approximately 40%
are bilateral, small (sometimes apparent only microscopically), yellow brown,
sometimes with calcifications. Microscopically, gonadoblastomas show a mixture
of primitive germ cells resembling seminoma and sex-cord cells resembling Sertoli
and granulosa cells. Leydig cells or luteinized stromal cells are frequently noted, as
well as calcifications (present in ~80% of cases). As a matter of fact, coarse calcifi-
cations in an invasive germ cell tumor should raise the suspicion of origin from
gonadoblastoma. About 50% of these patients eventually develop invasive semi-
noma, and ~10% more develop other germ cell tumors. The prognosis for patients
with pure gonadoblastoma is excellent, but in those cases with a malignant germ
cell component, the prognosis will depend on the features of the invasive tumor.

7.3  Turner Syndrome and Variants: (45,X-) and 45, X0/46,XX
Mosaicism

Patients with Turner syndrome and variants (45,X; monosomy X) and 45,X0/46,XX
mosaicism present with gonadal dysgenesis in ~90% of the cases. Internal genitalia
consist of variable degree of development of the Miillerian structures, while the
phenotype is classically female, with pterigium coli, short stature.

Clinically, patients with Turner syndrome present with ovarian failure and amen-
orrhea. Histologically, the typical ovary in monosomy X is a streak gonad (Fig. 4).
Grossly, the ovary is a small, flat ovoid structure; microscopically, it consists prin-
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Fig. 4 Streak gonads in a patient with Turner syndrome

cipally of scant ovarian cortical stroma that may contain scattered primitive sex cord
structures. Oocytes are not present due to an accelerated loss, of unknown cause,
after the 18th week of fetal life or over the immediate postnatal period.

Patients with Turner syndrome may remain undiagnosed until puberty, when
physical growth and sexual maturation are noted to lag behind the norm. Only
approximately 5-10% of patients with Turner syndrome will have spontaneous
pubertal development and menstrual periods; therefore, it is very important to make
an early diagnosis of Turner syndrome. This will allow the timely initiation of appro-
priate hormonal therapy necessary to achieve normal growth and to induce puberty.

Hormonal treatment for these patients include recombinant growth hormone (if
the patient has short stature) and steroid therapy for induction of puberty and replace-
ment (most patients have variable degrees of hypergonadotropic hypogonadism).

The hormone replacement therapy includes estrogen and progesterone. Use of
estrogen alone is associated with an increased risk of endometrial hyperplasia and
neoplasia. On the endometrium, estrogen effects are time-dependent, resulting ini-
tially in an “irregular proliferative endometrium” (for a detailed description of this
pathology, see Chap. 8). If a prolonged estrogen-only therapy is used in prepubertal
patients with Turner syndrome with an infantile uterus, endometrial carcinoma may
develop, frequently of endometrioid type, hormone receptor positive and with a
favorable prognosis. Figure 5 shows a case of a 19-year-old patient with Turner
syndrome who received long-term unopposed estrogen therapy and subsequently
developed endometrioid endometrial adenocarcinoma.

To decrease the risk of endometrial neoplasia development due to therapy with
estrogen alone, progesterone is usually added to the regimen. Although this is the
rule, there are exceptions where endometrial biopsies from these patients show
atypical endometrial hyperplasia and even endometrial carcinoma (for a detailed
description of these pathological changes, see Chap. 8).

Endometrial neoplasia is not the only risk worth mentioning for Turner patients
receiving hormonal therapy. These patients are also at an increased risk of develop-
ing gonadal neoplasia (e.g., gonadoblastoma and dysgerminoma) but these occur-
rences are independent of therapy and dependent on chromosomal constitution of
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Fig. 5 Effect of 7-year duration estrogen replacement therapy on endometrial biopsy of a 19-year-
old patient with Turner syndrome: well-differentiated adenocarcinoma, endometrioid type. H&E
%100

the patient: risk is increased only if their chromosomal constitution includes a Y
chromosome with the SRY gene.

7.4  Klinefelter Syndrome

Patients with Klinefelter syndrome and variants (47,XXY etc.) have reduced body and
pubic hair, gynecomastia in 40-75% of the cases, male external genitalia, small and
firm (hyalinized) testes, and other features secondary to progressive androgen defi-
ciency. Microscopically, sections from testis of a Klinefelter patient may show small
and hyalinized seminiferous tubules, with focal atrophy and reduced number of intra-
tubular germ cells; some tubules may show Sertoli cells only. Also noted are Leydig
cell nodules, which due to surrounding tubular atrophy may appear hyperplastic.

These patients may require testosterone replacement therapy and eventual breast
reduction surgery.

7.5 Androgen Insensitivity Syndrome

The androgen insensitivity syndrome patients have female phychosexual develop-
ment; gender dysphoria is very rare. The typical patient with androgen insensitivity
syndrome (partial or complete form) is a young girl presenting clinically with pri-
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mary amenorrhea. These patients’ gonads are functioning testes, which produce
normal male hormones (androgens), but the lack of testosterone receptors results in
a female phenotypic appearance. Androgen insensitivity syndrome is an X-linked
recessive condition, confirmed by androgen receptor genetic sequencing.

These patients present with varied internal genitalia, from possible hypoplastic
Wolffian structures in the partial forms of the syndrome to absent Wolffian struc-
tures and possible atrophic uterus in complete forms of the syndrome. Thus, internal
genital organs may show a short vagina, ending in a blind pouch and absent cervix
due to a blunted or suppressed uterine development. External genitalia are variable
in partial syndrome while complete forms of the syndrome present as phenotypical
females, with scant pubic and axillary hair.

Although most patients with complete androgen insensitivity syndrome have
undescended, intra-abdominal testes, these are not dysgenetic; therefore, the risk of
gonadoblastoma is lower, ~2% [42]. However, despite lower risks for development
of neoplasia, these are not inexistent, making orchiectomy the standard of care.
Although the ideal time for performing the surgery is still debatable, many advise in
favor of delaying the procedure until after puberty, thus allowing for a spontaneous
progression through puberty due to the metabolic pathway of peripheral testoster-
one aromatization into estrogen. At microscopic examination of removed testes,
they may show Sertoli cell only tubules, nodular Sertoli cell masses, Leydig cell
hyperplasia, and/or germ cell atypia or neoplasia [43].

For patients with complete androgen insensitivity syndrome, ongoing hormone
replacement therapy with estrogen (or estrogen and progesterone, if the patient has
arudimentary uterus) is recommended, starting with a low dose which subsequently
is progressively increased. There is some evidence, however debatable, that sup-
ports the idea that adding progesterone to the estrogen regimen has beneficial effects
even in patients lacking a uterus, most important being reduction of long-term risk
of breast cancer.

In rare cases of male patients with partial androgen sensitivity syndrome and
undervirilization resulting in micropenis development, the treatment consists of tes-
tosterone and dihydrotestosterone, which can be used also topical, for the purpose
of increasing penile length [44]. To date, there is no medical consensus about the
efficacy of this therapy, dosages, and long-term outcomes.

7.6 Miillerian Agenesis

Developmental anomalies of the uterus can be due to one of the three mechanisms:
failure of the Miillerian duct genesis (resulting in agenesis, bilateral hypoplasia, or
unicornuate uterus), failure of Miillerian duct fusion (resulting in uterus didelphys
and bicornuate uterus), or failure of the fused Miillerian wall to be resorbed (result-
ing in septate uterus).

Miillerian agenesis (also known as Miillerian aplasia or Mayer—Rokitansky—
Kiister—Hauser syndrome, or MRKH syndrome) is a severe anomaly with an inci-
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dence of 1 per 4500-5000 females. A combination of genetic and environmental
factors is believed to contribute to the development of MRKH syndrome, although
specific factors still remain unknown.

Miillerian duct is hypoplastic or absent, with different clinical expressions of
varying severity. Isolated uterine and vaginal aplasia and hypoplasia is considered
to be the “typical form of MRKH” syndrome. In the other instances, the “non-
typical” form, there are coexisting urinary tract anomalies, ovarian dysgenesis, skel-
etal and cardiac malformations.

Patients with MRKH syndrome have no vagina but a shallow dimple lined by
normal vaginal mucosa. A single midline uterine remnant may be present or uterine
horns, with or without an endometrial cavity, may exist.

The MRKH syndrome patients also have well-developed ovaries, with normal
function regarding ovulation and hormone secretion, although they may be found in
atypical locations. Consequently, these patients, psychologically and physically
46,XX females, will have normal growth and development, but because uterine ves-
tiges are nonfunctional, they will not menstruate. As is the case, the first clinical
sign of MRKH syndrome is primary amenorrhea.

The initial evaluation of an adolescent patient with primary amenorrhea and nor-
mal height, breast development, body hair, and external genitalia includes a physi-
cal examination to assess for signs of appropriate or delayed puberty and laboratory
tests (testosterone level, FSH level, and karyotype).

Imaging studies (transabdominal, translabial, or transrectal ultrasonography,
MRI) typically will not identify a midline uterus; the primitive uterus may be located
in the retroperitoneal space, with no mesentery, or may be located intraperitoneally,
with a short mesentery. The fallopian tubes may or may not be present. The normal
ovaries are always identified, together with the round ligament of the ovary attached
to the adjacent uterine vestige [45]. If some active endometrium is present, the
patient may experience cyclic or chronic abdominal pain. In these cases, laparos-
copy may be useful for evaluation and management.

The differential diagnosis in these cases of patients presenting with primary
amenorrhea and an absent vagina includes obstructing anomalies, such as imperfo-
rate hymen, transverse vaginal septum, or cervical atresia. Other conditions that
need to be ruled out are androgen insensitivity syndrome and CYP/7A1 deficiency.

After establishing a correct diagnosis and conducting further investigation for
any associated congenital anomalies, another important aspect of effective
management of MRKH syndrome patients that has to be remembered is psychoso-
cial counseling. The psychologic effect of depression and anxiety that such a diag-
nosis has on the patients (as well as on her family) should not be underestimated;
patients should be referred to support groups and encouraged to connect with young
women with the same diagnosis.

General surgical management of anatomic anomalies consists of an initial trial of
vaginal dilatation and elongation, followed by the surgical creation (through many
different techniques) of a neovagina. In cases in which surgical intervention is
required, referrals to centers with this specific expertise should be considered for a
successful result.
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Fertility issues should also be discussed with patients with MRKH syndrome.
These patients should be informed of the many alternatives available, from adoption
to gestational carrier (surrogacy) and to newest technique, uterine transplantation.

Uterine transplants although still highly experimental, became a real treatment
option for infertility of different causes. At the beginning of this decade, for patients
with MRKH syndrome, the only available options to have a child were adoption or
surrogacy. This situation was changed by the first childbirths following uterine
transplantation from living donors in Gothenburg, Sweden, in September, 2013. It
is this author’s great honor to have personally witnessed and to remember the excit-
ing times when Prof Dr. Altchek started to discuss the possibility of uterine trans-
plant with Swedish professor Dr. Mats Brannstrom.

After the first uterine transplant was performed in Sweden, the United States was
next, with a successful uterine transplant in 2016. To date, only one Swedish and
one U.S. center have previously published findings of livebirths from transplanted
uteri [46, 47]. Now uterine transplantation centers exist worldwide, offering hopes
to women who aren’t otherwise able to carry a pregnancy.

8 Conclusions

Hormonal therapy for gender dysphoria and for congenital anomalies is a very com-
plex subject, with particular features for each condition but also with some common
general principles. In conditions where a lack of a hormone is known, addition of
that hormone to the regimen makes sense; the devil, as always, would be in the
details. Yes, it is simple and logical to administer testosterone when one lacks
5-alpha-reductase or to administer the final product of an enzymatic pathway when
that particular enzyme is missing, but there are so many clinical situations that one
has to tailor the treatments accordingly.

Hormones may be given for initiation of puberty or development of sexual char-
acteristics, or they may be given for reaching a state of “congruent” with the desired
gender, for contraception or as a replacement therapy, among other uses. In doing
so, treatments in general try to imitate the physiologic ways; therefore, many times
hormonal treatment is started with small doses, and in some cases, other hormones
are added to the therapy with the purpose of preventing unwanted side effects.

Among all the organs affected by hormonal treatments, uterus (with its lining,
the endometrium) is one of the most remarkable in its responses. In a physiologic
situation, the endometrium will react differently to estrogen and progesterone cyclic
changes, showing a different morphology each day of the menstrual cycle. Similarly,
the endometrium will react to hormones administered for a plethora of reasons,
from contraceptives, ovarian stimulation for infertility, menopausal replacement
treatment, treatments of benign or malignant (e.g., breast cancer) tumors, and the
patterns of the responses will be extremely diverse, making interpretation of biop-
sies very challenging.
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Last but not least, the psychological aspects of all medical conditions requiring
hormonal treatment are worth mentioning. Treating these patients is a long-term
commitment, requiring team work which involves practitioners from different fields
(general practitioners, endocrinologists, pediatricians, gynecologists, surgeons,
radiologists, oncologists, etc.) as well as patient support groups. Aside from the cor-
rect diagnosis and multifaceted treatment, doctors should also be aware of the anxi-
ety and depression these human beings experience and should always offer
counseling and support.
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Hormone Therapy Effects on the Uterus )

Liane Deligdisch-Schor

1 General Considerations

The uterine tissue is exquisitely sensitive to hormonal influences, being able to
translate them into functional and structural changes with promptitude and versatil-
ity. The complex interplay mediated by finely tuned feedback mechanisms between
pituitary gland and gonadal functions, functionally related to the central nervous
system, reaches its target in the uterine tissue securing the reproductive role of the
uterus. Normal reproduction is based on the cyclic changes taking place in the entire
female genital system and especially in the inner lining of the uterus, the endome-
trium. The programming of events in the endometrium, a highly differentiated and
diversified tissue (glands, stroma, blood vessels), is regulated by the presence of
receptors, essential to the transfers and translocation of the hormones secreted into
the blood stream, and their translation into structural changes at the target tissue.

The most commonly involved gonad-secreted hormones are steroid hormones,
estrogens and progesterone, bound to receptors, forming hormone-receptor com-
plexes. The activated steroid receptor functions as a transcription factor modulating
the synthesis of specific mRNA, responsible for the cellular action of the hormone.
The receptor-bound hormone is transported into the cellular compartments, from
replenishment in the cytoplasm to “shuttling” into nuclear chromatin-bound com-
plexes which dispatch it to organelles by recruiting cell-specific signal-modifying
proteins resulting in effects on cells such as proliferation, secretion, and apoptosis
in normal cycles [1].
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The biologic activity of the steroid hormones is maintained only while the
nuclear site is occupied by the hormone-receptor complex, thus duration of expo-
sure, as well as concentration are related to effect. The absence or decrease of hor-
mones results eventually in atrophic changes; the excess of hormones may produce
irregular patterns of proliferation, hyperplasia, and neoplasia. Clinically, abnormal
hormonal stimulation may be associated with infertility, abnormal vaginal bleeding
(prolonged, irregular or reduced), often associated with benign lesions such as leio-
myomas, adenomyosis, endometrial polyps, and uterine neoplasia, as well as a host
of systemic disorders such as those encountered in peri- and post-menopausal
syndromes.

Hormone therapy is used to counteract the deleterious effects of “natural”, noni-
atrogenic, abnormal hormonal function. Hormone therapy is now widely prescribed,
being used by millions of women all over the world. It seems that actually most
women would use at least some hormone therapy at some point of their life.
Adolescents and young women use oral contraceptives, sometime also prescribed
during the perimenopausal years. Hormones are prescribed for irregular vaginal
bleeding, uterine enlargement due to leiomyoma and adenomyosis, for symptoms
due to hormone deprivation as in menopause or premature ovarian failure. Hormone
therapy is used for infertility associated in numerous cases with hormonal inade-
quacy and reproductive technology includes ovulation stimulation by hormones.
Postmenopausal symptoms are widely treated with hormones despite controversial
data on their safety and efficiency; the regimens are shifting being almost perma-
nently subjects for change. Hormone therapy is used for the adjuvant treatment of
breast and uterine cancer, most frequently for reversal of endometrial hyperplasia.
Tamoxifen, successfully used in breast cancer, is sometime associated with endo-
metrial neoplasms, polyps, and endometrial carcinoma. Hormone therapy is also
used for treatment of congenital abnormal sexual development and of gender
dysphoria.

Hormone therapy elicits important changes in the physiopathology and structure
of uterine tissues. These changes are difficult to be adequately and reliably described
in textbooks because of the diversity of the histological, histochemical, and immu-
nohistological patterns resulting from permanently changing therapeutic regimens,
multiple and often controversial concepts, changing statistical data and identifica-
tion of new cellular markers.

Uterine biopsies, mostly endometrial biopsies obtained by D&C or endometrial
aspirates routinely used during or after hormone therapy in order to evaluate the
effects on the endometrial tissue and occasionally on the myometrium and other
pelvic structures, are often difficult to interpret. Confusion with premalignant and
frankly neoplastic tissues, for example in estrogen-induced glandular hyperplasia
with stromal breakdown, may occur. Underdiagnosis of an iatrogenically modified
malignant tissue, such as decidualized stroma and secretory glands in endometrial
neoplasm under progestin hormonal therapy, can be dangerously misleading.

The microscopic analysis of histologic changes in the uterine, especially endo-
metrial tissue submitted to hormonal therapeutic manipulations, reveals the response
or lack thereof to the administered, mostly, steroid hormones which is closely
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related to the abundance and distribution pattern of receptors and other significant
proteins. This is detectable by immunohistologic markers used in special stains of
the sectioned tissue; molecular biology research demonstrates a permanent renewal
of these markers.

It therefore appears that the uterus, an organ composed of tissues highly sensitive
and receptive to hormones due to the abundance of receptors, is capable of profound
and diverse structural changes with a wide variety of patterns on microscopic exam-
ination, resulting from physiological and pathological hormonal influences. The
interpretation of these patterns becomes more complex and difficult as the adminis-
tration of hormones is permanently changing regimens and dosages, and is modified
by new products and new concepts.

The following histopathologic descriptions are describing the relevant changes
of the uterus, especially of the endometrium, consistent with diagnostic categories,
in most commonly used hormonal therapies.

2 latrogenic Hormonal Effects on the Uterus

2.1 Hormonal Contraceptive Therapy

The most commonly, effectively used contraceptive method is based on hormonal
suppression of ovulation and increase of cervical mucus density. The first “pill” was
marketed and approved for use in the United States in the early 1960s with the name
of ENOVID. It was composed of both estrogen (ethynyl estradiol) and progester-
one/progestin. Hormonal contraception was first administered sequentially as an
attempt to imitate the natural menstrual cycle, first estrogen then progesterone. This
method however turned out to be relatively unsafe, with occasional failures to pre-
vent pregnancy, irregular vaginal bleeding, and some cases of endometrial hyper-
plasia and neoplasia [2, 3]. In 1970, sequential hormone contraception was
suspended in the United States. Since then, the most commonly administered “pill”
is the combined estrogen-progesterone and more recently the progesterone-only
pill. The most common hormonal contraception is the oral contraception (OC).
Hormonal contraception also includes subcutaneous “patches” implants, intravagi-
nal rings, intrauterine devices, and injections, all based on long-lasting release of
steroid hormones, mainly progesterone.

The ovulation suppression is based on the negative feedback of estrogen and
progesterone on the gonadotropin-releasing hormone (GnRH) secreted by the ante-
rior pituitary lobe under hypothalamic stimulation, with decrease of follicle-
stimulating and luteinizing hormones (FSH and LH), resulting in follicle
development inhibition and preventing the mid-cycle surge of LH with absent ovu-
lation. Cervical mucus becomes less permeable for sperm, mostly due to the proges-
terone effect.
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Combined OC are also used for noncontraceptive purposes, and also for the
treatment of polycystic ovarian syndrome, hirsutism, menstrual disorders, and men-
orrhagia. The effect of hormonal contraceptives on the endometrium is related to
dosage and potency of the hormones. High-dose high-potency OC, not any more
used in the United States in recent years, produces marked stromal hyperplasia with
decidual reaction, smooth muscle hyperplasia suggestive of neoplasia (pseudosar-
coma), and glandular atrophy of the endometrial tissue (Fig. 1). Currently used regi-
mens containing lower doses and lower potency produce an arrest of proliferation in
the first cycles with straight or slightly coiled glands lined by immature epithelial
cells with nuclei showing an evenly distributed chromatin network. The thick
nuclear membrane, coarse chromatin clumps, and mitotic activity seen in natural
cycling proliferative endometrium, are absent. The cytoplasm contains randomly
distributed vacuoles, and the apical border, unlike that of natural secretory endome-
trium, is smooth and well defined (Fig. 2).

The endometrial microscopic appearance on biopsies from women taking hor-
monal contraceptives display a variety of changes related to the effect of the hor-
mones taken, their strength, dosage, duration of treatment (Table 1). The age of the
patient, metabolic disturbances such as obesity or diabetes, hyperestrogenic condi-
tions like ovarian hyperthecosis, polycystic syndrome, endometriosis may influence
the response to hormonal contraception. Locally in the uterine tissue, the amount
and distribution of receptors is related to the changes of tissue architectural structure
and of the individual cells.

The predominant effect of the combined OC pill on the endometrial target tissue
is that of progesterone featuring an appearance somehow resembling the secretory
postovulatory endometrium, however, with major differences. The normal, natural

Fig. 1 Effect of high-
potency OC: endometrial
stromal and smooth muscle
hyperplasia
(pseudosarcoma), H&E
x100
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Fig. 2 OC effect on
endometrium: inactive
gland lined by immature
cuboidal epithelial cells
with scant abortive
secretion in lumen and
stromal decidual reaction
with scattered leukocytes.
H&E x100

Table 1 Endometrial histology in oral contraceptive therapy

Predominant stroma over glands volume

Glands Arrest of epithelial proliferation

Absent or abortive secretion

Linear apical cell border
Stroma Early edema

Decidual reaction/
pseudopregnancy decidua

Scattered leukocytes

Blood vessels Absent spiral arterioles

Venous sinusoidal dilation

Inactive or atrophic endometrium in prolonged OC therapy

proportion of endometrial glandular versus stromal tissue is about 50/50%. With the
predominantly progestational effect of hormonal contraceptives, the stroma becomes
voluminous, and the glandular compartment is markedly reduced to an extent
depending on the duration of the hormone administration (Fig. 3). The stroma is
first edematous then gradually becomes decidualized with plump pavement-like
cells with round nuclei and an abundant cytoplasm loaded with glucose, polymuco-
saccharides, proteins, and other nutrients destined for a possibly implanting blasto-
cyst, as in natural endometrial cycles. However, the glands which are secretory in
normal postovulatory cycles, with first subnuclear then supranuclear glycogen vac-
uoles, or as in later days of the cycle, “sawmill”-shaped with abundant secretion in
the lumen, do not show these features with OC therapy: They appear rather inactive,
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Fig. 3 OC effect on
endometrium: stromal
hyperplasia and rarefied
inactive to atrophic glands.
H&E x40

small, tubular, straight, and lined by cuboidal or flat epithelial cells, with a straight
luminal border and occasional droplets of secretion in their lumen (abortive secre-
tion as in Fig. 2).

The blood vessels which in natural, functional cycles become thickened and
coiled (“spiral arterioles”) presenting an increased surface, therefore more chances
for implantation for a possible fertilized ovum whose trophoblast is “searching” for
spiral arterioles containing maternal blood, are thin and straight with OC therapy.
Some blood vessels are abnormally dilated, containing blood clots. Superficial
dilated venules and scattered lymphoid and polymorphonuclear leukocytes are pres-
ent. Angiectasis and thrombosis are associated with breakthrough bleeding occur-
ring sometime under progesterone-dominated contraceptive regimen.

The histologic appearance of the endometrium is not consistent with any physi-
ological phase of the “dating” system used by pathologists to determine the ade-
quacy of endometrial cyclic development for gestational purposes (Figs. 2 and 3).
The endometrium treated with hormonal contraceptives is profoundly inadequate
for implantation of a fertilized ovum, i.e., blastocyst; therefore, even if ovulation
and fertilization took place, the decidualized endometrium, especially its compact
surface will not permit implantation as it mimics pregnancy changes (pseudopreg-
nancy endometrium). An already pregnant uterus cannot become pregnant!
Experienced gynecologic pathologists recognize the “contraceptive endometrium”
on the discrepancy between edematous (early-stage therapy) then decidualized
(pseudogestational) and eventually thinned endometrial stroma and the inactive
nonsecretory glands as well as the absence of spiral arterioles. The presence in the
endometrial stroma of scattered leukocytes among decidual cells is an uncharacter-
istic finding for natural cycles in which numerous leukocytes infiltrate the stroma
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shortly before the apoptotic changes of endometrial glandular epithelium and
stroma during menstrual shedding. Prolonged use of hormonal contraceptive ther-
apy may elicit a gradual atrophy of endometrial glands and thinning of the endome-
trial stroma with reduced decidual change. Also described in women taking OC is
endocervical microglandular hyperplasia (Fig. 4) sometime with squamous meta-
plasia, similar to that seen in pregnancy.

The histologic patterns seen in endometrial biopsies from women receiving OC
are unlike any “natural” noniatrogenic endometrial pattern, normal or pathologic.
The combination of inactive glands, abortive secretion, and decidual stroma with
thin blood vessels is characteristic of only OC therapy.

Progesterone receptor modulators (PRM), such as mifepristone, are used for
contraception as well. Their effect on the endometrium appears to be mixed secre-
tory, proliferative, and inactive glands with some cystic dilation [4]. The use of
PRM as contraceptives is debatable and histological studies are limited; no malig-
nant developments have been reported with this therapy.

2.2 Hormonal Therapy for Infertility

A large proportion of infertility cases are related to hormonal anomalies eliciting
premature ovarian failure, anovulatory cycles, and/or amenorrhea. The most com-
monly employed method to “reactivate” the endometrial cyclic changes preparing
the maternal tissue to host an implanting blastocyst is to stimulate the ovary to both
ovulate and secrete steroid hormones that will elicit structural changes in the uterine

Fig. 4 Effect of OC:
Endocervical gland
hyperplasia. H&E x100
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target tissues, mainly the endometrium, and also in the myometrial tissue. The
hormones that stimulate the ovary are chiefly gonadotropin-releasing hormones
(GnRH) and their agonists, follicle-stimulating hormone (FSH), and luteinizing
hormone (LH), to be secreted by the anterior lobe of the pituitary gland. Ovarian
stimulation inhibits the negative feedback at the level of the thalamus and therefore
stimulates the secretion of GnRH re-establishing the cyclic fertility-promoting hor-
monal activities of the uterus [1]. The response of the target tissues is variable but
improves constantly, and successful pregnancies obtained with ovulation stimula-
tion are numerous (see Chapter 2). Clomiphene citrate, a SERM, is frequently used,
sometimes with associated steroid hormones. Multiple gestations are more common
due to multiple ovulation as an ovarian stimulation effect; fortunately, overstimula-
tion syndrome with occasional serious deleterious consequences, such as ovarian
infarct and peritonitis, are presently very rare (Fig. 5).

The purpose of ovarian stimulation is the establishment of regular cyclic ovula-
tion following normal follicle maturation and timely release of the ovule(s) at ovu-
lation. The uterine tissues are prepared to serve as hosts to the implanting conceptus
by modulating functions and structures adequately under the influences of estrogen
and progesterone secreted cyclically by granulosa cells in the maturing, stimulated
follicle and by the corpus luteum promptly after ovulation. The uterine target tissues
are expected to respond adequately by normal proliferation and secretion, as in
spontaneous normal cycles. Histologic studies of endometrial D&C tissue obtained
in cases of subsequent failures concluded that no single finding seemed to be rele-
vant for spontaneous pregnancy termination occurring in pregnancies which develop
after iatrogenic ovulation stimulation [5]. The secretory changes in glands were
observed to lag behind the secretory changes in the stroma, with subnuclear and
supranuclear vacuoles in the glandular epithelium concomitant with decidual stro-

Fig. 5 Infarcted ovary due to iatrogenic hyperstimulation
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Fig. 6 Effect of ovulation stimulation: secretory endometrium with spiral arterioles surrounded by
decidual reaction consistent with day 22-23. H&E x40

Fig.7 Same endometrial biopsy: secretory glands with sub- and supranuclear vacuoles consistent
with day 16-17. H&E x100

mal reaction and spiral arterioles (Figs. 6 and 7). Mild inflammatory infiltrates can
be present during early gestation possibly representing autoimmune endome-
tritis [6].

An unusual serious complication occurred leading to a first trimester abortion in
a patient after ovarian stimulation. The patient had a history of polycystic ovarian
disease and endometrial glandular hyperplasia, and was treated with hormonal
ovulation stimulation that resulted in a triplet gestation. She aborted at 9 weeks
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Fig. 8 Unusual
“bedfellows” in
endometrial biopsy:
gestational and neoplastic
changes of endometrium in
aborted triplet pregnancy
after ovulation stimulation
of patient with previous
polycystic ovarian disease
and endometrial glandular
hyperplasia. Chorionic villi
(upper right corner),
decidua, adenocarcinoma
(lower left corner). H&E
x40

Fig. 9 Same endometrial
biopsy: adenocarcinoma,
endometrioid type with
secretory features. H&E
%100

gestation. The histologic examination of the endometrial curettings revealed an
endometrial adenocarcinoma in addition to the products of conception (chorionic
villi) and endometrial stromal decidualization (Figs. 8 and 9). The malignant tumor
probably developed in the hyperplastic endometrium associated with polycystic
ovarian disease, most likely prior to the pregnancy. The association of malignant
and gestational endometrial changes is very rare; it was suggested that it could be
prevented by a previously inserted progestin intrauterine device [7].
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2.3 Effects of Hormone Therapy on Benign Uterine Lesions
2.3.1 Leiomyomas

Leiomyomas are the most common benign tumors of the uterus, originating in the
smooth muscle and in the vascular wall of the uterus. They form nodular masses
located under the endometrium (submucosal), under the serosa (subserosal), in the
myometrial wall (intramural), often reaching large dimensions. Once symptomatic
due to sensations of heaviness, compression of neighboring organs such as urinary
bladder or rectum, or protruding into the endometrial cavity causing abnormal vagi-
nal bleeding by stretching the endometrium and increasing its surface, thus causing
abundant menstrual shedding, surgery becomes the most indicated therapeu-
tic choice.

Hormone therapy, however, is an alternative or a therapeutic adjuvant as uterine
leiomyomas are strongly related to estrogenic influence, developing most com-
monly during the reproductive age and gradually shrinking after menopause.
Gonadotropic-releasing hormone (GnRH) analogues have been used to reduce the
size of leiomyomata by inducing an iatrogenic reversible menopause with up to
70% shrinking of their volume over a relatively short period of time. This therapy
usually does not exceed 2—-3 months as the size reduction generally takes place dur-
ing this time, and side effects of an early menopause have to be minimized.

The mechanism of shrinking has been analyzed by histopathologic examination
of the lesions in consecutive phases of treatment as compared to untreated (control)
leiomyomas [8]. The central areas of the nodules display edema and hydropic
degeneration that appears as “geographic” areas (Fig. 10) followed by collagen fiber

Fig. 10 Effect of 1-month
Lupron therapy on
leiomyoma: central edema,
peripheral fibrosis. H&E
%25
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proliferation and hyaline degeneration (Fig. 11). Necrosis of myometrial tissue sur-
rounded by areas of hypercellularity was also present, with focal mild to moderate
atypia. Lymphoid cell aggregates were observed in the treated cased and absent in
the control. The interface between the myomatous nodule and the surrounding myo-
metrium appeared blurred, with obliteration of the cleavage plan (Fig. 12a)—a
change that may result in a more difficult surgical enucleation of the shrunken nod-
ule. The edematous, hydropic, and necrotic areas become hyalinized forming con-
fluent retracted scar-like plaques (Fig. 12b).

These histologic features when present in subsequent myomectomy or hysterec-
tomy specimens are consistent with previous GnRH (Lupron) therapy resulting in
smaller tumor masses at the time of surgery. The rather spectacular effect of size
reduction with GnRH analogue therapy over a short period of time in most cases
demonstrates the ability of the myometrial tissue to respond promptly to hormonal
influences, due to hormone receptors present in the myometrial tissue. Therapy with
GnRH analogues induces an iatrogenic menopause by suppressing the estrogenic
stimulation as a result of decreased gonadotropin secretion. This response repre-
sents an accelerated version of the physiological postmenopausal shrinking over a
longer period of time when both myomas and myometrium become smaller and
eventually atrophic due to absent hormonal stimulation. Myomatous nodules in nor-
mally atrophic postmenopausal uteri are hyalinized and often calcified.
Postmenopausal estrogenic stimulation may result in enlargement of myomatous
uteri. Progesterone applied in intrauterine devices (IUD) or given as a contraceptive
does not really reduce leiomyomas, but its effect on the endometrium is to stop
proliferation and induce secretory changes, decidual reaction and eventually atro-
phy, and to stop the vaginal bleeding. On myomectomy and hysterectomy specimens,

Fig. 11 Effect of
3-months Lupron therapy
on leiomyoma: hyalinized
retracted scar. H&E x25
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Fig. 12 (a) Untreated leiomyoma: cleavage plan at the myoma—myometrial interface. (b) Effect
of Lupron therapy on leiomyoma: hyalinized zone of retraction obstructing cleavage plan from
surrounding myometrium. H&E x25

it has been shown that previous progesterone therapy elicited softening of the nod-
ules, microscopically mild to moderate cellular atypia and occasional necrosis.

Ulipristol acetate aims also to shrink myomas in a way similar to GnRH, but its
efficiency is not proven as yet [9].

Progesterone-receptor modulators (PRM) were evaluated in the management of
endometriosis, adenomyosis, and leiomyomata due to their interaction with the pro-
gesterone receptor to inhibit or stimulate a downstream hormonal response. Their
effect on endometrial histology included inactive or normal-appearing cyclic endo-
metrium, discrepancy between glandular and stromal development, coexistent pro-
liferative and secretory features, and occasional cystically dilated glands lined by a
mixed mitotically active proliferative and a secretory endometrium; hyperplastic
and neoplastic changes of the endometrium were not reported [4].

2.3.2 Adenomyosis

Adenomyosis is the presence of endometrial tissue (glands, stroma, and blood ves-
sels) in the myometrium, which are also stimulated by estrogens and progesterone,
therefore responsive to hormone therapy in a similar way as leiomyomas. With
GnRH therapy and/or progesterone, there is shrinking of the affected regions in the
uterus. Microscopically, the islands of endometrial tissue surrounded by myometrium
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are gradually effaced with the glands becoming atrophic and the stroma dense and
fibrotic, in a manner similar to the involution taking place after menopause.

2.3.3 Endometrial Polyps

These mostly benign endometrial lesions are a frequent cause of abnormal vaginal
bleeding at any age but most commonly peri- and post-menopausal. Thickened
blood vessels are central to a stalk surrounded by endometrial stroma and glands
that are often cystic, both poor in hormone receptors, therefore maintaining the
same structure throughout the menstrual cycle, occasionally causing intermenstrual
vaginal bleeding. Hormonal contraceptive therapy does not elicit much change in
the glands of the polyp which are keeping their mostly inactive appearance; their
stroma is composed of fibroblasts and rich in collagen fibers. Postmenopausal pol-
yps may be large due to cystic glandular dilation causing postmenopausal bleeding
for which surgical removal is recommended. Hormone therapy is used in endome-
trial hyperplasia with polypoid growth (hyperplastic polyps) which is usually
responsive to progesterone. The effects on the endometrium are evident as dose-
dependent suppression of estrogen-induced mitotic activity and appearance of glan-
dular secretion and stromal decidual reaction.

3 Hormone Replacement Therapy Effects on Uterus

With the prolongation of life expectancy, the postmenopausal period may last one-
third or more of a woman’s lifetime. Postmenopausal morbidity is chiefly caused by
the gradual decrease followed by the absence of natural estrogen secretion due to
regressing ovarian function. Among the most common symptoms are hot flashes,
urogenital atrophy, insomnia, anxiety, osteoporosis, hyperlipidemia that may lead to
threatening cardiovascular and cerebrovascular morbidity. Estrogens and estrogen
derivatives were used for decades in the last century. In the 1970s, however it
became clear that using estrogens alone or estrogen/progesterone sequentially, as an
imitation of natural cyclic activity, during the reproductive years, is associated with
a risk for endometrial hyperplasia and neoplasia [10, 11]. Since then, sequential
hormone replacement therapy (HRT) was replaced with combined HRT for women
who kept their uterus. This therapy has been administered on a large scale (to ~38%
of women in the United States), despite multiple controversial opinions, and is per-
manently changing [12—-14].

The estrogen/progesterone HRT regimens are different from those used for oral
contraceptives, mainly because of the significantly lower dosages and the different
hormonal types used. HRT is the object of numerous controversial opinions. The
results of the largest randomized clinical trial of HRT by the Women Health Initiative
(WHI) published in 2002 were surprising by showing an increase of postmeno-
pausal morbidity (pulmonary emboli, coronary heart disease, stroke, breast cancer),
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also suggesting deleterious effects from the associated progesterone [13]. This was
contested by subsequent meta-analysis based on the evaluation of the patients age.
It was concluded that HRT initiated early after menopause, in younger patients, and
lasting not more than 5 years is rather beneficial, as older patients may have had
cardiovascular disorders that are worsening, prior to the inception of HRT [14]. It
was also proposed to lower the dosage of estrogen with presumably the same results.
There are postmenopausal women who do not tolerate some side effects of proges-
terone and prefer the single estrogen replacement therapy (ERT) despite its known
potential carcinogenic risks. The effect of HRT on the uterus depends on the type of
hormone, its dosage, and duration. The currently applied HRT (transdermal estra-
diol and micronized progesterone), recommended by the guidelines from the North
American Menopause Society [14], elicits a wide range of histopathological changes
of the endometrial structure observed on biopsies or endometrial aspirates (Vabra),
often difficult to interpret and to differentiate from premalignant and even malig-
nant changes. The latter are not common in HRT but may occur with ERT. In HRT,
sometime atypical hyperplastic and neoplastic changes are associated with mas-
querading features such as stromal decidual reaction of various extents, occasion-
ally even imitating gestational changes.

3.1 Effects of ERT

Effects of ERT (estrogen alone, unopposed by progesterone) on the uterus are posi-
tively related to the duration of exposure. They are ranging from weakly to mark-
edly proliferative endometrium, similar to the proliferative phase of the normally
cycling endometrium. There may be associated breakdown of the stroma due to
small thrombi in the blood vessels, manifested clinically by postmenopausal vaginal
bleeding, histologically often designated rather vaguely as “irregular proliferative
endometrium”. Prolonged use of this regimen may stimulate more proliferation of
glands which appear crowded, lined by tall epithelial cells with large nuclei and
displaying mitotic activity, as estrogens are mitogenic hormones. The crowded pat-
tern is exaggerated by stromal breakdown.

The resulting pattern of “back to back™ glands is suggestive of endometrial
hyperplasia or neoplasia which has to be considered based on the presence of
pseudo- and real epithelial stratification with loss of epithelial polarity, nuclear
atypia, and atypical mitotic figures (Fig. 13a). Estrogen receptors are strongly posi-
tive (Fig. 13b). Crowding of otherwise benign fragmented glands or detached epi-
thelial cells, due to the breakdown and disappearance of the intervening stroma,
thrombosed blood vessels, and hemorrhagic areas are not uncommon. Other estro-
genic effects on the endometrium is the formation of hyperplastic polyps growing
on stalks with thick blood vessels, composed of hyperplastic glands that are more
commonly not atypical and reversible. Squamoid metaplasia of endometrial glands,
appearing as small nodules of polygonal eosinophilic epithelial cells, also called
“morules” by analogy with (but not related to!) the early embryo, is also a prolonged
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Fig. 13 (a) Effect of ERT on endometrium: atypical intraglandular hyperplasia with epithelial
stratification, loss of polarity, nuclear atypia, mitotic activity. H&E x100. (b) ERT effect on endo-
metrium: Estrogen receptor stain strongly positive in atypical hyperplastic gland. Immunohistologic
stain for ER x100

Fig. 14 ERT effect on
endometrium: Atypical
glandular hyperplasia with
squamoid metaplasia
(morules) H&E x40

estrogen effect. These immature squamoid structures are usually metaplastic, there-
fore benign; they may fill the glands (Fig. 14) and appear as solid areas suggestive
of, for the uninitiated, squamoid carcinoma especially when associated with atypi-
cal glandular hyperplasia. The endometrial stroma may respond to prolonged estro-
gen administration with accumulations of foamy macrophages with an abundant
cytoplasm stuffed with lipid droplets representing deposits of steroid hormones.
This finding in endometrial biopsies, although often associated with atypical hyper-
plasia or carcinoma, is in itself benign and may document a history of prior steroid
hormone intake (Fig. 15).
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Fig. 15 ERT effect on
endometrium: Atypical
glandular hyperplasia and
stromal foam cells H&E
x100

Prolonged ERT is also used in children with ambiguous genital development
such as in Turner’s syndrome at the time of puberty. The maternal hormones provide
feminine development of Mullerian ducts during intrauterine life. At birth and in
early childhood, the genital organs (uterus and fallopian tubes) are infantile and the
absent ovaries are replaced by streak gonads. At the age of puberty, there is failure
of menarche as the streak gonad failed to become an ovary due to the 45,XO karyo-
type lacking a second sex chromosome. No sex hormones are produced and the
uterus remains infantile. Hormone replacement therapy is given to stimulate the
uterine development and menarche at puberty.

As an example, a patient admitted to the emergency room with massive vaginal
bleeding had been given ERT for 7 years (from the age of 12 to age 19). The uterus
was found markedly enlarged containing polypous masses that histologically
revealed an endometrioid adenocarcinoma for which hysterectomy was performed
(Fig. 16a, b). Most, though not all, endometrial carcinomas developed during or
after ERT are endometrioid (type I), strongly hormone receptor positive carcinomas
with a rather favorable prognosis, as compared to the nonendometrioid (type II)
seen less often in mostly older women, not treated with estrogens [15].

The effect of ERT after menopause on the myometrium is to stimulate, by
receptor-binding to the myometrial tissue, the proliferation of myometrial tissue
that may result in proliferating leiomyomas. Involution of the uterus and atrophy of
the endometrium will take place after the cessation of hormone stimulation and/or
exhaustion of hormone receptors.
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Fig. 16 (a) Effect of 7-year ERT duration on endometrial biopsy of a 19-year-old patient with
Turner syndrome: well-differentiated adenocarcinoma, endometrioid type. H&E x100. (b) Same
patient, section of hysterectomy specimen: adenocarcinoma, endometrioid type H&E x100

Table 2 Endometrial histology in HRT

Glands Proliferative, weakly or as in early, mid or late proliferative phase

Hyperplastic, without or with atypia, crowded, polypoid

Secretory, early, mid or late

Mixed proliferative and secretory

Metaplasia: tubal (ciliated), squamoid (morules), mucinous, papillary
Stroma Edematous

Decidual reaction

Breakdown as in menstrual shedding, hemorrhagic

Blood vessels Spiral, thickened or thin

Angiectasis, thrombosis
Any combination of the above

3.2 Effects of Combined HRT

Effects of combined HRT on the uterus include a wide spectrum of structural
changes (Table 2). Various combinations of proliferative and secretory patterns may
be observed as a result of estrogenic and progesterone simultaneous stimulation:
weakly to intensely proliferative glands and/or secretory glands with sub- and
supranuclear secretory vacuoles and/or intraluminal secretion, consistent with vari-
ous stages of glandular secretion. Associated secretory stromal changes range from
edema to decidual reaction and compact decidualization analogous to gestational
endometrium. The blood vessels range from thin and straight to thick and coiled
similar to spiral arterioles seen in natural midsecretory endometrium. The overall
histologic pattern may appear confusing when compared to the natural cyclic dating
of the endometrium. Associated abnormal, though benign, histologic structures can
include tubal (ciliated), eosinophilic, mucinous, or papillary metaplasia presenting
an irregular pattern that especially when combined with glandular crowding may
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appear suspicious for neoplasm (Fig. 17). Pseudomenstrual changes consisting of
vascular fibrinoid thrombosis, stromal breakdown, apoptosis, cellular debris with
“nuclear dust,” stromal polymorphonuclear leukocytic infiltrates may occur at the
iatrogenic withdrawal of hormones, in an analogous way to menstrual endometrial
shedding. With the currently combined HRT recommended by the guidelines of the
North American Menopause Society, transdermal estradiol and micronized proges-
terone [14] a commonly seen histological pattern is that of proliferative glands and
secretory-type glands resulting from the simultaneous intake of estrogen and pro-
gesterone (Fig.18a, b). Coexisting proliferative glands with decidualized stroma
reflect the obviously iatrogenic predominant effect of progesterone therapy, simul-
taneous with a moderate estrogen effect (Fig. 19a, b). Predominant estrogen effect
may elicit benign tubal (ciliated) metaplasia (Fig. 20a) and tubal metaplasia associ-
ated with glandular atypia (Fig. 20b) as well as squamoid metaplasia, as previously
shown (Fig. 14). Predominant progesterone effect may show a late secretory-type
endometrium, with stromal breakdown somehow reminiscent of premenstrual
changes (Fig. 21) or decidualized stroma with inactive epithelium, reminiscent of
gestational epithelium (Fig. 22). Prolonged therapy with combined HRT in post-
menopausal women may eventually result in inactive endometrium with straight
nonproliferating and nonsecreting glands and dense stroma (Fig. 23). This finding
can occasionally be associated with functional and/or hyperplastic changes.

It is presumed that neoplastic changes are prevented by adding progesterone to
estrogen therapy. This is however not always the case. Endometrial cystic glandular
hyperplasia and irregularly proliferative glands are a relatively common finding
(Fig. 24). Atypical endometrial hyperplasia (Fig. 14) and endometrial carcinoma
(Fig. 25) are occasionally seen in postmenopausal women receiving combined HRT

Fig. 17 Effect of
combined HRT on
endometrium: glandular
crowding, mucinous, tubal,
papillary metaplasia,
nuclear atypia. H&E x40
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[16]. This can occur in some cases in which cyclic progesterone is administered for
a shorter duration and in patients with risk factors such as obesity or estrogen-
secreting ovarian tumors.

The effects of HRT on the endometrium are dose- and duration-dependent and
reflect often in single samples puzzling features such as a combination of hormone
depletion and hormone stimulation by both estrogens and progesterone.

Fig. 18 Effect of combined HRT on endometrium: proliferative and secretory glands side by side.
H&E x40 (a) and 100 (b)

Fig. 19 (a) Effect of combined HRT on endometrium: stromal hyperplasia with decidual reaction
and early proliferative-type glands. H&E x25. (b) Effect of combined HRT on endometrium: pro-
liferative gland with mitosis and decidualized stroma H&E x100
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Fig. 20 (a) Combined HRT with predominant estrogen effect on endometrium: tubal metaplasia
of glandular epithelium. H&E x40. (b) Combined HRT with predominant estrogen effect on endo-
metrium: Hyperplastic gland with tubal metaplasia and atypia. H&E x100

Fig. 21 Combined HRT
with predominant
progesterone effect on
endometrium: secretory
glands, early stromal
breakdown. H&E x40
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Fig. 22 Combined HRT
with predominant
progesterone effect on
endometrium: decidualized
stroma, inactive
epithelium, similar to
gestational endometrium.
H&E x25

Fig. 23 Effect of
prolonged HRT on
endometrium:
nonproliferative,
nonsecretory inactive
glands, dense stroma. H&E
%100
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Fig. 24 Effect of
combined HRT: Glandular
cystic hyperplasia, focally
atypical. H&E x40

Fig. 25 Endometrial
adenocarcinoma and
glandular cystic
hyperplasia in a 63-year-
old patient receiving
combined HRT for 7 years.
H&E x40
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4 Effects of Antineoplastic Hormone Therapy

4.1 Progesterone Therapy

Progesterone therapy is often used in premenopausal patients diagnosed with endo-
metrial hyperplasia based on its ability to inhibit DNA synthesis and to induce
regression of abnormal endometrial proliferation. Medroxyprogesterone acetate
(MPA) is the treatment of choice for endometrial glandular hyperplasia without
atypia. High-dose progestins are also prescribed to reverse atypical glandular hyper-
plasia and as an adjuvant therapy for endometrial carcinoma especially for younger
patients who want to preserve their uterus for reproductive purposes and for selected
postmenopausal patients with contraindications for surgery [17].

The histologic response to progesterone therapy is mediated by progesterone
receptors. The extent and intensity of the response correlates with the receptor level
and distribution [18]. This therapy produces an arrest of glandular proliferation,
epithelial secretory changes and stromal edema, and/or decidual reaction [19]. The
endometrium appears quiescent with no or few mitoses in both glandular and stro-
mal compartments. The blood vessels respond to progestins occasionally by thick-
ening and coiling as in spiral arterioles. These changes however may be irregularly
developed and alternate with areas of hyperplasia similar to those seen in the biop-
sies prior to therapy. Consecutive endometrial biopsies from patients diagnosed
with endometrial hyperplasia treated with progesterone may show different histo-
logic patterns with progressive decrease of hyperplasia especially in hyperplasia
without atypia which is more responsive to this therapy.

The effect on the glandular epithelium is evident as secretory vacuoles, intralu-
minal secretion, stromal hyperplasia with decidual reaction and thickened arteri-
oles, in various combinations. The volume of stromal tissue is increased compared
to that of the glands. Cystic glands usually persist but may contain intraluminal
secretion (Fig. 26a, b). The architectural changes due to prolonged and unopposed
estrogenic stimulation in endometrial hyperplasia such as cystic dilation of the
glands, irregular crowding, cribriforming, and outpouching tend to persist after pro-
gesterone therapy, while the epithelial lining of the glands appears more responsive:
mitotic activity is decreased or absent, nuclei are regular and cells appear quiescent.
In atypical endometrial glandular hyperplasia and in endometrial carcinoma adju-
vant, progesterone therapy may fail to produce any effect or may produce only
partial or focal change.

A 32-year-old patient with endometrial carcinoma refused surgical therapy and
received high-dose progesterone (Megace) for 3 months. The endometrial biopsy
showed partial secretory changes of the glands in this endometrioid adenocarci-
noma (Fig. 27a). After subsequent 3 months of Megace therapy, the cribriform pat-
tern persisted while the glands were secretory appearing quiescent, with no mitotic
activity (Fig. 27b). Six months later, on the same therapy, the cribriform pattern
persisted while the secretory changes became diffuse (Fig. 28). Hysterectomy was
performed and histologic sections of the uterine wall displayed myometrial invasion
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a

Fig. 26 (a) Nonatypical endometrial glandular-cystic hyperplasia, before HRT: proliferative epi-
thelial lining of cysts. H&E x40. (b) Same patient after 3 months of progesterone therapy: glandu-
lar cysts persist, lined by secretory epithelium, intraluminal secretion

Fig. 27 (a) Endometrial biopsy of a 32-year-old patient: adenocarcinoma, endometrioid type.
H&E x25. (b) Same patient, endometrial biopsy after 3 months Megace therapy: secretory changes
in neoplastic glands H&E x100
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by endometrioid adenocarcinoma with secretory glands (“secretory carcinoma’ as
it is called in some classifications) involving almost the full thickness of the uterine
wall (Fig. 29).

In another 28-year-old obese patient diagnosed with endometrial adenocarci-
noma, endometrioid type, the endometrial biopsy after 3 months of progesterone
therapy showed on some histologic sections decidual tissue (Fig. 30), while on other
sections cribriform glands with secretory changes were surrounded by a decidual-
ized stroma (Fig. 31). On hysterectomy however, no invasive tumor was identified.

Fig. 28 Same patient after
6 months more of Megace
therapy: endometrial
adenocarcinoma with
secretory changes. H&E
%100

Fig. 29 Same patient after
2 months more of Megace
therapy, section of
hysterectomy specimen
with diffuse myometrial
invasion by
adenocarcinoma displaying
extensive secretory
changes (secretory
adenocarcinoma). H&E
x100
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Fig. 30 Endometrial
biopsy of a 28-year-old
obese patient diagnosed
with endometrial
carcinoma, after 3 months
Megace therapy: areas of
diffuse stromal
decidualizaton, some
inactive glands. H&E x25

Fig. 31 Same biopsy (as
in Fig. 30):
adenocarcinoma,
endometrioid type with
secretory changes
(secretory carcinoma) and
stromal decidualization.
H&E x25

A “pseudopregnancy” histologic pattern (decidua, secretory glands) on endometrial
biopsies therefore may be misleading by masquerading malignant changes.

Only careful and detailed examination of the hysterectomy specimen can rule out
malignancy. Complete reversal of endometrial carcinoma by hormonal therapy is
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still a subject of debate, as is preservation of fertility in young women with endome-
trial neoplasia [20-23].

4.2 Tamoxifen Therapy for Breast Cancer

Tamoxifen is a nonsteroidal, synthetic triethylene estrogen derivative used success-
fully in the adjuvant therapy and prophylaxis of breast cancer. It binds to estrogen
receptors in a manner similar to that of estradiol and induces binding of the
tamoxifen/receptor complex to the nuclear DNA, resulting in a decrease of available
unbound receptors. This explains the antiestrogenic effect on breast tissue. Its effect
on the uterus is more complicated, being both antagonistic and agonistic to that of
estrogens. The estrogen-agonist effect on the uterus is manifested by polypous pro-
liferation with or without endometrial glandular hyperplasia ranging from cystic
and nonatypical to atypical glands; areas of frank neoplasm in the polyps are occa-
sionally present [24]. The stroma is different from that of endometrial hyperplastic
polyps associated with a hyperestrogenic clinical background which display vascu-
lar and fibroblastic proliferation. Tamoxifen-related endometrial polyps usually dis-
play a mostly fibrotic stroma with few fibroblasts and often mucinous metaplasia of
glands (Fig. 32a) as compared to nontreated endometrial polyps (Fig. 32b).

In the largest published histologic study of 700 cases of endometrial tissue from
biopsies and hysterectomy specimens taken from patients treated with tamoxifen

Fig. 32 (a) Patient treated with tamoxifen for breast cancer: endometrial polyp with cystic glands,
mucinous metaplasia, and fibrous stroma. H&E x25. (b) Endometrial polyp, no previous tamoxi-
fen therapy: vascular thickening, endometrial inactive glands, and cellular stroma. H&E x40
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for breast cancer [25], the majority (64%) showed normal cycling or inactive endo-
metrium. A significant number of patients (about 24%) had endometrial polyps
composed of mostly inactive glands, some with mucinous metaplasia and some
with benign hyperplastic changes, often cystically dilated (Fig. 31). Malignant
changes were diagnosed in 4.7% of all cases, most often high-grade serous endome-
trial adenocarcinoma, interestingly enough not associated with atypical glandular
hyperplasia as is the case in most estrogen-dependent endometrial carcinomas.
Endometrial carcinoma was present in polyps displaying benign cystic changes and
a fibrotic stroma (Fig. 33), with no background of glandular hyperplasia.

This is a different pattern from that of endometrial polyps involved by endome-
trioid carcinoma, usually associated with atypical hyperplasia. Only a third of the
malignant endometrial cancers were endometrioid carcinomas (which overall are
the majority of endometrial neoplasms), while two-thirds were poorly differentiated
serous carcinomas (Fig. 34a, b). It seems therefore that both benign polyps and
malignant endometrial neoplasms are histologically and biologically different from
what is generally accepted as an estrogen-related endometrial neoplastic growth.
This may be due possibly to different receptors: alpha-estradiol receptors in hyper-
estrogenic patients and beta-estradiol receptors in tamoxifen-treated patients. Also
the proliferation of subendometrial nonglandular tissue which often mimics an
endometrial thickening on ultrasound uterine images [26], raising suspicion of
endometrial hyperplasia, is unrelated to Estradiol (E2 alpha) receptors. Multiple
endometrial cancer reported cases associated with tamoxifen therapy were high
grade neoplasms, including malignant mixed Muellerian tumors [27-29]. Increased

Fig. 33 Patient treated with tamoxifen for breast cancer: endometrial polyp with area of poorly
differentiated adenocarcinoma and benign cystic glands in fibrotic stroma. H&E x25
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Fig. 34 (a) Patient treated with tamoxifen for breast cancer. Endometrial biopsy: adenocarci-
noma, endometrioid type H&E x40. (b) Patient treated with tamoxifen for breast cancer.
Endometrial biopsy: high-grade serous carcinoma H&E x100

aggressiveness of endometrial cancer has been associated with tamoxifen therapy
due to recently identified genetic changes [30]. Tamoxifen-treated patients diag-
nosed with endometrial cancer were more common in older patients and in those
who had a longer duration of therapy [25].

The estrogen-agonist effect of tamoxifen on the myometrium may include dif-
fuse smooth muscle hyperplasia of the uterus (myohyperplasia), leiomyomata, ade-
nomyosis with or without glandular hyperplasia. The size of the uterus may increase
considerably in some cases reaching over 1200 g (Fig. 35a, b).

Despite the undesirable side effects of tamoxifen therapy on the uterus, it is now
considered that the benefits (prevention of contralateral breast cancer recurrence,
beneficial effect on cardiovascular and skeletal systems) exceed its deleterious side
effects. It has been suggested that adding intrauterine levonogestrel to the tamoxifen
therapy of breast cancer may prevent the risk of endometrial neoplasm [31]. Early
detection of uterine malignancy is possible with careful surveillance including hys-
teroscopy, ultrasound examinations, and endometrial biopsies [32, 33] (Table 3).
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Fig. 35 (a) Patient treated with tamoxifen for breast cancer: massively enlarged uterus (980 g)
with multiple leiomyomas and adenomyosis. (b) Patient treated with tamoxifen for breast cancer:
massively enlarged uterus (1220 g) with diffuse adenomyosis and large endometrial polyp

Table 3 Tamoxifen therapy for breast cancer: effects on uterus

Endometrial cyclic changes

Inactive/atrophic endometrium
Metaplasia (mucinous most often)

Estrogen-agonist effects: leiomyoma, adenomyosis, myohyperplasia

Endometrial polyps with cystic and mostly non-atypical hyperplasia

Malignant tumors: endometrioid, serous high-grade carcinoma, malignant mixed Muellerian
tumors (MMMT)

5 Conclusions

The diagnosis of uterine tissue, mostly of endometrial biopsies, from patients under-
going hormone therapy is often confusing and difficult to interpret [34]. This chap-
ter presents a contemporary analysis meant to clarify the most commonly
encountered issues, including oral contraception, ovarian stimulation, hormone
replacement therapy, and antitumoral hormone therapy.

The histopathological patterns observed in the frequently taken endometrial
biopsies from patients on hormone therapy encompass a wide variety of changes
that cannot be sufficiently and adequately described in textbooks. They do not fit the
classical descriptions of pathological noniatrogenic entities because of their diver-
sity and the permanent change of therapeutic regimens, dosages as well as new
concepts of therapy which represent challenges for both users and medical prescrib-
ers. A close clinical-pathological correlation and experience in gynecologic pathol-
ogy is necessary for the interpretation of the often puzzling microscopic features of
endometrial biopsies from hormonally treated patients.
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