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Sex hormone metabolism,
cancer, and menopause

Menopause can occur in women of all ages, including young women
who receive chemotherapy for cancer. As science and medicine make
great strides in allowing these women to survive their cancers, we as
providers strive to answer our patients’ questions about reproduction
in cancer survivors. Does an elevated follicle-stimulating hormone
(FSH) level or amenorrhea really mean menopause forever? Or is there
hope in these cases for future fertility?

In this issue of Menopausal Medicine, H. Irene Su, MD, MSCE, de-
scribes various ways of assessing ovarian function after cancer treat-
ment so that we can be better prepared to answer these questions.

And what about differences between individual women? It appears
that ethnicity and race play a significant but underappreciated role in
hormone-dependent cancers arising in postmenopausal women. Are
there differences between women with regard to the metabolism of
sex steroids after menopause? If so, does this account for differences
in cancer incidence and in menopause symptoms between racial and
ethnic groups?

Lauren W. Roth, MD, Gina Bolnet, MD, and Alicia Y. Armstrong, MD,
MHSCR, tackle the complex issue of linking ethnicity and race to sex
hormone metabolism.

Our patients, particularly those who are cancer survivors, will be
better prepared to face the future.

Cynthia K. Sites, MD
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as the exogenous FSH ovarian reserve
test (EFORT).

Menstrual pattern

The menstrual pattern is an integral
component of staging natural ovar-
ian aging.” In the general population,
menopause is diagnosed retrospec-
tively after 12 months of amenorrhea.
In young cancer survivors, menstrual
pattern is also considered the stan-
dard against which other measures are
compared.® For common cancer treat-
ments in young girls and women, there
are estimated risks of amenorrhea in
the literature and some clinical cal-
culators (http://savemyfertility.org/).
However, there are unique consid-
erations to interpreting this measure
after chemotherapy.

Amenorrhea or menstrual distur-
bance occurs frequently after expo-
sure to chemotherapy; this has been
termed
chemotherapy-related amenorrhea
(CRA). While CRA is closely related to
ovarian failure, it is not synonymous

chemotherapy-induced or

with it. Physiologically, the changes in
menstrual pattern occur when chemo-
therapy destroys not only cancer cells,
but also the growing ovarian follicle
pool. If ovarian reserve is not com-
pletely depleted, then ovulation and
menses ensue when the residual ovar-
ian follicles enter the menstrual cycle.

Clinically, the shorter the duration
of amenorrhea, the more likely that
menstrual cyclicity will return. This is
best seen in the Menstrual Cycle Main-
tenance and Quality of Life after Breast
Cancer Treatment Study, the largest
prospective cohort study of menstrual
pattern after cancer.* The study fol-
lowed 466 breast cancer patients who
kept bleeding calendars after diagno-
sis. Participants were younger than 45
years (median age, 39) with regular
periods at diagnosis. After exposure to

TABLE 2 Common ovarian reserve tests used during cancer
treatment and survivorship

FSH AMH AFC

CANCER TREATMENT
Gonadotoxic 1 ! l
chemotherapy
Tamoxifen - -
GnRH agonist |« —
SURVIVORSHIP

COCP l > l
COCP (pill-free ] — >
interval)
Amenorrhea 1 ! l
Fertility 10 lo 0
AFC, antral follicle count; AMH, anti-Mdllerian hormone; COCP, combined oral contraceptive pills;
FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone.
1, increased levels; |, decreased levels; <>, unchanged levels; 0, minimal or no data.
More than one symbol reflects conflicting data.

gonadotoxic chemotherapy regimens
(most containing cyclophosphamide),
the risks of prolonged amenorrhea
and return of menses varied by the
definition of amenorrhea. In the first 6
months following start of chemother-
apy, 41% of women were amenorrheic.
Although 6 months of amenorrhea
meets the criteria for a diagnosis of
secondary amenorrhea,® half of these
women resumed bleeding in the fol-
lowing 3 years.* After 12 months of
amenorrhea (29% of participants),
one-third of women resumed bleed-
ing in the ensuing 3 years. After 2 years
of amenorrhea (23% of participants),
10% of patients resumed bleeding in
the following 3 years, though none
resumed regular periods.

These data suggest that for young
breast cancer patients who become
amenorrheic after starting chemo-
therapy, 2 years of amenorrhea may be
more accurate in diagnosing ovarian
failure. Importantly, while prolonged
amenorrhea can reflect ovarian fail-
ure, there are currently no studies cor-

relating menstrual pattern with fertil-
ity in this population.

therapy,
gonadotropin-releasing hormone (GnRH)
agonists, tamoxifen, and hormonal
contraception, affects the interpretabil-
ity of menstrual pattern in young can-

Hormonal including

cer survivors. GnRH agonists may be
administered during chemotherapy for
fertility preservation or as adjuvant hor-
mone therapy in breast cancer. While
on GnRH agonists, patients are amen-
orrheic. Recovery of menstruation
from depot GnRH agonist should occur
within 3 months after the last dose.
Tamoxifen, a selective estrogen recep-
tor modulator, has also been associated
with amenorrhea,®” although many
premenopausal women retain regular
periods on treatment. Because tamoxi-
fen is often initiated following adjuvant
chemotherapy, it is not entirely clear
that chemotherapy does not contribute
to the menstrual disturbance observed
with tamoxifen exposure.

Of note, a small proportion of
young survivors may experience
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amenorrhea as a consequence of
hypogonadotropic, rather than hyper-
gonadotropic, hypogonadism. Hypo-
gonadotropic hypogonadism is a known
consequence of intracranial surgery or
radiation. While possible, the occur-
rence of hypothalamic amenorrhea sec-
ondary to stress or malnutrition in this
population is not well characterized.

Menstrual pattern (while not
on hormonal therapy) is a standard
measure of ovarian function in young
cancer survivors. The initial menstrual
pattern after the start of chemotherapy
strongly predicts the subsequent men-
strual pattern over the ensuing few
years; prolonged amenorrhea with
chemotherapy is strongly correlated
with ovarian failure. More data are
needed on the duration of amenorrhea
required to diagnose ovarian failure
in patients who initially retain cyclic
menses and then develop prolonged
amenorrhea. Finally, the association
between menstrual pattern and fertil-
ity is not well characterized.

Follicle-stimulating hormone

FSH is secreted by the anterior pitu-
itary and is subject to feedback from
the ovary. FSH measurement is the
primary ovarian reserve test used
clinically in cancer patients.® FSH rises
acutely in response to gonadotoxic
therapy, often to postmenopausal lev-
els.? After the period of acute exposure
to chemotherapy, FSH may decrease,
although it generally does not return
to prechemotherapy levels.

Among cancer survivors, FSH is
associated with menstrual pattern;
levels are higher in amenorrheic than
in menstruating young survivors.” In
addition, FSH may help to identify
cancer survivors who have decreased
ovarian reserve even in the setting of
regular periods. Regularly menstruat-
ing cancer survivors have been shown
to have higher FSH levels than healthy
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controls.”'® While these data suggest
that FSH can reflect impaired ovar-
ian reserve after cancer therapy, it is
not known if FSH can predict fertility.
For example, in early experiences with
ovarian transplantation, FSH levels
can remain high and are not associ-
ated with probability of pregnancy."

FSH levels are also impacted by
hormonal treatments, including GnRH
agonists, tamoxifen, and hormonal con-
traception. In postmenopausal women,
FSH levels are lower with tamoxifen
exposure.”? In premenopausal women,
FSH levels are similar or lower with
tamoxifen use.”®

FSH may help to identify cancer
survivors who have decreased
ovarian reserve even in the setting
of regular periods.

To date, FSH measurement is the
most commonly used ovarian reserve
test in cancer patients. Measuring FSH
may help identify ovarian function in
young survivors, but levels need to be
interpreted with caution in women on
hormone therapy and with respect to
timing relative to cancer treatment.
There are no validated cut points in FSH
levels for fertility or menopause in survi-
vorship. As well, more data are needed
to determine if FSH levels prior to cancer
treatment can predict post-treatment
fertility or time to menopause.

Anti-Miillerian hormone
AMH is a glycoprotein made by the
granulosa cells of primary, secondary,
pre-antral, and early antral follicles.
Increasingly, AMH has been used
as a measure of ovarian reserve that
is associated with reproductive out-
comes, from successful in vitro fertil-
ization (IVF) to time to menopause.’
In young women with cancer,
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AMH levels decrease with chemother-
apy® and are lower in regularly men-
struating cancer survivors compared
with controls.® Early data suggest that
AMH levels are not affected by tamoxi-
fen use.” It is not known if AMH levels
are affected by concurrent ovarian
suppression by GnRH agonists.

Recently, a cohort study showed
that pretreatment AMH, but not FSH,
inhibin B, or antral follicle count, can
be predictive of continuing menses 4
to 5 years later.” In addition, a sepa-
rate cohort study identified an AMH
level cut point of 1.2 ng/mL for poor
response in IVF stimulation in breast
cancer survivors.'®

Although these findings are pre-
liminary, they suggest that AMH may
be a more versatile marker for measur-
ing ovarian function in young cancer
patients than FSH.

Antral follicle count

The AFC is the sum of ovarian fol-
licles between 2 and 10 mm in size.
Assessed by ultrasound, both AFC and
ovarian volume (OV) have been stud-
ied as measures of ovarian reserve in
patients undergoing gonadotoxic ther-
apy. AFC has been a more consistent
marker than OV.

AFC decreases in a dose-depen-
dent manner with gonadotoxic treat-
ments,'® is lower in regularly menstru-
ating cancer survivors than in controls,
additive
information on ovarian function along
with FSH and AMH levels.'”Although
tamoxifen treatment can result in sim-
ple follicular cysts on the ovaries, AFC
does not appear to vary by tamoxifen

and potentially provides

exposure in multiple studies.

More data are needed to deter-
mine whether pretreatment AFC can
predict post-treatment ovarian func-
tion and whether post-treatment AFC
is associated with fertility or time to
menopause.



Fertility preservation prior

to cancer treatment

Besides age and proposed treatment
regimen, there are currently no other
reliable predictors of postchemo-
therapy ovarian function or fertil-
ity. Therefore, medical providers are
encouraged to inform patients of the
possibility that infertility may result
from cancer treatments.'®

The standard of care in fertility
preservation remains embryo freez-
ing. In addition, ovarian shielding,
ovarian transposition, cervical trach-
electomy, and other conservative
gynecologic surgeries are considered
standard of care. Although egg freez-
ing has improved with the vitrification
technique, most fertility centers have
not had long-standing experiences
with egg banking, and this procedure
remains investigational.

There has been a long-standing
debate over the efficacy of ovarian
suppression for fertility preservation.
A recent randomized controlled trial
in breast cancer patients, which used
the GnRH agonist triptorelin for tem-
porary ovarian suppression, demon-
strated a significantly decreased risk
of 12 months of amenorrhea in the
patients treated with triptorelin during
chemotherapy.’®* However, follow-up
is limited, and fertility outcomes have
not been published. Therefore, use of
GnRH agonists is still not a standard
treatment for fertility preservation.

Summary

Cancer treatment can threaten a
woman’s finite ovarian reserve, result-
ing in infertility and premature ovar-
ian insufficiency. In young women
exposed to gonadotoxic therapy, stud-
ies have measured ovarian function by
menstrual pattern, fertility attempts,
basal hormone measures (FSH, AMH,
inhibin B), dynamic hormone mea-
sures (EFORT), and ovarian mor-

phometry (AFC and OV).

While all of these measurements
change with gonadotoxic therapy,
menstrual pattern, FSH, AMH, and
AFC appear to be the most sensitive.
Menstrual pattern remains the stan-
dard outcome, but cancer survivors
may recover menstrual cycling after
significant lengths of amenorrhea.
Even in young survivors with regu-
lar menses, ovarian reserve may be
diminished and measurable by ovar-
ian reserve testing.

FSH is the most commonly used
hormone measure of ovarian reserve,
but it can be subject to variation
depending on hormonal treatments
and cycle day. AMH may be a more
versatile marker. Limited data support
the use of AMH in predicting ovarian
failure or poor IVF outcomes. Similar
to AMH, AFC may have less variability
than FSH.

Because of limitations in each
marker, it may be clinically useful to
consider measuring multiple markers
to describe ovarian function. Overall,
more longitudinal data are needed to
validate these measures as surrogates
of underlying ovarian function or pre-
dictors of ovarian failure or infertility in
young cancer survivors.

Currently, there are no reliable
predictors of future ovarian function
in young female cancer patients. It is
therefore important to discuss with
patients whether planned cancer
treatment would impact future fertility
or result in early menopause. l
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