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Key Points
 5 Ovarian reserve testing is a surrogate 

marker of fertility potential developed 
and evaluated in women undergoing 
ovarian stimulation.

 5 Anti-Mullerian Hormone (AMH) is prom-
ising as an ovarian reserve marker in 
girls receiving cancer therapy, but many 
questions remain unanswered.

 5 AMH levels can be impacted by many 
clinical parameters including current 
hormonal contraception, GnRH agonist 
therapy, and cancer therapy.

12.1   Background

Female cancer survivors are known to be at risk for 
decreased fertility and early menopause. Fertility 
is defined as the ability to produce young [1–3]. 
Conversely, infertility is defined by the failure to 
achieve a clinical pregnancy after 12  months or 
more of regular unprotected sexual intercourse 
[4]. Having pregnancies thus would be the best 
measure of fertility. Using pregnancies as a mea-
sure of fertility, however, limits one to wait until 
a childhood cancer survivor has grown into an 
adult and has attempted to get pregnant. Even 
among adults, not all adult women attempt to get 
pregnant. Thus, surrogate measures of fertility are 
necessary to assess the effect of chemotherapy/
radiation/surgery on fertility.

Most cancer survivors experience infertility 
due to direct effects of treatment on the ovary or 
testes. The initial number of follicles in humans 
is established in utero at 5 months gestation with 
approximately ten million primordial follicles. 
This number of follicles (or ovarian reserve) 
diminishes in utero and after birth to nearly 
500,000 at menarche and continues to decline 
thereafter until these fall below a certain thresh-
old and menopause appears [5]. Ovarian reserve 
is the concept that views reproductive potential as 
a function of the number and quality of oocytes. 
Radiation and other gonadotoxic agents are 
thought to affect the number of follicles by pos-
sibly accelerating this process of attrition [2, 6–8]. 
The effect of treatment on an individual patient’s 
ovarian reserve depends on many factors includ-
ing the age at the time of gonadotoxic treatment, 

the type and dose of therapy, genetic factors, pre-
vious illnesses, and prior infertility. It is impor-
tant to note that even before menopause (or the 
cessation of menses) is noted, the number and/
or quality of the follicles may preclude pregnancy 
[9]. Infertility may be caused by decreased ovar-
ian reserve or sperm production, but other causes 
such as tubal, uterine, and cervical factors may 
influence fertility. Thus, surrogate measures of 
ovarian or testicular reserve do not fully measure 
fertility potential.

12.2   Assessing Ovarian Reserve

There are several markers that have been used to 
assess ovarian reserve (OR). It should be noted, 
however, that most of the research regarding these 
markers has been performed in healthy ovarian 
aging and women seeking treatment for infertility, 
and debate still remains regarding the ability of 
these markers to predict oocyte quality, quantity, 
and fecundity in healthy women. Furthermore, it 
is important to note that these tests are “screen-
ing” tests that would be helpful only if they predict 
ovarian reserve prior to menopause or ovarian 
insufficiency [6]. Thus, these markers may not 
be good measures of fertility for young women 
treated with gonadotoxic agents [10].

12.2.1   Menstrual Cycles

In 2006, the American College of Obstetrics and 
Gynecology (ACOG) and the American Academy 
of Pediatrics (AAP) issued a Committee Opinion 
stating that the menstrual cycle is a vital sign, 
thus stressing the importance of menses [11]. The 
average age of menarche in the western world 
declined rapidly in the last two centuries but 
has been stable since the 1950s in the developed 
world. Normal menstrual cycles in young females 
include a median age of menarche of 12  years, 
mean cycle interval of 32  days with a range of 
21–45  days, and flow length of 7  days. Primary 
amenorrhea is defined as the absence of menses 
by age 15, and secondary amenorrhea has been 
defined as the absence of cycles for more than 
6 months [11]. Early menopause has been defined 
as cessation of menses prior to age 40, and the 
average age of menopause in the United States is 
51. Adult female survivors of childhood cancers 
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have been noted to have earlier age of menopause 
and a higher rate or premature menopause than 
the general population [3].

The presence or absence of menses has tra-
ditionally been used as the primary measure of 
fertility and ovarian function in cancer survivors, 
but it should be noted that there are many com-
mon causes of amenorrhea including pregnancy, 
polycystic ovary syndrome, structural issues 
(scarring of the uterus), and disturbances of the 
central gonadotropin-releasing hormone pulse 
generator. These disturbances are often referred 
to as hypogonadotropic hypogonadism and may 
be caused by significant weight loss, strenuous 
exercise, substantial changes in sleeping or eating 
habits, as well as severe stressors [11]. For exam-
ple, a young cancer survivor may have absence of 
menses due to hypothalamic disturbances caused 
by the stress of treatment or ovarian insufficiency 
due to gonadotoxic agents. In addition, women 
may continue to have regular menses even in the 
presence of diminished ovarian reserve (such as 
occurs in the perimenopause). Thus, the presence 
of menses is a poor predictor of ovarian reserve, 
and other markers should be used to assess OR.

12.2.2   Antral Follicle Counts 
and Ovarian Volume

Antral follicle counts and ovarian volume have 
traditionally been measured using transvagi-
nal ultrasound in adult women. Both of these 
undergo an age-related decline and are good pre-
dictors of the number of eggs that can be retrieved 
with ovarian stimulation in women undergoing 
in vitro fertilization. Antral follicle count (AFC) 
is the number of small follicles (2–9 mm) that are 
observed in both ovaries during the early follicu-
lar phase of the cycle [6]. AFC is noted to have 
good inter-cycle and inter-observer reliability 
and thus is considered promising as a screening 
test for ovarian reserve. Again tests revealing low 
AFC (three to six total antral follicles) correlate 
with poor response to ovarian stimulation but 
do not reliably predict failure to conceive [6]. 
Ovarian volume in general correlates with a num-
ber of follicles but has been noted in some stud-
ies to have poor inter-cycle reliability [6]. Though 
inter- observer variability can be minimized with 
the use of three-dimensional sonography, this test 
is poor at predicting diminished ovarian reserve 

[6]. In children, AFC and ovarian volume can be 
performed transabdominally but requires a radi-
ologist skilled in this technique and has not been 
well studied in this age group. Thus, antral follicle 
counts may help in predicting decreased ovar-
ian reserve but deserves further study in cancer 
populations and children.

12.2.3   Endocrine Hormones

Biochemical tests for ovarian reserve in adult 
women include basal measurements such as 
follicle- stimulating hormone (FSH), estradiol, 
inhibin B, and anti-Mullerian hormone as well 
as stimulated tests such as the clomiphene citrate 
challenge test [6]. The latter cannot be performed 
in children, but the former should be further 
studied.

12.2.4   Follicle-Stimulating Hormone 
(FSH), Inhibin B, and Estradiol

FSH is secreted by the pituitary in order to 
stimulate follicular growth and varies through-
out the menstrual cycle. When ovarian reserve is 
decreased, FSH begins to rise earlier in the cycle 
and lead to earlier follicular growth and increase 
in estradiol concentrations. As follicles further 
decrease in number, the FSH continues to rise and 
estradiol levels fall. Inhibin B is secreted by pre-
antral follicles, and as follicles decrease, so does 
inhibin B, which in turn lowers central nervous 
system feedback and thus further increases FSH 
[12–14].

Serum FSH assays have significant inter- and 
intra-cycle variability; the absolute values differ 
depending on which one is used, and the sensi-
tivity in identifying poor responders to ovarian 
stimulation in women varies widely [6]. In addi-
tion, children have low FSH due to hypothalamic 
suppression. It should be noted that in spite of 
these limitations, consistently high levels of FSH 
are predictive of diminished ovarian reserve, and 
repeated levels above 40  IU/L are diagnostic for 
premature ovarian insufficiency or menopause 
[6]. Estradiol assays also have poor intra- and 
inter-cycle variability, and basal levels do not 
differ between women with and without dimin-
ished ovarian reserve [6]. Furthermore, in prepu-
bertal children, estradiol levels are also low due 
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to hypothalamic suppression. Inhibin B has also 
been noted to not be a reliable measure of ovarian 
reserve. Thus, the use of FSH, inhibin B, and estra-
diol levels in assessing fertility potential of cancer 
patients is limited by variation with the menstrual 
cycles, poor sensitivity, and the low to undetect-
able levels in prepubertal children. Furthermore, 
combined ovarian reserve test models have not 
been shown to be superior to single tests in pre-
dicting ovarian reserve [6].

12.2.5   Anti-Mullerian Hormone 
(AMH)

AMH is a hormone produced by the granulosa 
cells, which acts as a follicular gatekeeper and is 
independent of FSH or gonadotropin. This marker 
is an indirect marker of antral follicle counts and 
thus ovarian reserve [15]. In childhood and ado-
lescence, there is a complex rise in AMH level, 
which likely reflects the different stages of follicle 
development. It then peaks in a woman’s early 20s 
before declining to menopause, correlating posi-
tively with nongrowing follicle recruitment [16].

Interest in the use of AMH as a measure of 
ovarian reserve to measure the gonadotoxic effect 
of chemotherapy/radiotherapy is growing, espe-
cially for children in whom FSH and inhibin B 
are not useful. When compared with other ovar-
ian reserve markers, AMH levels reflect changes 
in ovarian function earlier, there is less signifi-
cant fluctuation of AMH during the menstrual 
cycle, and it is highly predictive for the timing of 

menopause [17–19], suggesting that it may be the 
most useful marker for monitoring the decline 
of reproductive capacity. Moreover, serum AMH 
levels are detectable in healthy females from birth 
to menopause [16, 20], making it suitable as a 
marker even in prepubertal girls (. Fig. 12.1).

It should be noted that though studies of AMH 
screening reveal an association with poor results 
with in vitro fertilization (IVF), levels are not nec-
essarily predictive [6]. Low AMH cut points are 
associated with sensitivities in general IVF popu-
lations of 40–97% with specificities of 78–92%, 
and low levels of AMH are specific for poor ovar-
ian response but not pregnancy [6]. Furthermore, 
there are limited data correlating AMH and natu-
ral fertility at different stages of reproductive life 
and especially in children and adolescents. AMH 
assays continue to evolve, with intra- and inter-
assay variability and sample stability and storage 
issues [21]. Furthermore, several clinical fac-
tors may influence AMH levels: systemic illness, 
endometriosis, chemotherapy, current smoking, 
low vitamin D levels, and certain genetic factors 
such as BRCA1 carrier and FMR1 mutation may 
decrease AMH, and white race, polycystic ovary 
syndrome, and granulosa cell tumor may increase 
AMH [21]. It is also important to note that AMH 
decreases during cancer therapy and may recover 
thereafter [22, 23]. In a case series of 16 postpu-
bertal adolescents, more than half of patients had 
recovery of AMH levels by 18–24 months includ-
ing several with undetectable AMH immediately 
after therapy [23]. A review of 192 women begin-
ning 5 years after therapy, however, did not note 

       . Fig. 12.1 A validated 
model of serum AMH from 
conception to menopause 
[16]
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an accelerated decline in AMH thereafter when 
compared to controls [24].

Therefore, though AMH appears to be a 
promising tool, more long-term data is needed 
to ascertain the use of AMH to evaluate fertility 
preservation strategies as well as predict long- 
term ovarian function after cancer therapy.

12.2.6   Current Data on AMH 
in Children Receiving  
Cancer Therapy

In women treated with mechlorethamine, vin-
cristine, procarbazine, and prednisone (MOPP) 
chemotherapy for Hodgkin lymphoma during 
childhood, AMH was noted to be lower compared 
with healthy women and women treated without 
MOPP [25]. In a larger series of 185 childhood 
cancer survivors, although the cohort’s median 
AMH concentration was no different from 
controls, the AMH levels were lower than the 
tenth percentile of normal values in 27% of the 
survivors. Survivors treated with three or more 
procarbazine- containing chemotherapy cycles 
and those treated with abdominal or total body 
irradiation had significantly lower AMH levels 
than controls [26]. Recent studies have revealed 
low AMH in more than half of childhood cancer 
survivors with the lowest levels in those treated 
with radiation and bone marrow transplant and 
those treated for Hodgkin’s lymphoma but effects 
noted even in those receiving low-risk therapies 
[27, 28]. As stated before, in adult women and 
adolescents with cancer, AMH declines during 
treatment followed by recovery in some patients, 
with the rate of recovery determined by the pre-
treatment AMH level [23, 29].

12.2.7   Ovarian Reserve Testing 
as a Predictor of Menstrual 
Pattern and Fertility

Ovarian reserve testing to predict the risk of 
acute ovarian failure and early menopause and 
future fertility in females prior to cancer ther-
apy would allow us to better target patients for 
ovarian preservation procedures [30]. In adults, 
one small series in breast cancer survivors dem-
onstrated that inhibin B and AMH prior to ther-
apy were significantly lower in the women who 

went on to develop amenorrhea after treatment 
[31]. Similarly, in 46 adolescent and young adult 
women with a new cancer diagnosis requiring 
chemotherapy, pretreatment AMH levels were 
associated with the rate of recovery of AMH 
after treatment. Participants with a pretreat-
ment AMH level >2  ng/mL had a faster rate 
of recovery of AMH after chemotherapy com-
pared to participants with pretreatment AMH 
levels </= 2 ng/mL [29]. More recently, studies 
in breast cancer patients have provided some 
prognostic tools to predict the likelihood and 
timing of return of ovarian function after che-
motherapy [21].

In addition, the ability of ovarian reserve test-
ing to predict time to menopause and ovarian 
insufficiency on survivors who are menstruating 
would be very useful in order for them to plan 
post-treatment fertility preservation and other 
therapies [30]. In a prospective study of breast 
cancer survivors who were still menstruating, the 
patients who had cessation of menses 2 years later 
were more likely to have lower AMH and higher 
FSH at study entry [30].

Most research regarding ovarian reserve test-
ing and prediction of ovarian function after che-
motherapy have been performed in breast cancer, 
and thus, research in other types of cancer thera-
pies is needed. Furthermore, to date, there is no 
data regarding the ability of ovarian reserve test-
ing to predict the risk of premature menopause in 
prepubertal girls before therapy or in survivors of 
childhood cancer.

12.2.8   Effect of Female Hormones 
on Ovarian Reserve Testing

Many young women who receive cancer therapy 
are placed on birth control pills to regulate men-
ses or estrogen replacement therapy when ovar-
ian insufficiency is suspected. It is important to 
understand the effect of this treatment on ovar-
ian reserve testing. A study evaluating ovarian 
reserve testing in 887 healthy women, 18–46 years 
old, found that AMH, antral follicle counts, and 
ovarian volume were all significantly decreased 
in oral contraception users when compared to 
nonusers [32]. In a small study comparing young 
cancer survivors on birth control pills with con-
trol women on the pills during the 3rd week of 
pills (while taking active pills), there were no 
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differences noted in FSH, inhibin B, estradiol, or 
AMH, but the AFC was lower in the cancer survi-
vors [33]. Furthermore, AMH levels may change 
with GnRH agonist administration, which is often 
used during cancer treatment to suppress menses 
or for possible ovarian protection [34].

Several studies have evaluated ovarian reserve 
testing during the placebo or pill-free week com-
paring survivors with spontaneous menses and 
those on birth control pills. Results from these 
studies are contradictory, use small samples, and 
compare populations exposed to cancer therapy 
to each other and not healthy age-matched con-
trols [25, 35]. In addition, there are no studies 
which evaluate whether ovarian reserve testing in 
women on female hormones is predictive of men-
strual function or fertility.

12.3   Conclusions

Ovarian reserve testing has been extensively 
studied in healthy women who seek infertility 
treatment but not in young girls receiving can-
cer therapy. This population would benefit sig-
nificantly from rigorous data regarding ovarian 
reserve testing, which may predict their risk of 
early menopause and assess the risk and benefits 
of fertility preservation options. Research in this 
population is limited by the fact that the numbers 
of girls at individual institutions are low as well 
as the fact that the outcome of interest (the abil-
ity to achieve successful pregnancy) may be far in 
the future [33]. Future multicenter studies with 
collaborative efforts of reproductive specialists, 
oncologists, and patient advocates will need to be 
performed.

 Review Questions and Answers

 ? Q1.  Ovarian reserve testing refers to testing 
to evaluate the number of follicles 
remaining in the ovaries. True or False?

 v A1. True

 ? Q2.  Menstrual history is an excellent way to 
assess ovarian reserve. True or False?

 v A2. False

 ? Q3.  Of the following markers of ovarian 
reserve, which is the most promising for 
children and adolescents?
 (a) FSH
 (b) Inhibin-B
 (c) Antral Follicle Count (AFC)
 (d) AMH
 (e) Menses

 v A3. (d)

 ? Q4.  AMH results are impacted as stated 
below except:
 (a) Current chemotherapy is associated 

with decreased AMH
 (b) Birth control pills are associated 

with increased AMH
 (c) Low vitamin D is associated with 

decreased AMH
 (d) Polycystic ovary syndrome (PCOS) is 

associated with increased AMH
 (e) White race is associated with 

increased AMH

 v A4. (b)
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