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Premature Ovarian Insuﬃciency in Cancer Survivors
Premature ovarian insuﬃciency (POI) also known as premature
ovarian failure or hypergonadotropic ovarian failure or
menopausa precoce is deﬁned as an ovarian defect,
characterized by an absent menarche (primary amenorrhea) or
premature loss of ovarian follicles before 40 years of age
(secondary amenorrhea). Characteristic features include
amenorrhoea (cessation of ovulation) for 4 months or more,
hypoestrogenism (estradiol levels <50 pg/ml) and high serum
gonadotropin levels, especially two serum follicle-stimulating
hormone (FSH) levels (>4 weeks apart) in menopausal range (>40
IU/l).
Approximately one in 50 women have a diagnosis of cancer
below 40 years of age and modern cancer therapies have led to
increasing survival for young women with cancer. The 5-year
survival rate for childhood, adolescent, and young adult cancer
currently exceeds 80%. However of current concern is the
increasing incidence of spontaneous-onset POI in childhood
cancer survivors (CCS). The surging success rates of cancer
treatments such as chemotherapy, radiation therapy and surgery
can lead to detrimental impact on woman's fertility resulting in a
rising prevalence of iatrogenic POI.

Chemotherapy & radiation exposure and risk for POI

Incidence of POI in CCS
Overall, CCS have an estimated nonsurgical cumulative risk to
develop POI by age 40 of approximately 8%. Radiotherapy to the
abdomen, pelvis or spine can aﬀect ovarian function even in low
doses. Many chemotherapy regimens are also toxic to ovarian
follicles, particularly the alkylating agents. Combination therapy
(chemo and radio therapy) and a diagnosis of Hodgkin’s
lymphoma are associated with the highest risk of ovarian
insuﬃciency. Gynaecological cancers (most commonly cervical
and ovarian) requiring surgical treatment account for
approximately 25% of iatrogenic cases of POI.

Aetiology of POI cases managed at the West London Menopause and PMS Centre,
London, UK (Maclaran and Panay, 2011)

The risk of developing POI after radiotherapy is dependent on the
radiation therapy ﬁeld (abdominal pelvic, total body irradiation)
and on dose and age. Oocyte is highly radiosensitive and
responds to even 2 Gray dose of radiotherapy.

Eﬀects of gonadotoxic treatment on the ovary (some patients show recovery allowing
fertility, although their reproductive lifespan may be shortened)

Pathogenesis
The exact mechanism for development of POI in CCS is not
known. Chemotherapy aﬀect granulosa cell functions and
oocytes inducing apoptosis of mature ovarian follicles, and
histological studies have shown ﬁbrosis, vascular damage, and
reduced follicle numbers. Furthermore, accelerated follicular
atresia can be because of changed apoptosis rate, defective
follicle maturation blocking and abnormalities in primordial
follicle activation ultimately causing ovarian insuﬃciency.

In all female cancer survivors with elevated FSH levels, although
the likelihood of previous treatment being the causative factor is
high, the broader diﬀerential diagnosis of gonadal insuﬃciency
should be considered, such as X-linked genetic defects, Turner
syndrome or auto-immune ovarian failure. For this reason,
physical and laboratory examination should at least include
evaluation of Turner stigmata such as short stature, webbed
neck, low set ears, cardiac abnormalities and a peripheral blood
karyotype. It must be realized however, that in girls following
allogeneic stem cell transplantation, the karyotype may have
changed after undergoing the transplantation. In this case, the
original karyotype should be requested at the oncology
department.
Test of General Health

Mechanism of Origin of POI

Diagnosis of POI in CCS
Screening for POI in at risk survivors of cancer has been
recommended by the International Guideline Harmonization
Group (IGHG). Clinical assessment for POI in pre- and
peripubertal survivors should be carried out by measuring height
and calculating height velocity in conjunction with clinical
examination of pubertal stage. As a rise in the concentration of
serum FSH is a quite speciﬁc and sensitive tool to diagnose POI,
determination of FSH level is the recommended screening tool in
girls at risk for POI age 12 or up. For fertility counselling,
determination of serum anti-Mullerian hormone (AMH) levels
and antral follicle count have been proposed.

Given the well-characterized cardiometabolic and bone impact of
POI, optimal management of this condition should involve a
baseline assessment of insulin resistance (e.g. HbA1c, a lipid
proﬁle, and a dual-energy X-ray absorptiometry [DXA] scan). The
importance of these tests and the frequency with which they are
repeated in each individual will depend on risk factors, premorbid
personal and family history.

AMH, produced by secondary, preantral and early antral follicles,
is considered the best currently available biomarker of the
ovarian reserve, although it only reﬂects this indirectly. That AMH
is readily detectable in prepubertal girls makes it a potential
useful marker. The most established clinical use of AMH is
prediction of ovarian response to ovarian stimulation in assisted
reproductive technology, predicting oocyte quantity.
Eﬀects of Chemotherapy, Radiotherapy and Surgery on Ovarian
Function and AMH
A decrease in ovarian reserve with a fall in AMH can occur after
treatments including chemotherapy, radiotherapy and ovarian
surgery. In some women, depending on age, preexisting ovarian
reserve/AMH and treatment administered, POI may result with
undetectable AMH after treatment and without recovery.
The potential use of AMH to detect a detrimental eﬀect of
chemotherapy on ovarian function is well established in CCS. By
the end of six cycles of chemotherapy treatment for breast
cancer, AMH is almost undetectable in most women.
Pretreatment AMH predicts post-treatment recovery of ovarian
function and AMH levels, which in turn indicate remaining
ovarian lifespan.
CCS who received radiotherapy to the abdomen, pelvis, sacrum
and total body have lower AMH than survivors with irradiation to
other parts of the body. Women treated with TBI for stem cell
transplant all developed POI with undetectable AMH. Also, there
is reduction in the ovarian reserve after ovarian cystectomy as
evidenced by a fall in AMH.

Diagnostic consideration in evaluation of POI

Conclusion
It is of great importance that clinicians involved in childhood
cancer follow-up clinics are aware of the risk factors for
hypogonadism, so that patients and parents are adequately
counselled and survivors of pubertal age are appropriately
assessed. This will avoid delay in sex steroid replacement therapy
and may subsequently prevent growth failure or psychological
distress in teenagers.
Fertility preservation should be oﬀered to those women who are
at risk of irreversible ovarian damage with no recovery of AMH
before they undergo gonadotoxic treatment such as TBI and
high-risk chemotherapy.
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Contact the nearest SRL laboratory for details on related diagnostic tests and panels.
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