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13.1 Pathophysiology

13.1.1 Normal Organ Development

Hormonal function and potential for fertility are
synchronous in females, as the ovary both pro-
duces oocytes and secretes steroid hormones.
Prepubertal females possess their lifetime supply
of oocytes with no new oogonia formed after
birth. Active mitosis of oogonia occurs during
fetal life, reaching a peak of six to seven million
by 20 weeks of gestation and then rapidly declin-
ing to one to two million at birth. At the onset of
puberty, only 300,000 remain [1]. The cortices of
the ovaries harbor the follicles within connective
tissue. These follicles arise from the germinal
epithelium, which covers the free surface of the
ovary. Through involution, atresia, and, to a much
lesser extent, ovulation, the follicles disappear
entirely at menopause.

At initiation of puberty, there is a surge in
the production of gonadotropin-releasing hor-
mone (GnRH) by the hypothalamus. GnRH then
stimulates release of the gonadotropins by the
pituitary gland: follicle-stimulating hormone
(FSH), responsible for follicular maturation, and
luteinizing hormone (LH), responsible for ovar-
ian luteinization. With menarche, the menstrual
cycle occurs approximately every 28 days. Each
cycle is marked by an estrogen-dependent mid-
cycle surge of FSH and LH. After ovulation, the
corpus luteum forms and produces progesterone,
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estradiol, and 17-hydroxyprogesterone, as well
as the endometrial changes required for implan-
tation of a fetus. In the absence of fertilization,
there is no chorionic gonadotropin from a con-
ceptus; the corpus luteum becomes exhausted and
progesterone and estrogen falls. At this time, FSH
increases and the endometrium sloughs, result-
ing in menstruation. The normal premenopausal
ovary contains degenerating ova and follicles in
varying stages of maturity. Another ovarian hor-
mone now being investigated in the field of repro-
ductive endocrinology is anti-Mullerian hormone
(AMH) thought to be the most sensitive indicator
of ovarian reserve [2].

Ovarian hormones also have critical physio-
logic effects on other organs and bodily pro-
cesses, including the stimulation of libido, the
maturation and function of the breasts and vagina,
bone mineralization, and the integrity of the car-
diovascular system. With depletion of oocytes by
radiotherapy, chemotherapy, or normal senes-
cence, the ovaries undergo atresia. As a result,
menstruation and estrogen production cease, and
menopause ensues.

13.1.2 Organ Damage Induced by
Cytotoxic Therapy

Radiotherapy and chemotherapy each may
cause transitory or permanent effects on hor-
monal function, reproductive capacity, and sex-
ual function. Primary ovarian failure, impaired
development of secondary sexual characteris-
tics, menstrual irregularities, including oligo-
menorrhea and amenorrhea, or premature
menopause may occur. The menopausal state,
when it occurs prematurely, is associated with
the same physical symptoms as are seen with
normal aging, including hot flashes, loss of
libido, and osteoporosis [3, 4]. Such effects are
not simply physically bothersome to survivors,
but adversely impact their quality of life [5].
The specific effects are dependent on the ovar-
ian dose of radiation and the chemotherapeutic

agents and their doses. They also depend on the
developmental status of the patient at the age of
treatment.

13.1.3 Cytotoxic Effects
of Radiotherapy

Radiation causes a decrease in the number of ovar-
ian follicles, impaired follicular maturation, cortical
fibrosis and atrophy, generalized hypoplasia, and
hyalinization of the capsule. Females treated prior to
puberty have a greater number of ova than do older
women. Thus, ovarian function is more likely to be
preserved after radiotherapy in prepubertal females,
compared with postpubertal females [6]. The dose of
radiation that will ablate ovarian function depends
on the patient’s age and, by implication, stage of
sexual development, but overall modeling suggests
that the dose of radiation required to destroy 50 % of
immature oocytes is <2 Gy [7].

Several investigators have provided informa-
tion regarding the dose of radiotherapy that
results in sterility in women of varying ages.
Wallace and colleagues reported on 19 adult
females treated in childhood with whole abdom-
inal radiotherapy to a total dose of 30 Gy. Using
the assumption that the number of oocytes within
the ovary declines exponentially by atresia from
approximately 2,000,000 at birth to approxi-
mately 2,000 at menopause, they were able to
estimate that the LD50 (radiation causing abla-
tion in 50 % of patients) for the human oocyte is
not greater than 4 Gy [8]. Ash’s summary of
clinical information on radiation to the human
ovary is shown in Table 13.1. Menopause was
induced by a dose of 12-15 Gy in women under
40 years of age, whereas women over 40 years of
age required only 4-7 Gy for the same clinical
effect. Permanent sterility occurred in 60 % of
females 15-40 years of age receiving 5-6 Gy
[9]. When one considers doses to the ovary after
single fractions, temporary sterility can occur
with ovarian doses of 1.7-6.4 Gy and permanent
sterility after doses of 3.2-10 Gy [10]. Whole



13 The Ovary

255

Table 13.1 Effect of fractionated ovarian X-irradiation
on ovarian function in women of reproductive age irradi-
ated for malignant or nonmalignant disease

Minimum

ovarian dose

(GY) Effect

0.6 None

1.5 No deleterious effect in most young
women. Some risk of sterilization
especially in women aged >40

2.5-5.0 Variable. Aged 15—40 years: about
60 % sterilized permanently, some with
temporary amenorrhea. Aged >40:
usually 100 % permanently sterile

5-8 Variable. Aged 15-40 years: about
70 % sterilized permanently; of the
remainder, some temporary
amenorrhea

>8 100 % permanently sterilized

Modified from [7]
No attempt has been made to allow for variation in mode
of fractionation

abdomen doses of 20-30 Gy are associated with
primary or premature secondary ovarian failure
in young females [8, 11].

13.1.4 Cytotoxic Effects
of Chemotherapy

The effects of chemotherapy on ovarian func-
tion are both agent- and dose-dependent, and
this effect may be additive to that resulting from
abdominopelvic radiotherapy. Alkylating agents
affect the resting oocyte in a dose-dependent,
cell cycle-independent manner. Thecal cells and
ova are depleted, as are the primordial follicles,
resulting in arrest of follicular maturation and
decreased estrogen secretion. Again, as was the
case with radiotherapy, the effects are more pro-
nounced in postpubertal as compared with pre-
pubertal females, due to the fact that postpubertal
females have fewer remaining viable oocytes.
The effects worsen with age, as the normal
aging process is accompanied by an ongoing
depletion of oocytes. Risks of menstrual irregularity,

ovarian failure, and infertility increase with age
at treatments. Conversely, younger females can
tolerate higher doses of alkylating agents with-
out impairment of fertility, compared with adult
females [12—17].

13.2 Clinical Manifestations

13.2.1 Effects of Radiotherapy
on Ovarian Function

The clinical relationship between ovarian failure
and the dose of radiation to the ovary is well illus-
trated by Stillman’s study of 182 girls treated at
less than 17 years of age with 12-15 Gy of
abdominal radiotherapy. Overall, primary ovarian
failure occurred in 22 girls (12 %). However,
ovarian failure was noted in 68 % of the girls
whose ovaries received the full irradiation dose,
but in only 14 % of those who had at least one
ovary at the edge of the abdominal treatment vol-
ume (estimated dose 0.9-10 Gy, with a mean of
2.9 Gy). Conversely, none of 34 girls who received
an estimated ovarian dose of 0.5-1.5 Gy (mean:
0.54 Gy) to at least one ovary outside the direct
treatment volume had ovarian failure. Covariate
and multivariate revealed that the location of the
ovaries relative to radiation treatment fields was
the only risk factor for ovarian failure [18].

In considering the risk of ovarian failure
related to radiotherapy, other fields than the abdo-
men and pelvis must be considered. Direct or
scattered irradiation from the spinal component
of craniospinal radiotherapy may also produce
ovarian damage [8, 19]. With the expanded use of
hematopoietic stem cell transplantation in pediat-
ric oncology, it is important to recall that total
body irradiation (TBI) utilized in the condition-
ing regimen is commonly associated with pri-
mary ovarian failure or premature menopause,
with prevalence rates as high as 90-100 %.
Fraction size is of importance as well as the age
of the patient at the time of radiotherapy
[20-24].
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13.2.2 Effects of Chemotherapy
on Ovarian Function

The dose-response relationship of alkylating
agents, and the effect of age, is a recurring theme
in studies of fertility following chemotherapy.
Amenorrhea and ovarian failure occur more
commonly in adult women treated with cyclo-
phosphamide and other alkylating agents than with
adolescents, with prepubertal females tolerating
cumulative cyclophosphamide doses as high as
25 g/m?[13, 25]. In examining protocols with com-
mon chemotherapy, 86 % of women >24-30 years
have been shown to have ovarian failure, compared
with 28-31 % of younger women [3, 25].

It is clear that the sterilizing effects of all alkyl-
ating agents are not equal. Mechlorethamine and
procarbazine together are perhaps the most dam-
aging of the alkylating agents. These chemother-
apy agents were used in the past together for the
treatment of Hodgkin lymphoma, often in combi-
nation with radiotherapy, resulting in impaired
fertility, among other adverse long-term effects
[26]. Newer risk-adapted protocols for Hodgkin
lymphoma have been developed to avoid mech-
lorethamine or procarbazine and to limit cumula-
tive doses of other gonadotoxic alkylating agents,
without negatively impacting the efficacy of the
chemotherapy regimens [27-30].

Newer studies have also been designed to col-
lect long-term follow-up data, and investigators
are starting to collect data on the impact of these
changes.

In recent years, ifosfamide, a congener of
cyclophosphamide, has been used for a variety of
solid tumors and lymphoma. The effects of ifos-
famide on reproductive function are only begin-
ning to be evaluated. A case report of successful
pregnancies in two young women treated with
high-dose ifosfamide and cyclophosphamide at
Memorial Sloan Kettering was reported in 2001
[31]. In 2008, a small case series, which included
13 females treated for sarcoma with ifosfamide
as the only alkylating agent, there was no primary
ovarian failure reported. However, AMH levels
were lower than an age-matched reference group,
suggesting risk for early menopause [32].

Due to improved survivorship from child-
hood cancer noted as early as the 1970s—1980s,

large cohorts of female survivors have reached
the third and fourth decades of life, where the
risk for infertility and premature menopause
has been examined. In this era of treatment for
these cohorts, the use of both radiotherapy and
chemotherapy together was common, and thus
it is not possible to fully separate the effects of
the two modalities of therapy.

Two large studies of these survivors demon-
strated elevated risks for infertility and premature
menopause [11, 33]. A study of 2,498 female sur-
vivors, treated between 1945 and 1975, showed a
7 % deficit in fertility, compared with siblings.
Between ages 21 and 25 years, survivors had a
risk of premature menopause four times greater
than that of siblings. Treatment-related risk fac-
tors included radiotherapy alone (RR=3.7),
alkylating agents alone (RR=9.2), or a combina-
tion of both (RR=27). By age 31, 42 % of these
women had reached menopause, compared with
5 % of siblings [11]. In a study of 719 survivors
treated between 1964 and 1988, 15.5 % of women
were unable to conceive. Women treated with
abdominopelvic radiotherapy alone had a fertility
deficit of 23 %, compared with those treated with
surgery. As with the previous study, the risk of
infertility and premature menopause increased
with increasing dose of abdominopelvic radio-
therapy and amount of alkylating agent [33].

Several studies have been conducted within
the Childhood Cancer Survivor Study (CCSS), a
cohort of survivors treated between 1970 and
1987. In an analysis of 3,390 female survivors,
acute ovarian failure was self-reported in 215
(6.3 %). Risk factors in multivariate analysis
included increased dose of ovarian radiation,
exposure to cyclophosphamide in those
13-20 years of age, and any exposure to procar-
bazine [34]. Premature menopause was also
noted in 8 % of participants studied compared to
0.8 % in a sibling cohort. Risk factors for prema-
ture menopause were higher-attained age,
increased dose of radiotherapy to the ovaries,
increased alkylating agent exposure as deter-
mined by the alkylating agent score, and a diag-
nosis of Hodgkin lymphoma [35]. In another
CCSS analysis of 5,149 female participants and
1,441 female siblings, the relative risk for survi-
vors ever being pregnant was 0.81 compared to
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the siblings. Risk factors in multivariate analysis
included ovarian/uterine radiation dose of >5 Gy,
hypothalamic/pituitary dose of >30 Gy, and
alkylating agent dose score of 3 or 4 [36].
Similar to what has been done with conven-
tional chemoradiotherapy protocols, transplant
conditioning protocols without TBI are being
utilized to avoid some of the associated adverse
long-term sequelae. The use of high-dose cyclo-
phosphamide without TBI or other alkylating
agents is associated with a lower risk of ovarian
failure than conditioning regimens with TBI or
multiple alkylating agents. In a study by
Sanders, 100 % of women (n=15) younger than
age 26 and three of nine older than age 26 who
were treated with 200 mg/kg cyclophosphamide
recovered normal gonadotropin levels and men-
struation posttransplantation [37]. However,
many transplant protocols use high doses of
alkylating agents together, most commonly
busulfan and cyclophosphamide, which are
associated with similar degrees of ovarian fail-
ure in females as protocols containing TBI [38].

13.2.3 Effects of Radiotherapy
and Chemotherapy
on Reproductive Outcomes

Many survivors of childhood cancer previously
treated with cytotoxic therapy will remain fer-
tile, and, therefore, pregnancy outcomes and
the risk of cancer or genetic disease in offspring
must be addressed. Young women who have been
exposed to radiotherapy below the diaphragm
are also at risk of impaired uterine develop-
ment, which can adversely affect pregnancy
outcomes, often resulting in premature labor
and low-birth-weight infants. The magnitude of
the risk is related to the radiotherapy field, total
dose, and fractionation schedule. Female long-
term survivors treated with total body irradia-
tion and marrow transplantation are at risk for
impaired uterine growth and blood flow, and, if
pregnancy is achieved, for early pregnancy loss
and premature labor. Despite standard hormone
replacement, the uterus of the childhood cancer
survivor may be impaired in its development
and measure only 40 % of normal adult size, the

ultimate uterine volume correlating with the age
at which radiotherapy was received [7, 20].

With more childhood cancer survivors retaining
fertility, pregnancy outcome data is now available.
Of 4,029 pregnancies occurring among 1,915
women followed in the Childhood Cancer Survivor
Study (CCSS), there were 63 % live births, 1 %
stillbirths, 15 % miscarriages, 17 % abortions, and
3 % unknown or in gestation. Risk of miscarriage
was 3.6-fold higher in women treated with cranio-
spinal radiotherapy and 1.7-fold higher in those
treated with pelvic radiotherapy. Chemotherapy
exposure alone did not increase the risk of miscar-
riage. Compared with siblings, however, survivors
were less likely to have live births and more likely
to have medical abortions and low-birth-weight
babies [39]. In an updated analysis of this cohort, it
was noted that offspring of women who receive
uterine radiation doses of >5 Gy were more likely to
be small for gestational age [35]. In another analysis
from the CCSS, Signorello also found that uterine
and ovarian radiation doses of >10 Gy increased
risk of stillbirth or neonatal death, and furthermore,
for girls treated prior to menarche, uterine or ovar-
ian doses as low as 1.0-2.49 Gy increased the risk
of stillbirth or neonatal death [40].

In a Danish population-based cohort, in analy-
sis of 34,000 pregnancies, which included 1,479
pregnancies of childhood cancer survivors, there
were no significant differences noted in the pro-
portions of live births, stillbirths, or all kinds of
abortions combined between survivors and
women without cancer. However, survivors had a
23 % increased risk for spontaneous abortion,
with ovarian and uterine radiotherapy as the
major significant risk factor [41].

In a Finish population-based cohort, in an
analysis of 3,501 and 16,908 children of female
cancer patients and siblings, respectively, the risk
of stillbirth or early neonatal death was not sig-
nificantly increased among offspring of cancer
survivors as compared to offspring of siblings
[42]. In a case-cohort study conducted involving
472 Danish survivors of childhood and adoles-
cent cancer and their 1,037 pregnancies, no sta-
tistically significant associations were found
between genetic disease in children and parental
treatment with alkylating drugs or preconception
radiation doses to the testes in male and ovaries
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in female cancer survivors. A statistically signifi-
cant association between abdominopelvic irradi-
ation and malformations, stillbirths, and neonatal
deaths was not seen in the children of female sur-
vivors overall or in the children of mothers
receiving high uterine doses [43].

In the National Wilms Tumor Study, records
were obtained for 427 pregnancies of >20 weeks
duration. In this group, there were 409 single and
12 twin live births. Early or threatened labor,
malposition of the fetus, lower-birth-weight
(<2,500 g), and premature delivery (<36 weeks)
were more frequent among women who had
received flank radiotherapy, in a dose-dependent
manner [44].

Preservation of fertility and successful preg-
nancies may occur following HSCT. Sanders and
colleagues evaluated pregnancy outcomes in a
group of females treated with bone marrow trans-
plant. Among 116 treated before puberty and 23
treated after the onset of puberty who retained
ovarian function, 32 (28 %) and 9 (30 %), respec-
tively, became pregnant. Of the 32 pregnancies in
those treated with TBI, 16 resulted in early termi-
nation, compared with a 21 % prevalence of early
termination in those treated with cyclophospha-
mide alone. There were no pregnancies among
the women treated with busulfan and cyclophos-
phamide [37].

For childhood cancer survivors who have off-
spring, there is the concern about congenital
anomalies, genetic disease, or risk of cancer in
the offspring. In the report from the National
Wilms Tumor Group, congenital anomalies were
marginally increased in the offspring of females
who had received flank radiotherapy [44].
However, this risk was not observed in a study of
247 offspring of 148 cancer survivors treated at a
single institution [45] or in several larger cohort
studies. In a study that compared a group of 2,198
offspring from adult survivors treated for child-
hood cancer between 1945 and 1975 with a group
of 4,544 offspring from sibling controls, there
were no differences in the proportion of offspring
with cytogenetic syndromes, single-gene defects,
or simple malformations. There was no associa-
tion of type of childhood cancer treatment used
and the occurrence of genetic disease in the off-

spring [46]. In the CCSS, among the 1,915 female
survivors who reported 4,029 pregnancies, there
was no increased risk of offspring with simple
malformations, cytogenetic syndromes, single-
gene defects, or congenital malformations [35].
In a subsequent analysis from the CCSS, among
children of 1,627 female cancer survivors, there
was no increased risk for congenital anomalies
and no increase conferred from ovarian radiation
or alkylating exposure [47].

Similar results were reported in a study of
5,847 offspring of survivors of childhood cancers
treated in five Scandinavian countries. In the
absence of a hereditary cancer syndrome (such as
hereditary retinoblastoma), there was no
increased risk of cancer [48]. In an updated anal-
ysis from Finland among 26,331 children of
pediatric and young adult cancer survivors and
58,155 children of siblings, there was no
increased risk of cancer in the offspring of the
cancer survivors in the absence of a known can-
cer predisposition syndrome [49].

Further follow-ups are needed to determine
whether patterns of cancer or genetic disease in
offspring change with changes in cancer treat-
ments, further elapsed time, and studies of greater
numbers of offspring.

13.3 Detection and Screening

All prepubertal females who are treated with
potentially gonadal toxic radiotherapy or chemo-
therapy should be rigorously assessed for appro-
priate progression through puberty. The average
age for menarche is 12.7 years + 1.0 year [50]. An
evaluation should include a complete history, a
physical examination that includes an assessment
of sexual development and pubertal milestones
(Tables 13.2 and 13.3) and selected laboratory
studies (Table 13.4), as summarized in Table 13.5.
Reduced ovarian volume and low inhibin B and
anti-Mullerian hormone concentrations in survi-
vors with regular menses may be markers of incip-
ient ovarian failure [2, 7]. In conjunction with the
evaluation of gonadal effects, attention must be
paid to growth. Cranial radiotherapy confers sig-
nificant risk for growth hormone deficiency. Once
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Table 13.2 Tanner staging (pubertal milestones) for
breast development [40]

Age
(mean =
Stage SD, years)
I. Preadolescent. Only papilla is elevated
II. Breast and papilla are elevated as small  10.0+1.0
mound. Areolar diameter is enlarged
III. Areola and papilla project to form a 11.9+1.0
secondary mound above the level of the
breast
IV. There is projection only of papilla 129+1.2

because of recession of the areola to the
general contour of the breast

Table 13.3 Tanner staging (pubertal milestones) for
pubic hair growth [40]

Age
(mean +
SD,

Stage years)

I. Preadolescent vellus over pubis is no

further developed than that over anterior

abdominal wall (i.e., no pubic hair)

IL. There is sparse growth of long, slightly ~ 11.2+1.1

pigmented, downy hair, straight or only

slightly curled, appearing chiefly along the

labia

III. Hair is considerably darker, coarser, and 11.9+1.1

more curled. Hair spreads sparsely over

pubic junction

IV. Hair is now adult in type but area 12.6+1.1

covered by it is still considerably smaller
than in most adults. There is no spread to
medial surface of the thighs

patients have reached full sexual maturity, linear
growth will stop. Linear and sexual development
must, therefore, be monitored simultaneously (see
the chapter on “Neuroendocrine Late Effects” for
further details). Patients who received radiother-
apy to the central nervous system or the neck are
also at risk for thyroid dysfunction that can nega-
tively impact gonadal function and linear growth.
Even after successful progression through puberty,
it is important to monitor the frequency and char-
acteristics of menstrual periods, due to risk for
premature menopause. Females with ovarian fail-
ure, either primary or secondary, should undergo
assessments for impaired bone mineral density.
Calcium intake, weight-bearing exercise, a history

Table 13.4 Laboratory assessment for ovarian function

Time and
frequency of

Testing evaluations

LH, FSH,
estradiol

Treatment exposure
Baseline at

11 years of age or
older, and then
yearly
Assessment also
of whether the
following are
present: delayed
puberty, irregular
menses or
amenorrhea,
clinical signs or
symptoms of
estrogen
deficiency

Alkylating agents

Abdominopelvic,
cranial, or total body
radiotherapy

Free T4,
TSH

Neck, cranial, or total
body radiotherapy

Yearly

Assessment also
of presence of
signs or
symptoms of
thyroid
dysfunction

Also see Sect. 13.2

of fractures, and a family history of osteopenia/
osteoporosis should be evaluated. The determi-
nation of bone mineral density, using dual-
energy X-ray absorptiometry (DXA) scan, and
comparison of results with the well-established
adult normative values, is indicated for all adult
females. Screening in children is less defined.
Several different measurement techniques and
standards have been applied, but none has been
well validated in large pediatric populations
(much less in pediatric oncology patients).
However, some monitoring is indicated, and
trends over time may be of greater value than a
single DXA scan. The Children’s Oncology
Group has published guidelines (www.survivor-
shipguidelines.org) [51] that are helping in deter-
mining surveillance for adverse long-term
ovarian or ovarian-associated outcomes, as
reviewed by Metzger and colleagues [52].

Pediatric endocrinologists and reproductive
endocrinologists/gynecologists are  essential
consultants in the monitoring, prevention, and
management of ovarian late effects in childhood
cancer survivors.
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Table 13.5 Pertinent history and physical examination

Physical examination
Height, weight, and height
velocity

History

Doses and types of
chemotherapy agents

received
Doses and fields of Complete examination of all
radiotherapy organ systems, with

particular attention to
pubertal status and thyroid
gland

Gynecologic examination in
postpubertal females as
indicated by treatment
history, sexual activity, and
overall developmental status

Surgical history,
especially for patients
with CNS and GU
tumors

Patient and maternal
history of menarche and
thelarche

Menstrual periods —
timing and tempo
Symptoms of estrogen
deficiency (hot flashes,
dry skin, leg cramps,
reduced libido)
Parental heights
Family history of
infertility, pregnancy,
labor complications,
assisted fertilization

13.4 Management of Established
Problems

13.4.1 Prevention Strategies

Reduction in the dose or use of alkylating agents
and abdominopelvic radiotherapy is the most
effective means of preserving ovarian function
and promoting positive reproductive outcomes.
There are, however, many instances where cyto-
toxic and gonadal toxic chemotherapy and radio-
therapy are still required for long-term cure. As a
result, additional strategies need to be employed
to minimize adverse long-term outcomes. To
shield the ovaries from direct irradiation during
abdominal or pelvic radiotherapy, an oophoro-
pexy may be performed if it is possible to move
the ovaries to a location that can be safely
shielded without jeopardizing the patient for
tumor recurrence. Typically, with abdominal
radiotherapy for Hodgkin lymphoma that targets
lymph nodes, the ovaries are moved to a midline

position in front of or behind the uterus. For pel-
vic radiotherapy, they may be moved laterally to
the iliac wings. This may also be helpful for
young girls or adolescents undergoing cranial
spinal radiotherapy for brain tumors using his-
toric radiation techniques, though current
approaches with intensity modulation allow
ovarian sparing. However, if such techniques are
not possible, then the ovaries should be marked
by the surgeon with clips that can later by identi-
fied by a simulator film. Central pelvic blocking
at the time of “inverted Y field will prevent
direct irradiation, although scatter dose and
transmitted dose will be inevitable. Medial or
lateral transposition of the ovaries results in
ovarian doses of 8-10 % and 4-5 %, respec-
tively, of the pelvic dose [53]. For most patients,
this will be compatible with the preservation of
fertility, although there may be temporary
amenorrhea.

Because dividing cells are more sensitive to
the cytotoxic effects of alkylating agents than
are cells at rest, it has been hypothesized that
inhibition of the pituitary—gonadal axis by
gonadotropin-releasing hormone (GnRH) ago-
nists may protect the ovarian germinal epithe-
lium from the cytotoxic effects of chemotherapy.
In a mixed teenage and young adult group of
women treated for lymphoma, leukemia, or
autoimmune disease, Blumenfeld and colleagues
[54, 55] reported a significant benefit in the con-
comitant use of GnRH agonist treatment with
cytotoxic chemotherapy. Pereya and colleagues
evaluated the role of GnRH analogs with respect
to the prevention of early-onset ovarian insuffi-
ciency following chemotherapy in adolescent
females. Their study compared prepubertal
females treated with GnRH analogs prior to che-
motherapy with a control group of prepubertal
patients who were not given GnRH analogs.
Pereya and colleagues found that GnRH analog
treatment before and during chemotherapy
might enhance ovarian function and preserve
adolescent fertility [56]. However, as reviewed
in the literature, and in two randomized prospec-
tive studies, it is not clear that there is a benefit,
and thus, this is currently not considered a stan-
dard of care [57-60].
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Progress in reproductive endocrinology has
resulted in the availability of several potential
options for preserving or permitting fertility in
females about to receive potentially toxic chemo-
therapy or radiotherapy. In pre- and postpubertal
females, cryopreservation of ovarian cortical tis-
sue and enzymatically extracted follicles, with
the in vitro maturation of prenatal follicles, is of
potential clinical use. There is now feasibility of
doing this at time of diagnosis in young females
diagnosed with cancer, and thus, this is an area of
ongoing important research [61-68]. Another
option available to the postpubertal female is the
stimulation of ovaries with exogenous gonado-
tropins and the retrieval of mature oocytes for
cryopreservation and later in vitro fertilization.
These interventions, however, may not be readily
available to the pediatric and adolescent patient,
and the necessary delay in cancer therapy for
ovarian stimulation may then be impractical.
Oocyte cryopreservation may be useful in the
survivorship population where there is concern
over decreasing ovarian reserve. All such
approaches harbor the risk that malignant cells
will be present in the specimen and reintroduced
in the patient at a later date. Those with hemato-
logic or gonadal tumors would be at greatest risk
for this eventuality. However, success rates are
increasing with newer technologies and further
research is ongoing [68]. Standards for best prac-
tice in the cryopreservation of gonadal tissue
remain to be defined. Should offspring result as a
consequence of these assisted fertility techniques,
it would be imperative to evaluate the risk of
chromosomal and other congenital disorders,
which have been reported following assisted
reproductive techniques [69, 70].

A critical component to prevention is health
counseling for females at risk. For females
treated during the prepubertal period, parents
should be counseled regarding the risk of pri-
mary ovarian failure. Normal gonadal develop-
ment should be reviewed with recommendations
for monitoring of growth and development.
Reproductive counseling should be made cau-
tiously and preferably, in conjunction with a spe-
cialist in reproductive endocrinology. The effects
on the female gonadal system from radiotherapy

and chemotherapy may demonstrate significant
interindividual variation, even with identical
exposures at identical ages. Postpubertal females
who have normal menstrual function should be
counseled about appropriate contraception
should they currently not wish to conceive a
child, and they should also be made aware of
their potential risk for premature menopause.
Not inconsequential for young adults is the
impact of ovarian failure or impending failure in
sexual drive or libido, an effect that may be treat-
able if addressed. Risks for osteopenia and osteo-
porosis also must be addressed. Appropriate
calcium intake, avoidance of substances that
interfere with bone deposition and appropriate
weight-bearing exercise should be encouraged to
maintain skeletal health.

13.4.2 Management of Delayed
Puberty

Female patients exposed to gonadal toxic thera-
pies during the prepubertal period and who are
not progressing appropriately through puberty
should be promptly referred to a pediatric endo-
crinologist for further evaluation and treatment.
The use of hormonal replacement therapy for
induction and progression of puberty must be
closely monitored together with skeletal growth,
as the two processes are closely linked. Generally,
the recommendation will be to initiate a regimen
of hormone replacement such as estrogen, which
is now available in a variety of doses and modes
of administration. Gonadotropins, gonadotropin
agonists or antagonists, progesterone, and growth
hormone may also be part of the treatment
regimen.

13.4.3 Management of Infertility

Postpubertal patients at risk for infertility should
be referred to a reproductive endocrinologist to
discuss assisted fertility techniques that may be
appropriate. These specialists can also monitor
fertility status and assist survivors with reproduc-
tive decisions.
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13.4.4 Management of Preghancy
and Delivery

While many childhood cancer survivors may have
no prenatal or perinatal complications, others may
be at risk and should be managed appropriately by
obstetricians and perinatologists. Patients treated
with abdominopelvic radiotherapy are at risk for
spontaneous abortion, premature labor and delivery,
and, compared with controls, small for gestational
stage neonates. Those treated with anthracyclines at
doses >300 mg/m? or at lower doses, when com-
bined with thoracic radiotherapy, or those women
treated with high doses of thoracic radiotherapy
(>35 Gy) without anthracyclines, may be at risk for
cardiac complications, which may manifest during
pregnancy (especially during the third trimester and
during delivery). Similarly, women previously
treated with bleomycin, carmustine, or busulfan,
with higher doses of thoracic radiotherapy, may be
at risk for pulmonary fibrosis or decreased diffusing
capacity, and this may result in complications dur-
ing pregnancy and delivery (see the chapters on
“Heart and Lung Late Effects” for further details).

13.4.5 Management of Premature
Menopause

Female survivors who develop premature meno-
pause should be referred to a gynecologist for
management and consideration for hormone
replacement therapy. The decision to proceed
with hormone replacement therapy, and the form
that it should take, involves a careful evaluation of
many competing healthcare factors, a subject that
is beyond the scope of this chapter. However, it is
imperative that patients be managed by a team of
physicians who are well versed in this area and
can assist in carefully weighing the risks and ben-
efits of various hormonal replacement strategies.

Summary

Both chemotherapy and radiotherapy can affect
ovarian function in female survivors of childhood
cancer. The effects are varied and dependent on

the chemotherapeutic agents and doses, radio-
therapy doses, techniques, volumes and fields,
and the age and pubertal status of the female.
There is also considerable individual variation,
the reasons for which remain largely unknown.
Problems may include primary ovarian failure,
reduced libido, pregnancy complications, and
premature menopause. Preventive strategies
remain limited. Avoidance or reduction in the
dose of gonadal toxic therapies should be
attempted where possible. Where this is not pos-
sible, advances in reproductive medicine may
ultimately allow for ovarian cryopreservation and
similar techniques. Survivors should receive
health counseling about risks, annual physical
examinations with attention paid to endocrine
and reproductive function, close monitoring of
gonadal function, and referral to pediatric endo-
crinologists,  reproductive  endocrinologists,
gynecologists, and perinatologists as indicated.
In survivors who do become pregnant, the major-
ity will have favorable pregnancy outcomes with
healthy offspring, and it does not appear that the
offspring will have an increased risk of cancer (in
the absence of a known heritable syndrome or
congenital anomalies).

Much of what we have learned about gonadal
function in female childhood cancer survivors is
based on patients treated in the 1960s through the
middle 1980s. During the past 20 years, there has
been increased awareness of the adverse gonadal
effects, and where possible, therapies have been
altered to limit these effects. This period has also
resulted in the increased use of more dose-
intensive chemotherapy regimens and greater use
of myeloablative hematopoietic stem cell trans-
plants. Survivorship has increased and, as a
result, there are now large cohorts of adult young
women treated with more contemporary therapy
who will require close follow-up of their gonadal
status. It is only with continued follow-up that we
will be able to fully appreciate the impact of rela-
tively recent changes in therapy. Challenges still
face young females being treated for cancer today
with respect to gonadal function. Therefore, it is
incumbent upon pediatric oncologists and repro-
ductive specialists to develop better preventive
strategies. In addition, there is more to be learned
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about the interindividual differences in gonadal
effects that are seen, despite very similar treat-
ment exposures. The role of genetic predisposi-
tion and inherent chemotherapy (or radiotherapy)
sensitivity has yet to be studied with respect to
most adverse long-term outcomes (including

ovarian

function) for childhood cancer

survivors.
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