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Abstract

Purpose—Radiation has many potential long-term effects on cancer survivors. Female cancer
patients may suffer from decreased fertility depending on the site irradiated. Oncologists should be
aware of these consequences and discuss options for fertility preservation prior to initiating therapy.

Design—A comprehensive review of the existing literature was conducted. Studies reporting the
outcomes for female patients treated with cranio-spinal, abdominal, or pelvic radiation reporting
fertility, pregnancy, or neonatal-related outcomes were reviewed.

Results—Cranio-spinal irradiation elicited significant hormonal changes in women that affected
their ability to become pregnant later in life. Women treated with abdomino-pelvic radiation have
an increased rate of uterine dysfunction leading to miscarriage, preterm labor, low birthweight, and
placental abnormalities. Early menopause results from low-dose ovarian radiation. Ovarian
transposition may decrease the rates of ovarian dysfunction.

Conclusions—There is a dose-dependent relationship between ovarian radiation therapy (RT) and
premature menopause. Patients treated with RT must be aware of the impact of treatment on fertility
and explore appropriate options.
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Introduction

Radiation therapy can disrupt the functioning of the hypothalamic-pituitary axis [1], directly
cause ovarian failure [2-4], or cause damage that makes the uterus unable to accommaodate the
growth of a fetus to full term [5,6]. These possible effects of radiation or other cancer treatments
on fertility and pregnancy outcomes are of minimal concern to most patients, who are beyond
their reproductive years. However, these issues have become increasingly important to the

growing number of pediatric and young-adult cancer survivors. For example, an estimated 70%
of pediatric patients and 90% of patients diagnosed with Wilms tumor will survive for 5 years
[7]. A recent study by Schover et al. reported 76% of younger cancer survivors without children
not only expressed a desire to have children, but were also concerned about reduction of fertility
and possible treatment-related pregnancy complications and neonatal outcomes [8]. In this era
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of improved normal tissue-sparing with newer radiation techniques including intensity-
modulated radiation therapy (IMRT) and proton radiotherapy, as well as improved fertility
preservation methods in the field of reproductive medicine, it is critical that we evaluate the
potential long-term effects of radiation therapy on fertility and neonatal outcomes, and
understand the possible in counseling patients regarding fertility preservation and neonatal
care. This paper aims to review the literature regarding the impact of radiotherapy on fertility,
pregnancy, and neonatal outcomes among female patients. Additionally, this paper will review
published reports on the efficacy of ovarian transposition as one means of preserving fertility.
Although obviously important, the teratogenic effects of radiation on the fetus when given
during pregnancy are outside the scope of this review.

How Does Radiation Therapy Affect Fertility and Pregnancy Outcomes?

Hormonal Dysfunction

Disruption of the hypothalamic-pituitary-ovarian axis is a well-established potential
complication of cranial irradiation that can lead to amenorrhea and infertility. Radiation-
induced damage is possible within the hypothalamus, pituitary gland, or both, and can lead to
dysregulation of the hormonal milieu responsible for fine regulation of menstruation and
fertility. This hormonal environment is predominantly balanced by the secretion of
gonadotropin-releasing hormone (GnRH), follicle-stimulating hormone (FSH), luteinizing
hormone (LH), estradiol, progesterone, and prolactin.

Post-Pubertal Studies—The effect of cranial irradiation on the development of
endocrinopathies has been investigated in numerous retrospective series. In 1993, Constine
and colleagues sought to investigate endocrine abnormalities among patients treated with
cranial irradiation for primary brain tumors not involving the hypothalamic-pituitary axis. Of
the 32 patients enrolled, 16 patients were female and 16 were male, with a mean age of 19
years at time of radiation. Doses delivered to the hypothalamus and pituitary ranged from 39.6
to 70.2 Gy, with a mean of 53.6 Gy. With a mean follow-up of 7 years, 70% of post-pubertal
pre-menopausal females developed oligomenorrhea, and 50% showed low serum estradiol
concentrations. In addition, 50% of post-pubertal pre-menopausal females developed mild
hyperprolactinemia. Low to normal basal and GnRH-stimulated levels of FSH and LH suggest
a primary hypothalamic, rather than pituitary, dysfunction [9].

Pai et al. subsequently addressed the latency period of radiation-induced endocrinopathies in
patients with primary brain tumors treated with cranial irradiation. With a median age of 41.2
years and a median prescribed target dose of 68.4 cobalt gray equivalents, the 5-year and 10-
year actuarial rates of hypogonadism were 29% and 36%, respectively, after correcting for
hyperprolactinemia. After a median follow-up of 5.5 years, the 5-year and 10-year actuarial
rates of hyperprolactinemia were 72% and 87%, respectively. The median time to develop
hypogonadism and hyperprolactinemia was 4 years and 2.5 years, respectively [10]. There was
no significant difference in the 5-year actuarial rates of hyperprolactinemia or hypogonadism
by gender or by age (< 40 years vs. > 40 years). This study demonstrates that radiation-induced
damage to the hypothalamus and pituitary gland occurs frequently after high-dose cranial
radiotherapy, and can result in clinically evident endocrinopathies. These results also suggest
that radiotherapy patients, including pre-menopausal females potentially interested in fertility,
should be followed for several years, as there can be a latency period before development of
these endocrinopathies [10].

Pre-pubertal Studies—Until recently, the effect of low-dose prophylactic cranial
irradiation (PCI) for children with leukemia has not been well-documented [9,10]. Bath et al.
assessed hypothalamic-pituitary-ovarian function in 12 female long-term survivors of acute
lymphoblastic leukemia (ALL) following PCI, treated to doses of 18-24 Gy, compared to
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healthy controls. Their median age at diagnosis and assessment was 4.7 and 20.8 years,
respectively. Although all 12 patients treated with PCI achieved adult sexual development and
menarche, they also demonstrated decreased LH secretion, attenuated LH surge, and shorter
luteal phases compared with controls [1]. Additionally, patients with short luteal phases had
significantly longer follow-up compared with patients with normal luteal phase lengths,
suggesting a progressive effect. Greater LH surges have been correlated with higher rates of
conception [11]; in contrast, shorter luteal phases have been associated with incipient ovarian
failure and early pregnancy loss [12]. These findings suggest that pre-pubertal females who
receive low-dose PCI may be at increased risk of incipient ovarian failure and early pregnancy
loss. None of the patients in this study reported a history of pregnancy; however, the number
of patients who had attempted pregnancy was not specified. Therefore, this study lacked
sufficient pregnancy outcome data to confirm the finding of increased risk of ovarian failure/
pregnancy loss. Though some studies have reported successful pregnancies after treatment for
childhood ALL [13], a recent Scandinavian population-based cohort study for childhood ALL
found that women who received PCI at doses of 18—-24 Gy had a significantly lower first birth
rate than those who received no radiation [14].

Lastly, some studies have suggested that cranial irradiation may induce precocious puberty
[15-17], which has been attributed to cortical disinhibition of the hypothalamus [18]. Ogilvy-
Stuart et al. demonstrated a correlation between cranial irradiation and early precocious puberty
by evaluating 46 children treated with cranial irradiation to a median dose of 30 Gy for primary
brain tumors. The study enrolled 30 boys and 16 girls with potential for early puberty <2
standard deviations below mean onset of puberty for respective genders. In both sexes, puberty
began earlier among patients in the study compared to historical published controls (girls: 8.5
vs. 11.2 years; boys: 9.2 vs. 11.6 years) [15]. A significant linear association was demonstrated
between younger age at irradiation and earlier onset of puberty [15]. These results suggest that
cranial irradiation can result in precocious puberty in both sexes.

It is important to note that a major limitation in interpreting these studies is their out-dated
pediatric techniques with respect to radiation treatment, planning target volume definition, and
prescribed radiation doses. Pediatric radiation oncology practices have changed drastically in
the last decade, including the increased availability of proton radiotherapy and treatment with
decreasing radiation doses, especially in PCI. Thus, although many of these recently published
studies of long-term data may reflect outcomes relevant for adult pediatric patients treated with
similar doses and techniques, they may not accurately reflect the risk among pediatric patients
treated more recently.

Ovarian Dysfunction

Ovarian Dysfunction due to Radiation Therapy—The nonrenewable pool of ovarian
primordial follicles declines through atresia from 2 million at birth to 500,000 at menarche.
By age 37-38, the total number of viable primordial follicles drops to 25,000, with associated
accelerated loss and increased difficulty of spontaneous conceptions [19]. Ovarian follicular
depletion is most commonly evaluated indirectly through the age at onset of menarche and
serum hormonal concentrations, with FSH levels > 50 mIU/mL suggestive of menopause
[20,21].

lonizing radiation can cause direct DNA damage to ovarian follicles, leading to follicular
atrophy and decreased ovarian follicular reserve. This can hasten the natural decline of follicle
numbers, leading to impaired ovarian hormone production, uterine dysfunction due to
inadequate estrogen exposure, and early menopause. Although the radiosensitivity of the
oocyte is thought to vary during the growth phase, primordial follicles are thought to be more
radioresistant than maturing follicles [22]. Several factors have been identified as significant
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determinants of ovarian failure, including radiation dose, age at the time of radiation exposure,
and extent of radiation treatment field [6,23,24].

The human oocyte is generally extremely sensitive to radiation therapy. A recent mathematical
model employed by Wallace et al. suggested that the dose required to destroy 50% of the
immature oocytes (LDsp) is less than 2 Gy [4]. These researchers employed the Faddy-Gosden
model, incorporating decay as an instantaneous rate of temporal change based on the remaining
population pool to estimate the radiosensitivity of the human oocyte. The authors solved the
equation with data sets obtained from two cohorts of women with ovarian failure secondary to
radiation therapy. Ovarian failure was defined as failure to undergo or complete pubertal
development, or the onset of a premature menopause before age 40 [4]. A follow-up model by
Wallace et al. sought to predict the age at which ovarian failure is likely after ovarian irradiation
by accounting for age at treatment and radiation dose. The effective sterilizing dose (ESD), or
dose of fractionated radiotherapy at which ovarian failure occurs immediately after treatment
in 97.5% of patients, was found to decrease with increasing age at treatment. The estimated
ESD at birth was 20.3 Gy; at 10 years, 18.4 Gy; at 20 years, 16.5 Gy; and at 30 years, 14.3 Gy.
This model can be used to estimate the age at which premature ovarian failure occurs for
individual patients from birth to 50 years at any given dose of radiotherapy. The wide individual
variability in ovarian follicular reserve at time of treatment can explain differences in onset of
premature ovarian failure between patients treated at similar ages. Clinical application of this
model would allow physicians to counsel women on their reproductive potential following
radiation therapy [25]. Figure 1 extrapolates data generated from this model and graphically
depicts the risk of developing acute ovarian failure (AOF, defined as failure within 5 years of
diagnosis), stratified by age and radiation dose to the ovary. This mathematical model has not
yet been validated by any additional clinical studies.

Several studies have sought to investigate the degree of ovarian damage among long-term
cancer survivors [26,27]. Larsen et al. sought to assess ovarian function amongst a cohort of
100 female cancer survivors treated with chemotherapy and/or radiotherapy identified from
the Childhood Cancer Registry. The median age of survivors was 5.4 years at time of diagnosis
and 25.7 years at time of study entry. At study onset, 17 female survivors required hormone
replacement therapy secondary to treatment-related ovarian failure and were found to have
follicle-depleted or undetectable ovaries, elevated FSH and LH, and inhibin B below
measurable levels. Seventy patients with spontaneous menstrual cycles had smaller ovarian
volumes per ovary than controls (4.8 cm3 vs. 6.8 cm?3, p<.001) and fewer antral follicles per
ovary (7.5 vs. 11, p<.001). In addition, follicle number was inversely associated with ovarian
irradiation, alkylating chemotherapy, older age at diagnosis, and longer follow-up. These
results demonstrate that survivors with spontaneous menstrual cycles may have diminished
menstrual reserves [26].

Subsequently, Chemaitilly et al. conducted a multicenter study of 3,390 female participants
from the Childhood Cancer Survivor Study (CCSS) to determine the incidence of AOF and to
identify potential risk factors. A total of 215 patients (6.3%) developed AOF. Older age at
diagnosis (OR 1.8, p<0.0001) and treatment with abdominal or pelvic irradiation (OR 25.4,
p<0.0001) were associated with AOF. Among survivors with AOF, 116 patients (54%)
received at least 10 Gy to the ovaries. These results suggest that AOF can develop in a small
subset of cancer survivors, especially those subjected to high doses of ovarian irradiation
[27].

Along with the predictive model of ovarian failure created by Wallace et al. [25], these

published data should assist physicians in counseling patients and their families at the time of
diagnosis and before cancer therapy is initiated. Understanding which patients are at the highest
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risk of AOF will allow physicians to tailor radiation techniques to minimize ovarian dose, when
possible, and to guide patients in discussions of fertility and fertility preservation options.

Precise dosimetric calculation of ovarian dose is difficult and depends on accurate algorithims
of scattered radiation dose [28] and exact radiographic identification of the ovaries [25]. Use
of higher-energy photons may reduce side scatter when ovaries are outside the primary field
and external shielding can be considered to reduce external scatter from the linear accelerator.
Again, it is important to note that with novel radiation techniques, including IMRT and proton
radiotherapy, the ovaries may be spared from significant radiation, thus mitigating the potential
adverse effects on fertility. However, there are still few published clinical or dosimetric data
that directly address this issue. With the growing interest in IMRT and the increasing
availability of proton radiotherapy, future studies will hopefully address the potential clinical
benefit of these radiation techniques in fertility preservation.

Ovarian Failure Due to Chemotherapeutic Agents—Radiotherapy is frequently used
in combination with chemotherapy. Although a thorough discussion of all chemotherapeutic
effects on fertility and pregnancy is beyond the scope of this review, we will address some
aspects of this topic due to its important effects on fertility. (For a more thorough review of
this subject, please refer to Lee et al. [29]). The effect of chemotherapeutic drugs on ovarian
function varies widely, depending on numerous factors including patient age, type and dose of
chemotherapeutic agent, number of chemotherapy cycles, and differences in the definition of
iatrogenic amenorrhea [30]. In general, however, studies of ovarian development in women
treated with chemotherapy have demonstrated a minimal loss of primordial follicles, with the
primary decrease in large maturing follicles [31,32], suggesting an effect of chemotherapy on
follicular development. Gonadotoxic chemotherapeutic agents, most notably alkylating agents
(e.g., cyclophosphamide), may contribute to premature menopause [33,34]. Although
chemotherapeutic regimens could ideally be modified to minimize their effect on ovarian
failure, the primary focus remains maximizing the probability of cure. Table 1 provides a brief
summary of common chemotherapeutic agents and their associated risks of ovarian failure.

Uterine Dysfunction

Pelvic irradiation appears to put women at elevated risk for pregnancy-related complications,
including spontaneous miscarriages, preterm labor and delivery, low birth weight, and
placental abnormalities [7,35,36]. Table 2 reviews common adverse obstetrical and neonatal
outcomes associated with radiation therapy. These findings have been attributed to reduced
uterine volume, impaired uterine distensibility due to myometrial fibrosis, uterine vasculature
damage, and endometrial injury [37-41]. The degree of uterine damage depends on the total
radiation dose, site of irradiation, and patient age at time of treatment [5,6,37]. Studies suggest
that the pre-pubertal uterus is more vulnerable than the adult uterus to the effects of pelvic
irradiation, with doses of 14-30 Gy likely to cause uterine dysfunction [5,6].

Larsen et al. evaluated the effect of radiotherapy on uterine volume in 100 childhood cancer
survivors using transvaginal sonography. Based on uterine exposure to radiation, patients were
divided into four groups. Median uterine volumes for control patients without irradiation
(n=44) was 47 mL, compared with 40 mL for patients treated with radiation above the
diaphragm (n=21), 34 mL for patients treated with radiation below the diaphragm (n=19), and
13 mL for patients treated with uterine irradiation (n=16). Among nulliparous patients, those
who received uterine irradiation had significantly lower uterine volume than any other group
(p<0.02). For the 13 nulliparous patients treated with direct uterine irradiation, smaller uterine
volume was significantly associated with younger treatment age (p=0.02). In addition, there
was a significant increase in mid-trimester abortions in patients who had higher uterine
radiation exposure compared to those that did not (p=0.007). This study demonstrates that
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uterine irradiation in childhood may reduce adult uterine volume, which may lead to adverse
pregnancy outcomes [37].

In addition to restricting uterine volume, radiation may also cause uterine vessel damage. Holm
et al. evaluated the effect of total body irradiation (TBI) on uterine volume and uterine blood
flow by ultrasound and Doppler. Twelve female patients diagnosed with childhood leukemia
with a median age of 12.7 years were assessed 4.0 to 10.9 years after TBI. With a median
follow-up of 21.5 years, the median uterine volume was 2.6 standard deviations below that of
controls (range, —6.3 to —0.6, p=0.002). In addition, uterine blood flow was impaired, with
systolic blood flow detectable in 6 of 9 patients and diastolic blood flow detectable in only 1
of 9 patients [38]. In contrast, healthy subjects demonstrate measurable diastolic blood flow
in 35% of prepubertal and 100% of adult females [39]. Poor vascularization may result in
diminished uterine response to cytotrophoblast invasion and decreased fetoplacental blood
flow, which may impair fetal growth.

Additionally, uterine irradiation may injure the endometrium and prevent normal
decidualization. This may increase the incidence of placental attachment disorders, including
placental accreta or placental percreta. It has also been hypothesized that radiation therapy may
lead to diffuse thinning of the myometrium, increasing the risk of uterine rupture. Case reports
have described placenta percreta and uterine rupture in the setting of prior TBI [36] and pelvic
radiation [40].

Adverse Pregnancy and Neonatal Outcomes After Radiotherapy

Several small series published in the 1980s demonstrated an increased risk of adverse
pregnancy outcomes among women who had received abdominopelvic irradiation [41-44].
More recently, in 2000, Chiarelli and colleagues compared the risk of adverse pregnancy and
neonatal outcomes in 340 female cancer survivors after abdominopelvic irradiation to the risk
among patients treated with non-sterilizing agents and surgery. Compared with patients treated
with surgery alone, survivors receiving abdominopelvic radiation with or without surgery were
more likely to have low-birth-weight infants (OR: 3.64, 95% CI: 1.33-9.96), premature low-
birthweight infants (OR: 3.29; 95% CI: 0.97-11.1), and perinatal infant mortality (OR 2.41,
95% CI: 0.50-11.5). Additionally, the likelihood of perinatal infant mortality and low
birthweight were significantly related to radiation dose [35]. These findings were attributed to
radiation-induced uterine damage.

Green et al. subsequently evaluated the risk of fetal loss among 1,915 female cancer survivors
enrolled in the CCSS diagnosed between 1970 and 1986 [45]. All participants were sent
questionnaires regarding pregnancy attempts, pregnancy, and pregnancy outcomes. Of 4,029
pregnancies reported, 2,349 occurred among patients previously treated with radiation therapy
(58%). The relative risk (RR) of miscarriage was 1.40 in patients who received cranial
irradiation, compared with those who received no radiation therapy (95% CI: 1.02-1.94). The
RR of miscarriage was 2.22 (95% CI: 1.7-7.78) among those who received craniospinal
irradiation compared with those who received no radiation, suggesting that spinal irradiation
harms pregnancy outcome. Additionally, there was a trend toward increased risk of
miscarriages among women whose ovaries were within or near the radiation field (RR 1.86,
p=.14) or within 5 cm of the field edge (RR 1.64, p=0.06) compared with patients who did not
receive radiation therapy. In contrast, risk of miscarriage was not elevated if the ovaries were
shielded (RR 0.90, p=0.86). There was also a higher risk of low birthweight in infants born to
patients treated with pelvic irradiation (RR 1.85, p=0.03) [45].

Signorello et al. carried out a similar study, focusing on the potential risk of preterm birth and
restricted fetal growth among offspring of female cancer survivors enrolled in the CCSS from
1968 to 2002 [46]. With a total of 2,201 offspring of 1,264 female survivors, the authors found
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that offspring of patients treated with high-dose radiotherapy (> 5 Gy) to the uterus were at
increased risk of preterm delivery (OR=3.5, 95% CI: 1.5-8.0), low birth weight (OR=6.8, 95%
Cl: 2.1-22.2), and small gestational age (OR=4.0, 95% CI: 1.6-9.8) compared to offspring of
patients who did not receive radiotherapy. In addition, increased risk was apparent at lower
uterine doses, starting at 50 cGy for preterm birth and at 250 cGy for low birthweight [46].
These studies all demonstrate an increased risk of adverse pregnancy and neonatal outcomes
associated with prior history of abdominal irradiation.

The effect of low-dose flank irradiation on pregnancy and neonatal outcomes has also been
evaluated in survivors of Wilms tumor [7,41,42]. Recently, Green et al. evaluated patients
enrolled in four consecutive National Wilms Tumor Study Group (NWTSG) trials. Of 427
pregnancies reported, including 409 liveborn singletons, fetal malposition and early or
threatened labor were significantly more frequent among irradiated women. Among those
treated with doses > 25 Gy compared with no radiation, female subjects had a higher risk of
early or threatened labor (OR 2.36, 95% CI: 0.93 — 6.02) and malposition (OR 6.26, 95% CI:
1.5-36.57). Green et al. also reported a significantly increased incidence of low birthweight
and prematurity in the offspring of irradiated females. Incidence of fetal malposition, early or
threatened labor, low birthweight, and prematurity were correlated with higher radiation doses
[7]. In contrast, none of these complications was significantly more frequent in partners of men
who received flank irradiation compared with those who were not [41,42], which is consistent
with prior reports.

Table 3 provides a summary of the largest published series evaluating the risk of adverse
pregnancy and neonatal outcomes in female cancer survivors. These studies illustrate the
importance of close obstetric monitoring of pregnant women who have received radiation to
the pelvis or abdomen. These patients may be at higher risk for preterm or threatened labor,
fetal malposition, impaired fetal growth, or placental attachment disorders and may benefit
from obstetrical evaluation by maternal fetal medicine specialists.

Can Ovarian Transposition Help Preserve Fertility?

Ovarian transposition, also known as oophoropexy, is a surgical procedure that moves the
ovaries out of the radiation field. Since its initial proposal in the 1950’s as a means to preserve
ovarian function among cervical cancer patients treated with definitive radiation therapy,
[47], ovarian transposition has been considered for numerous other cancers, including
Hodgkin’s lymphoma, pediatric sarcomas, and rectal cancer [48-51]. Traditionally, this
procedure has been performed via laparotomy at time of staging for Hodgkin’s disease [52] or
radical hysterectomy for cervical cancer [53]. More recently, it has been performed via
laparoscopy [48-51]. Briefly, the ovary and fallopian tube are dissected from the uterus,
mobilized out of the pelvis, and ligated to the peritoneum as highly and laterally as possible.
The transposed ovaries may be sutured within the lateral paracolic gutter up the 12th rib,
anterior to the psoas muscle above the pelvic brim, or within the far lateral pelvis [54]. The
proper location at which to fix the transposed ovaries depends upon the planned radiation fields.
For cervical cancer, the ovaries should be transposed high above the pelvic brim, since
traditional pelvic field extends to the L4/L5 vertebral space. In contrast, for patients receiving
pelvic lymph node irradiation or an inverted Y field for Hodgkin’s disease, the ovaries can be
transposed medially.

Covens et al. performed dose calculations to estimate the radiation exposure to each transposed
ovary in cervical cancer patients based on intracavitary radiation alone and on external-beam
pelvic radiotherapy (45 Gy) with and without para-aortic nodal irradiation (45 Gy). They
estimated the mean radiation dose to each ovary following lateral transposition (14.4 cm on
the right, 14.3 cm on the left) for a course of intracavitary radiation as 1.26 Gy. The estimated
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doses for pelvic radiation without and with para-aortic lymph node irradiation were 1.35-1.90
Gy and 2.3-3.1 Gy, respectively [55].

Published reports evaluating the efficacy of ovarian transposition with respect to ovarian
function preservation and fertility vary widely. [56]. Morice et al. sought to assess the
effectiveness and complications of bilateral ovarian transposition before pelvic irradiation in
cervical cancer patients. Of 104 patients, 59 were treated with vaginal brachytherapy (VB)
alone to 60 Gy, and 25 other patients received pelvic radiation to 45 Gy with concurrent
cisplatin, followed by VB boost of 15 Gy. Ovarian function was assessed by routine
postoperative ultrasound and serial serum hormone levels after transposition. With a median
follow-up of 31 months, ovarian function preservation rates were 100% for patients treated
exclusively by surgery, 90% for those treated with VB, and 60% for patients with pelvic
irradiation and VVB. Complications of ovarian transposition include benign ovarian cysts (23%),
chronic pelvic pain (3%), and ovarian metastases (1%) [53]. Other reported complications
include vascular injury, fallopian tube infarction, and ovarian migration [49,55,57].

In addition, Morice and colleagues reported a separate study of 24 patients with pelvic
malignancies treated with laparoscopic ovarian transposition. Bilateral laparoscopic ovarian
transposition to the paracolic gutter was successfully performed in 22 patients (94%), and 19
patients (77%) received VB and/or pelvic external beam radiation. With a median follow-up
of 31 months, ovarian preservation was achieved in 79% of subjects, and three pregnancies
were achieved by 2 patients treated with VB alone and 1 patient treated with external beam to
25-35 Gy [58].

Kuohung et al. recently evaluated the efficacy of laparoscopic unilateral oophoropexy prior to
craniospinal irradiation (CSI) for primary brain tumors among the pediatric population. They
retrospectively compared the ovarian function of 15 patients treated with CSI who underwent
unilateral oophoropexy to 11 patients treated with CSI alone. Mean age at diagnosis, length of
follow-up, chemotherapy, and radiation treatment characteristics were similar between the two
groups. However, there was a trend towards reduced ovarian dysfunction, defined as elevated
FSH or persistent amenorrhea, in patients treated with oophoropexy compared to controls (13%
vs. 45%, p=0.09). Fertility data were not available due to limited follow-up [59]. Table 4
provides an overview of the literature evaluating the efficacy of ovarian transposition in
preserving ovarian function. Similar studies have reported ovarian function preservation and
successful pregnancies following oophoropexy among patients with pelvic Hodgkin’s disease
[49,50,60]. However, even with oophoropexy and placement of a lead central block to shield
the uterus and ovaries, the ovaries can still receive 8-15% of the prescribed dose due to scatter
and transmission through the shield [60]. With emerging normal tissue-sparing techniques of
IMRT and proton radiotherapy, radiation dose to the ovaries may be significantly reduced.

For women treated with pelvic irradiation, transposition of ovarian tissue outside the radiation
field increases the chance of preserving ovarian function. The optimal approach to fertility
preservation depends on the patient’s age, anticipated cancer treatment, time line prior to
initiation of treatment, and whether the patients wants to get pregnant. Though outside the
scope of this review, other methods of fertility preservation include embryo cryopreservation,
oocyte preservation, ovarian tissue cryopreservation, and autotransplantation of the ovary to
the upper extremity with creation of vascular anastomosis. A recent review by Lobo [61] nicely
addresses these fertility preservation options and should be referred to for further discussion.
A brief summary of these fertility preservation options is provided in Table 5.
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Conclusion

Treatment-related effects on fertility, pregnancy, and neonatal outcomes are of great concern
to the majority of young cancer survivors. Adverse effects on pregnancy can be caused by
disruption of normal functioning of the hypothalamic-pituitary axis, uterine damage, or
premature ovarian failure. Patients who undergo cranial irradiation are at risk for developing
clinically detectable abnormalities of the gonadal axis. Women who have received pelvic
irradiation appear to be at elevated risk for pregnancy-related complications, including
spontaneous miscarriages, preterm labor and delivery, low birthweight, and placental
abnormalities. These findings have been attributed to reduced uterine volume, impaired uterine
distensibility, damaged uterine vasculature, and endometrial injury. Female cancer patients
previously treated with pelvic or abdominal irradiation should receive close obstetric
monitoring during pregnancy.

Whenever possible, direct irradiation to the ovaries should be avoided. Ovarian transposition
should be considered in women of reproductive age before pelvic irradiation, though it should
be performed soon before treatment initiation, as ovarian migration has been reported.
However, even if the ovaries are outside of the radiation field, scatter dose can cause significant
ovarian damage. Newer radiation techniques, including IMRT and proton radiotherapy, may
mitigate these radiation-related treatment effects, but require further investigation. With
emerging data regarding the timing to ovarian failure, patients can be educated and counseled
regarding potential fertility and obstetrical issues. Due to the necessary complexity of their
care, these patients will benefit from having a multidisciplinary team of caregivers including
aradiation oncologist, pediatric oncologist, medical oncologist, a reproductive endocrinologist
or gynecologist, and a maternal fetal medicine specialist. Only through a multidisciplinary
approach will patients receive optimal care of their cancer and the best options for fertility
preservation. Finally, and beyond the scope of this review, both established and emerging
experimental techniques for fertility preservation may be options for these patients.
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Age Stratified Risk of Acute Ovarian Function
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Figure 1.
Risk of developing acute ovarian failure, defined as ovarian failure within 5 years stratified by
age and radiation dose to the ovary (data extrapolated from reference 27).
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Table 1

Chemotherapeutic agents stratified by associated risk of ovarian failure

Chemotherapic Agents and Associated Risk of Ovarian Failure

High Risk (Alkylating Agents)  Cyclophosphamide, Melphalan, Busulfan, Nitrogen Mustard, Chlorambucil, Procarbazine

Intermediate Risk Cisplatin, Adriamycin

Low Risk Methotrexate, 5-Fluorouracil, Vincristine, Bleomycin, Actinomycin D
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Table 2

A glossary of terms defining adverse pregnancy and neonatal outcomes

Definitions of Adverse Pregnancy and Neonatal Outcomes

Threatened Labor Labor after 37 weeks of gestation without delivery
Preterm Delivery Delivery before gestational week 37

Low Birth Weight Birth Weight less than 2.500 grams

Small Gestational Age Estimated fetal weight below the 10t percentile

Miscarriage (aka Spontaneous Abortion)  Spontaneous loss of pregnancy before 20 weeks gestation

Premature Low Birth Weight Delivery before gestational week 37 weighing less than 2.500 grams

Malposition of the Fetus Includes breech presentation, face presentation, brow presentation

Perinatal Infant Mortality Fetal death after 20 weeks of gestation or before the 1t week of life

Placenta Accreta Abnormal adherence of part or all of the placenta to the uterine wall

Placenta Percreta Abnormal placentation where the placenta invades through the myometrium into the uterine serosa
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Fertility Preservation Options for Female Cancer Patients Undergoing Cytotoxic Therapy

Methods of Fertility Preservation

Definition

Status of Procedure

Considerations

freezing embryos for later
implantation

Ovarian Transposition Surgical repositioning of ovaries | Standard Outpatient surgical procedure, may

away from the radiation field need repositioning or IVF to
conceive

Gonadal Shielding Use of shielding to reduce the Standard Evaluation by radiation oncologist
dose of radiation delivered to the to determine feasibility of shielding
reproductive organs

Donor oocytes and gestational surrogacy IVF using donor oocytes and/or Standard Requires donor oocyte or surrogate
implantation of the embryo in a carrier
surrogate carrier

Embryo cryopreservation Harvesting eggs, IVF, and Standard Outpatient surgical procedure,

requires 10-14 days of ovarian
stimulation, requires partner or
sperm donor

Oocyte cryopreservation

Harvesting and freezing of
unfertilized eggs

Investigational

Outpatient surgical procedures,
requires 10-14 days of ovarian
stimulation; expensive

Cryopreservation of ovarian tissue

Freezing of ovarian tissue and
reimplantation after cancer
treatment

Investigational

Outpatient surgical procedure, not
appropriate if high risk of ovarian
involvement

Ovarian suppression with GnRH analogs or
antagonists

Use of hormonal agents to protect
ovarian tissue during
chemotherapy or RT

Investigational

More data with regards to
chemotherapy; expensive

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2010 May 7.




