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Opinion statement
With improving survival rates for pediatric and young adult cancer patients, considerations regarding the long-term effects of therapy have become more important. Cancer
therapies are known to pose reproductive risks, though the effects may be unpredictable. All at-risk patients should have a discussion about potential treatment-related
infertility before the onset of cancer therapy, and should be offered appropriate fertility preservation options. Embryo and sperm cryopreservation are considered standard
therapy, though oocyte cryopreservation is gaining acceptance. Ovarian tissue cryopreservation, while still experimental, is showing great promise. It is the only option
currently available to prepubertal girls. No fertility preservation options exist for prepubertal boys though some institutions may offer experimental testicular tissue cryopreservation.

Introduction
With advancements in the diagnosis and treatment of
cancer in pediatric and adolescent patients, increasing
numbers of survivors in this age group are looking toward a future as productive adults. For many this
includes consideration of future fertility. Given that
cancer treatments have been shown to impair normal
pubertal development and may lead to infertility, it is
imperative that oncologists discuss the issue of fertility
preservation with patients prior to the onset of cancer
treatment. This requires that clinicians be informed
about the preservation options available and the reproductive challenges patients may face.
This review article aims to use the most up-to-date
data to inform the clinician about the effects of various

cancer treatments on reproductive potential and the
options for fertility preservation prior to cancer therapy. It will focus on important recent advancements
made in the field of oncofertility and will highlight future directions for fertility preservation technologies.

Cancer in children and young adults
The most common cancers in children are leukemias, followed by central nervous system malignancies, lymphomas, soft tissue sarcomas, renal cancer
(Wilm’s Tumor) and bone tumors, in that order
[1]. Treatments often involve a combination of surgery, radiation therapy, chemotherapy with alkylat-
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ing agents, or allogenic bone marrow transplant.
Late effects of cancer are gaining more attention
since over 80% of childhood cancer patients survive
at least five years [2] and an estimated one in 640
adults ages 20–39 is currently a long-term childhood cancer survivor [1]. However, it is a challenge
to balance curative therapy while reducing the risks
to fertility. This is especially difficult due to everchanging cancer regimens and a lack of prospective
data concerning their effects on fertility outcomes.
One of the recognized challenges in studying the
reproductive risks of cancer therapy is that outcomes
such as fertility are difficult to capture. An individual’s
fertility depends on many factors including the availability of a fertile partner of the opposite sex, and a desire to conceive. The gold standard epidemiologic
method to study fertility is to conduct prospective
“time to pregnancy” studies. Such studies are generally
not feasible in conditions where the exposure (cancer
therapy) is relatively rare. Therefore, most studies have

assessed other related outcomes such as menstrual
function or reported pregnancy after cancer treatment.
In females, measures of ovarian reserve, such antral follicle counts and ovarian volume assessed by ultrasound,
and serum measures of inhibin B, anti-Mullerian hormone (AMH), estradiol, and follicle-stimulating hormone (FSH) have also been useful proxy outcomes.
In the field of pediatric oncofertility most of the
large-scale studies with epidemiologic data stem from
findings from the childhood cancer survivorship study
(CCSS), a large retrospective cohort study assessing a
variety of late effects of childhood cancer. The CCSS
is the largest cohort study of childhood and adolescent
cancer survivors with 20,720 previously untreated
patients with a new diagnosis before the age of 21 enrolled. It is important to recognize that the effect of
cancer therapies on an individual’s reproductive function can be unpredictable. Nonetheless, the available
data on the reproductive risks of cancer therapies will
be reviewed, and is summarized in Table 1.

Treatment effects in females
Pelvic radiation
The ovaries are particularly sensitive to damage from cancer treatments due
to the finite number of un-renewable germ cells (follicles) present in the
ovary. The ovary begins producing oocytes before birth and oocyte count
peaks at 20 weeks gestation. After this peak, progressive follicular atresia
occurs. Radiotherapy can cause ovarian failure by accelerating follicular
atresia and destruction of the follicular pool. Earlier studies have shown that
females treated with pelvic radiation doses in excess of 2 gray (Gy) are at high
risk of permanent ovarian failure [3]. Using this data, Wallace et. al developed a mathematical model that estimates the dose of ovarian radiation
necessary to cause ovarian failure taking into account age at treatment. For
example, the estimated mean radiation dose to the ovaries needed to cause
sterilization is 16 Gy at age 15, while a dose of only 12 Gy is required at age
30 [4]. Radiotherapy can also have deleterious effects on the uterus as it
causes scarring and diminished uterine blood flow in a dose-dependent
fashion [5], resulting in decreased uterine volume [6, 7].
Recent studies have examined the reproductive risks associated with pelvic radiotherapy in pediatric and adolescent cancer patients and have
reported more relevant reproductive outcomes such as reports of pregnancy.
For example, data from the CCSS demonstrated that the relative risk of
achieving pregnancy at least five years post-treatment in female childhood
cancer survivors exposed to 5 to 10 Gy of radiation to the pelvis was 0.56,
and dropped to 0.18 for exposure greater than 10 Gy when survivors were
compared to a similar-age sibling cohort [8••]. While the relative risks
reported in this study clearly highlight the adverse effects of radiation

Pediatric and Young Adult Patients and Oncofertility

Dillon and Gracia

Table 1. Reproductive risks of cancer therapy in pediatric and young adult patients
Risk

Females

Males

High

910 Gy Pelvic Radiation
Hypothalamic Pituitary Radiation
Hematopoetic Cell Transplantion
Total Body Irradiation
Chemotherapy with Alkylating Agent Dose ≥2a
5–10 Gy Pelvic Radiation
Chemotherapy with Alkylating Dose 90a
G4 Gy Pelvic Radiation
Non-Alkylating Chemotherapy
Anti-metabolites

Testicular Radiation
Hypothalamic Pituitary Radiation
Hematopoetic Cell Transplantation
Total Body Irradiation
Chemotherapy with Alkylating Agent Dose ≥2a
Platinum-containing drugs
Chemotherapy with Alkylating Dose 90a
Non-Alkylating Chemotherapy
Anti-Metabolites

Medium
Low

a

Alkylating Agent Dose calculated according to Green et. al. [8••].

exposure, it is important to recognize the limitations of the data when
counseling patients. This study examined rates of conceiving a pregnancy 5 years
or more after diagnosis compared to a sibling cohort so as to match for socioeconomic status and education. It is possible that having a cancer diagnosis itself
influenced the decisions to pursue pregnancy or the timing of pregnancy in
survivors. Information about whether patients attempted pregnancy was not in
the study, though the analysis did control for marital status. Moreover, information on menstruation cycles or reported infertility was not available.
A retrospective French study of childhood cancer survivors over the age of
18 (median age 27 years) found that direct pelvic irradiation was the most
significant risk factor for subfertility, defined as no spontaneous menstruation or pregnancies. The odds of subfertility were 17.6 in the exposed compared to the unexposed group [9•]. When controlling for adjuvant therapy,
radiation doses to the reproductive organs of less than 4 Gy were not significantly associated with subfertility [9•]. The study also suggests that
ovarian transposition or shielding may protect reproductive function. Limitations of this study include the convenience sample with small subgroup
numbers and the suboptimal definition of subfertility [10, 11].
Not only does exposure to pelvic radiation increase risk of infertility, pelvic irradiation is also associated with adverse pregnancy outcomes. Another
CCSS study of 1281 female survivors demonstrated an association between
pelvic irradiation exposure prior to menarche and subsequent stillbirth or
neonatal death [12••]. Compared to survivors who did not receive radiotherapy, those exposed to 2.5–9.9 Gy of radiotherapy had a relative risk of
5.8 for stillbirth or neonatal death while those exposed to more than 10 Gy
had a relative risk of 19. A previous study also demonstrated that pelvic
irradiation increased the risk of preterm birth for female childhood cancer
survivors [13]. Patients with a history of pelvic radiation therapy should be
counseled about the perinatal risks of pregnancy and may consider using a
gestational carrier if pregnancy is unsuccessful.

Hypothalamic pituitary radiation
Hypothalamic-pituitary radiation causes destruction and fibrosis of the
pituitary and can lead to significant hypothalamic-pituitary dysfunction.
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With respect to reproduction, an intact hypothalamic-pituitary axis is
required for ovulation and unassisted conception. Signs of hypothalamic
dysfunction include amenorrhea, elevated prolactin and suppressed levels
of gonadotropins. It has previously been reported that the relative risk
for a survivor achieving pregnancy after receiving a radiation dose of
3 Gy or more to the hypothalamic-pituitary axis (HPT) was 0.61 when
compared to a similar-age sibling cohort [8••]. A more recent report
which included patients who were not exposed to ovarian radiation and
controlled for relevant demographic variables including age at diagnosis
and marital status, suggests that even lower doses pose reproductive
risks. The hazard ratio of achieving pregnancy after 2.2–2.7 Gy to the
HPT was 0.67 compared to unexposed survivors [14•]. This study demonstrates that even very low levels of radiation to the pituitary impair
fertility. Importantly, pituitary irradiation does not appear to be associated with
adverse perinatal outcomes [12••].

Chemotherapy
Chemotherapeutic agents, particularly alkylating agents, cause damage to the
ovary by cross-linking DNA and introducing single-stranded DNA breaks. Histologic evaluation of the ovaries in patients exposed to chemotherapy after
treatment demonstrate a range of findings, from decreased numbers of follicles
to absent follicles and stromal fibrosis [15]. Age is one of the most important
factors in determining the gonadotoxicity of treatment since ovarian reserve and
follicle number decrease with age. At older ages lower doses of chemotherapy
are required to produce ovarian failure. Independent of age, there is no evidence
that the prepubertal ovary is protected from damage from chemotherapy.
It has been demonstrated that the ovary is very susceptible to chemotherapeutic treatments, particularly alkylating agents, in a dose-dependent fashion. In one study, the relative risk of a female survivor of childhood cancer
reporting pregnancy was inversely related to the cumulative alkylator exposure (typically summarized as alkylating agent dose, AAD) [8••]. For example, an AAD score of three had a relative risk of 0.72 of pregnancy and an
AAD score of four had a relative risk of 0.65 of pregnancy compared to
survivors who received no alkylators. Additionally, the chemotherapeutic
agents CCNU and cyclophosphamide were independently associated with
impaired fertility in a dose-dependent fashion [8••].
It is clear that not all treatments are equally gonadotoxic. A study of
pediatric patients treated for Hodgkin’s lymphoma (HL) demonstrated that
measures of ovarian reserve, such as AMH, were significantly lower in
patients treated with ABVD or EBVD and MOPP therapy compared to ABVD
or EBVD without MOPP therapy [16]. Additionally, a current study in Europe
is comparing procarbazine and dacarbazine for treatment of HL in pediatric
patients with the hypothesis that dacarbazine is less harmful to the ovary but
just as efficacious as procarbazine [17].
It does not appear that alkylating drugs increase the risk of stillbirth
or neonatal death among the children of female survivors, even in those
who received the highest doses [12••]. Thus, there is currently no evidence that having received previous chemotherapy results in genetic
defects in offspring.
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Bone marrow transplantation
Hematopoietic cell transplantation (HCT) poses especially high reproductive
risks since conditioning regimens often require high-dose chemotherapy
and/or total body irradiation (TBI). In post-pubertal females, ovarian failure
has been observed in 65–84% of pediatric transplant recipients [18, 19]. In
pre-pubertal females, incomplete pubertal development or pubertal failure
has been reported in approximately 57% of females following HCT [20]. The
reproductive risks appear to be higher in conditioning regimens which
include cyclophosphamide with busulfan, and those that require TBI [21].

Treatment effects in males
Testicular radiation
The male testes are responsible for spermatogenesis and steroidogenesis.
Within the testes spermatogonial germ cells, supported by Sertoli cells,
generate sperm while the Leydig cells produce testosterone. With respect to
cancer therapies, it is important to understand that spermatogonia are more
sensitive to insults than Leydig cells. Therefore, male cancer survivors are
more likely to experience infertility than problems with pubertal development or sexual function.
Testicular tissue is extremely sensitive to radiation, even more so than the
ovary. Radiation doses as low as 0.1 Gy can cause oligospermia, and reversible azospermia has been identified at doses as low as 0.35 Gy [22].
Though the testes are rarely directly radiated, even exposure due to scatter
radiation can have reproductive consequences. As mentioned, the Leydig
cells are somewhat less sensitive, and doses of at least 12 Gy are necessary to
impair pubertal development and sexual function [23]. Thus after radiation,
puberty may proceed normally even in the setting of oligospermia and is not
a reliable marker of recovered fertility.
Data from the CCSS demonstrate that doses of radiation over 7.5 Gy are
associated with a significantly lower likelihood of fathering a child, with a
hazard ratio of 0.12 compared with sibling controls [24••]. This study is
limited by the assessment of reproductive choices.
There is some theoretical concern that cancer therapies have the potential
to cause mutagenesis in the testes and therefore may impact the health of
offspring. The CCSS has not found evidence of increased genetic problems,
stillbirth, or neonatal death in men treated with gonadal radiation as
children [12••].

Chemotherapy
Chemotherapy, especially alkylating agents, also causes significant damage to
testicular tissue in an agent-specific and dose-dependent manner. Antimetabolite therapy such as methotrexate and mercaptopurine appear to have no
effect on male fertility, while cisplatin-based regimens temporarily impair
spermatogenesis with recovery shown in a significant number of patients
[25].
Data from the CCSS demonstrated that males with Hodgkin’s lymphoma
were the least likely to father a child (hazard ratio (HR) 0.34, confidence
interval (CI) 0.28–0.41) compared to other types of cancer, while those
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diagnosed with Wilms tumor or neuroblastoma were as likely as healthy
siblings to father a pregnancy. Moreover, there was a dose–response effect
between the dose of alkylating agent and reduced likelihood to father a child
(HR 0.67, CI 0.51–0.88 for an AAD score of 2 and a HR 0.16, CI 0.08–0.32
for an AAD score of 6–11) [24••]. Specific chemotherapeutic agents appear
to impair fertility, including procarbazine in the second or third dose
tertile and cyclophosphamide in the third dose tertile [24••].
It is important to note that pregnancies resulting from assisted reproductive technologies were not included in this study. Therefore it is possible that
higher pregnancy rates may be achieved utilizing techniques such as in vitro
fertilization and intracytoplasmic sperm injection. Additionally, this study
examined rates of fathering a pregnancy five years or more after diagnosis
compared to sibling controls. It is possible that having a cancer diagnosis
influenced the decisions surrounding whether to pursue pregnancy and
timing of pregnancy. Information about this decision-making was not collected in the study, though the analysis was controlled for marital status.
It is also important to note that male survivors without high-risk exposures (including radiotherapy to the testes greater than 7.5 Gy, AAD score
greater than or equal to 2, or treatment with procarbazine or the third tertile
of cyclophosphamide) were just as likely as their siblings to father a child
[24••].
Pregnancies in partners of male cancer survivors appear to be reassuring.
The CCSS study has not found an increase in stillbirths or neonatal
deaths among children of males who received chemotherapeutic agents, even
when examining higher tertile doses of the drugs [12••].

Bone marrow transplantation
As in females, hematopoietic cell transplantation (HCT) poses especially
high risks to fertility, including delayed puberty, as it requires exposure to
high-dose chemotherapy and/or total body irradiation before the procedure.
Azoospermia in post-pubertal boys has been shown in 48–85% of those
undergoing HCT [21, 26, 27]. Incomplete pubertal development or pubertal
failure has been reported to occur in approximately 53% of prepubescent
males exposed to HCT [20]. Similar to females, the risk of delayed puberty is
dependent on the conditioning regimen administered, with the highest risk
protocols including a combination of cyclophosphamide and busulfan or
TBI [21]

The need for fertility preservation counseling
Given the clear risks to fertility associated with many therapies, it is imperative that clinicians discuss the fertility risks and preservation options
with patients and families prior to the onset of treatment. Often clinicians
caring for cancer patients are hesitant to initiate such conversations, citing
reasons such as insufficient knowledge, lack of time to discuss the issue with
patients, or perceptions that the patient cannot delay treatment [28]. A recent
study in women age 18 or older found that pretreatment infertility
counseling by a fertility specialist and an oncologist resulted in lower regret
than counseling by an oncologist alone [29]. These issues are even more
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important for the pediatric and adolescent population who often feel that
they are not given enough say in their medical choices. Importantly, the
ability to have biological children greatly effects the quality of life of
childhood cancer survivors in adulthood; it has been demonstrated that
a perceived loss of fertility is associated with lower marriage rates and
increased divorce rates in this population [30].
Furthermore, the American Society of Clinical Oncology (ASCO) and the
American Society of Reproductive Medicine (ASRM) have both issued
guidelines in recent years. The ASRM guidelines stipulate that ‘physicians
should inform cancer patients about options for fertility preservation and
future reproduction prior to treatment’, and specifically that ‘parents may act
to preserve the fertility of cancer patients who are minors if the child assents
and the intervention is likely to provide net benefits to the child [31]. These
guidelines were reinforced one year later when ASCO recommended that
clinicians should address issues of infertility at the earliest possible opportunity [32]. A schematic of the fertility preservation options available is
presented in Fig. 1.

Fertility preservation options
Females
Embryo cryopreservation
The options for pediatric and adolescent female cancer patients are
somewhat limited compared to their adult counterparts. Overall, the
established and most successful method of fertility preservation is embryo cryopreservation. However, this requires that the patient be postpubescent and either have a partner or be willing to use donor sperm.

Figure 1. Fertility preservation options for children and young adults diagnosed with cancer a Not an option if there is a high
risk of ovarian metastases. b Experimental—only performed as part of a clinical study approved by an IRB. Used with permission
from SaveMyFertility.org.
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Ovarian stimulation and oocyte retrieval can take 2–5 weeks and may
delay treatment of some malignancies. While embryo cryopreservation
has a success rate of 30–40% per transfer [33, 34], this may not be a
realistic approach for girls and young single women.

Oocyte cryopreservation
Though still considered experimental, oocyte cryopreservation is another option that can be offered and conducted under a research
protocol overseen by an Institutional Review Board. Oocyte cryopreservation has the advantage of eliminating the need for a partner
or donor sperm, offering females reproductive autonomy. However,
it still requires that the patient be post-pubertal and undergo ovarian
stimulation and oocyte retrieval. Over 900 live births have been
reported from oocyte cryopreservation and outcomes appear generally reassuring [35]. Often adolescent patients present with cancers
such as leukemia and generally need immediate cancer therapy.
However, in post-pubescent females with available time, oocyte
cryopreservation may be the preferred method of fertility preservation. While historically success rates of oocyte cryopreservation have
been lower than embryo cryopreservation, recent improvements in
cryopreserved techniques such as vitrification have resulted in dramatic improvements in success. Indeed some studies suggest that
pregnancy rates are approaching those for embryo cryopreservation
and even fresh IVF [35–37]. There is evidence that more than 50% of
fertility clinics in the United States are offering oocyte cryopreservation
[36].

Ovarian tissue cryopreservation
Ovarian tissue cryopreservation is an experimental technique that
shows great promise. The procedure can be performed emergently,
minimizing delay in cancer treatment, and it is the only option
available for prepubescent girls. The procedure involves removing a
piece of ovarian cortical tissue or the whole ovary either laparoscopically or through laparotomy. Typically, ovarian cortical strips are
cryopreserved and can subsequently be thawed and transplanted
later (frozen-thawed autologous tissue transplanation has resulted in
14 live births to date [38]). Alternatively, follicles extracted from
ovarian tissue may, in the future, be matured in vitro (IVM) to
produce mature oocytes that can be fertilized and transferred into
the uterus at a later time. While this latter method is still experimental and has not yet resulted in any human live births, continued
investigation is being conducted in human models [39, 40]. IVM
would be preferable in cases where there is a high concern for
reseeding cancer. This is crucially important as there is a potential
risk when reimplanting tissue from a patient with a hematologic
disease. This risk appears to be significant in patients with leukemia
or other malignancies that may have spread to the ovary [41•]. A
recent publication by Dolmans et al. highlights this risk. Investigators transplanted thawed ovarian tissue from 18 patients with leukemia into mice. Analyzed tissue demonstrated molecular evidence
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of cancer in 7/12 cases of acute lymphoblastic leukemia (ALL) and
2/6 chronic myelogenous leukemia transplants. When mice were
sacrificed after six months and gross tumors were found in 4 mice,
all had received ovarian transplants from ALL patients [41•].
Given that ovarian tissue cryopreservation requires surgery under
general anesthesia, whenever possible ovarian tissue cryopreservation
should be coupled to another necessary surgical procedure, often a
central venous access procedure or tumor excision. In our own
practice, we have performed 12 cases of ovarian tissue cryopreservations in female patients under the age of 20. Four had central
nervous system tumors, two had acute myeloid leukemia, two had
Ewing’s sarcoma, one had HL, one had myelodysplastic syndrome,
one had rhabdomyosarcoma, and one had sickle-cell disease. Of
these, 6 (50%) had received prior chemotherapy and were planning
for stem cell transplantation, 3 also had ovarian transposition performed at the time of the biopsy, and one had already failed oocyte
retrieval. There have been no surgical or post-operative complications, but one patient has died from disease recurrence. No patients
have yet requested that the tissue be used clinically.

Oophoropexy
Other options for females include oophoropexy or fertility-sparing
cancer surgery. Oophoropexy involves surgically displacing the ovaries out of the radiation field (often above the pelvic brim or behind
the uterus) to protect against damage from radiation exposure. This
requires that the reproductive endocrinologist work closely with the
radiation oncologist to determine placement that minimizes the radiation exposure. Potential complications include pelvic pain and
fallopian tube damage [42].

Ovarian suppression
Temporary suppression of ovarian function during chemotherapy
using gonadotropin-releasing hormone analogues (GnRH) has been
shown to reduce damage in animal models [43]. However, the exact
mechanism is not understood. Human studies suggest that menstrual
cycles may be more likely to resume in patients treated with GnRH
as compared to those not. However, studies are limited by small
samples and inappropriate comparison populations. Large prospective trials are lacking and randomized controlled trials are needed to
address this controversial issue.

Hormone replacement therapy
Prepubertal cancer patients with delayed pubertal development due
to ovarian failure should receive a physiologic regimen of hormone
replacement therapy to ensure optimal development of secondary sex
characteristics and adult stature [20]. After menarche, early loss of
ovarian function is associated with menopausal symptoms and long
term health risks including cardiovascular disease and osteoporosis.
While the optimal method of hormone replacement therapy is not
clear, some form ofhormone therapy is recommended since it effec-
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tively treats menopausal symptoms and improves bone mineral
density [44, 45].

Males
Sperm cryopreservation
For males, sperm cryopreservation through masturbation is an established
and successful method of fertility preservation prior to cancer treatment. It is
non-invasive, relatively inexpensive, and can be performed without any delay
in the initiation of cancer therapy. All adolescent and young adult males
should be offered sperm cryopreservation prior to the onset of treatment.
Because sperm production begins around the age of 12 or 13 in males, adolescent boys who are unable to produce semen through masturbation may
undergo penile vibratory stimulation or rectal electrostimulation under anesthesia [46]. Additionally, sperm may be collected via testicular or epididymal aspiration under anesthesia if spermatogenesis is established. After
cryopreservation, stored sperm may be used for insemination or in vitro fertilization (with intracytoplasmic sperm injection if counts are low) [47, 48].

Testicular tissue cryopreservation
For pre-pubescent males, the only options available are experimental and
require further development through basic science research. Cryopreservation and subsequent in vitro maturation or transplantation of spermatogonial stem cells and testicular tissue has theoretical potential but cannot
currently be used in a clinical setting. A pilot study at The Children’s Hospital
of Philadelphia reports evidence of acceptability and no cases of peri- or postoperative complications from testicular tissue biopsy and cryopreservation
[49]. There is no conclusive evidence that GnRH analogues are effective in
protecting against testicular damage from chemotherapy in males [32].

Future directions
Oncofertility in the pediatric and adolescent populations continues to
evolve. We must work together in the basic, translational, and clinical science
communities to make progress in minimizing the gonadotoxicity of cancer
treatments, improving and developing novel fertility preservation techniques, prospectively monitoring and detecting subfertility in cancer survivors,
and providing appropriate counseling to patients and their families about
these issues. This demands a comprehensive team approach including
oncologists and reproductive endocrinologists working together to provide
the best possible outcome for each young patient.
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