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Abstract: Improvements in childhood cancer survival have allowed boys and their families to increasingly

focus on quality of life after therapy, particularly their future ability to father children. Treatments should

maintain comprehensive cancer care goals and consider the long-term quality of life of these children. While

semen cryopreservation is a well-established method of fertility preservation for post-pubertal children,

the use of cryopreserved pre-treatment testicular tissue represents a promising, yet experimental method of

fertility preservation for prepubertal males facing sterilizing therapy. Healthcare providers should counsel

families about the fertility risks of therapy, discuss or refer patients for standard fertility preservation options,

and consider experimental approaches to fertility preservation while being mindful of the ethical questions

these treatments raise.
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Introduction

Advances in cancer treatment have led to increased survival
of children with cancer, with 5-year survival rates of all
childhood cancers improved from 58% for cases diagnosed
between 1975 and 1979 to 83% for cases diagnosed during
2003 through 2009 (1). Childhood cancer survival rates
differ by cancer type and patient age ranging from 67% for
rhabdomyosarcoma, 71% for osteosarcoma, 72% for brain
and CNS tumors, 78% for neuroblastoma, 87% for non-
Hodgkin lymphoma (NHL), 89% for acute lymphocytic
leukemia (ALL), 90% for Wilms tumor, 97% for Hodgkin’s
disease, and 98% for retinoblastoma (2). Although cure and
survival remain the top priority for the child and parents,
fertility after treatment has increasingly become more
important given the high survival rate. Treatments should
maintain comprehensive cancer care goals and consider the
long-term quality of life of these children. Minimizing the
“cost of cure” remains a challenge to healthcare providers (3).
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The increasing numbers of childhood cancer survivors has
spurred increasing interest in the early and late effects of
treatment, including infertility (4).

Effect of cancer treatment on the fertility of
children

Anticancer treatment, in the form of surgery, cytotoxic
chemotherapy, novel targeted therapy, immunological
therapy, and radiotherapy may have detrimental effects
on the testis at all stages of life. They can cause persistent
or long lasting damage to germ cells, somatic cells critical
to germ cell survival and maturation such as Sertoli cells,
and Leydig cells, critical for testosterone production. The
degree of damage sustained by the testicles depends on
several factors; the type of cancer, patients’ age, treatment
modality, type and dosage of chemotherapy, and dose and
fractionation schedule of radiotherapy (5). Animal studies
suggest that cytotoxic therapy disrupts spermatogenesis by
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Table 1 Stratification of cytotoxic chemotherapy by risk of
gonadotoxicity (10)

Lower risk
Vincristine
Methotrexate
Dactinomycin
Bleomycin
Mercaptopurine
Vinblastine

Intermediate risk
Cisplatin
Doxorubicin
Carboplatin

Higher risk
Cyclophosphamide
Ifosfamide
Chlormethine
Busulfan
Melphalan
Procarbazine
Chlorambucil

targeting rapidly dividing cells such as spermatogonial stem
cells (SSC) (6).

The extent of testicular damage by radiotherapy depends
on several factors, including the field of treatment, total
dose, and the fractionation schedule. Direct irradiation
of the testicles, as in cases of leukemic infiltration of the
testes, and whole body irradiation (prior to bone marrow
transplantation), directly damages the testis. Cranial
irradiation of brain tumors may cause disruption of the
hypothalamic-pituitary-gonadal axis and endocrine failure (7).
Testicular dysfunction and impaired spermatogenesis occur
with doses as low as 1.2 Gy, and irreversible damage starts
with doses of 4 Gy or more. Leydig cell function is usually
maintained for doses up to 20 Gy. Therefore, damage may
occur to the gonads while the child grows and develops
normal secondary sexual characteristics, but presents as
an adult with infertility secondary to oligospermia or
azoospermia (8,9). Although fractionation may be beneficial
of reducing the dosage per session, it reduces the time
available for tissue healing and repair (10).

Damage by cytotoxic chemotherapy depends on
total dose, type of chemotherapy and age of the patient
(11,12). In addition, most chemotherapy protocols, which
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usually involve the use of combinations of cytotoxic
chemotherapeutic agents, may have synergistic hazardous
effect on fertility (13,14). Cytotoxic chemotherapy, similar
to radiotherapy, affects mainly the germ cells, causing
oligospermia or azoospermia. Leydig cell functions are
generally not affected except with very high cumulative
doses (15). The risk of infertility posed by chemotherapy
varies; however, alkylating agents such as cyclophosphamide
and busulfan are among the worst (Table 1) (10,16).
However, it remains difficult to quantify the exact
infertility risk posed by each individual drug, as most are
administrated as a part of multidrug regimens (10).

In the 2013, the American Society of Clinical Oncology
(ASCO) highlighted the shortage of available evidence
regarding the effect of targeted therapies on male fertility (17).
‘Tyrosine kinase inhibitors (TKIs) have revolutionized therapy
for chronic myeloid leukemia (CML) and gastrointestinal
stromal tumors (GIST) turning these conditions from
deadly to chronic diseases. Their role in other malignancies
and non-malignant conditions is under investigation
and their use has been rapidly expanding (18-20).
Imatinib has recently been approved for use in children
with acute lymphoblastic leukemia (ALL). TKIs may
cause oligozoospermia (21,22) or affect critical functional
properties of sperm such as capacitation and the acrosome
reaction. Despite very limited evidence, the risk of impaired
fertility should be considered and pretreatment sperm
cryopreservation should be discussed. More studies are
warranted to clarify the effects of targeted therapy on the
male fertlity (23).

Surgical treatment for childhood cancers may also affect
fertility. Testicular cancer is associated with impaired semen
parameters (e.g., decreased sperm concentration and sperm
motility, total motile count), which may be further aggravated
by orchiectomy (24). Moreover, retroperitoneal surgeries, as
retroperitoneal lymph node dissection in cases of testicular
cancer, or resection of retroperitoneal sarcomas can cause
infertility by damaging the nerves responsible for ejaculation,
causing retrograde ejaculation or anejaculation (25).
However, nerve sparing surgical techniques substantially
decrease the risk of ejaculatory dysfunction (26).

Effect of bone marrow and stem cell transplant

For many malignancies and some benign conditions (e.g.,
refractory thalassemia, sickle cell anemia, Wiskott-Aldrich
syndrome), bone marrow transplantation and stem cell
transplantation are necessary disease curing therapies.
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Worldwide, an estimated 50,000-60,000 of these transplants
are performed annually with 60% occurring in patients
of reproductive age (27). During these transplants, the
diseased bone marrow is first destroyed with chemotherapy
and/or radiation therapy and then replaced with highly
specialized stem cells that develop into healthy bone
marrow. Administration of cytotoxic chemotherapy and
radiotherapy caused infertility in greater than two thirds
of pediatric patients who had received allogeneic stem cell
transplant (28).

Direct harmful fertility effect of malignancy and
selected benign conditions

Cancer itself may impair fertility. More than two-thirds of
patients with Hodgkin’s disease have impaired semen quality
(i.e., significantly lower than normal sperm concentration
or motility) prior to initiation of the treatment. Pain and
constitutional manifestations (e.g., fever and anorexia)
have been associated with impaired semen parameters (29).
Testicular cancer and extragonadal germ cell tumors have
demonstrated impaired semen parameters prior to therapy.
Patients with non-malignant hematological disorders, such
as thalassemia and sickle cell anemia, are often treated with
repeated blood transfusions leading to iron deposition in the
pituitary gland (leading to central hypogonadism) (30-32)
and in the testicles (causing direct testicular toxicity and
abnormal semen parameters) (33-35).

Is it possible to quantify testicular damage in
childhood?

While fertility preservation is very important to survivors
of childhood cancer survivors (36), these boys are much
less likely than their peers to have children. While this
observation is often directly related to impaired fertility,
other factors, including the inability to maintain a long-
term relationship, fear of cancer recurrence, and fear of
death from cancer can strongly impact the decision to seek
fatherhood (37,38). Assessment of fertility damage remains
problematic in childhood. For post-pubertal males, semen
analysis represents a good indicator of spermatogenesis and
testicular function, and allows for sperm cryopreservation.
This is not the case for prepubertal children or those
who are unable to produce an ejaculate. Assessment
primarily relies on the development of secondary sexual
characteristics, including testicular and penile size, as well as
the presence of pubic and axillary hair. Clinical examination
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may show soft testes of diminished size (39). However,
many patients can have severely impaired spermatogenesis
but retain normal Leydig cell function and testosterone
levels. Inhibin B, secreted by Sertoli cells, may be a
promising indicator of diminished sperm production as a
result of cytotoxic chemotherapy (40).

Methods for fertility preservation in children and
adolescents facing sterilizing therapy

Advancements in semen cryopreservation in conjunction
with in vitro fertilization and intracytoplasmic sperm
injection (IVE/ICSI) have revolutionized the options for
fertility preservation in post-pubertal male children (41)
and cryopreservation of semen is a well-established method
for sexually and reproductively mature boys (42,43).
The quality and number of healthy sperm cryopreserved
determines the reproductive options available to these
boys after completing therapy. Banking as many samples
as possible and referring these patients for sperm banking
early in the cancer therapy process is very important.

Several options have been proposed to protect against
the effects of radiotherapy. Fractionation of the radiation
dose might provide benefit; however, this approach could
have a detrimental effect on the testis as there will be less
time available for adequate tissue repair (10). Shielding of
the testicles during radiotherapy is likely the most effective
approach, primarily limited by patient anatomy and the
required radiation field (44). Another proposed method is
surgical relocation of the gonads away from the radiated
field, for instance to the thighs or outside the abdominal
wall (45). However, the effectiveness of these methods
remains questionable (46).

Future fertility preservation options

Spermatogenesis starts before puberty and spermarche, the
beginning of mature sperm production, often precedes the
ability to ejaculate. Sperm may be detected in urine samples
from these boys (47,48), generally occurring around age
12 or 13 (49). Therefore, it may be possible to obtain sperm
from peripubertal boys by rectal electrical stimulation under
anesthesia (50) or using sperm retrieval techniques such
as epididymal and testicular sperm aspiration (3). Sperm
obtained and cryopreserved from these techniques can
be used later with IVF and ICSI, allowing for successful
fertilization even in cases of severe oligospermia.

For boys who have not yet reached spermarche,
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investigational options provide significant hope for the
future. These techniques rely upon the isolation and
cryopreservation of SSCs from the prepubertal testicle
prior to chemotherapy. This technique requires a testicular
biopsy and cryopreservation of either whole tissue or
isolated cells. After the patient is disease free, this tissue
or cells may be thawed and used for induction of in vitro
spermatogenesis or autologous transplantation into the
patient’s own testes.

In vitro maturation of cryopreserved testicular tissue is a
promising strategy to grow mature sperm for prepubertal
boys. Demonstrating the feasibility of this approach, in
a neonatal mouse model, testicular tissue was harvested,
cryopreserved, thawed, and cultured with resulting
complete spermatogenesis IVF with ICSI was performed
and two generations of healthy offspring were observed.
The success of this technique in mice suggests that this
organ culture method may be modified for application in
other mammalian species, providing a solid technical base
for use in fertility preservation for prepubertal boys facing
sterilizing chemotherapy (51,52). Preliminary results using
human SSC suggest that it may be possible to induce meiotic
differentiation; however, arrest of maturation occurred and
mature spermatozoa have not been observed (53,54).

Autologous SSC transplant is an exciting technique that has
demonstrated success in restoring spermatogenesis in many
non-primate models for more than 15 years (55-63) and, most
recently, in primates (64). Two potential transplantation
approaches are possible: either using a mixture of testicular
cells containing all cell types found in the testicle, or using
specific populations of isolated testicular cells. Whole cell
testicular cell transplants have led to viable embryos and
offspring in a number of non-primate and rhesus macaque
models (55,64,65). No increased risk of developmental or
epigenetic defects in these offspring has been reported (66).
However, a significant potential risk of this approach is the
risk of reintroduction of malignant cells back to the patient.

Purification, isolation, and in vitro growth of SSC remain
a core challenge of the development of the technique to
transplant specific cell populations (67). It is neither yet
possible to transplant a pure population of SSC in primates
nor known precisely which cells are the most important
for restoring spermatogenesis. A significant advantage
of transplanting isolated, purified SSC and other cells
populations critical for spermatogenesis would be a much
lower risk of malignant cell transfer. This risk is particularly
important for boys with hematological malignancies such as
leukemia and solid tumors with possible spread to the testicle,
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particularly given that the process of germ cell harvesting
would be done prior the initiation of treatment (68,69).

Although hormonal suppression has been proposed as a
fertility preservation technique in children, the approach
has not demonstrated success. Hypothetically, the down-
regulation of cellular division and maturation of testicular
cells would render testicular cells less sensitive to the toxic
effects of chemotherapy. However, hormonal suppression
does not necessarily inhibit germ cell division but rather
cells already undergoing meiotic divisions. Because of these
findings, this approach is not recommended (70).

Potential risks to offspring from cancer
treatment

As SSC are not abundant in the prepubertal testes,
relatively large biopsies may be needed for future fertility
preservation techniques, which could result in reduced
testicular function and hypogonadism (71). Another
important issue is the risk of mutations induced by the
cytotoxic treatment. It is well established that some
cancers have a genetic predisposition (e.g., Li-Fraumeni,
retinoblastomas) (72). However, sporadic cancers, including
most pediatric malignancies, are thought to arise from low
penetrance gene-environment interactions (73). Although
offspring of cancer survivors have not had an increased
risk of developing cancer or congenital anomalies than the
general population, these observations have been made in
offspring of natural conception rather than men using ARTs
(74,75). Selection of sperm with IVE/ICSI bypasses natural
barriers to conception with an unknown risk of congenital
anomalies for cancer patients.

Role of healthcare providers

The ASCO has recommended that healthcare providers
discuss the risks of cancer therapy to their patients’ fertility
and offer fertility preservation referral (17). Even with
this recommendation, many barriers to the utilization
of fertility preservation options by young patients with
cancer exist including limited or nonexistent insurance
coverage to address this complication of cancer therapy,
inadequate access to fertility specialists, language barriers,
and knowledge gaps among providers and patients. ASCO
has also recommended that additional well-designed studies
evaluating methods of fertility preservation and research
addressing the comparative effectiveness of different
methods of fertility preservation be performed.
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Oncologists appropriately focus on survival when
counseling their patients and their parents about the
different possible treatment strategies. With the great
improvements in childhood cancer treatment and survival
allowing for the growing interest in quality of life after
therapy, including their ability to father children, physicians
should consider the risk of infertility of the proposed
treatment, and possible ways to minimize this risk.
Furthermore, if significant fertility risk from cancer therapy
exists, patients should be informed of fertility preservation
methods and be referred promptly to a fertility specialist (5).
While in many cases cancer treatment must occur soon after
diagnosis, fertility preservation rarely delays cancer therapy.
From a fertility preservation perspective, having enough
time to bank one or more semen samples and planning
for possible surgical procedures is critical. Future fertility
treatments like intrauterine insemination (IUI) often
require at least ten million viable cryopreserved sperm to
be successful. Semen samples from cancer patients will not
uniformly contain this amount of sperm requiring banking
of multiple samples or future use of IVFE. Banking as many
samples as possible keeps options open for each patient.
Rapid referral to a fertility specialist allows implementation
of all fertility preservation approaches.

This rapid referral also allows patients and their families
enough information to understand the long-term risk to
their fertility. Cancer survivors have reported that fertility
was rarely discussed prior to treatment and was more often
considered during the course of treatment or while learning
of possible long term treatment consequences (76). These
observations likely vary by medical center and reflect the
availability of fertility preservation specialty services and
knowledge of these services. Interestingly, many cancer
survivors report they would have opted for any experimental
method of fertility preservation if offered at the time of
cancer diagnosis (76). Patients and parents may not be aware
of the possibility of infertility or may be too overwhelmed
by the cancer diagnosis and prognosis to process this side
effect (77). In addition, many patients may not be aware
of the possibility of fertility preservation or believe that
fertility preservation may cause a delay in cancer treatment.
Therefore, the medical team should acknowledge the
risk of infertility at cancer diagnosis and make this risk
clear to patients and parents (76). Hospitals that develop
comprehensive teams of pediatric oncologists, reproductive
urologists and endocrinologists, social workers, and nursing
staff would likely improve fertility preservation outcomes
for these vulnerable patients.
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Costs: who pays?

To date, testicular tissue and semen cryopreservation
are not yet standard practice in most pediatric oncology
centers. For some families, failure of insurance to cover
fertility preservation makes these services inaccessible. The
estimated cost of preserving three semen samples, obtained
by masturbation, for 3 years was $1,500 (46), costs borne in
most cases by the patients or their families. Utilization of this
sperm may require IVE/ICSI during adulthood, an approach
that, in today’s dollars, can cost a patient over $20,000 (78).
Although some hospital programs have funds to cover the
costs of harvesting and storage of testicular tissue, more often
these are costs paid by patients. An additional barrier is that
very few cancer centers offer testicular tissue cryopreservation
for young boys, primarily due to uncertainties about the
potential to use this tissue in the future. Healthcare providers
should encourage their patients to explore their insurance
coverage and investigate advocacy programs such as
Livestrong, Fertile Hope, and other charitable organizations
to identify financial assistance. Many sperm banks facilitate
the process of payment by offering monthly payment plans,
which may make it more affordable (17).

Ethical challenges

Preservation of fertility in children and adolescents raises
several important ethical questions. The challenge is in
balancing the potential benefit to a prepubertal boy facing
sterilization by cryopreserving testicular tissue before
chemotherapy when the benefits of this approach remain
theoretical. Animal studies demonstrate significant promise
including studies in primates; however, no human studies
have yet demonstrated success with iz vitro maturation of
sperm, a critical step toward using testicular tissue for IVE,
nor demonstrated success with testicular cell transplantation
and resumption of normal spermatogenesis. Should boys be
subjected to a testicular biopsy with its potential for surgical
risk when the risk of sterilization is very high or should
families skip this experimental approach and hope for the
best? For post-pubertal or prepubertal boys, generally
older than 12 years old, semen cryopreservation or surgical
sperm retrieval are established, standard clinical therapies
utilized regularly by reproductive urologists. For all of
these children, while survival probability has improved
significantly over the past several decades, the risk of death
remains. Disposition of cryopreserved tissue is an important
consideration. For boys under 18, only two options should
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be considered: discarded upon death of the patient or
designated for research use. Posthumous reproduction is
not an ethical option for children (5). Obtaining informed
consent from parents and assent from younger boys is
critically important (79). Interventions to preserve fertility
should not raise unrealistic expectations or have long-term
adverse effects on the patients or their offspring (80). In
general, ethical fertility preservation research involving
children should be (81):
(I) Scientifically valid;
(II) In the patient’s best interest;
(IIT) Subject to individual ethical review;
(IV) Subject to informed consent;
(V) Supported by animal model alternatives before
involving children;
(VD) Led by physicians with the necessary expertise and
facilities to carry out the research.

Ethical challenges for prepubertal boys

Methods of fertility preservation involving testicular
biopsies and cryopreservation for prepubertal children
are still experimental and should be conducted under
Institutional Review Board (IRB) guidance. Since these
biopsies may ultimately prove beneficial for these children,
they may be done with the boy’s formal assent (if under 18)
in addition to the parental consent. While the potential
enormous benefit of future fertility outweighs the small risks
of testicular biopsy prior to cancer treatment (5), successful
development of fertility restoration in humans may take
decades or never be achieved (80). However, if the testicular
biopsy does not occur prior to cancer treatment, the child
may lose his best opportunity to protect his fertility.

Ethical challenges for post-pubertal boys

Post-pubertal boys will often be able to ejaculate and
provide sperm for cryopreservation. Nevertheless, it is
important to discuss this option with them in a comfortable
setting, including discussions outside of the presence of their
parents. For most families, semen obtained by ejaculation
usually poses few ethical problems though religious and
moral objections sometimes limit this approach (82). For
sperm cryopreservation, parental consent is required (83).

Conclusions

Improvements in childhood cancer survival have allowed
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boys and their families to increasingly focus on quality of
life after therapy, particularly their future ability to father
children. Semen cryopreservation is a well-established
method of fertility preservation for post-pubertal children.
On the other hand, the use of cryopreserved testicular
tissue represents a promising, yet experimental method of
fertility preservation for prepubertal males facing sterilizing
therapy that should be offered only in IRB approved
settings. Healthcare providers should counsel families
about the fertility risks of therapy, discuss or refer patients
for standard fertility preservation options, and consider
experimental approaches to fertility preservation.
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