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INTRODUCTION

Every year, around 400,000 children and adoles-
cents aged between 0 and 19 years are diagnosed
with cancer [1]. In 2019, the incidence of cancer
among children under the age of 15 is 17 per 100,000,
and that of adolescents and young adults (aged be-
tween 15 and 39 years) is 78.3 per 100,000 [2]. Con-
tinuous improvement in cancer treatments has led
to better survival rates for young patients diagnosed
with cancer: children (0-14 years), adolescents, and
young adults (15-39 years). Overall survival is now
greater than 80% [3]. For this reason, there is in-
creasing emphasis on improving cancer survivors’
long-term quality of life. Efforts to reduce the ad-
verse effects of treatment are increasingly intense.
When a patient not yet reached reproductive age is
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diagnosed with cancer, their future fertility must be
considered, as chemotherapy, radiotherapy, and
some surgical treatments can reduce or lose gonad-
al function. Thus, one of the most important adverse
effects of cancer treatment is the loss of fertility
temporarily or permanently [4, 5].

Chemotherapy and radiotherapy are essential
treatments for oncological conditions. In recent dec-
ades, major advances in these treatments have led
to a steady increase in pediatric cancer survivors.
According to the US National Cancer Institute, the
5-year survival rate for all childhood cancers was
84.5% in November 2019, and similar data were re-
ported for European countries [6]. Consequently, an
increasing number of survivors reaching adulthood
will face long-term side effects of cancer treatments.
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Impaired fertility resulting from gonadal exposure
to gonadotoxic treatments or surgery is a major con-
cern among cancer survivors [7].

Most adult survivors of pediatric cancer want to
become parents and have concerns about fertility
and reproductive health. Given the increased risk of
infertility from cancer treatment, many survivors
will find themselves infertile, a diagnosis with a sig-
nificant psychological impact [8-10].

RISK OF INFERTILITY AFTER CANCER TREATMENT

The most common types of cancer among chil-
dren and adolescents up to the age of 19 are leuke-
mias, brain and CNS tumors, lymphomas, neuro-
blastomas, kidney, bone, thyroid, and malignant
gonadal germ cell tumors (testicular and ovarian)
[11].

Cancer treatments such as hormone therapy,
chemotherapy, radiotherapy, and surgery are asso-
ciated with infertility and early menopause in ado-
lescent girls [12]. Gynecological cancer surgery in-
volves the removal of the uterus or ovaries, thus
leading to permanent infertility. Although in the
past radical hysterectomy was performed for tu-
mors such as anaplastic embryonal rhabdomyosar-
coma of the cervix, in recent years the goal is fertili-
ty-sparing surgery such as radical abdominal
trachelectomy [13,14]. Gonadal excision in the pedi-
atric population is usually unilateral in the case of
malignant tumors, thus allowing the preservation of
menstruation and fertility. Bilateral removal of the
female gonads is practiced early, in the first months
of life in gonadal dysgenesis to prevent cancer or in
the rare cases of bilateral tumors [15,16]. Occasion-
ally, the hypothalamic-pituitary axis may be affect-
ed by surgical treatment in the case of brain tumors,
producing an alteration in the secretion of gonado-
tropins [17].

Chemotherapy and radiotherapy disrupt the reg-
ulation of sex hormones [18,19] and affect primor-
dial follicles [20-23]. Females are born with a fixed
number of primordial follicles that will generate oo-
cytes during the menstrual cycle [24]. The number
of primordial follicles decreases steadily until a
woman reaches menopause. Chemotherapy and ra-
diotherapy are considered “gonadotoxic” because
they damage DNA and accelerate the decline of the
primordial follicle population [25]. Depleted ovari-
an follicle reserves increase the likelihood of infer-
tility, temporary amenorrhea, and early menopause.
The risk of treatment-related infertility depends on
the patient history and age, as well as the type of
cancer and its treatment [26]. Cancer patients rou-
tinely treated with high-intensity therapies, such as
those with advanced-stage Hodgkin’s lymphoma,
are at greater risk of ovarian involvement [27,28].
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Overall rates of gonadotoxicity in pediatric cancer
range from 8 to 30%, although they may increase to
70-90% in high-risk subgroups [29]. Chemotherapy
causes gonadotoxicity for both sexes. The risk of go-
nadal toxicity varies depending on the type of onco-
logical treatment received, the accumulated dose,
the state of the gonads before the start of treatment,
and, above all, the age of the patient when chemo-
therapy is administered [30].

The adverse effects of radiotherapy on fertility
are variable, and sometimes it is impossible to es-
tablish a prognosis. Intensity-modulated radiation
therapy should always be used to preserve repro-
ductive tissues, and radiation doses to reproductive
organs should be evaluated when planning a future
pregnancy. Radiotherapy affects the fertility of chil-
dren with acute leukemia, lymphomas, Wilms tu-
mors, pelvic sarcomas, and brain and nasopharyn-
geal tumors [18,19,23].

Although hormone therapy is not gonadotoxic in
itself, increased duration of treatment may amplify
the risk of infertility caused by a decreased ovarian
reserve with age. Patients must be informed about
the risk of infertility when starting endocrine thera-
py, and consideration should be given to the dura-
tion of treatment. Published data until now estimate
that ovarian function could be recovered in 3
months after ovarian suppression following treat-
ment with luteinizing hormone-releasing hormone
(LHRH) analogs combined with tamoxifen or aro-
matase inhibitors. Androgen deprivation therapy
generates hypogonadism and low testosterone lev-
els; consequently, it may be associated with oli-
gospermia and azoospermia and cause transient
sterility. Data available on the risk of infertility as-
sociated with biological treatments are rare and un-
certain [24]. Imatinib seems not to cause infertility
in men or women. Data about nilotinib and dasat-
inib suggest that they do not modify the gonadal
function in both sexes. Data from the Summary of
Product Characteristics (SmPC) and clinical trials in-
dicate that tyrosine kinase inhibitors (TKIs) use is
contraindicated for pregnant women. Although an-
giogenesis plays an essential role in gonadal devel-
opment, studies showed that both sexes’ fertility is
moderately affected by sunitinib and other TKIs
with antiangiogenic activity, such as sorafenib or
pazopanib [31].

SCREENING FOR FERTILITY PROBLEMS

Screening is currently recommended only for
survivors with associated risks, which may explain
why only 38% have documented endocrine testing
[32]. Many more survivors may be at risk of infertil-
ity because alkylating agents are used to treat ~50%
of all childhood cancers in conjunction with other
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gonadotoxic therapies [33]. Another guideline sug-
gests using infertility screening at the request of sur-
vivors [34], but it is debatable whether survivors are
sufficiently and correctly informed to make such
requests. It is the responsibility of physicians to ad-
dress in discussions with patients all potential late
adverse effects of oncology treatment, and precise
guidelines are needed for approaching the subject
of infertility, choosing the optimal moment of coun-
seling, and interpreting and communicating test re-
sults appropriately. Although hormone levels are
only suggestive of a potential infertility problem,
blood tests can be the first step and allow survivors
to make informed decisions about further evalua-
tion, fertility preservation, and family planning tim-
ing. At the same time, other barriers to fertility pres-
ervation among the pediatric population must be
addressed, such as cost, family beliefs, and doctor-
patient communication [35,36].

FERTILITY PRESERVATION

Currently, there are several fertility preservation
techniques, such as reproductive organ conserva-
tion surgery in the early stages of oncological condi-
tions and cryopreservation techniques (of embryos,
oocytes, ovarian cortex, sperm, and testicular tis-
sue). The pediatric population is extremely vulner-
able, and ethical and legal factors must be consid-
ered, in addition to strictly medical factors, before
applying these fertility preservation procedures
[31,37,38].

FEMALES

Established fertility preservation options for
young female patients include ovarian transplanta-
tion, radiation protection, and oocyte/ovarian cryo-
preservation [39,40]. Administration of gonadotro-
pin-releasing hormone analogs for ovarian
suppression is commonly used, but efficacy data are
mixed, and this option is considered experimental
[41].

Cryopreservation of mature oocytes

Cryopreservation of mature oocytes involves
ovarian stimulation with gonadotropins for 8-14
days and surgical retrieval of oocytes under trans-
vaginal ultrasound guidance with conscious seda-
tion. This method is most likely to result in a subse-
quent pregnancy in postmenarchal patients [40,41].

Ovarian tissue cryopreservation

Ovarian tissue cryopreservation (OTC) is cur-
rently considered experimental in the United States
but is performed as an established fertility preser-
vation procedure in parts of Europe and Israel; it is

the only option for patients before puberty [39]. OTC
involves the surgical removal and cryopreservation
of strips of ovarian cortical tissue or the whole cor-
tex for potential future fertility and hormonal resto-
ration [41,42]. The method is safe and effective, with
a risk of minor complications of less than 1%, same-
day discharge for most patients, and no treatment
delay [43-46].

The recommended technique is unilateral (par-
tial or total) laparoscopic oophorectomy, ideally per-
formed in combination with other necessary proce-
dures, for example, port placement, under a single
anesthetic exposure [47].

MALES

Options for male fertility preservation include
gonadal radiation protection, sperm cryopreserva-
tion, and testicular tissue cryopreservation (TTC).
The risk of infertility seems to be greater for male
children with cancer than their female counterparts
due to the relative chemo- and radiosensitivity of
testicular germ cells. Sperm cryopreservation—is
the most established option for male fertility preser-
vation and should be offered to all peri- and post
pubertal adolescents with a fertility-threatening
condition. Sperm quality and DNA integrity can be
compromised after a single course of chemotherapy.
The stage of pubertal development is considered the
best indicator of spermarche (initiation of sperm
production), sperm cryopreservation is usually of-
fered to adolescents who are at least Tanner stage
II-IIT for genital development, with motile sperm
reported with testicular volumes of up to 6 ml
[48-50].

Testicular tissue cryopreservation (ITTC) — Lack
of mature spermatozoa limits fertility preservation
options in prepubertal boys. TTC is an experimental
intervention that currently has the greatest poten-
tial for this population, although no sperm recovery
from this method has been reported to date. TTC in-
volves surgical removal of immature testicular tis-
sue prior to treatment and cryopreservation by slow
freezing. Eligibility for TTC generally includes pre-
pubertal children at high risk of infertility or pa-
tients who cannot provide an adequate sperm sam-
ple [51].

COUNSELING FOR PEDIATRIC ONCOLOGY PATIENTS

Pediatric patients and their families should re-
ceive an individualized gonadotoxic risk assessment
as early as possible after a cancer diagnosis. Also,
timely interventions must be performed to protect
their reproductive goals. Oncofertility (OF) is fo-
cused on providing information and analyzing fer-
tility issues, managing associated complications,



and offering fertility preservation (FP) alternatives
for patients to maintain their reproductive potential
[52]. In recent years, OF has become a firmly estab-
lished discipline and has been declared the univer-
sal law [53].

Female childhood cancer survivors treated with
gonadotoxic therapies are at risk of ovarian failure,
making them less likely to become pregnant than
the cancer-free population [45,52,53]. Among survi-
vors who maintain fertility, some studies have found
an increased risk for adverse obstetric and perina-
tal outcomes [10,42,49]. The data obtained so far are
contradictory; most studies relied on self-reported
outcomes and altered the quality of the results
[10,45,54,55].

Thus this population is the focus of counseling
and has a greater need for information from virtual
environments [56]. Currently, young patients in-
creasingly use social networks to obtain medical in-
formation, and they have become a bridge of inter-
action between healthcare providers, healthcare
centers, patients, and relatives [54,55,57]. Almost
one-third of patients use social media to seek health-
related information, advice, and social support [55].

In recent years, young users have been trying to
find dates and support on social media platforms
like Facebook, Instagram, Twitter, and YouTube.
These platforms could support young patients by in-
creasing their medical knowledge and encouraging
them to discuss their doubts and decisions with
their GPs. Informed patients have better disease
awareness, greater adherence to treatment, and,
therefore, better clinical outcomes [54,57-60]. In ad-
dition, digital resources increase patient participa-
tion in support groups, helping others with the same
condition and enhancing their quality of life [61].

Oncology patient-specific online communities
pursue interests specific to these categories, and
therefore interactions occur between various stake-
holders, including patients, families, healthcare pro-
viders, and decision-makers. These interactions of-
fer opportunities for non-clinicians, oncology
professionals, cancer patients, and those who help
them share information, advice, and support [62].

The current practice of fertility preservation
counseling and the performance of specific proce-
dures differs between European countries depend-
ing on national recommendations, local logistics,
technical experience, and cost settlement by the na-
tional insurance system. Counseling is a difficult
task for doctors and requires an approach that con-
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siders the ethnic and cultural background of the pa-
tient’s family, as well as the maturity and age of the
patient. Especially adolescents must be addressed
directly, as they usually want to be included in deci-
sion-making [63]. It is important for children and
adolescents to integrate legal guardians for deci-
sion-making and to obtain consent. Besides the
shock of a newly diagnosed malignancy or the pres-
entation of side effects, the risk of infertility can be
devastating information and should be considered
as such [64]. Counseling helps develop a strategy to
best deal with the problem and could provide an op-
tion for future fertility [65].

ETHICAL ASPECTS

There are ethical dilemmas in fertility preserva-
tion for the pediatric population, including parental
decision-making, the child’s decision-making capac-
ity, the use of experimental fertility preservation
methods, religious issues, and disposal of gametes
or stored tissue at death. Parents have legal author-
ity over minors’ health decisions, and parental per-
mission is required to initiate treatment [66]. Sev-
eral national and international organizations
support deciding on fertility preservation with the
parents’ help but with the child’s consent (age >7
years) [67-69]. There are articles showing discord-
ance between the decisions of adolescents and their
parents regarding fertility preservation [70,71]. Sys-
tematic reviews of adolescent health decision-mak-
ing show a strong willingness among adolescents to
participate in treatment decisions about future fer-
tility [70,72,73]. Specialized consent forms need to
be developed for the adolescent population to allow
them to accept procedures alongside their parents
[51].

CONCLUSION

The pediatric population diagnosed with onco-
logical diseases has had an increased survival rate
in recent years and requires a careful approach to
fertility-related problems. Fertility conservation
methods before the initiation of cancer treatment
have notable results today, and patients are given a
chance to have a reproductive life as close to normal
as possible. Medical treatments, specific counseling,
and careful evaluation of ethical considerations are
needed to obtain the best possible results.
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