Cancer treatments may affect fertili-
ty in different ways. Oncofertility, i.e.
the study of interactions between
cancer, anti-cancer therapy, fertility,
and reproductive health, is an emerg-
ing field that addresses cancer pa-
tients’ concerns regarding their future
reproductive ability. As the number
of cancer survivors increases, fertility
preservation is becoming an important
quality of life issue for many survivors
of childhood cancer. There is a wide
array of fertility preservation options
according to gender and pubertal sta-
tus, and shared decisions must take
place at the time of diagnosis. Even
though there might be several barriers
that can negatively affect this process,
the presence of a dedicated fertility
preservation team may help overcome
them.

In this article, the authors aim to char-
acterize what oncofertility is, the ef-
fects of cancer and its treatments on
the fertility potential of pediatric pa-
tients and also on their mental health.
Another goal is to expose the dif-
ferent fertility preservation therapeutic
options and potential barriers.
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Introduction

The diagnosis of cancer in children and adolescents is a life-altering event
for them and their families. Although advances in treatment have led to an
overall 5-year survival rate for childhood cancers of approximately 80%, can-
cer is still the second leading cause of death (following accidents) in children
aged 5 to 14 years!. Even though cancer is a leading cause of death in both
adults and children, in terms of absolute numbers, pediatric cancer is a rel-
atively rare disease [1].

The cancer incidence, worldwide, in both sexes, at 0-19 years of age,
demonstrates that leukemia leads with 80 491 cases in 2020, followed by
cerebral/central nervous system (CNS) (30 766 cases), non-Hodgkin lympho-
ma (25 100), kidney cancer and Hodgkin’s lymphoma. Incidence is higher
in males, but the three most frequent cancers are the same in both sex-
es. Regarding the number of deaths, in both sexes, worldwide, leukemia is
the main cause of death, followed by brain/CNS, non-Hodgkin’s lymphoma,
kidney and liver cancer, with the number of deaths being higher in males [2].

Based on estimates of the number of new cancer cases in 2021, 4.6% of
all new cancer cases will occur at 15-39 years of age, with 5-year relative sur-
vival of 85%. This percentage is also similar for children aged 0-14 years [2].

Depending on the type of cancer and treatment received, patients who
survive 5 years may remain at risk of recurrence or progression of their
primary cancer and be at an increased risk of developing subsequent ma-
lignant neoplasms, chronic diseases, and functional impairments. It is im-
portant that survivors of childhood and adolescent cancer are monitored for
long-term and late effects [1].

Several studies have shown that fertility potential and reproductive
health are major concerns for cancer survivors (3, 4]. Given the current ep-
idemiological panorama, with the increase in the longevity of cancer survi-
vors whose reproductive future is at risk, there was a need to create a new
field at the intersection of reproductive medicine and oncology, which is
oncofertility [5].

Oncofertility emerged in 2006 with the objective of implementing
the search for options for the protection and/or preservation of fertility for
patients diagnosed with cancer. Also it involves helping patients in decision
making regarding preservation of fertility and the method to be used, in pre-
and post-treatment preparation and dealing with associated psychological
factors. So, oncofertility integrates several areas such as sexology, pediatrics,
psychology and bioethics, in addition to oncology, urology and gynecology
[6]. Furthermore, standardization of fertility preservation care for oncologi-
cal patients is required [7].

This literature review discusses the effects of cancer and cancer treat-
ment on fertility, options for fertility preservation in pediatric patients and
potential barriers that can negatively affect them. We present the following
article in accordance with the narrative review reporting checklist.
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Effects of cancer on fertility

A cancer diagnosis by itself is a risk factor for infertili-
ty. Being a systemic disease, it can affect fertility through
multiple mechanisms, even before initiating treatment.
Infertility in cancer survivors can be caused by injury to
the hypothalamic-pituitary-gonadal axis, as well as dam-
age to the organs of the reproductive tract [8].

The hypothalamic-pituitary-gonadal axis is controlled
by a classic feedback loop. Central hypogonadism occurs
when there is damage to the hypothalamus or pituitary,
due to tumors or their therapies; primary hypogonadism
occurs when tumors or their therapies damage the testi-
cles or ovaries. The major endocrine stimulators of human
testes are luteinizing hormone (LH) and follicle-stimulating
hormone (FSH), which are made by the pituitary and se-
creted into the systemic circulation. Luteinizing hormone
and FSH secretion are stimulated by the pulsatile release
of gonadotropin-releasing hormone (GnRH) from neurons
in the hypothalamus. Gonadotropin-releasing hormone
reaches the gonadotroph cells of the anterior pituitary via
a portal vascular system. Dysfunction at any step of the
axis can result in suppression of endogenous testosterone
production and thus impair spermatogenesis. The same
gonadal failure occurs in females, when failed hormonal
production and infertility occur [9].

Testicular tumors can produce B-human chorionic go-
nadotropin (B-hCG) and a-fetoprotein (AFP). These tumors
can alter the axis, since high levels of B-hCG are associated
with poor quality semen, causing an inhibitory effect on
spermatogenesis through negative feedback. Likewise, high
levels of AFP are associated with decreased sperm count
and inhibition of spermatogenesis [10, 11]. There are several
studies that have examined semen parameters in male pa-
tients with testicular cancer and reported decreased sperm
concentrations and parameters compared to male patients
with different oncologic diagnoses [12, 13].

Several studies revealed that leukemia and lymphoma
are risk factors for pre-treatment azoospermia [14]. Ragni
et al. reported that more than 10% of cancer patients who
banked sperm at their institution were azoospermic be-
fore treatment [15].

The immune response to the tumor can also affect fer-
tility, as many cancers can generate lymphocytic infiltra-
tion causing an elevation of pro-inflammatory cytokines.
The altered homeostasis of these cytokines (mainly IL-6,
IL-8, and TNF-a)) impairs the blood-testis barrier and can
cause germ cell apoptosis and sloughing [10].

Systemic symptoms caused by the disease have an
impact on the reproductive potential in several ways,
highlighting severe malnutrition and fever (especially in
Hodgkin’s lymphoma), which promote alterations in sper-
matogenesis and changes in sperm motility, morphology
and concentration, respectively [16, 17].

Effects of cancer treatment on fertility

The gonadotoxic potential of oncological therapies, in-
creasingly efficient in controlling the disease and enabling
longer survival, leads to a deterioration in the reproductive
function of cancer survivors [18, 19].

In 2006, the American Society of Clinical Oncolo-
gy (ASCO) established guidelines, updated in 2018, for
the follow-up of cancer patients of childbearing age, with
the creation of infertility risk calculation tools, taking into
account several variables, including the type of cancer and
treatment regimen [20].

Cancer treatments with gonadotoxic potential may have
direct gonadotoxicity by injury or depletion of the seminif-
erous epithelium or the ovary; or indirect gonadotoxicity
causing hormonal insufficiency, through the hypothalamic-
pituitary-gonadal axis; and/or may cause functional
alterations (uterine in women, ejaculatory or erectile in
men) [21]. These effects can be permanent, transient or
manifest late in relation to the end of treatment, specifi-
cally in women with premature ovarian failure [10, 20, 22].

Surgery

If feasible and without compromising the effectiveness
of cancer treatment, conservative surgery should be cho-
sen, in order to preserve reproductive function [23, 24].

Some types of surgery for adolescent male cancer can
result in long-term negative influences on fertility potential
and sexual function. Testicular surgery can affect sperm
and hormone production or interfere with sperm transport
[23, 25]. Unilateral orchiectomy in men with testis cancer
may lead to a decrease in semen parameters following the
surgery, though the majority of these men will recover [26].
Patients who have undergone a retroperitoneal lymph node
dissection or prostatectomy as part of their cancer treat-
ment plan may have an autonomic nervous system that is
transiently or permanently damaged by sympathetic gan-
glia injury, responsible for emission and ejaculation, which
may impair ejaculation. Other types of pelvic surgery can
injure the parasympathetic and sympathetic nerves respon-
sible for erection and ejaculation, through injury to the vas
deferens, and put the patient at risk for erectile dysfunction
or obstructive azoospermia [23]. Likewise, men who under-
go radical surgery for non-testicular malignancies such as
muscle-invasive bladder cancer, retroperitoneal sarcoma,
paratesticular rhabdomyosarcoma, and colorectal cancer
will often develop transient or permanent ejaculatory and
erectile dysfunction despite modern techniques for preser-
vation of sexual function [10].

In women, an oophorectomy or total hysterectomy per-
manently affects their fertility [23, 25]. Procedures that af-
fect the bladder, large intestine, and rectum may impair
awoman’s ability to carry a pregnancy to term [27, 28].

Chemotherapy

Gonadotoxicity caused by chemotherapy occurs due
to the fact that it targets rapidly proliferating cells. These
effects depend on several parameters such as the type
of chemotherapy, dosage, initial semen quality and the
location of the toxicity in the spermatogenetic/menstrual
cycle [29, 30].

For women, chemotherapy, especially cyclophospha-
mide and procarbazine, have effects on the loss of ovari-
an reserve, which can cause lesions in the ovarian stroma
[31-33].
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Table 1. Chemotherapeutic agents and gonadotoxicity. Adapted from Disparities in female pediatric, adolescent and young adult oncofer-

tility: a needs assessment

High risk Medium risk
Nitrogen mustard Vinblastine
Chlorambucil Cytosine arabinoside
Cyclophosphamide Cisplatin
Melphalan Carboplatin
Busulfan

Procarbazine
Dacarbazine
Doxorubicin
Carmustine
Lomustine

In men, chemotherapy can damage the seminiferous
epithelium and decrease testosterone levels by causing
damage to Leydig cells [23]. The normal sperm count typi-
cally recovers by 12 weeks after therapy in patients treated
with non-alkylating agents [30].

In general, alkylating agents are dose-dependently tox-
ic to the testes, and in patients receiving these agents,
calculating the correct equivalent dose can help quantify
the risk of future infertility, although it was found that even
at lower doses, some patients developed azoospermia
[28, 34]. These agents interrupt DNA function and repli-
cation, being one of the most spermatotoxic agents, with
infertility reaching 60% or higher (Table 1), and men being
more susceptible than women. The effects on spermato-
genesis are often irreversible, and a large percentage of pa-
tients may remain azoospermic even after 20 years of ces-
sation of treatment[10, 30]. In women it leads to menstrual
changes, acute ovarian failure, and diminished ovarian
reserve [13]. For example, a cyclophosphamide equivalent
dose greater than or equal to 8000 mg/m? has a high level
of increased (greater than 80%) risk of premature ovarian
insufficiency and infertility in the post-pubertal patient [13].
In men treated with a high dose of cisplatin 600 mg/m?,
45% had Leydig cell dysfunction compared with 27% of
patients treated with lower doses [21].

Studies of childhood cancer survivors indicate that pre-
mature menopause is most likely to occur in patients ex-
posed to alkylating agents [35, 36]. In studies where female
cancer survivors received treatments without alkylating
agents no significant increase in premature menopause was
observed and patients did not experience subfertility [27].

After receiving chemotherapy, many cancer survivors
have growth hormone deficiency, hypothyroidism, or pu-
bertal abnormalities. Thus, chemotherapy may damage
fertility by affecting either the nervous system or pelvic
reproductive organs [37, 38].

Heavy metal treatments (platinum-based) damage DNA
and interfere with DNA replication and can result in a tem-
porary or permanent suppression of spermatogenesis.
However, these agents are associated with more favorable
recovery of spermatogenesis over time, with approximate-
ly 80% of patients having successful sperm retrieval with-
in 8 years of cisplatin cessation [10, 39] (Table 1).

Antimetabolite therapy and vinca alkaloids appear to
have a lesser impact on male fertility [10].

Low or no risk Unknown risk

Methotrexate Paclitaxel
5-fluorouracil Taxotere
6-mercaptopurine Oxaliplatin
Vincristine I[rinotecan

Bleomycin Trastuzumab
Actinomycin D Pertuzumab
Cetuximab
Erlotinib
Daunorubicin
Imatinib

Advances in chemotherapy regimens will hopefully al-
low targeted therapy with the minimal appropriate dose
and toxicity [21].

Radiotherapy

Radiation therapy may impact the future reproductive
ability of cancer survivors depending on the total dose
of radiation and fractionation schedule, location of the
treatment, and age of the patient [10, 27]. Also, the nearby
regions can be affected by exposure to scattered radiation
[25]. Ovarian follicles are sensitive to DNA damage from
jonizing radiation. Radiation treatment induces massive
DNA double strand breaks in primordial follicle oocytes
and Chk2-dependent apoptotic death mechanisms. Ovari-
an radiation can result in the depletion of primordial folli-
cle reserve as well as severe stromal scarring, which mani-
fest as ovarian atrophy [40].

In women, the age at the time of exposure to pelvic
or abdominal radiation and, consequently, ovarian re-
serve seem to be predictive factors of the potential effects
of radiotherapy, because in older patients the risk of per-
manent ovarian failure is greater [41]. Younger women
may be less susceptible and prepubescent girls have an
even greater chance of achieving a healthy reproductive
future after treatment [27, 42].

Pelvic radiation can also cause fibrosis of the uter-
us with damage to the musculature and vasculature
of the endometrium, loss of lubrication and vaginal ste-
nosis, which can result in an increased risk of miscarriage,
mid-trimester pregnancy loss, premature delivery and low
birth weight at birth, regardless of age of exposure [43,
44]. Direct ovarian radiation exposure causes menstrual
irregularity, primary ovarian insufficiency and diminished
ovarian reserve [13]. A study of childhood cancer survivors
who received abdominal radiation indicated an increased
risk of miscarriage and preterm birth later in life [45].

The hypothalamus and pituitary glands are especial-
ly sensitive to high levels of cranial or brain irradiation,
which may prevent regulated secretion of GnRH, FSH and
LH, which in turn affects release of estradiol, progesterone,
and prolactin [45].

Spinal irradiation may also jeopardize reproduction af-
ter cancer, as higher rates of miscarriage have been report-
ed after this treatment. Women whose cancer treatment
causes damage to both the brain and pelvic regions are at
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the highest risk for reproductive loss after cancer. Patients
who undergo total body irradiation prior to hematopoietic
stem cell transplantation should be informed of their fer-
tility preservation options as early as possible. In fact, pa-
tients who undergo aggressive chemo-radiotherapy due
to the need of transplantation are classified as at high risk
for gonadotoxicity [27].

Cranial radiation disrupts hypothalamic and pituitary
function, resulting in oligomenorrhea and hypogonadism.
Scatter doses of radiation from abdominopelvic or cranio-
spinal RT can cause ovarian failure in 50-70% of cases
[13]. Craniospinal irradiation alone was not considered as
a high gonadotoxicity risk [40].

In men, radiotherapy has implications for testicular
function by potentially damaging both germ cells and
Leydig cells, immature stem cells and spermatogonia, the
latter being the most sensitive [30]. Leydig cells show vari-
ation in their radiosensitivity according to age, reaching its
peak before puberty, which might affect the fertility poten-
tial. However, the sensitivity of sperm to radiation appears
to be unrelated to age [25]. Testicular tissue is extremely
radiosensitive and even smaller doses of direct radiation
can impair spermatogenesis. Radiation doses begin to
adversely affect spermatogenesis at 0.1-1.2 Gy; therefore
doses greater than 6 Gy can cause total depletion of sper-
matogonial stem cells and permanent sterility [8].

Hormone therapy

Hormonal therapies are some of the oldest active
systemic anticancer therapies in use today. Substantial
evidence now exists that hormones play a key role in both
the cause and the outcome of several cancers [46].

While fewer than one-third of women with newly diag-
nosed breast cancer are premenopausal, the choice of adju-
vant endocrine therapy for hormone receptor-positive can-
cers is an important consideration regardless of menopausal
status, particularly given the possibility of late recurrence
with this subtype of breast cancer. Tamoxifen, a selective
estrogen receptor modulator, has not typically been asso-
ciated with cessation of ovulation. Furthermore, at higher
doses, tamoxifen can stimulate ovulation. However, it is not
recommended to become pregnant while taking tamoxi-
fen. Despite this, tamoxifen may cause irregular or absent
menses in some patients when given after gonadotoxic
chemotherapy or when used alone. Tamoxifen-induced
amenorrhea is thought to be reversible and temporary [47].

In men, hormone therapy is more commonly used in the
treatment of prostate cancer, which occurs in most cases
in older patients and necessarily involves azoospermia [22].

Immunotherapy

Immune checkpoint inhibitors (ICls) have revolution-
ized cancer treatments due to their effectiveness, with the
expectation that their use will increase even more in the
near future. However, toxic effects on fertility, pregnancy
and sexuality are poorly understood.

Based on currently known evidence, these compounds
can cause primary hypogonadism especially in men, sec-
ondary hypogonadism, and theoretically, libido and sexual

impairment. Despite the current knowledge gap, hypoph-
ysitis and panhypopituitarism are known adverse events
of checkpoint inhibitors, so impairment of the pituitary go-
nadal axis can lead to reduced sex hormones. It is known
that sex hormone deficiency can reduce fertility and lead
to physical and psychological disorders of sexuality [48].

Tulchiner et al. reported that patients treated with an-
ti-programmed death-1 (anti-PD1) checkpoint inhibitor an-
ticancer drugs that block the activity of PD-1 and PD-L1 im-
mune checkpoint proteins present on the surface of cells
may show increases in LH-FSH ratio and estradiol levels,
which only occurs in men for reasons not yet known [49].

In addition, conception and pregnancy should be avoid-
ed during treatment with ICIS [48].

Psychological effects

Hormonal changes leading to psychiatric
disorders

Cancer diagnosis and treatment can be associated
with sexual dysfunction of various etiologies, including
testosterone deficiency [50]. Previous research showed
that testosterone can affect the secretion of monoamine
neurotransmitters associated with anxiety and depression
[51]. Testosterone can increase dopamine neurotrans-
mitter release in the limbic system of the midbrain. This
may prevent not only depression-induced pleasure dis-
orders but also a related reduction in dopamine activity
in reward-related brain pathways. Additionally, blood
testosterone levels inhibit re-uptake of serotonin, acti-
vate tyrosine hydroxylase, and increase the transport of
1-aminobutyric acid. Therefore, when blood levels of tes-
tosterone decrease, these neurotransmitter levels also
decrease, eventually leading to depressive symptoms [52].

Psychiatric disorders leading to hormonal
changes

The diagnosis of cancer, especially in young patients,
is associated with a high level of distress, which is caused
by many factors such as hypervigilance of symptoms, con-
cerns about family and finances, the stress of managing
health needs, changes in self-perceptions and body image,
and feelings of vulnerability and worrying about recur-
rence [18].

The psychological distress is associated with symptoms
of depression and anxiety. The incidence of depression in
adolescent and young age (AYA) patients ranges between
13 and 25%, and anxiety is estimated to affect 15-20% of
AYA patients [18]. This psychiatric conditions are proven to
lead to a decrease in serum testosterone, an increase in
FSH and, more specifically, to abnormal semen parame-
ters, possibly leading to infertility [53].

Patients with infertility secondary to cancer treatment
have increased risk of emotional distress [10] and the psy-
chiatric disorders associated with it [54].

Cancer diagnosis and treatment may lead to psycho-
logical distress, which is associated with psychiatric con-
ditions, such as anxiety and depression, that decrease
the level of testosterone. On the other hand, this same
oncologic disorder may lead to a testosterone deficien-
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cy which is associated with depressive symptoms. This
“dual” link between testosterone and depression might
contribute greatly to infertility among oncologic patients,
which is also a proven cause of depression [55, 56].

Fertility preservation

Over the past few decades, there have been significant
advances in cancer research, namely in the pediatric field,
leading to an improvement in survival rates. As a result,
the number of patients reaching childbearing age is signif-
icant. Fertility preservation and protection is progressively
becoming a pivotal topic when dealing with pediatric cancer
patients. Several oncology organizations around the world,
such as the ASCO and the European Society for Medical On-
cology (ESMO), have already published guidelines on fertility
preservation. It is well established that health professionals
and patients should work together in the decision-making
process before exposure to gonadotoxic agents takes place
to allow the widest array of options [10]. During treatment,
itis still possible to perform conservative surgery or to shield
gonads from radiation. Several of these techniques can be
performed in association to minimize their risk and maxi-
mize their success [57]. For instance, ovarian stimulation for
oocyte cryopreservation can be combined with cryopreser-
vation of ovarian tissue to increase success rates [58].

It is pivotal to assess pubertal status before initiating
any fertility preservation technique. Through a detailed
history and physical examination, it is important to ana-
lyze secondary sex characteristics and Tanner staging and
evaluate, especially in the male group, if they already have
experienced sexual thoughts or masturbation [10]. After
an initial assessment, fertility preservation techniques can
be offered according to gender and pubertal status. For
post-pubertal children, it is possible to cryopreserve their
gametes. For pre-pubertal patients, since they do not have
mature gametes, they are not candidates for traditional
cryopreservation. Regardless of the choice, these tech-
nigues should be performed at expertise centers.

Therapeutic options for male sex
Cryopreservation of sperm

For male post-pubertal children, cryopreservation of
sperm is usually the best choice. Spermarche, the devel-
opment of sperm in males, typically occurs during genital
Tanner Stage 4. Sperm cryopreservation is generally of-
fered to children who are at least Tanner Stage 3/4 in their
development status, with a testicular volume of 10-12 ml
and motile spermatozoa reported [59, 60]. A semen speci-
men can be obtained by masturbation but, in children who
cannot perform it, it can be obtained by penile vibratory
stimulation or electroejaculation [61]. Sperm is cryopre-
served and later in life, when the patient desires, it can
be used in intrauterine insemination, in vitro fertilization
or intracytoplasmic sperm injection techniques [62, 63].

Hormonal suppression

The literature describes hormonal suppression to
preserve gonadal tissue as a possible option, though not

widely recommended since its success rate is not yet
clearly proven [64].

Testicular tissue cryopreservation

For male pre-pubertal children, due to the lack of ma-
ture sperm, different techniques must be used. Testicular
tissue cryopreservation, though experimental in pediatric
patients, is currently the option with the greatest potential
[64—67]. It consists in the surgical removal of immature
testicular tissue through a biopsy and then cryopreserv-
ing it [61]. A prospective longitudinal study developed in
the Karolinska University Hospital in 2020 examined pre-
pubertal boys who underwent this procedure prior to he-
matological stem cell transplantation between 2003 and
2010. No long-term risk related with the procedure was
reported. In adult age, patients reported normal testoster-
one levels but smaller testicles, elevated levels of LH and
FSH and low levels of inhibin B and anti-Mdillerian hor-
mone [68]. However, this technique is still at the early stage
of development [69], and it requires future development
of techniques that allow maturation of spermatogonial
stem cells into sperm [8, 61].

Therapeutic options for female sex
Cryopreservation of oocytes

For female post-pubertal children, cryopreservation
of oocytes is the standard of care. It is more invasive and
time-consuming when compared with the cryopreservation
method for male patients, since it requires prior ovarian
stimulation via multiple hormonal injections of GnRH an-
tagonists [70]. Hormonal stimulation should start on the
second or third day of the menstrual cycle and be main-
tained during a medium of 12 days. After that time, trans-
vaginal oocyte removal is done, generally under sedation or
anesthesia [61]. The whole process lasts about 14 days and
cancer treatments can be initiated a couple of days after
[22]. Later in life, if desired, it can be used in in vitro fertiliza-
tion or intracytoplasmic sperm injection techniques [71, 72].

This technique is not the best choice for hormone-de-
pendent cancers, such as breast cancer, since the impor-
tance of estrogen and its metabolites in breast cancer
propagation is well recognized [73]. Recent studies demon-
strated that controlled ovarian stimulation with letrozole
supplementation is safer, even though its long-term safety
has not been demonstrated yet [74].

Ovarian suppression

When cancer treatment has already started, the previ-
ously mentioned options should not be performed. A rea-
sonable option to protect fertility during cancer treatments
for post-pubertal patients is ovarian suppression using
gonadotropin-releasing hormone agonist (GnRH-a) ther-
apy [18]. It is still an experimental procedure, but several
studies indicate that these agents may reduce ovarian tox-
icity by downregulating the secretion of FSH and LH from
the pituitary, inhibiting follicular recruitment. It is believed
to decrease sensitivity to chemotherapy since fewer pri-
mordial follicles attain the chemotherapy-sensitive stages
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of proliferation and follicle maturation [18]. However, this
is a controversial topic and there are concerns regarding
the possible flare effect resulting in a rise in sex steroids
and consequently in bleeding, which may be an important
issue in children with pancytopenia [18].

Ovarian tissue cryopreservation

For both pre-pubertal and post-pubertal patients who
require urgent treatment, time-consuming techniques that
require ovarian stimulation are not recommended. In that
case, ovarian tissue cryopreservation is currently the best
choice [58, 75, 76]. It consists in the removal of ovarian
tissue by laparoscopic surgery and its dissection, cryopre-
serving fragments of the cortex. This procedure does not re-
quire hormonal stimulation and it may be performed with-
in days. It is important to perform a histological analysis
to exclude ovarian metastasis [77]. In the future, if desired,
the fragments are thawed and grafted onto the remain-
ing ovary or to another location [18]. After transplantation,
the ovarian tissue may restore endocrine function and fer-
tility, enabling a natural conception. It is the only non-exper-
imental option available for this group of children [78]. Due
to the widespread utilization of this method internationally
and consistent with the European Society of Human Re-
productive and Embryology (ESHRE), ESMO and American
Society for Reproductive Medicine (ASRM) guidelines, the
experimental label has been removed and ovarian tissue
cryopreservation is now standard of care [38, 79].

Oophoropexy

Another option for pre-pubertal and post-pubertal
patients who require urgent treatment is ovarian tissue
transplantation, also known as oophoropexy. It is a surgi-
cal procedure thatis usually indicated in patients for whom
pelvic irradiation is planned. It consists of an immediate
reallocation of ovarian fragments away to the radiation
field, instead of cryopreserving them. They can be allocat-
ed either to local structures, such as ovarian fossa, contra-
lateral ovary and pelvic side wall, or to distant areas, such
as subcutaneous areas of the forearm and retroperitoneal
space under the abdominal wall [61]. When the treatment
ends, the ovaries return to their original position to allow
return of reproductive function [18]. However, it is also con-
sidered an experimental procedure and its success rate is
not always the best due to radiation scatter [64].

Barriers to fertility preservation

There are several barriers that can negatively affect
the discussion of fertility preservation in pediatric patients.
A recent study performed in the Department of Women’s
and Children’s Health in the Swedish Karolinska Institutet
indicated that challenges regarding this topic may be main-
ly due to external and internal factors [71]. The first depend
on the availability of health-care services and the organi-
zation of care. For instance, these treatments have high
costs and some are experimental [80], not being available
for everyone or covered by insurance [61, 64]. Internal fac-
tors are related to the clinicians’ characteristics and values
[81], and to the parents’ perception and assumptions [82].

It is vital to assess the right of parental decision-making
and the child’s decisional capacity [83]. Patient autonomy
is pivotal in the decision-making process [18]. However,
there may be certain ethical considerations regarding con-
sent and assent, since patients are under-aged. The lack of
comprehension of the family about this topic might be an
important obstacle [61], so it is also important to consider
parents’ concerns regarding the delay of cancer treatment
to apply the fertility preservation technique [64]. The first
consultation is the most critical barrier since the diagnosis
is accompanied by anxiety and an urge to start treatment
[10]. Certain pediatric cancers often require urgent initia-
tion of treatment. Consequently, it might be a complicated
decision to take under such difficult circumstances. Finally,
itis equally important to evaluate the cultural and religious
concerns regarding the collection method and fertility pres-
ervation technique, since certain religions hold bioethical
concepts regarding fertility [61].

Additionally, the theoretical risk of cryopreserving and
subsequently transplanting gonadal tissue with neoplastic
cells, as well as the impact of the preservation treatment
on future gonadal function and the health of the future
baby, are both subjects that can negatively affect the pro-
cess [61]. Infertility is not a life-threatening situation and
fertility treatments are elective. For that reason, it is pivot-
al to ensure that the fertility preservation technique risk is
null. Several techniques, such as polymerase chain reac-
tion, flow cytometry and xenotransplantation, are being
developed with the aim of excluding such a possibility.

The development of oncofertility programs might be
a way to overcome several of these barriers [6, 71, 84-86].
However, formal programs that help to establish to whom
and how fertility preservation techniques are applied are
not yet common worldwide [87, 88].

Current recommendations and programs

There are several recommendations worldwide about
fertility preservation, namely in the pediatric group. For
instance, in 2013 the ESMO released a guideline regarding
this topic [89]. In 2016, the Portuguese Society of Oncology
also developed recommendations [90]. In 2017, Japan pub-
lished its first guideline in cancer reproductive medicine,
with an important emphasis on pediatric patients [28].
In the following year, the ASCO updated their guidelines on
fertility preservation in cancer patients [91]. More recently,
in 2021 a Spanish multidisciplinary consensus about this
topic was published, and in 2022 similar recommendations
were issued by the Oncology Association of Bosnia and Her-
zegovina [92]. Overall, all recommendations have similar
points of view. It is widely stated that for post-pubertal
boys receiving cancer treatments, sperm cryopreservation
is effective and considered the gold standard. A semen
sample can be obtained through masturbation or testicular
sperm aspiration and cryopreserved. They also state that
hormonal suppression to preserve gonadal tissue is not
successful in preserving fertility, so it is not recommended.
For post-pubertal girls, cryopreservation of oocytes is the
current best option. Oophoropexy is an important option
for girls who will be submitted to pelvic irradiation. How-
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ever, it is important for patients to be aware that the proce-
dure is not always successful since ovaries are not always
protected because of radiation scatter. For prepubertal chil-
dren, the only fertility preservation options are ovarian and
testicular cryopreservation, which are still investigational.
It is believed that the development of formal fertility
preservation programs might be the best way to ensure
high-quality fertility preservation care [10, 71, 93]. Recently
in Princess Maxima Center for Pediatric Oncology, in the
Netherlands, a five-step oncofertility care plan for all newly
diagnosed female patients was introduced [76]. The main
goal was to identify, inform, triage and counsel patients
at high risk of gonadal damage. It consisted of early iden-
tification of new patients, triage of gonadal damage, in-
forming patients and family, counseling a selected subset
of patients and finally submitting them to a fertility pres-
ervation technique. Nearly 88% of the 261 patients were
timely identified and triaged, with 35 of them being coun-
seled and more than half submitted to a technique. It did
not lead to any complications or delay of cancer treatment.
Also, a recent study assessed the current status of fertility
preservation for pediatric patients in Australia and Asian
countries [94]. According to it, Japan is at the forefront of
this topic, as well as Australia. The latter is considered one
of the most developed countries in the area and already
has its own partial public funding and registration system
for patients who desire fertility preservation techniques.

Conclusions

The growing number of cancer cases diagnosed at
young ages and the effect of the disease and the antineo-
plastic treatment on the reproductive function justified the
development of oncofertility. The survivors will experience
long-term adverse outcomes from cancer therapies, such
as infertility and poor reproductive outcomes that disrupt
quality of life. To reduce risk, fertility preservation coun-
seling is recommended as standard of care. Over the last
10 years, several organizations worldwide have published
recommendations and guidelines on fertility preservation
in cancer patients. It is widely agreed that pubertal status
is a central factor when choosing the best technique. For
post-pubertal children, since they have mature gametes,
the preferential method is the cryopreservation of oocytes
or sperm. For pre-pubertal patients several alternatives
are still being developed. Recent scientific breakthroughs
with use of spermatogonial stem cells and testicular tis-
sue transplantation, for the male sex, and ovarian tissue
preservation and oophoropexy, for the female sex, offer
great promise for the future. It is also important to be
aware of the several barriers regarding the oncofertility
topic. Not only cultural, religious, and financial aspects,
but also clinicians’ characteristics and parents’ perception
of the method can negatively affect the process of fertility
preservation in pediatric patients. The development of on-
cofertility programs, though still not common worldwide,
might help overcome several of these aspects and ensure
that patients perfect their future fertility potential.
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