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It’s my privilege to present 4 th edition of oncofertility communications . 
This month focus is on Children with cancer and Fertility Preservation. 
Children wil cancer represent a special group where they will be heading 
towards adulthood and fertility may become a very important quality 
of life aspect for them. They may experience the remanants of effects of  

cancer and it’s treatment on their fertility.
 
But ethical dilemma includes the diagnosis of cancer and hence decision of fertility preservation is 
at an age when they are minors. Parents or care takers play a major role in their decision making. 
So in this group both children and their care taker needs counseling and awareness.
 
Hope this edition answers all your questions on Children with cancer and aspects of fertility 
preservation in this group.

I would like to extend my special thanks to Dr Sweta Agarwal for contribution for this edition.  
 
Happy Reading !

Oncofertility Communications: Volume. 42

Dr Sweta Agarwal
Guest Editor

Childhood cancer treatment is getting better with improved survival 
rate & full recovery. A major quality of life parameter in survivors 
is ability to live a fuller life, including reproduction. It is only if 
we are geared up for it and inform the family of current fertility 
preservation options, it is possible to fulfill this important aspect of life. 

 
         Happy reading !!
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INTRODUcTION
The treatment of children and adolescents with cancer has become increasingly successful. 

About 78% of all patients diagnosed before 15 years of age will survive for 5 years.(1) The most common 
types of cancer diagnosed in children aged between 0 to 14 years are leukemias, brain and other 
central nervous system (CNS) tumors, and lymphomas.Survivors of these cancers can develop health 
problems months or years after cancer treatment, known as late effects. These late effects cover the 
spectrum from life altering to life-threatening conditions.

The gonadotoxic impact of treatments for cancers have concerns, anxiety, and embarrassments due 
to the impact of therapy on sexual and reproductive function, which have the potential to adversely 
impact quality of life.(2) Infertility remains one of the most common life-altering treatment effects 
experienced by long-term childhood survivors(3) Infertility, not only involves the individual, but also 
a partner, a spouse, or other family members.(4,5,6) In these patients, fertility preservation maximizes 
long-term quality of life. 

One of the issues is that the patient or their families do not receive proper information about the 
possible gonadotoxic impact of cancer therapy. Unless patients are informed or properly referred before 
treatment, options for later reproduction may be lost. Thus, it is essential for pediatric oncologists 
to consider the potential impacts of treatment on every patient’s fertilityand inform patients and/
or their families of options, benefits, and risks, and referring them to fertility specialists for fertility 
preservation prior to initiation of gonadotoxic therapy.

However, for several children and adolescents diagnosed with cancer, fertility preservation is not 
possible due to its cost or investigational nature. In some cases, fertility preservation may not be a 
priority because of the desire or necessity to initiate cancer treatment urgently. Many childhood cancer 
survivors who maintain fertility have concerns about the potential effects of cancer treatment on their 
health during pregnancy and health of their offspring. Cancer and reproduction raises ethical issues 
for both oncologists and fertility specialists, including issues of experimental vs. established therapies, 
the ability of minors to give consent and the welfare of expected children.(7) All of these factors have to 
be taken into consideration while discussing with the patient and their parents.

Recent reports from ChildhoodCancer Survivor Studyobserved that, compared to a sibling cohort, 
female participants were less likely to become pregnant (relative risk of ever pregnant 0.81; 95% 
Confidence Interval [CI], 0.73-0.90).(8) In another report from the Childhood Cancer Survivor Study, 
the risk of infertility was 2.5 times higher in male cancer survivors compared to healthy siblings (46% 
vs. 17.5%).(9)

EFFEcTS OF cANcER ThERAPY ON FERTILITY
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Gonadal and extragonadal germ cell tumors account for only 1% of primary tumors in children 
younger than 15 years and 10% of primary cancer sites in adolescents and young adults 15 to 29 
years.(11) Orchidectomy or oophorectomy performed for the management of these relatively rare 
pediatric cancers may reduce germ cell numbers. Fertility may also be adversely impacted in survivors 
with autonomic nerve damage and/or vascular injury resulting from pelvic or spinal surgery. Sexual 
dysfunction associated with these procedures may be exacerbated in survivors with androgen or 
estrogen insufficiency. (12)

Alkylating agents are used to treat a variety of pediatric hematological and solid malignancies.Factors 
influencing the risk of gonadal injury in children treated with alkylating agent chemotherapy include 
cumulative dose, the specific alkylating agent, the length of treatment, age at treatment, and sex.(13, 14) 
Prepubertal status does not provide protection from gonadal injury.(15, 16) 

Females are more likely to be at risk for long-term premature ovarian failure rather than acute ovarian 
failure. Acute ovarian failure develops in a small subset ranging from 6% to 12% in childhood cancer 
survivors. Ovarian damage caused by treatment can lead to amenorrhea during or immediately after 
treatment and it could be temporary or permanent. Furthermore, regular menstruation cannot be 
concluded to have no damage to the ovarian reserve, so ovarian function should be judged not only by 
menstruation but also by anti-Mullerian hormone (AMH), follicle stimulating hormone (FSH), and 
ultrasound. In the childhood cancer survivor study, secondary amenorrhea rate of post-pubertal girls 
was higher than the primary amenorrhea rate of prepubertal girls. Adolescents have about 2 to 3 times 
higher risk of premature ovarian insufficiency than those under 12 years of age.

Thus, a female pediatric cancer patient is more likely to have a window of fertility after completion 
of treatment, although alkylating agents may reduce her overall fertility span. The most detrimental 
effects were observed in alkylating agents including chlorambucil, cyclophosphamide, ifosfamide, 
melphalan, busulfan, and procarbazine. Furthermore, myeoblastive chemotherapy regimens such as 

EFFEcT OF SURGERY ON FERTILITY 

EFFEcT OF chEMOThERAPY
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Surgery, radiation, or chemotherapy that has a negative impact on any component of the hypothalamic-
pituitary-gonadal axis may compromise the reproductive outcomes in childhood cancer.(10) Pediatric 
cancer treatment protocols often prescribe combined modality therapy, thus the additive effects of 
gonadotoxic exposures may need to be considered in assessing reproductive potential. The most 
harmful regimens to the ovaries and testes are alkylating agent-based chemotherapy and high doses 
of cranial radiotherapy that impair hypothalamic pituitary function, resulting in the depletion of 
gonadotropin-releasing hormone (GnRH)
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Direct irradiation of the hypothalamus and/or pituitary may produce impaired secretion of follicle- 
stimulating hormone (FSH) and luteinizing hormone (LH), especially when the dose is greater than 35 
Gy. Lower-dose exposures (18 to 24 Gy), such as those employed for prophylactic cranial irradiation 
of children with acute lymphoblastic leukemia, did not appear to produce major abnormalities in FSH 
or LH release.

In women treated for childhood cancer, the potential for primary gonadal injury exists if treatment 
fields involve the lumbo-sacral spine, abdomen, pelvis, or total body. As with chemotherapy-induced 
gonadal injury, the ovaries of younger patients are more resistant to radiation damage than are those 
of older women. Permanent ovarian failure uniformly occurs in childhood cancer patients treated 
with ovarian radiation doses > 20 Gy.(19)

Combined modality therapy with alkylating agent chemotherapy and radiation treatment volumes 
that include the ovaries increases the risk for both acute ovarian failure and premature menopause.
(20,21) Prepubertal girls treated with 20 to 30 Gy abdominal radiation may fail to undergo or complete 
pubertal development. Ovarian transposition to a region that is lateral or medial to the planned 
radiation volume may preserve ovarian function in young girls and adolescents who require pelvic 
radiation therapy for lymphoma.(22) Moreover, radiation can affect reproductive organs, such as the 
uterus, with subsequent issues related to implantation and carrying a pregnancy.

Among men treated for childhood cancer, the potential for primary gonadal injury exists if radiation 
treatment fields include the pelvis, gonads or total body. Sperm production is reduced in a dose-
dependent fashion following radiation. Azoospermia may be reversible at doses of 1 to 3 Gy, but doses 
in excess of 3 Gy typically produce irreversible azoospermia. Radiation injury to Leydig cells is related 
to the dose delivered and age at treatment.(18,23) Testosterone production may be normal in prepubertal 
boys treated with < 12 Gy fractionated testicular radiation, but elevated plasma concentrations of 
luteinizing hormone observed in this group suggest subclinical injury. Gonadal failure typically results 
when prepubertal boys are treated with > 20 Gy radiation to the testes; androgen therapy is required 
for masculinization. Leydig cell function is usually preserved in sexually mature males if radiation 
doses do not exceed 30 Gy.(24)

EFFEcT OF RADIOThERAPY

Oncofertility Communications: Volume. 47

high-dose cyclophosphamide with busulfan or Thiotepa-based high-dose therapy has been shown to 
increase the incidence of ovarian failure.
In males, spermatozoa-producing germ cells are more sensitive to chemotherapy and radiation 
compared to the testosterone-producing Leydigcells. In males, Leydig cell function is preserved, but 
germ cell failure is very common when treated with high cumulative doses of cyclophosphamide (≥ 
7500 mg/m2) and more than 3 months of combination alkylating agent therapy.Therefore, infertility 
is more often a late effect of cancer therapy in males, while sexual function is relatively spared. (16,17,18)
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WhEN TO DIScUSS ABOUT FERTILITY PRESERVATION?

WhIch MEMBER OF hEALThcARE TEAM ShOULD DIScUSS FERTILITY 
PRESERVATION WITh PATIENT AND FAMILIES?

MINOR PATIENTS & cONSENT

FERTILITY PRESERVATION IN MALE chILDREN

Cancer survivors and their families value a frank discussion about fertility at the time of diagnosis. 
At first glance, one might wonder why even bother bringing up the issue in the dramatic setting of 
disclosing a cancer diagnosis and the pressing need to start treatment for a patient that is far from 
planning to have a family of his or her own. In a multicentre Canadian study looking at the perspectives 
of survivors, parents, and providers, found that parents and survivors would like to be informed at 
the time of diagnosis, regardless of the actual risk of fertility impairment, and despite other factors, 
such as cost, experimental nature of interventions, and likelihood of surviving. Furthermore, non-
disclosure was noted to be associated with future negative feelings, such as resentment and anger.(25)

Several international guidelines have already recommended early referral of young patients diagnosed 
with cancer to infertility specialists, as soon as possible, after diagnosis and it would decrease time 
spent making decisions and undergoing procedures.(3,6,9,25) Early counseling can provide a positive 
psychological effect for the patient and their parents, and can be accepted even when realistic fertility 
options are not available. 

The development of a multidisciplinary oncofertility group with participation of nurses, oncologists, 
urologists, gynecologist, ethicists, administrators, and reproductive specialists can assist with 
implementation of best practices and counselling, being mindful of cultural issues, financial constraints, 
and individual preferences and beliefs.(2)

Ethical and legal norms require that procedures done on minors serve their best interests. If invasive 
procedures are necessary, minors who are able to understand the choice presented must give their 
assent (permission less than full consent). This means that the procedure can be done if they agree and 
their parents consent, but not if they object.(7)

In male patients who have attained puberty, cryopreservation of sperm is now standard practice. 
Cryopreservation of sperm should be done prior to initiating cancer therapy, as even small doses of 
gonadotoxic agents can affect the quality of the sperm.(26,27,28)

Clinicians should recommend sperm banking for all males with newly diagnosed malignancies, 
regardless of planned treatment intensity. This approach maximizes fertility options for patients who 
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might relapse prior to sperm count recovery and therefore face more gonadotoxic chemotherapy.
The least invasive method for sperm collection is masturbation. When masturbation is not a viable 
option, other methods are available for obtaining a semen sample. Electroejaculation, a method 
often employed in adult patients with neuropathic dysfunction, can be offered to collect sperm. This, 
however, would require general or regional anesthesia, and education to accept the need to use a 
rather large rectal probe to stimulate emission and ejaculation.The published experience with this 
technique in the adolescent age group is still limited, but success rates close to 50% have been reported.
(29) If electroejaculation fails to produce a sperm sample or in patients unwilling or unable to tolerate 
the procedure, microsurgical epididymal sperm aspiration, where in sperm is removed from the 
epididymal tubule and in testicular sperm extraction, sperm is retrieved via a needle biopsy of the testis.
(30) Numerous recent improvements in sperm storage techniques and advances in assisted reproductive 
technology using intracytoplasmic sperm injection (ICSI) can facilitate successful pregnancies using 
banked sperm, which is documented to remain viable for up to 28 years, if stored properly.(31)

Prepubertalmales, cannot produce semen for cryopreservation. In prepubertal testis, germ cells 
include spermatogonial stem cells (SSCs), mature spermatozoa are not yet present. In these patients 
cryopreservation of testicular tissue for eventual restoration of spermatozoa production can be done. 
Ideally, in prepubertalmale’s testicular biopsy should be done and tissue should be banked prior to 
initiating gonadotoxic cancer therapy. After completion of cancer therapy, once the patient is ready to 
begin a family, this tissue could then be thawed and the stored germ cells reimplanted into the patient’s 
own testes to continue full maturation in situ.(32,33,34) Moreover, contaminating cancer cells must be 
detected and removed from testicular biopsy samples. 

One innovative strategy utilizes in vitro culture methods to expand and purify gonadal SSCs, guide 
their differentiation into viable spermatids, then achieve fertilization through ICSI. This is still in 
experimental phase.

FERTILITY PRESERVATION IN FEMALE chILDREN

Embryo cryopreservation is one of the most well-established technique of fertility preservation. 
However, this option may not to suitable for all cases of childhood cancers. In these cases, alternative 
options such as oocyte cryopreservation, ovarian tissue cryopreservation or suppression of the effects 
of anticancer drugs on the ovaries through ovarian suppression can be advised.

EMBRYO OR OOcYTE cRYOPRESERVATION
Invitro fertilization (IVF) has now become a standardized procedure and embryo cryopreservation is 
one of the most well-established technique of fertility preservation. 

This method involves ovarian hyperstimulation for the in vivo maturation of oocytes and subsequent 
retrieval of mature oocytes prior to beginning chemotherapy. The oocytes are then fertilized and the 
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resultant embryo is cryopreserved. Years later, the embryo can be thawed and transferred into either 
the patient’s own uterus or that of another woman (gestational surrogate).A spouse, partner, or the 
patient’s willingness to use donor sperm for this purpose is also necessary. 

For post pubertal girls without a male partner,who have the time to undergo a stimulation cycle 
would benefit from oocyte cryopreservation. As such, recent studies have demonstrated that transfer 
of embryos originated from frozen-thawed oocytes had comparable pregnancy rates compared to 
those using fresh oocytes. As freezing and thawing techniques have been improved currently, oocyte 
cryopreservation is no longer considered as an experimental method.(35,36,37)

Even if improved technique of Oocyte cryopreservation has resulted in more than 900 births in 
last 30 years, there are some limitations to establish this as a standard method for childhood and 
adolescent cancer patients. Firstly, oocyte cryopreservation requires time for ovarian stimulation 
and follicular growing, which can be especially a problem in pediatric cancers, which often require 
urgency to start cancer treatment. Random-start controlled ovarian stimulation protocol can result 
in shortening the time from consultation to cryopreservation, but even a 2-week delay is often not 
feasible in cancer treatment because of characteristics of childhood cancer with aggressive prognosis. 
Secondly, oocytes are retrieved through transvaginal approach, which is accompanied by damage such 
as hymen rupture. Pediatric and adolescent patients who have never had sexual relationship or vaginal 
procedure previously, even if they were sexually mature, may find this processes emotionally and 
physically unbearable in the absence of anesthesia. Finally, oocyte cryopreservation cannot be used 
in prepubertal girls whose hypothalamic-pituitary axis not mature or ovulation does not occur.(38-41)

OVARIAN TISSUE cRYOPRESERVATION 
Ovarian tissue cryopreservation seems to be advantageous as it can be performed at any time, with 
less delay to initiating cancer treatment. This represents the only potential option available to preserve 
fertility in prepubertal girls or pubertal girls who cannot delay their cancer treatment. More than 60 
cases of successful live births using tissue cryopreservation have been reported worldwide, however, 
it should still be considered experimental because there is no standard protocol or report with robust 
success rates.

Minimally invasive laparoscopic surgery is preferred and in this process, strips of ovarian cortical 
tissue, which contains vast amounts of primordial follicle, are harvested. The ovarian tissue should be 
evaluated for evidence of metastasis or malignant disease. In pediatric patients, it is preferred to freeze 
strips from the ovarian cortex than the whole ovary, the ovarian cortex is dissected into 1- to 2-mm-
thick strips after separation from medulla.

If ovarian insufficiency is diagnosed and the patient wants to be pregnant after complete cure of 
malignancy, orthotopic or heterotropic transplantation may be performed. Restoration of ovarian 
function was observed 3–6 months after reimplantation, documented blood level of several hormones 
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changes - increased estradiol and decreased FSH levels. After ovarian tissue transplantation, additional 
assisted reproductive techniques may be often required. A recent meta-analysis has reported a CPRs of 
57.5% and a live birth rate of 37% after ovarian tissue transplantation.

One of the major concerns with ovarian tissue cryopreservation is the potential risk of reimplanting 
tissue contaminated with cancer. Ovarian transplantation might be most concerning in patients 
withovarian and hematological malignancies, where contaminating cancer cells theoretically seed 
ovarian tissue.

OTC is the only fertility preservation option for prepubertal females, but tissue from pre-pubertal girls 
contains only immature follicles. In vitro maturation, in which immature oocytes could be harvested 
and matured entirely in vitro and support the mature oocytes until in vitro fertilization, is more 
appealing, as it would remove the danger of reimplanting cancer cells back into the patient. Methods 
of growing human oocytes from primordial follicles is still experimental. However, there are 2 case 
reports of live births in patients who underwent tissue cryopreservation prior to menarche, indicating 
promising procedure in this population.(42-49) 

OVARIAN SUPPRESSION
Ovarian suppression using gonadotropin-releasing hormone (GnRH) analogues, during 
chemotherapygenerates a pseudoprepubertal hormonal state. Although a pseudoprepubertal hormonal 
state may make ovaries less vulnerable to gonadotoxic treatment, the protective effect of GnRH agonist 
during chemotherapy is under debate and still considered investigational. This treatment has been 
studied in adult (postpubertal) population and such treatments are not recommended for prepubertal 
girls who lack of maturity of the ovarian cycle.(50,51) 

cONcLUSION

With the advances of cancer treatments and increase in survival rates following cancer therapy, fertility 
has emerged as a highly significant quality-of-life issue for childhood cancer survivors. Pediatric or 
adolescent patients with malignancy should be referred to a reproductive endocrinologist as soon as 
possible upon receiving a cancer diagnosis. Early referral will make patients and parents to consider 
an appropriate method of fertility preservation. Currently available options for fertility preservation 
for pediatric or adolescent female patients with malignancy include cryopreservation of oocytes or 
embryos, and ovarian tissue freezing before commencing cancer therapy. Also GnRH analogues 
can be considered as another option during chemotherapy, but this is still experimental. In post 
pubertal male patients, sperm cryopreservation is a standard option. In some patients, microsurgical 
epididymal sperm aspiration, testicular sperm extraction or testicular tissue cryopreservation can be 
done whenever indicated. An appropriate option of fertility preservation should be chosen through 
discussion between individual patients, their parents and healthcare providers with analyses of possible 
options.
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