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Abstract
One of the most important elements associated with increase in oncological outcome in children is fertility preservation for future. 
It is obvious that chemo and radio therapy used in cancer treatment aim to destroy tumor cells, but they also impact healthy tissues. 
The negative influence of these types of therapy can be observed in every patient’s organ. One of the most serious complication of 
oncological treatment is reproductive impairment. This determinates directly mental and social state of the patient as well as qual-
ity of life after the treatment, particularly in adolescent. Commonly used methods of fertility preservation in female children are: 
freezing ovarian tissue or unfertilized oocytes. Among male children freezing of testicular tissue or ejaculated sperm are conducted. 
Described methods of fertility preservation among children and adolescents are on the experimental stage and none of them provide 
100% effectiveness.  
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Streszczenie
Jeden z niezbędnych elementów związanych ze wzrostem skuteczności terapii onkologicznej wśród dzieci stanowi kwestia zabez-
pieczenia płodności u tych pacjentów w przyszłości. Oczywisty wydaje się fakt, że chemioterapeutyki i radioterapia stosowane 
w  leczeniu nowotworów mają na celu niszczenie zmienionych chorobowo komórek i jednocześnie wpływają destrukcyjnie na 
zdrowe tkanki. Negatywny wpływ tego typu terapii można zaobserwować w każdym narządzie pacjenta. Jednym z poważniejszych 
powikłań leczenia onkologicznego (radiochemioterapeutycznego) jest zaburzenie funkcji rozrodczych. Determinuje to bezpośrednio 
stan psychiczny pacjenta, jego sytuację społeczną i jakość życia po zakończeniu leczenia, w szczególności dotycząc młodocianych. 
Powszechnie stosowanymi metodami zabezpieczenia płodności w populacji dzieci płci żeńskiej są: mrożenie tkanki jajnikowej i nie-
zapłodnionych oocytów. Wśród dzieci płci męskiej przeprowadza się mrożenie tkanek jądra i plemników pozyskanych z ejakulatu. 
Opisane metody postępowania zapobiegającego utracie zdolności rozrodczych wśród dzieci znajdują się na etapie eksperymental-
nym. Żadna z obecnie dostępnych metod zabezpieczania płodności nie zapewnia 100-procentowej gwarancji powodzenia. 
Słowa kluczowe: 
oncofertility, leczenie, onkologia, młodociani, niepłodność.
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Introduction

Every year, over 15,000 children and adolescents in the EU 
Member States are diagnosed with malignant tumours. Ac-
cording to the statistics of the National Cancer Register (KRN), 
1000 new cases of cancer among children appear in Poland 
every year, averaging 12.2 cases per 100,000 in the population.   

The most common cancers in children are leukemia (30%), 
CNS tumors (17%), lymphomas (15%), sympathetic cancers 
(7%) and kidney tumors (9%) [1, 2]. The effectiveness of cancer 
therapy in children is constantly increasing, therefore the ques-
tion of fertility preservation is becoming one of the key issues of 
modern medicine. Infertility caused by oncological treatment af-
fects the quality of life of patients, especially adolescents. Loss 
of ability to have children or difficulties in conceiving are often 
the cause of psychological problems, which subsequent effects 
often manifest themselves in adaptation difficulties in society. In 
this context, infertility starts to be defined not only as a disease of 
sexual partners, but also as a disease entity with psycho-social 
characteristics. In recent years, this fact has become the basis 
for an attempt to combine advanced therapeutic techniques 
used in oncology, and techniques of preserving reproductive 
material in children and adolescents. Especially the latter group 
seems to be the so-called “target” population for the application 
of “oncofertility” techniques.

Recently observed development of embryology, molecu-
lar biology and assisted reproduction techniques has initiated 
a new direction in medicine – “oncofertility”, as a scientific branch 
dedicated to female and male patients undergoing oncological 
therapy having a detrimental effect on reproductive functions. 

Chemotherapy, surgical treatment and radiotherapy are 
the basic methods of treatment used in oncology. Knowledge 
of the biology of cancer, as well as the induction pathways of 
carcinogenetic pathways, has led to the most frequent use of 
combined therapy, which is a combination of these methods. 
The final choice of the method depends, however, on the type of 
cancer, the degree of its advancement and the patient’s health 
condition. Radiotherapy and chemotherapy exposes female 
children to the risk of acute ovarian failure and the premature 
extinction of their activity. Among male children, the most com-
mon complication is testicular tissue damage and, as a con-
sequence, permanent or temporary azoospermia, i.e. lack of 
sperm in the ejaculate [3, 4]. 

Preserving fertility in children in the face of diagnosed can-
cer is a distant problem that patients and their families are often 
unaware of. In response to the increasing demand for “On-
cofertility” procedures, the Polish Society of Oncological Gyn-
aecology issued Recommendations of the Fertility Preservation 
Working Group in Oncological, Hematological and Other Pa-
tients Treated With Gonadotoxic Therapies “ONCOFERTILITY” 
(GROF) [5]. The guidelines underline that it is possible to pre-
serve fertility regardless of the age of the patient, and that the 
available methods should be discussed as early as possible, 
prior to the commencement of treatment. This can be effective 
in minimizing stress and improving the quality of patient’s life 
in the future.

Preserving fertility – female children

The main sense of oncological treatment is to induce physi-
cal and chemical effect (depending on the method), which 
results in the final biological effect directed at the so-called 
“young elements” with high proliferation potential. In this con-
text, any cancer treatment has a negative effect on the ovaries, 
uterus and/or pituitary gland, thus disturbing or accumulating 
the hypothalamic-pituitary-ovarian axis. The choice of therapy 
depends on the type of cancer, the patient’s age and his con-
dition.  The toxicity of chemotherapy and its effect on gonads 
is dependent on many factors. The main factors include the 
age of the child and the doses of the drugs used – total and 
fractionated. The mechanism of action of chemotherapeutic 
agents is to act on DNA and prevent further cell division.  Un-
fortunately, the degenerative effect is not limited only to cancer 
cells, but also affects healthy organs, including ovaries [6]. The 
most toxic to gonads chemotherapeutic agents include procar-
bazin, cytosine and alkylating agents. The therapies based on 
platinum derivatives and antimetabolites are less toxic to the 
ovaries. It is widely accepted that women are born with a finite 
number of primary vesicles and their total amount decreases 
with age and the impact of damaging factors. Decreasing the 
population of primary follicles plays a superior role in the pa-
tient’s reproductive potential and fertility [7, 8]. The most com-
mon side effect of cytostatic agents used in cancer chemother-
apy is POF (premature ovarian failure – premature extinction of 
ovarian function) – depending on the total dose of the chemo-
therapeutic agent taken.  The damaging effect is less extensive 
in small children due to a larger number of primary follicles at 
the start of therapy [9]. Importantly, there is no evidence that 
the ovary of prepubertal patients is more resistant to cytostatic 
damage. Regardless of the type of chemotherapeutic used, 
part of the patient’s ovarian reserve will be lost irretrievably dur-
ing the course of treatment, which will not always be visible in 
the clinical picture [10–13].

An extremely important element in planning radiation en-
ergy therapy is the assessment of the risk of loss of fertility in 
a child. If abdominal and pelvic radiation is used, there is an 
increased risk of damage to the uterus, fallopian tubes and ova-
ries. Oocytes are highly sensitive to radiation, and a dose of 
less than 2Gy may cause their complete destruction.  Wallace 
et al. calculated that in the case of as many as 97% of women, 
who in childhood took the total radiation dose of the abdom-
inal region in the range from 20–30 Gy, show ovarian failure 
[14, 12]. It is estimated that radiotherapy accelerates premature 
menopause by an average of 10 years. It is important to state 
that the younger the patient is at the beginning of radiotherapy, 
the greater the ovarian reserve [8]. This prolongs the theoreti-
cal time for possible procreation in the future. In the opinion of 
many authors (Wallance et al., Teh et al., Brignardello et al.) it 
should be taken into account, that in patients who have man-
aged to minimize adverse effects in the ovary area and maintain 
their function, radiation damage in the area of the uterus cannot 
be excluded, which in the future may result in the impossibility 
of becoming pregnant or contribute to miscarriages [14–16].  
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The vascular system and the flexibility of the uterus muscle are 
damaged at doses of 14–30 Gy. Studies by Vern-Gross et al. 
show that the radiation of tumors located in the head area – 
radiation in the range from 35 to 40 Gy may lead to disorders 
of pituitary gland function [17]. This fact is extremely important 
especially during adolescence, and may manifest itself in delay 
or absence of menstruation. In old age it is a cause of hypogo-
nadism due to deficiency of gonadotropin releasing hormone 
(GnRH), which in consequence is one of the main factors of 
infertility. Patients with pelvic radiotherapy in childhood are at 
high risk of miscarriages and preterm births [16, 18–20]. 

Possibilities of using fertility protection therapy in female 
children are limited by the age of the patient. In the opinion of 
Loren et al. in girls before puberty, the only available treatment 
method, still in the experimental stage, is freezing the ovarian 
tissue [21]. The first successful procedure of cryopreserva-
tion of ovarian tissue was performed by Donnez et al. (2004) 
[22, 23]. This procedure involves the excision, usually by lapa-
roscopic method, of the whole ovary or its part. Then the outer 
layer of the ovary (the so-called ovarian cortex) is cut into small 
tissue strips and frozen. Tissues prepared in this way can be 
stored in the gaseous phase of nitrogen (temp. –196°C) for an 
unlimited period of time. The efficacy of this method in children 
has not been thoroughly studied. In the opinion of Meirow et al. 
and Gook et al., it is associated with too short time of obser-
vation of patients, from the moment of using this method of 
therapy for the first time [24, 25]. An unquestionable advantage 
of this method is the possibility to perform the procedure with-
out the necessity of prior hormonal stimulation of the ovaries 
and delaying the oncological therapy. Implementation of this 
type of treatment entails the risk of complications related to the 
possibility of cancer cell transplantation and autoimmune rejec-
tion [26, 27]. The most recent studies carried out in Denmark 
by Jensen et al. (2015) have shown that out of 41 ovarian tissue 
transplants performed, the pregnancy rate was 31% [28]. An al-
ternative method of preserving fertility in children during adoles-
cence is cryopreservation of unfertilized oocytes [29]. In order 
to obtain the desired number of egg cells, an earlier hormonal 
ovarian stimulation is necessary – it is routinely recommended 
to start treatment from the first days of menstruation, although 
studies by von Wolff et al. allow to start treatment regardless of 
the phase of the cycle [30]. This method does not have an ad-
verse effect on the number of cells obtained and subsequently 
frozen. Hormonal ovarian stimulation aims at the production 
of mature egg cells. The time needed to carry out the whole 
procedure is about 14 days. This is a major disadvantage as it 
causes a postponement of the oncological treatment. The ba-
sic stimulation protocols are based on the administration of the 
GnRH antagonist. Then ovulation is induced with triptorelin and 
follicular maturation is further stimulated with gonadotropins. 
This method requires control of the level of hormones in the pe-
ripheral blood of the patient and evaluation of the size of ovarian 
follicles under the control of transvaginal (if such a procedure 
is possible) or trans-rectal ultrasonographic examination. Cells 
are obtained by means of ovarian puncture through the vagina, 
which requires general anaesthesia. Gametes obtained in this 

way are highly sensitive to temperature changes. Freezing of 
the obtained biological material takes place by vitrification, i.e. 
rapid cooling with the use of cryoprotectants. This prevents the 
formation of ice crystals in the cell during the freezing process 
[31–34]. This method was approved by the American Society 
for Reproductive Medicine (ASRM) in 2013 and the European 
Society of Human Reproduction and Embryology (ESHRE) in 
2015, which changed its character from experimental to rou-
tine [35]. The effectiveness of this type of treatment was tested 
by Lawrenz et al. (2010) on a group of 11 women, 92% of oo-
cytes survived the thawing process and 77% were subjected to 
effective in vitro fertilization. Pregnancy was obtained in 7 pa-
tients, 4 of whom gave birth [30, 36, 37].

Other approved methods of preserving fertility, including the 
freezing of fertilised egg cells, are not used in female children. 
This is due to the requirement to have a partner who can be the 
donor of the semen necessary for the fertilisation of oocytes. 

In the context of undefined reproductive plans in children, 
this method is excluded and not taken into account when con-
sidering the available means of protecting reproductive poten-
tial in the discussed group of patients [38–40]. 

Fertility preservation – male children

Indications for cryopreservation of semen include all types 
of oncological treatment. Temporary infertility may occur in 
male children during puberty as a result of cytotoxic action of 
chemotherapeutics. Temporary deterioration of ejaculate value 
may last up to two years, and the lowest results are observed 
within six months after the end of treatment [41]. The extent of 
damage to male gonads caused by radiotherapy depends on 
the treatment regimen used. The radiation system and the total 
radiation dose may lead to irreversible changes in the testes. It 
has been found that even the lowest doses of 0.1–1.2 Gy have 
a negative effect on male sex cells and may lead to a tempo-
rary decrease in the number of sperm cells in semen (oligo-
zoospermia) [42]. Permanent and irreversible azoospermia (no 
sperm in the semen) occurs at total doses of 4 Gy or fraction-
ated 1.2 Gy. Testicular irradiation in boys at prepubertal age in 
doses exceeding 20 Gy leads to permanent damage to intersti-
tial cells responsible for testosterone production (Leydig cells), 
while the function of these cells in sexually mature men is main-
tained even up to 30 Gy [43, 44]. Leydig cells show higher re-
sistance to radiation than sperm-producing epithelium of semi-
niferous tubules, therefore, radiation therapy included in the 
Oncofertility procedures in children is not usually associated 
with a complete impairment of reproductive functions in adult 
life [45]. In the group of men, as in the case of women, cranial 
radiation in the dose from 35 to 40 Gy may lead to dysfunction 
of the hypothalamo-pituitary system and reduce or completely 
impair the reproductive potential [46, 47]. 

The currently available fertility preservation options de-
pend on the degree of sexual maturity of the patient. The most 
common and least invasive option in the group of male pa-
tients who have reached sexual maturity is cryopreservation of 
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