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Abstract 
The number of reported new cancer cases is increasing every year. The probability of surviving 
cancer is high and is continually improving. The cancer treatment may induce ovarian or testicu-
lar failure by damaging ovarian follicles in females and spermatogonia in the males. Gonadal fail-
ure may affect all aspects of reproductive health, including pubertal development, hormone pro-
duction, and sexual function in adult life. Therefore, the primary goal for cancer treatment is to 
ensure the highest possibility of cure and to maintain the reproductive health. The cancer patients 
should be provided with maximal chance to make an optimal decision without any significant im-
pact and delay in cancer treatment. As a result of treatment innovations, the survival rates of 
young people have increased substantially; therefore, the need of fertility preservation has in-
creased as well. The sperm cryopreservation and embryo cryopreservation have been standard 
methods of fertility preservation. Recently, the American Society for Reproductive Medicine has 
removed the experimental label from oocyte cryopreservation. However, other fertility preserva-
tion options including ovarian tissue and whole ovary cryopreservation and testicular tissue cryo-
preservation for pre-pubertal boys are still considered experimental. A coordinated approach by 
gynecologists, urologists, oncologists, pediatricians, surgeons, fertility specialists and counselors 
is required to make use of available fertility preservation options. Timely and complete informa-
tion on the impact of cancer treatment on fertility and fertility preservation options should be 
presented to all patients when a cancer treatment is planned. The possibility of fertility preserva-
tion removes a huge concern and enables cancer patients to concentrate on their treatment and 
getting better. The purpose of this review is to present different options currently available to 
preserve fertility in men, women and adolescent children diagnosed with cancer and undergoing 
gonadotoxic therapy. All options are listed in two tables for quick reference. Most of the informa-
tion is extracted from recent publications and presented in such a manner that it is valuable for 
cancer patients and professionals associated with fertility preservation. 
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1. Introduction 
Cancer spares no age group and loss of fertility is a major concern for patients after cancer treatment. Gonadal 
failure especially in young age may affect all aspects of reproductive health, including pubertal development, 
hormone production, and sexual function in adults. With advancement in cancer treatment, the probability of 
surviving cancer is high and is continually improving [1]; thus, the need for fertility preservation in all age 
groups including adolescent boys or girls has increased. The fertility counselling on individual basis is highly 
required and is greatly valued by cancer patients because it gives them a choice about future fertility. The fertil-
ity expert can present various fertility preserving scenarios and the patients are content that there is an actual 
choice and it contributes to a belief in their own survival [2]. 

Currently sperm banking, regardless of the source (ejaculated, epididymal or testicular) and embryo banking 
are the standard methods to preserve fertility for cancer patients [3]. Ejaculated sperm can subsequently be used 
for intra-uterine insemination, in vitro fertilization (IVF) using egg insemination or intracytoplasmic sperm in-
jection (ICSI) depending on the sperm concentration and motility after cryopreservation and thaw. Epididymal 
sperm and testicular sperm are only suitable for ICSI. Due to numerous favourable reports of oocyte cryopre-
servation, thaw, fertilization, embryo development, establishment of pregnancies and deliveries of babies, Ameri-
can Society for Reproductive Medicine has removed experimental label from oocyte cryopreservation; however, 
the ovarian tissue and whole ovary cryopreservation are still considered experimental [4] [5]. 

In many instances the cancer may not allow enough time to get results for communicable diseases before 
cryopreservation and the decision to cryopreserve sperm, oocytes, embryos or gonadal tissue have to be made 
immediately. It is, therefore, highly recommended that the specimens are stored in closed systems to avoid cross 
contamination in storage. Alternatively, dedicated dry shippers can be arranged for exclusive use of such high 
risk specimens. This article focuses on various options available to those females and males who are at risk of 
losing fertility due to surgery, chemotherapy, radiation or any other fertility threat. 

2. Fertility Preservation Counseling 
Several studies indicate that fertility issues are very important to younger women with cancer. Studies from 
Canada, Sweden and US showed that 50% - 60% of women below 40 years with cancers expressed a wish to 
have one or more children in the future. An early referral to a fertility specialist who can provide clear advice 
can help the patients make an informed decision about fertility preservation [2]. The fertility-related general 
communication is not sufficient, and the patients require more individualized and specific information about 
their fertility preservation choices. 

American Society of Clinical Oncology recommends that as part of education and informed consent before 
cancer therapy, oncologists should address the possibility of infertility with patients and be prepared to discuss 
possible fertility preservation options or refer patients to reproductive specialists offering fertility preservation 
[6]. The mental health professionals and genetic counselors be available to counsel the patient and support them 
in decision-making. Genetic counselors are required to discuss any potential risks of transmission of the disease 
to the resulting offspring and to provide information on available genetic testing in heritable diseases [7] 

3. Fertility Cryopreservation Options for Male 
Most common and clinically applicable fertility preservation options for men and adolescent boys are summa-
rised (Table 1) and explained under each option.  

3.1. Cryopreservation of Sperm 
Sperm cryopreservation is one of the most well-established techniques in assisted reproductive technology la-
boratories worldwide. It is a useful tool for fertility preservation in adolescent and adult males. The sperm sam-
ple can be obtained by ejaculation (masturbation, vibratory ejaculation/electroejaculation), percutaneous epidi-
dymal sperm aspiration (PESA) or testicular sperm extraction (TESE). 

After cancer treatment, up to 32% (n = 11/34) of the patients had significantly worse semen analysis findings, 
including four who suffered from azoospermia [8], therefore, sperm cryopreservation is an invaluable tool for 
preserving the reproductive potential of such male patients and every effort should be made to refer these pa-
tients for sperm cryopreservation before proceeding to their gonadotoxic treatment, even if their sperm quality is  
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Table 1. Fertility preservation options for male cancer patients.                                                              

Option Technique Suitable Candidate 

Semen cryoprservation Ejaculation Adult/adolescent males capable of ejaculateion 

 Urine analysis post ejaculation Retrograde ejaculation cases 

 Electroejaculation/penile vibratory stimulation Adolescent or adult males unable to ejaculate 

 PESA Obstructive azoospermia 

Testicular tissue  
cryopreservation TESE or micro-TESE Failure to find sperm in the ejaculate or  

PESA or for prepubertal boys 

Testicular protection or 
transposition Lead covers or surgery If therapy is irradiation only 

 
suboptimal. With the advent and successful clinical use of ICSI, only one sperm per egg is required. No matter 
how poor the sperm concentration and motility are, it is possible in majority of cases to find enough sperm for 
ICSI for successful fertilization and embryo development. It is a simple and effective way of preserving fertility 
potential of adult males and pubertal boys undergoing gonadotoxic treatment. Successful sperm cryopreserva-
tion has been reported in adolescent patients from the age of 13 years [1].  

Ejaculation is the most common way of obtaining sperm. In cases of failure to find sperm in the ejaculate, 
search for spermatozoa in post ejaculation urine sample to rule out retrograde ejaculation is recommended. 
Other methods described for retrieval of spermatozoa in adolescents include penile vibratory stimulation and 
electro-ejaculation [1]. The basic principles and methods of sperm cryopreservation for testicular, epididymal, 
and ejaculated sperm are similar and involve the use of glycerol as a cryoprotectant [9].  

The procedures of freezing and thawing of cryopreserved sperm samples have a negative impact on sperm 
quality and may impact successful assisted reproduction. Therefore, cryopreservation of at least three semen 
samples with an abstinence period of 48 hours in between samples is recommended [1]. Men with testicular 
germ cell tumors have a sperm survival rate of only 44.8% and the lowest odds of having a post thaw total mo-
tile count above 5 million for intra uterine insemination. Therefore, men with testicular cancer with seminoma 
histology or lower fresh total motile count (<25 - 30 million) should consider preserving additional vials (15 or 
more) before oncologic treatment [10] if sperm are intended to be used for intra uterine insemination. However, 
in situations of severe time constraint, cryopreservation of only one ejaculate in multiple vials is recommended 
so that the sperm can be used for ICSI which requires only one sperm per egg retrieved. Figure 1 shows differ-
ent sources of sperm for cryopreservation. 

3.2. Cryopreservation of Testicular Tissue 
Fertility preservation technique in males varies depending on the age and nature of the treatment. Post-pubertal 
boys undergoing chemotherapy can have semen cryopreservation like adults. However, fertility preservation for 
pre-pubertal boys undergoing chemotherapy implies testicular tissue cryopreservation [11] and must be offered 
to boys even if maturation of immature germ cells is yet uncertain, for future research may enable fertility resto-
ration. However, in situations like obstructive azoospermia upon failure to find sperm from epididymis or in 
non-obstructive azoospermia with significantly diminished sperm production final resort is to find and cryopre-
serve sperm from small pieces of testicular tissue without aid of microscope (TESE) or with aid of microscope 
(Micro TESE). The later has higher chances to find sperm as it allows for the precise removal of tiny volumes of 
testicular tissue from areas of active sperm production using a microscope. 

3.3. Testicular Protection or Surgical Repositioning 
Boys or adults undergoing irradiation can have testicular protection or surgical repositioning of the testicle. 
Shielding of the gonadal area is the standard procedure for reducing scatter radiation to the reproductive organs 
and to preserve fertility [12]. The extent of radiation damage will depend on the dose, irradiation schedule and 
field. 

4. Fertility Cryopreservation Options for Female 
Fertility preservation options available to women and adolescent girls are graphically represented in Figure 2  
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Figure 1. Different sources of male gamete for cryopreservation.               

 

 
Figure 2. Human ovary showing different parts for cryopreservation.     

 
and listed in Table 2. 

4.1. Cryopreservation of Oocytes 
Oocyte cryopreservation allows women to maintain reproductive autonomy and is recommended for unmarried 
women, women with no male partner, and for those who do not wish to preserve embryos because of religious 
or ethical concerns [13]. It may also be an option for adolescent girls in selected cases. For example in 2010, a 
14-year-old adolescent with Turner syndrome mosaicism and impending premature ovarian failure was inter-
ested in undergoing hormonal stimulation and oocyte freezing instead of ovarian tissue cryopreservation, which 
is usually the preferred option for children [14]. Post-thaw survival, in vitro fertilization and pregnancy rates of 
cryopreserved oocytes have increased significantly over the past few years [15]. The vitrification is current me-
thod of choice when cryopreserving MII oocytes [16].  

Oocyte cryopreservation is not possible in prepubertal girls. Further, it requires ovarian stimulation which 
causes delay in cancer treatment. It also generates a limited number of oocytes which restricts the number of at-
tempts for pregnancy. 

4.2. Cryopreservation of Embryos 
Cryopreservation of embryos is an established technology. Vitrification is predominantly used. Early cleavage 
stage embryos can be cryopreserved with equal success using slow cooling and vitrification. However, success-
ful blastocyst cryopreservation may be more consistently achieved with vitrification. The post-thaw survival 
rates after vitrification are almost 100 per cent and the pregnancy rates are similar or better than those achieved 
after fresh embryo transfer.  

Embryo cryopreservation requires the patient to undergo ovarian stimulation and in vitro fertilization. Since a 
sperm sample is required, it can only be used in married or patients with male partner or willing to use donor 
sperm. The other limitations are that it delays cancer treatment. It is not recommended for patients suffering  
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Table 2. Fertility preservation options for females.                                                                        

Option Technique Suitable Situation 

Oocyte 
cryopreservation 

Usually requires ovarian  
stimulation and oocyte collection 

• When enough time is available before cancer treatment of 
unmarried women/adolescent girls for extraction of oocytes 

• Cancer is not aggravated by stimulation hormones 

Embryo cryopreservation Ovarian stimulation and IVF 
• Women with male partner or using donor sperm 
• When enough time is available before Cancer treatment 
• Cancer is not aggravated by stimulation hormones 

Ovarian tissue  
cryopreservation Surgical removal of ovarian tissue 

• Urgent cancer therapy is required 
• Prepubertal girls 
• Hormone sensitive cancers 

Whole ovary  
cryopreservation 

Surgical removal of  
the whole ovary • Same as mentioned for ovarian tissue cryopreservation 

Combination of ovarian 
tissue and oocyte/embryo 

cryopreservation 

Surgery followed by ovarian  
stimulation and  

IVF/oocyte freezing 

• Urgent cancer therapy is required 
• Cancer is not aggravated by stimulation hormones 

 
from estrogen-sensitive tumors and raises ethical, legal and religious implications for disposal of embryos in 
case patient dies. It can’t be used in pre-pubertal patients [7]. In many countries it is now mandatory to have the 
couple sign informed embryo cryopreservation consent to specify handling of these embryos. 

4.3. Cryopreservation of Ovarian Tissue 
Ovarian tissue cryopreservation and re-implantation is an option to preserve fertility in patient who has to un-
dergo chemotherapy and/or radiotherapy for aggressive malignancies and there is not enough time to allow ovu-
lation induction, oocyte retrieval and cryopreservation of oocytes/embryos. It is the only option in pre-pubertal 
girls or women with hormone-sensitive cancers [4]. The immature oocytes will have to be matured either in vivo 
or in vitro in order to restore fertility [11]. The first child born from ovarian tissue cryopreservation and trans-
plantation was reported in 2004 by Jacques Donnez in Belgium, to a woman with history of chemotherapy and 
radiation for Hodgkin’s lymphoma after orthotopic transplantation [17]. Since then, many births have been re-
ported. However, the Practice Committee of ASRM still considers ovarian tissue cryopreservation an experi-
mental technique for fertility preservation [4]. 

It is an efficient option to preserve fertility of children and young adults, however, alternative procedures such 
as oocyte or embryo cryopreservation should be considered as first options especially for older patients or if 
there is high risk of neoplastic cells within the ovaries [18]. 

Obtaining a small volume of cortical tissue that is rich in primordial follicles enables cryopreservation of a 
large number of oocytes. The ovarian tissue is transported to laboratory on ice and cut into 0.3 - 2 mm thick 
pieces and then cryopreserved. The tissue is transplanted after cancer therapy. The slow-freezing has been used 
more often; however, vitrification is now gaining popularity [4]. 

Ovarian tissue cryopreservation has many advantages. It does not delay cancer therapy, avoids risk of ovarian 
stimulation and does not require partner or donor sperm. It also preserves a larger number of follicles and allows 
for resumption of ovarian function which generally resumes between 60 and 240 days post-transplant [19]. It is 
the only technique available for preserving fertility in pre-pubertal girls. Reintroduction of cancer following 
ovarian tissue transplantation is a major concern. 

The frozen cortical tissue can be thawed when the patient is declared cancer free and transplanted onto the pa-
tient’s ovary (orthotopic transplantation) or other sites (heterotopic transplantation), such as the forearm or the 
abdominal wall. Autologous orthotopic transplantation allows for the possibility of natural fertilization [20]. 
With heterotopic transplantation pregnancy can only be achieved by oocyte retrieval and in-vitro fertilization 
utilizing assisted reproductive technologies. There has been no live birth reported with this technique in human, 
although restorations of endocrine function, successful oocyte retrieval and fertilization have been possible.  

4.4. Whole Ovary Cryopreservation 
The whole ovary is removed with a large part of vascular pedicle attached [4]. It enables the use of profusion 
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equipment to introduce cryoprotectants to all cells of the ovary, remove them on thawing and helps in ovarian 
transplantation, thereby decreasing the risk of ischemia and poor tissue survival seen after transplantation of cor-
tical fragments. Both slow-freezing and vitrification techniques have been used [21]. One of the challenges is 
possibility of reintroduction of cancer cells that may remain in medullary tissue [22]. Also, difficulties still exist 
in cryopreservation of the relatively large ovarian tissue mass. 

Eleven women underwent fresh donor ovary transplantation, and 11 underwent cryopreserved ovary auto- 
transplantation in the same centre, with the same surgeon. Recovery of ovarian function and follicle recruitment 
was assessed and the potential for pregnancy was further investigated over 1-year follow-up. Seventeen babies 
were born to 11 fresh and eight cryopreserved ovary transplant recipients. The auto-transplantation of cryopre-
served ovary tissue yielded results almost identical to fresh transplantation. These grafts can last for a long time 
despite reduced AMH levels if the donor’s ovarian reserve is high. In all cases of cryopreserved autotransplanta-
tion, just as in fresh transplants, a robust return of menstrual cycling and normal ovarian function were observed 
at almost precisely the same time after surgery (4.5 months) in all recipients [23]. 

4.5. Combination of Ovarian Tissue and Embryo Cryopreservation 
The use of bilateral ovarian cortex cryopreservation followed by controlled ovarian stimulation and embryo 
freezing has been investigated [24]. This combined approach does not impair the number or quality of cryopre-
served embryos, does not delay oncological treatment and increases fertility preservation potential. This ap-
proach does not delay oncological treatment. It may even be proposed to patients without a male partner in asso-
ciation with oocyte vitrification. The authors suggested removal of approximately 20% of ovarian cortex from 
each ovary prior to IVF and oocyte/embryo cryopreservation. Two other studies reported little different ap-
proaches [25] [26]. Theoretically, ovarian stimulation induces high estradiol levels that could be deleterious to 
hormone-sensitive cancers like breast cancer. Aromatase inhibitors like letrozole can be used to minimize oes-
trogen exposure in breast cancer patients. GnRH agonist trigger improves outcomes by increasing the yield of 
mature oocytes and embryos in aromatase inhibitor cycles and also decreases the post-trigger oestradiol expo-
sure as well as ovarian hyper stimulation syndrome risks in women with breast cancer [27] [28]. Classical ova-
rian stimulation in non-metastatic breast cancer and lymph node-negative breast cancer was used in the other 
study [24] as the authors did not see any evidence that 4 - 5 days of high estradiol levels may be deleterious for 
patients or impact their survival. 

4.6. Ovarian Transposition 
Ovaries can be surgically moved outside the irradiation field. It consists of releasing the ovary from its pelvic 
attachments and placing it behind the uterus or any other suitable place. This strategy is useful in cervical cancer 
[29].  

4.7. Ovarian Follicle Culture 
It is intended to be an alternative to ovarian tissue transplantation to avoid risk of reintroducing cancer. The end 
product of this in vitro culture system is mature oocytes from primordial and primary follicles. Much work still 
is required to make this approach clinically applicable [29].  

5. Post-Thaw Assessment of Cryopreserved Specimens 
It is of paramount importance that adequate quality control and quality assurance methods are applied for collec-
tion, transportation, processing and cryopreservation to consistently achieve desirable outcome from the cryo-
preserved material. For sperm samples, post-thaw motility assessment from a test vial of about 200 micro litres 
or even less is recommended. This also helps in deciding the number of samples to be cryopreserved before ini-
tiating cancer treatment. In some instances, advanced techniques of sperm viability assessment like hy-
po-osmotic swelling test [30] may have to be used to pick viable sperm for ICSI. 

6. Future Technologies 
For men and prepubertal boys, spermatogonial stem cell transfer holds promise if the risk of reintroduction of 
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cancer can be eliminated by technologies such as purging the tissue and germ cell culture [31]. The derivation of 
male gametes from stem cells also holds much promise; however, data are only available in animals, and the use 
of this method in human beings is probably many years away [32]. 

For women and girls, unravelling the complex mechanisms of activation and suppression of follicle growth 
will expand the care of women diagnosed with cancer. In addition, pharmacological protection against gonad-
otoxic agents, in-vitro follicle growth and follicle transplantation are likely to be optimised and established 
within the next decade [33]). Further research to minimize damage from cancer therapy to male or female gam-
etes or reproductive stem cells is needed. 

7. Conclusion 
There has been significant advancement in fertility preservation options available to cancer patients. It is essen-
tial that individuals under threat of fertility loss should be offered appropriate fertility preservation option. An 
integrated approach by oncologists, urologists, surgeons, gynecologists, pediatricians, fertility preservation spe-
cialists and counselors is needed to make use of these options to improve quality of life for cancer survivors. 
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