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Fertility preservation in men with cancer
Herman Tournaye, Gert R Dohle, Christopher L R Barratt

During the past decade, advances in cancer treatment have increased survival rates of both boys and men. However, 
cancer treatment itself can compromise fertility, especially exposure to alkylating agents and whole body irradiation, 
which cause substantial germ cell loss. Children and adolescents with testicular cancer, leukaemia, and Ewing 
sarcomas are at the highest risk of developing permanent sterility from cancer treatment. Consequently, various 
strategies to preserve fertility are necessary. Sperm cryopreservation is an eff ective but underused method to safeguard 
spermatozoa. In the past few years, large advances have been made in prepubertal germ cell storage aimed at 
subsequent transplantation of testicular tissue and associated stem cells. Although still experimental, these 
approaches off er hope to many men in whom germ cell loss is associated with sterility. 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.

Introduction
From puberty onwards, testicular stem cells proliferate 
into diff erentiated spermatogonia, enter meiosis, and 
eventually become spermatozoa in a process called 
spermatogenesis. Because of the stem-cell properties of 
the testicular germ cells (ie, spermatogonia type A), 
spermatogenesis is maintained throughout a man’s life. 
Although ageing is associated with a gradual depletion of 
testicular germ cells, an important natural loss happens 
in association with specifi c genetic disorders. However, 
the main cause of germ-cell loss is iatrogenic. Exposure 
to gonadotoxins (eg, alkylating agents), might cause 
massive germ-cell loss, often with long-term sterility as a 
result. Although advances in cancer treatment are 
associated with improved survival rates, the treatment 
itself can compromise fertility and prevent people who 
have had cancer from starting their own family.

Oncofertility is a novel interdisciplinary approach 
aimed at maximising the reproductive future of people 
who have had cancer by off ering various fertility 
preservation techniques. This approach is being 
introduced in more clinics worldwide. In men, sperm 
cryopreservation is a well established, although under-
used strategy to circumvent sterility after germ-cell 
loss. In the past few years, new fertility preservation 
strategies have been developed that might drastically 
change the reproductive options for both men and boys 
facing germ-cell loss and hence sterility. We discuss the 
causes of testicular germ-cell loss and fertility 
preservation options.

Epidemiology and pathophysiology of germ cell 
loss
Naturally occurring depletion of the germ-cell line in 
the ageing testes is a poorly understood phenomenon. 
Ageing is associated with a regression of the germinal 
epithelium1 and a gradual decrease in sperm output.2 
Findings of germ-cell transplantation experiments3 in 
mice have shown that this regression results from a 

deterioration of the stem cell niche rather than from an 
intrinsic defect of the germ cell itself.

Loss of germ cells has been reported in association 
with specifi c genetic disorders—ie, the presence of 
Yq-microdeletions4 and 47,XXY Klinefelter’s syndrome.5 
For patients with Klinefelter’s syndrome, the present 
hypothesis is that germ cells carrying an extra 
X chromosome are predestined to go into apoptosis.5 
However, even with the loss of germ cells and the high 
prevalence of azoospermia, testicular spermatozoa can 
be obtained after testicular biopsy in about 50% of adult 
patients with Klinefelter’s syndrome.6

By contrast with naturally occurring germ cell loss, the 
mechanisms of drug-induced germ cell loss (eg, caused 
by gonadotoxic treatments) are well understood. Cancer 
treatment protocols have long-term health consequences, 
including gonadal toxic eff ects. However, other factors 
aff ect gonadal function in men with cancer. Testicular 
cancer has a more negative eff ect on semen quality than 
do other cancers.7 As well as the type of cancer, 
downregulation of reproductive hormones by some 
tumours and the metabolic condition of the patient before 
initiation of treatment can interfere with spermatogenesis. 
Malnutrition with defi ciencies of elements essential for 
germ-cell maintenance and spermatogenesis can arise in 
patients with cancer.8,9
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Cytotoxic treatment impairs spermatogenesis in most 
patients, at least temporarily, and occasionally results in 
sterility. The diff erentiating spermatogonia are most 
sensitive to chemotherapy, causing a maturation depletion 
with progressive loss of spermatozoa in the months after 
the start of chemotherapy.10 The eff ect of chemotherapy on 
spermatogenesis varies substantially depending on the 
combination of drugs used, and on the cumulative dose 
given.11 Nitrogen mustard derivatives, alkylating drugs, 
and cisplatin seem to have the most detrimental eff ect on 
germ cell proliferation (panel). Other agents are not likely 
to cause permanent sterility, and recovery to normal 
sperm counts can be expected. Alkylating agents are often 
used in combination with other chemotherapeutic drugs, 
substantially increasing their germ cell toxic eff ects.12 
Combinations of cytotoxic drugs (eg, the nitrogen-
mustard, oncovin [vincristine], procarbazine, prednisone 
[MOPP] regimen) used in patients with Hodgkin’s 
disease, have a high risk for permanent sterility.13,14 By 
contrast, the other cytotoxic regimen given to patients 
with Hodgkin’s disease—adriamycin (doxorubicin), 
bleomycin, vin blastine, and dacarbazine (ABVD)—is 
associated with a much lower risk of future infertility. In 
testicular cancer chemotherapy, the combination of 
bleomycin, etoposide, and cisplatin has an intermediated 
risk of sterility of 20%.15,16 Boys with metastatic soft tissue 

sarcomas and Ewing sarcomas have a high chance of 
becoming sterile from cancer treatment. Chemotherapy, 
in combination with whole-body irradiation for leukaemia 
is also detrimental for testicular function.14 The eff ect of 
most chemotherapy regimens on spermatogenesis is well 
described and was recently reviewed.13 Severe oligo-
zoospermia and azoospermia often arise in the fi rst 
6 months after the start of chemotherapy; recovery 
depends on the amount of stem-cell loss and their 
regeneration and can take up to 5 years. Even in men with 
prolonged azoospermia, spermatozoa can be found in 
30–50% of testicular sperm extractions.17 Chemotherapy 
protocols are changed regularly, and continued follow-up 
of patients during adolescence is needed to establish the 
potential negative eff ects on future fertility.

The production of spermatozoa can return after 
chemotherapy depending on the cytotoxic drug used and 
on the cumulative dose given. For example, cyclophos-
phamide, often used in children with leukaemia, has a 
dose-dependent eff ect on spermatogenesis (a dose 
>10 g/m² is associated with increased risk of sterility).18 
Age of administration is not prognostic for future fertility. 
Prepubertal age is believed to be a quiescent period in 
gonadal development with the absence of spermatogenesis, 
but chemotherapy has an equal negative eff ect on germ 
cells irrespective of whether given during childhood or 
adolescence.19

Chemotherapy and radiation therapy can result in 
DNA abnormalities of germ cells and potentially increase 
the risk of disturbed growth, childhood diseases, 
congenital abnormalities, and cancer in the children of 
individuals who have had cancer. Although only a few 
long-term follow-up studies have been done, initial data 
suggest no increase in abnormalities in children of men 
who have had chemotherapy or radiotherapy treatment 
for cancer.20,21 However, researchers of a more recent 
large study22 concluded that children of men with a 
history of cancer have a small but signifi cant increase in 
the risk of major congenital abnormalities; therefore, 
further detailed studies of off spring from patients with 
cancer are necessary.

Prevention of germ cell loss in men
Spermatogenesis is highly sensitive to the eff ects of 
chemotherapy and irradiation; therefore, the main 
strategy to minimise germ cell loss is to choose 
treatment and combinations that have a less severe 
eff ect on spermatogenesis. Gonadotropin-releasing 
hormone analogues or antagonists that temporarily 
suppress the production of gonadotropins have been 
used to preserve spermatogenesis, and although some 
promising data exist in non-human primates,23 this 
treatment is not recommended by the American Society 
of Clinical Oncology.13

Cryopreservation and the subsequent storage of semen 
samples is the main option for fertility preservation in 
men (and boys producing sperm in the ejaculate) who are 

Panel: Risk of chemotherapy for impairment of 
spermatogenesis

High risk
• Cyclophosphamide
• Ifosfamide
• Chlormethine
• Busulfan
• Melphalan
• Procarbazine
• Dacarbazine
• Chlorambucil
• Nitrogen-mustard, oncovin (vincristine), procarbazine, 

prednisone (MOPP)

Medium risk
• Cisplatin
• Carboplatin
• Doxorubicin
• Bleomycin, etoposide, cisplatin (BEP)
• Adriamycin, bleomycin, vinblastine, dacarbazine (ABVD)

Low risk
• Vincristine
• Methotrexate
• Dactinomycine
• Bleomycin
• Mercaptopurine
• Vinblastine

Data taken from Wallace and colleagues.14
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undergoing chemotherapy or radiotherapy regimes that 
might aff ect gonadal function. Semen was fi rst stored in 
1953,24 and it can be successfully used for conceptions 
after several decades in storage.25 Well developed national 
guidelines recommending sperm storage exist,13,26,27 and 
state that patients should be fully informed about the 
risks of infertility before potential gonadotoxic treatment, 
and that sperm banking should be considered and 
available for all patients when future fertility is an issue. 
Additionally, a coordinated approach between the 
health-care professional in charge of cancer treatment 
and the specialists in reproductive medicine is 
recommended. Ideally, several semen samples should be 
collected 48 h apart,27 but because time is always a 
concern, patients should provide samples without delay, 
which can mean obtaining more than one sample in a 
day. The objective is to collect enough sperm for 
subsequent infertility treatment without delaying 
chemotherapy or radiotherapy.

With the widespread availability of guidelines, 
one would assume that sperm storage is universally 
off ered. However, this is not the case.28,29 Poor adherence 
to recommendations by health-care professionals and 
the paucity of robust comprehensive systems need 
urgent attention.30 Additionally, not all men who are 
off ered sperm storage actually bank sperm. Some 
patients have diffi  culty producing semen because of 
stress, severe illness, and sexual inexperience. For these 
individuals, electro-ejaculation or testicular sperm 
extraction might be appropriate.31,32

Although research into this specialty is preliminary, the 
decision to bank sperm depends on many factors such as 
educational qualifi cation, previous children, and the 
advice given by the treating oncologist.33 More study of 
these areas is warranted.

Despite recent research, it remains diffi  cult to predict, 
on an individual basis, whether permanent sterility 
will ensue from the disease, and treatment and 
generalisation are diffi  cult to achieve with a high degree 
of accuracy. A key question remains: what is the 
association between cancer type and fertility prospects (ie, 
semen characteristics)? Controversy exists about the 
eff ect of cancer on semen parameters before treatment. 
Van Casteren and colleagues9 noted reduced semen 
quality in 64% of men referred for sperm banking; in 12% 
of these men, azoospermia or only non-motile 
spermatozoa were present and cryopreservation could not 
be done. Poor semen quality was commonly recorded 
before the start of chemotherapy in men with testicular 
tumours,7,9 especially in men with a non-seminoma testis.9

Most data for semen characteristics of patients relate to 
men with testicular cancer and Hodgkin’s lymphoma. 
Previous data suggested that semen characteristics were 
minimally aff ected in patients with early stage Hodgkin’s 
disease, but can be reduced in those with advanced stage 
diagnosis.34 Recently, several large studies have added 
more confi dence to these conclusions. For example, 

Hotaling and colleagues35 addressed semen characteristics 
before and after cryopreservation in 373 men diagnosed 
with cancer. The total number of motile sperm in semen 
was signifi cantly lower in men with testicular cancer, 
myeloid leukaemia, and lymphoid leukaemia than in 
semen from controls (ie, men without cancer). Patients 
with Hodgkin’s lymphomas, prostate cancer, brain cancer, 
sarcoma, and lymphocytic cancer were not signifi cantly 
diff erent (ie, had similar number of motile sperm). 
Additionally, men with testicular cancer, myeloid 
leukaemia, and lymphoid leukaemia had a signifi cantly 
lower percentage survival of motility after cryopreservation 
than did men with other cancers, suggesting that more 
samples should be stored in these patients. Rives and 
colleagues36 studied the history, histological diagnosis, 
stage, and eff ect of orchiectomy in 1158 men (aged 
>12 years) with testicular cancer. Investigators noted that 
seminomas changed sperm production more than did 
non-seminoma tumours and seemed to preferentially 
impair spermatogenesis in the tumour-bearing testes. 
Semen quality was decreased in patients with advanced 
testicular tumours and in men with a history of 
cryptorchidism. The main conclusions were that sperm 
banking should be done before orchiectomy, and that 
testicular sperm extraction should be off ered during 
scrotal surgery in cases of azoospermia. Cryopreservation 
adversely aff ects the quality of samples of all men except 
some groups, and some groups are more susceptible—eg, 
those with testicular cancer.35

National guidelines suggest that sperm storage should 
be done before chemotherapy and radiotherapy, and if 
this is not possible, men should be warned of a potentially 
increased risk of genetic damage in sperm collected after 
initiation of chemotherapy or radiotherapy.13 Whether 
sperm DNA damage is increased in men with cancer is 
controversial.37,38 Chemotherapy might not have a negative 
eff ect on sperm DNA integrity;39 however, radiotherapy is 
associated with a permanent increase in sperm DNA 
damage compared with the DNA fragmentation of 
patients who have received only chemotherapy.38 Whether 
cryopreservation itself induces DNA damage remains 
controversial.40

Treatment options with cryopreserved samples
Assisted reproductive treatment is often needed after 
cancer treatment in men with azoospermia, when the only 
semen available has been cryopreserved before cytotoxic 
treatment.21,41 Results are generally good in these men.42 
Intracytoplasmic sperm injection has the advantage of 
allowing assisted reproduction even if only one semen 
sample of poor quality has been cryopreserved. In a 
retrospective study43 in which three methods of assisted 
reproduction were compared, intracytoplasmic sperm 
injection was most successful; women needed a median of 
three cycles to get pregnant, whereas women who had 
conventional in-vitro fertilisation needed six cycles, and 
those who had intrauterine insemination needed eight. A 
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more recent report on the use of cryopreserved samples 
from 57 patients (127 cycles) corroborated these fi ndings; a 
pregnancy rate of 12% for intrauterine insemination, 28% 
for in-vitro fertilisation, and 32% for intracytoplasmic 
sperm injection, with no obvious diff erence in success 
between cancer diagnosis.44 If spermatogenesis recovers 
after cancer treatment, fresh semen is usually used for 
assisted reproductive treatment if no spontaneous 
pregnancy has happened. Although the use of 
cryopreserved samples for fertility treatment is successful, 
few patients use their samples (often <10%).45

Up to now, follow-up information applies to children 
born after spontaneous conception, and might be diff erent 
for children born after artifi cial reproductive techniques. 
Unfortunately, follow-up data for large cohorts of children 
born after assisted reproductive treatment by use of 
frozen-thawed sperm from men with cancer are currently 
not available in the scientifi c literature.

Peripubertal options for prevention of germ cell loss
The onset of production of spermatozoa (spermarche) 
starts at puberty, but it is not exactly known in what stage 
of pubertal development spermatozoa are produced.46 
Some data from urine examination and electro-ejaculation 
done in pubertal boys suggest that clinical parameters of 
puberty (eg, testicular size), Tanner stage, and a rise in 
reproductive hormones do not always coincide with 
spermatogenesis.31,47 Spermatozoa can even be found in 
the urine of boys who have no clinical signs of puberty.48 
In a cohort of 80 pubertal boys, van Casteren and 
colleagues9 could not do semen cryo preservation in 

14 patients because of azoospermia or the absence of 
motile spermatozoa. Pretreatment levels of reproductive 
hormones could not predict the outcome of 
electro-ejaculation in this group of pubertal boys.

In boys and adolescents, production of semen through 
masturbation is not always possible because of 
psychosexual reasons. In boys that are unable to produce 
sperm, electro-ejaculation can be off ered. However, this 
method of sperm harvesting is not widely used in children 
because it requires general anaesthesia. Findings of 
Hovav and colleagues’31 study of electro-ejaculation in 
six boys (aged 15–18 years) showed that the procedure was 
successful in all cases. If no spermatozoa can be found in 
semen or urine, a testicular sperm extraction seems the 
only option to collect spermatozoa, especially in boys that 
are at high risk of becoming azoospermic after cancer 
treatment. Results of a recent, larger study of 
30 adolescents treated with electro-ejaculation showed a 
sperm recovery rate of 60%.49 This fi gure rose to 70% 
when testicular sperm extraction was done in men who 
could not undergo electro-ejaculation.49 The fi gure shows 
the options for peripubertal boys together with those of 
adult men and prepubertal boys.

Preservation of stem cells in prepubertal boys
Before puberty, spermatogenesis is absent and cryo-
preservation of spermatozoa is not an option. In 
prepubertal boys facing drug-induced germ-cell loss, some 
oncofertility programmes collect and freeze testicular stem 
cells to preserve fertility of survivors of childhood cancer.50 
This approach is based on the early work by Brinster and 
colleagues in the mouse,51 which showed that testicular 
stem cells can be transplanted into seminiferous tubules 
devoid of germ cells and reinitiate spermatogenesis. 
Recently, spermatozoa able to fertilise oocytes were 
obtained by this procedure in both prepubertal and adult 
recipient macaques pretreated with chemotherapy.52 Thus, 
as a preventive strategy, a prepubertal boy facing sterilising 
chemotherapy, can opt to undergo a testicular biopsy to 
cryopreserve testicular stem cells. After being cured from 
cancer, the frozen-thawed stem cells can be reintroduced 
into the seminiferous tissue in the hope that sperm 
production will restart.

Data from studies of mice53,54 and human beings55 
suggest that cryopreservation of testicular tissue 
containing spermatogonial stem cells can be done with 
dimethylsulphoxide and sucrose as cryoprotectants 
either in an uncontrolled slow freezing procedure53,54 or 
in an ultrarapid vitrifi cation protocol.53–55 These simple 
protocols do not need expensive biofreezers, which 
allows the collection and cryopreservation of testicular 
tissue at a procurement site distant from the banking 
and transplantation site.53

Freezing tissue allows subsequent transplantation 
either by infusion of a testicular cell suspension into the 
seminiferous tubules56 or intratesticular grafting of 
tissue.54 Orthotopic intratesticular grafting has the 

Figure: Present options for patients with cancer undergoing gonadotoxic treatments with a high risk of sterility
*When physical examination and endocrine parameters suggest onset of spermarche. †Part of experimental 
protocol aiming at transplantation or in-vitro culture of testicular stem cells.
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advantage of conserving the stem cell niche, but is 
inappropriate whenever a risk of testicular malignant 
contamination exists (eg, in patients with leukaemia).57 
Whenever such a risk does exist, infusion of 
decontaminated cell suspensions is a possible solution, 
although present decontamination procedures are 
insuffi  cient to avoid cotransplantation of cancer cells.58

Up to now, even in animal models, the effi  cacy of this 
procedure is low, but in-vitro expansion of the stem cells 
either before freezing or after thawing might improve 
the success of the procedure in human beings.59 
Therefore, testicular germ cell transplantation might be 
restricted to children that have a high risk (>80%) of 
becoming sterile because a testicular biopsy in a young 
child with small testes might diminish future 
spermatogenesis after recovery from cancer treatment.14 
Because both testicular stem-cell cryopreservation and 
transplantation are still under investigation, this 
preventive strategy remains controversial.60 However, 
parents of boys facing childhood cancer already accept 
this strategy as shown by a recent survey.61

Because of the invasive nature of procuring testicular 
tissue and the present experimental character of testicular 
stem cell cryopreservation for later transplantation, 
consent from the parents, and whenever possible from 
the prepubertal child, is mandatory before testicular 
tissue can be taken and stored.62

Derivation of male gametes from stem cells
As well as testicular stem cell transplantation, in-vitro 
culture of testicular stem cells is being studied in the 
mouse for its potential to generate post-meiotic male 
gametes.63,64 In-vitro spermatogenesis would circumvent 
the risk of cotransplanting cancer cells and allow the 
production of male gametes in boys or men who had 
bilateral orchiectomy.

As a preventive strategy, both testicular stem cell 
transplantation and in-vitro spermatogenesis require 
collection of testicular tissue containing spermatogonial 
stem cells before germ cell loss. For those patients 
having lost their germ cells and hence their reproductive 
potential, the generation of male gametes from stem 
cells would be a theoretical option. In 2004, Geijsen and 
colleagues65 published landmark fi ndings that showed 
haploid cells could be produced in-vitro from blastomeres 
isolated from mice embryos. However, the embryos 
obtained after injection of these haploid cells into 
oocytes were unable to produce off spring. In the past 
few years, primordial germ cell-like cells were produced 
from both embryonic stem cells and induced pluripotent 
stem cells in mice.66,67 Once transplanted to the testis of 
an otherwise sterile recipient mouse, these in-vitro-
derived cells developed into spermatozoa that could 
fertilise oocytes, and eventually produced fertile 
off spring. Although this research might be a last hope 
for men who do not have testicular stem cells or have 
lost them, any clinical application in human beings 

remains speculative, not just because of the need to 
extrapolate this research in human beings, but also 
because of uncertainties about genetic and epigenetic 
consequences for the off spring.

Conclusions
In men, spermatogenesis is driven by testicular 
spermatogonial stem cells that can self-renew, enter 
meiosis, and eventually diff erentiate into mature 
sperma tozoa. Loss of these germ cells can be part of 
genetic disorders such as 47,XXY Klinefelter’s syndrome. 
However, cytotoxic treatments and irradiation are the 
main causes of germ cell loss and can disrupt 
spermatogenesis temporarily but unfortunately also 
permanently in some patients. Therefore, patients with 
cancer in particular face long-term sterility because of 
germ-cell loss.

Because of the very high survival rates for cancers, 
such as leukaemia, Hodgkin’s lymphoma, and testicular 
cancer, the treatment focus is increasingly shifting 
towards quality of life. For both young adult and survivors 
survivors of childhood cancer, preservation of repro-
ductive potential is an important quality of life issue.68 
Oncofertility is a new emerging specialty in reproductive 
medicine that aims to preserve fertility in patients 
undergoing sterilising cancer treatments.

In adult men, fertility can be preserved by cryo-
preservation of mature spermatozoa. Thanks to advanced 
techniques of assisted reproduction (ie, intracytoplasmic 
sperm injection), only few spermatozoa are needed to 
fertilise the ovum. As a result, even storing one poor 
quality semen sample containing only a few spermatozoa 
is worthwhile when considering preservation of a man’s 
fertility potential. Moreover, recent data suggest that 
cancer survivors have a slight increased risk for congenital 
malformations in their off spring; thus, banking semen 
before starting any gonadotoxic treatment has become a 
general guideline.

Nevertheless, sperm banking is still underused, partly 
because this recommendation is not always supported by 
the treating oncologist, and partly because patients do 
not always opt to bank their semen or fail to produce a 
sample for storage. The latter problem is more prevalent 
in adolescents and peripubertal boys.

Because active spermatogenesis only starts from puberty 
onwards, prepubertal boys cannot benefi t from sperm 
banking. However, they harbour stem cells in their testes 
that can be cryopreserved for later transplantation back 
into their testes, analogous to transplantation already 
successfully done in rodents and primates. Although 
prepubertal testicular stem cell banking is being 
introduced into clinical practice, this approach should be 
regarded as experimental in view of the paucity of evidence 
of successful transplantation and the scarce safety data for 
this method. Creation of spermatozoa from stem cells 
other than spermatogonial stem cells is theoretically a 
reproductive option for men who have lost their testicular 



Series

1300 www.thelancet.com   Vol 384   October 4, 2014

20 Byrne J, Rasmussen SA, Steinhorn SC, et al. Genetic disease in 
off spring of long-term survivors of childhood and adolescent cancer. 
Am J Hum Genet 1998; 62: 45–52.

21 Chow EJ, Kamineni A, Daling JR, et al. Reproductive outcomes in 
male childhood cancer survivors: a linked cancer-birth registry 
analysis. Arch Pediatr Adolesc Med 2009; 163: 887–94.

22 Ståhl O, Boyd HA, Giwercman A, et al. Risk of birth abnormalities 
in the off spring of men with a history of cancer: a cohort study 
using Danish and Swedish national registries. J Natl Cancer Inst 
2011; 103: 398–406.

23 Shetty G, Uthamanthil RK, Zhou W, et al. Hormone suppression 
with GnRH antagonist promotes spermatogenic recovery from 
transplanted spermatogonial stem cells in irradiated cynomolgus 
monkeys. Andrology 2013; 1: 886–98.

24 Bunge RG, Sherman JK. Fertilizing capacity of frozen human 
spermatozoa. Nature 1953; 172: 767–68.

25 Horne G, Atkinson AD, Pease EH, Logue JP, Brison DR, 
Lieberman BA. Live birth with sperm cryopreserved for 21 years prior 
to cancer treatment: case report. Hum Reprod 2004; 19: 1448–49.

26 NICE. 2013. http://www.nice.org.uk/cg011 (accessed Sept 9, 2014).
27 Royal College of Physicians. 2007. http://www.rcog.org.uk/womens-

health/clinical-guidance/eff ects-cancer-treatment-reproductive-
function-guidance-management.

28 Gilbert E, Adams A, Mehanna H, Harrison B, Hartshorne GM. 
Who should be off ered sperm banking for fertility preservation? A 
survey of UK oncologists and haematologists. Ann Oncol 2011; 
22: 1209–14.

29 Quinn GP, Vadaparampil ST, Lee JH, et al. Physician referral for 
fertility preservation in oncology patients: a national study of 
practice behaviors. J Clin Oncol 2009; 27: 5952–57.

30 Sheth KR, Sharma V, Helfand BT, et al. Improved fertility 
preservation care for male patients with cancer after establishment 
of formalized oncofertility program. J Urol 2012; 187: 979–86.

31 Hovav Y, Dan-Goor M, Yaff e H, Almagor M. Electroejaculation 
before chemotherapy in adolescents and young men with cancer. 
Fertil Steril 2001; 75: 811–13.

32 Schrader M, Müller M, Sofi kitis N, Straub B, Krause H, Miller K. 
“Onco-tese”: testicular sperm extraction in azoospermic cancer 
patients before chemotherapy-new guidelines? Urology 2003; 
61: 421–25.

33 Pacey AA, Merrick H, Arden-Close E, et al. Monitoring fertility 
(semen analysis) by cancer survivors who banked sperm prior to 
cancer treatment. Hum Reprod 2012; 27: 3132–39.

34 Barr RD, Clark DA, Booth JD. Dyspermia in men with localized 
Hodgkin’s disease. A potentially reversible, immune-mediated 
disorder. Med Hypotheses 1993; 40: 165–68.

35 Hotaling JM, Lopushnyan NA, Davenport M, et al. Raw and 
test-thaw semen parameters after cryopreservation among men 
with newly diagnosed cancer. Fertil Steril 2013; 99: 464–69.

36 Rives N, Perdrix A, Hennebicq S, et al. The semen quality of 1158 men 
with testicular cancer at the time of cryopreservation: results of the 
French National CECOS Network. J Androl 2012; 33: 1394–401.

37 O’Flaherty C, Vaisheva F, Hales BF, Chan P, Robaire B. 
Characterization of sperm chromatin quality in testicular cancer 
and Hodgkin’s lymphoma patients prior to chemotherapy. 
Hum Reprod 2008; 23: 1044–52.

38 Smit M, van Casteren NJ, Wildhagen MF, Romijn JC, Dohle GR. 
Sperm DNA integrity in cancer patients before and after cytotoxic 
treatment. Hum Reprod 2010; 25: 1877–83.

39 Choy JT, Brannigan RE. The determination of reproductive safety in 
men during and after cancer treatment. Fertil Steril 2013; 100: 1187–91.

40 Ribas-Maynou J, Fernández-Encinas A, García-Peiró A, et al. 
Human semen cryopreservation: a sperm DNA fragmentation 
study with alkaline and neutral Comet assay. Andrology 
2014; 2: 83–87.

41 Hourvitz A, Goldschlag DE, Davis OK, Gosden LV, Palermo GD, 
Rosenwaks Z. Intracytoplasmic sperm injection (ICSI) using 
cryopreserved sperm from men with malignant neoplasm yields 
high pregnancy rates. Fertil Steril 2008; 90: 557–63.

42 Agarwal A, Ranganathan P, Kattal N, et al. Fertility after cancer: a 
prospective review of assisted reproductive outcome with banked 
semen specimens. Fertil Steril 2004; 81: 342–48.

43 Kelleher S, Wishart SM, Liu PY, et al. Long-term outcomes of 
elective human sperm cryostorage. Hum Reprod 2001; 16: 2632–39.

germ cells. However, although this technology is under 
research in rodents, this is an even more demanding 
strategy to develop in human beings.
Contributors
HT designed the concept of the review. All authors were involved in both 
literature search and writing of the paper. CLRB did the fi nal editing of 
the manuscript. All authors approved the fi nal manuscript.

Declaration of interests
HT’s institution receives research grants from the Research Fund of 
Flanders, the Research Fund Willy Gepts, and an unconditional grant 
from Ferring for research on testicular stem cells. CLRB receives funding 
from NHS Scotland and MRC. GRD declares no competing interests.

References
1 Paul C, Robaire B. Ageing of the male germ line. Nat Rev Urol 

2013; 10: 227–34.
2 Sartorius GA, Nieschlag E. Paternal age and reproduction. 

Hum Reprod Update 2010; 16: 65–79.
3 Oatley JM, Brinster RL. The germline stem cell niche unit in 

mammalian testes. Physiol Rev 2012; 92: 577–95.
4 Calogero AE, Garofalo MR, Barone N, et al. Spontaneous 

regression over time of the germinal epithelium in a 
Y chromosome-microdeleted patient: Case report. Hum Reprod 
2001; 16: 1845–48.

5 Wikström AM, Dunkel L. Testicular function in Klinefelter syndrome. 
Horm Res 2008; 69: 317–26.

6 Aksglaede L, Juul A. Testicular function and fertility in men with 
Klinefelter syndrome: a review. Eur J Endocrinol 2013; 
168: R67–76.

7 Williams DH 4th, Karpman E, Sander JC, Spiess PE, Pisters LL, 
Lipshultz LI. Pretreatment semen parameters in men with cancer. 
J Urol 2009; 181: 736–40.

8 Steliarova-Foucher E, Stiller C, Kaatsch P, et al, and the ACCIS 
Scientifi c Committee. Geographical patterns and time trends of 
cancer incidence and survival among children and adolescents in 
Europe since the 1970s (the ACCISproject): an epidemiological 
study. Lancet 2004; 364: 2097–105.

9 van Casteren NJ, Boellaard WP, Romijn JC, Dohle GR. Gonadal 
dysfunction in male cancer patients before cytotoxic treatment. 
Int J Androl 2010; 33: 73–79.

10 Meistrich ML. Eff ects of chemotherapy and radiotherapy on 
spermatogenesis in humans. Fertil Steril 2013; 100: 1180–86.

11 van der Kaaij MA, van Echten-Arends J, Simons AH, 
Kluin-Nelemans HC. Fertility preservation after chemotherapy for 
Hodgkin lymphoma. Hematol Oncol 2010; 28: 168–79.

12 Meistrich ML, Wilson G, Brown BW, da Cunha MF, Lipshultz LI. 
Impact of cyclophosphamide on long-term reduction in sperm 
count in men treated with combination chemotherapy for Ewing 
and soft tissue sarcomas. Cancer 1992; 70: 2703–12.

13 Loren AW, Mangu PB, Beck LN, et al, and the American Society of 
Clinical Oncology. Fertility preservation for patients with cancer: 
American Society of Clinical Oncology clinical practice guideline 
update. J Clin Oncol 2013; 31: 2500–10.

14 Wallace WH, Anderson RA, Irvine DS. Fertility preservation for 
young patients with cancer: who is at risk and what can be off ered? 
Lancet Oncol 2005; 6: 209–18.

15 Behringer K, Mueller H, Goergen H, et al. Gonadal function and 
fertility in survivors after Hodgkin lymphoma treatment within the 
German Hodgkin Study Group HD13 to HD15 trials. J Clin Oncol 
2013; 31: 231–39.

16 Romerius P, Ståhl O, Moëll C, et al. High risk of azoospermia in 
men treated for childhood cancer. Int J Androl 2011; 34: 69–76.

17 Hsiao W, Stahl PJ, Osterberg EC, et al. Successful treatment of 
postchemotherapy azoospermia with microsurgical testicular sperm 
extraction: the Weill Cornell experience. J Clin Oncol 2011; 
29: 1607–11.

18 van Casteren NJ, van der Linden GH, Hakvoort-Cammel FG, 
Hählen K, Dohle GR, van den Heuvel-Eibrink MM. Eff ect of 
childhood cancer treatment on fertility markers in adult male 
long-term survivors. Pediatr Blood Cancer 2009; 52: 108–12.

19 Chemes HE. Infancy is not a quiescent period of testicular 
development. Int J Androl 2001; 24: 2–7.



Series

www.thelancet.com   Vol 384   October 4, 2014 1301

44 Bizet P, Saias-Magnan J, Jouve E, et al. Sperm cryopreservation 
before cancer treatment: a 15-year monocentric experience. 
Reprod Biomed Online 2012; 24: 321–30.

45 Eiser C, Arden-Close E, Morris K, Pacey AA. The legacy of sperm 
banking: how fertility monitoring and disposal of sperm are linked 
with views of cancer treatment. Hum Reprod 2011; 26: 2791–98.

46 Müller J, Skakkebaek NE. Quantifi cation of germ cells and 
seminiferous tubules by stereological examination of testicles from 
50 boys who suff ered from sudden death. Int J Androl 1983; 6: 143–56.

47 Pedersen JL, Nysom K, Jørgensen M, et al. Spermaturia and 
puberty. Arch Dis Child 1993; 69: 384–87.

48 Nysom K, Pedersen JL, Jørgensen M, et al. Spermaturia in two normal 
boys without other signs of puberty. Acta Paediatr 1994; 83: 520–21.

49 Berookhim BM, Mulhall JP. Outcomes of operative sperm retrieval 
strategies for fertility preservation among males scheduled to 
undergo cancer treatment. Fertil Steril 2014; 101: 805–11.

50 McCook A. A future, on ice. Nat Med 2013; 19: 958–61.
51 Brinster RL, Zimmermann JW. Spermatogenesis following male 

germ-cell transplantation. Proc Natl Acad Sci USA 1994; 91: 11298–302.
52 Hermann BP, Sukhwani M, Winkler F, et al. Spermatogonial stem 

cell transplantation into rhesus testes regenerates spermatogenesis 
producing functional sperm. Cell Stem Cell 2012; 11: 715–26.

53 Baert Y, Goossens E, van Saen D, Ning L, in’t Veld P, Tournaye H. 
Orthotopic grafting of cryopreserved prepubertal testicular tissue: 
in search of a simple yet eff ective cryopreservation protocol. 
Fertil Steril 2012; 97: 1152–57, e1–2.

54 Baert Y, Van Saen D, Haentjens P, In’t Veld P, Tournaye H, 
Goossens E. What is the best cryopreservation protocol for human 
testicular tissue banking? Hum Reprod 2013; 28: 1816–26.

55 Poels J, Van Langendonckt A, Many MC, Wese FX, Wyns C. 
Vitrifi cation preserves proliferation capacity in human 
spermatogonia. Hum Reprod 2013; 28: 578–89.

56 Ning L, Meng J, Goossens E, Lahoutte T, Marichal M, Tournaye H. In 
search of an effi  cient injection technique for future clinical application 
of spermatogonial stem cell transplantation: infusion of contrast dyes 
in isolated cadaveric human testes. Fertil Steril 2012; 98: 1443–48, e1.

57 Goossens E, Van Saen D, Tournaye H. Spermatogonial stem cell 
preservation and transplantation: from research to clinic. 
Hum Reprod 2013; 28: 897–907.

58 Geens M, Goossens E, Tournaye H. Cell selection by selective matrix 
adhesion is not suffi  ciently effi  cient for complete malignant cell 
depletion from contaminated human testicular cell suspensions. 
Fertil Steril 2011; 95: 787–91.

59 Sadri-Ardekani H, Mizrak SC, van Daalen SK, et al. Propagation of 
human spermatogonial stem cells in vitro. JAMA 2009; 302: 2127–34.

60 Ruutiainen T, Miller S, Caplan A, Ginsberg JP. Expanding access to 
testicular tissue cryopreservation: an analysis by analogy. 
Am J Bioeth 2013; 13: 28–35.

61 van den Berg H, Repping S, van der Veen F. Parental desire and 
acceptability of spermatogonial stem cell cryopreservation in boys 
with cancer. Hum Reprod 2007; 22: 594–97.

62 Bahadur G. Ethics of testicular stem cell medicine. Hum Reprod 
2004; 19: 2702–10.

63 Stukenborg JB, Schlatt S, Simoni M, et al. New horizons for in vitro 
spermatogenesis? An update on novel three-dimensional culture 
systems as tools for meiotic and post-meiotic diff erentiation of 
testicular germ cells. Mol Hum Reprod 2009; 15: 521–29.

64 Reuter K, Ehmcke J, Stukenborg JB, et al. Reassembly of somatic 
cells and testicular organogenesis in vitro. Tissue Cell 2014; 
46: 86–96.

65 Geijsen N, Horoschak M, Kim K, Gribnau J, Eggan K, Daley GQ. 
Derivation of embryonic germ cells and male gametes from 
embryonic stem cells. Nature 2004; 427: 148–54.

66 Hayashi K, Ohta H, Kurimoto K, Aramaki S, Saitou M. 
Reconstitution of the mouse germ cell specifi cation pathway in 
culture by pluripotent stem cells. Cell 2011; 146: 519–32. 

67 Li Y, Wang X, Feng X, et al. Generation of male germ cells from 
mouse induced pluripotent stem cells in vitro. Stem Cell Res (Amst) 
2014; 12: 517–30.

68 Pacey AA, Eiser C. The importance of fertility preservation in 
cancer patients. Expert Rev Anticancer Ther 2014; 14: 487–89.


	Fertility preservation in men with cancer
	Introduction
	Epidemiology and pathophysiology of germ cell loss
	Prevention of germ cell loss in men
	Treatment options with cryopreserved samples
	Peripubertal options for prevention of germ cell loss
	Preservation of stem cells in prepubertal boys
	Derivation of male gametes from stem cells

	Conclusions
	References


