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Abstract The improvement of the survival rates of var-
ious cancer patients has resulted in increased focus on the
long-term complications of treatment. Most anticancer
chemotherapeutic agents are gonadotoxic, and sterility is
therefore one of the most common complications for can-
cer survivors. The degree of gonadal dysfunction induced
by anticancer chemotherapeutic agents seems to be drug
specific and dose related. Following the development of
new chemotherapeutic agents that have high benefit-to-risk
ratios, sufficient sperm can be acquired by collection of
ejaculated semen after the treatment in relatively many
cases, and assisted reproductive techniques enable con-
ceptions with even severe spermatogenesis dysfunction.
However, anticancer chemotherapeutic agents have con-
sistently exhibited the potential to induce permanent azo-
ospermia. Cryopreservation of semen, which is currently
the only proven successful option for future fertility pres-
ervation in male cancer patients, should certainly be rec-
ommended before cancer therapy. However, to date, no
established effective methods have shown the capability to
protect gonadal function from anticancer treatment in
prepubertal cancer patients.
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Introduction

In recent decades, many novel anticancer chemotherapeu-
tic agents have been developed. Various combinations of
chemotherapy using many effective new drugs and radio-
therapy or operation have dramatically improved the sur-
vival rates of cancer patients, especially those with
testicular cancer (TC) or hematological malignancies, such
as Hodgkin’s lymphoma (HL). The 5-year survival rate of
TC patients at low risk has reached over 90% [1]. Mean-
while, 80-90% of patients with HL are treatable [2—4]. The
high survival rates and the young age of these cancer
patients have resulted in increased focus on the long-term
complications of treatment. It is well known that many
antineoplastic agents are gonadotoxic. Gonadal dysfunc-
tion is therefore one of the most common complications for
cancer survivors [5].

Spermatogenesis of patients with malignancies may be
originally impaired in the pretreatment stage. It has been
previously described that over half of all patients with TC
had oligozoospermia or azoospermia at the time of cancer
diagnosis [6—13]. The risk of TC is 20-fold higher in men
with infertility and abnormal semen analysis than in age-
matched controls. The relationship between TC and
impairment of spermatogenesis can be partially explained
by hormone production by the tumor, presence of anti-
sperm antibodies, in situ carcinoma, and cryptorchidism
[14]. Patients with TC are at the highest risk of having poor
semen quality before cancer treatment [12]. Concerning
other malignancies, Sabanegh and Ragheb [15] have
described that hematological malignancies and tumors of
the central nervous system might directly impair the
hypothalamus and the pituitary gland by tumor cell inva-
sion. Malignancies might also result in malnutrition, with
deficiencies in various nutrients needed for the maintenance
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of adequate gonadal function. Some malignancies are
accompanied by periods of fever that negatively influence
spermatogenesis. Moreover, gonadal dysfunction might be
induced by various cytokines released by tumors. Admin-
istration of various anticancer chemotherapeutic agents for
treatment additionally induces gonadal dysfunction, and it
can result in more deteriorated fertility status [12, 16—18].
Spermatogenesis is a highly complex process regulated by
various molecules formed by the hypothalamus, pituitary
gland, and various testicular cells, such as germ cells, Ser-
toli cells (SC), Leydig cells (LC), and peritubular cells [19].
Germ cells, and in particular differentiating spermatogonia,
are extremely susceptible to antineoplastic agents because
of their proliferation. Although non-proliferative SC and
LC usually survive, it has been revealed that acute exposure
to antineoplastic agents results in elevated germ cell
apoptotic rates and dysfunction of SC and LC [20-23]. In
addition, the loss of germ cells has secondary effects on the
hypothalamic-pituitary-gonadal axis [24].

Although conflicting results have been published con-
cerning the degree of gonadal dysfunction induced by
anticancer chemotherapeutic agents, it seems to be drug
specific and dose related [25-35]. The common types that
induce spermatogenesis dysfunction are shown in Table 1.
The chance of recovery of spermatogenesis and the extent
and speed of recovery are also related to the agents used for
treatment and the dose received. Moreover, Rowley et al.
[36] have suggested that the germinal epithelium of adult
testis was more susceptible to damage than that of prepu-
bertal testis. It has been implied that patient age or matu-
ration of the testis at the time of treatment might influence
the degree of damage.

Table 1 The gonadotoxic risk of common anticancer chemothera-
peutic agents

Chemotherapy agent Type of agent Risk category

Cyclophosphamide Alkylating agents High risk
Ifosfamide
Procarbazine
Busulfan
Melphalan
Chlorambucil
Cisplatin Platinum analogs Medium risk
Carboplatin

Medium risk

Doxorubicin Antibiotics

Vincristine Vinca alkaloids Low risk

Vinblastine
Methotrexate Antimetabolites Low risk
Mercaptopurine

Low risk

Dactinomycin Antibiotics

Bleomycin
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The ultimate assessment of germinal cell function
should be the achievement of fatherhood; however, there
are many confounding factors, such as female-related
factors, and most studies have therefore focused on semen
analysis and biochemical markers of fertility, such as
serum FSH levels for exocrine gonadal function or tes-
tosterone (T) and LH levels for endocrine function.

Testicular cancer

Testicular cancer is the most common cancer diagnosis in
men between the ages of 15 and 35 years old, with
approximately 8,000 cases detected every year in the
United States [37]. In the past 15 years, the number of
young men diagnosed with TC has almost doubled in
Western Europe [38]. The treatment for this malignancy,
which is becoming increasingly common, has progressed
remarkably, and the cure rates have increased from 25% in
the mid-1970s to nearly 80% today [39]. Not only the
efficacy but also adverse effects of the treatment for TC
have been widely investigated. Cisplatin, a DNA cross-
linking and commonly used platinum antineoplastic agent,
is distributed evenly throughout the body and can pass
through the blood-testis barrier to enter individual cells,
where it is hydrolyzed to its reactive form, which binds to
intracellular macromolecules, including DNA [40]. Such
an effect causes not only cancer cell death, but also impairs
spermatogenesis and subsequently leads to azoospermia
[41, 42]. Nearly 100% of patients become azoospermic
during and immediately after cisplatin chemotherapy [12,
43]. However, cisplatin- or carboplatin-based multi-drug
regimens applied in TC have a relatively low risk of
causing permanent infertility. Lampe et al. [43] analyzed
data concerning 170 patients with TCs who underwent
treatment with either cisplatin- or carboplatin-based che-
motherapy. Although only 64% of those patients who were
normospermic before the chemotherapy remained normo-
spermic in a median of 30 months after completion of the
therapy, recovery continued for more than 2 years, with the
calculated chance of spermatogenesis at 2 years being 48%
and at 5 years 80%. The probability of recovery to a nor-
mal sperm count was found to be higher for those men with
a normal pretreatment sperm count, in those who received
carboplatin- rather than cisplatin-based therapy, and in
those treated with fewer than five cycles of chemotherapy.
Hansen et al. [17] and Petersen et al. [44] have reported
that the risk of post-therapeutic azoospermia increased
when the cumulative cisplatin dose was >600 mg/mz.
However, Ishikawa et al. [30] analyzed long-term gonadal
function after high-dose chemotherapy (HDC), and they
found no correlation of the dose of drugs with the fertility
status after chemotherapy. Ten patients with TC underwent
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one or two cycles of HDC (1,250 mg/m* carboplatin,
15,00 mg/m2 etoposide, and 7.5 g/m2 ifosfamide) after two
to four cycles of cisplatin, etoposide, and bleomycin che-
motherapy. Spermatogenesis recovered after cessation of
HDC in 50% of these patients. Semen analysis in these
patients showed the mean sperm concentration and motility
at42.4 £+ 10.4 million/ml and 67.2 £ 17.0%, respectively.
Two of the patients fathered children 19 and 44 months
after HDC.

Kim et al. [45] reported the germinal cell function after
treatment by the achievement or not of fatherhood,
although, as previously noted, there are few similar studies.
They analyzed the patients enrolled in the US Service-
men’s Testicular Tumor Environment and Endocrine
Determinants (STEED) study and controls using a self-
administered questionnaire. Despite expressing greater
fertility distress, higher likelihood of fertility testing, and
difficulty fathering children, patients who received che-
motherapy were more likely to father children than controls
(OR 2.24; 95% CI 1.14-4.41). Three of 29 patients who
received chemotherapy fathered children via banked
sperm. Results did not change significantly when men
fathering children through banked sperm were excluded
from analysis. They concluded that it is possible that
treatment for TC does not permanently affect fertility or,
alternatively, that TC survivors attempt to father children
with greater persistence or at younger ages than other men.

Malignant lymphoma and other malignancies

Chemotherapy regimens used for the treatment of HL,
especially in advanced stages, are generally more
gonadotoxic than those used for non-Hodgkin’s lymphoma
(NHL) [46, 47]. Concerning the gonadal function after
chemotherapy for HL patients, most studies have focused
on MVPP (mustine, vinblastine, procarbazine, and pred-
nisolone) or MVPP-like chemotherapy regimes. Not only
MVPP [48, 49], but also MVPP-like regimens, such as
MOPP (similar to MVPP but with vinblastine replaced by
vincristine) [50], ChIVPP (chlorambucil, vinblastine,
prednisolone, procarbazine) [51], and COPP (cyclophos-
phamide, vincristine, procarbazine, prednisolone) [52],
contain alkylating chemotherapeutic agents and induce
severe gonadal dysfunction. These regimens have been
replaced by newer regimens excluding alkylating agents. In
patients receiving ABVD (adriamycin, bleomycin, vin-
blastine, and dacarbazine) chemotherapy, 90% returned to
having normal sperm counts 12 months after the therapy
[53]. In a larger study, Marleen et al. revealed that only
3-8% of patients treated with radiotherapy only or without
alkylating chemotherapy [ABVD or EBVP (epirubicin,
bleomycin, vinblastine, prednisone)] exhibited an elevated

FSH level [54]. In contrast, this value was 60% after
chemotherapy containing alkylating agents [MOPP,
MOPP/ABV (adriamycin, bleomycin, vinblastine), BEA-
COPP (bleomycin, etoposide, adriamycin, cyclophospha-
mide, vincristine, procarbazine, prednisolone)]. After a
median time of 19 months, recovery of fertility occurred in
82% of patients treated with ABVD or EBVP chemother-
apy. This proportion was only 30% in those treated with
alkylating chemotherapy. The median time to recovery was
27 months. Fossa and Magelssen [55] have revealed that
ABVD or its derivatives preserved fertility in 90% of
patients without being less effective. The 5-year failure-
free survival rate for those receiving ABVD was 61%
compared to 50% for those with MVPP [56]. In consider-
ation of the risk and benefit of therapy for HL, alkylating
chemotherapy regimens are no longer considered the best
therapy for HL; ABVD is the current treatment standard for
HL [15, 56, 57].

The effect on the gonadal function of chemotherapy
used in the treatment of NHL has also been widely
reported. All 71 patients treated with CHOP (cyclophos-
phamide, doxorubicin, vincristine, and prednisolone)-based
chemotherapy temporarily became azoospermic during
treatment, but by 5 years post-treatment, 67% had
recovered to normospermic levels, with a further 5% being
oligozoospermic [32]. Other regimens not containing pro-
carbazine, which is one of the alkylating agents and has
been frequently used for HL, have also been shown to be
less gonadotoxic. VAPEC-B (vincristine, doxorubicin,
prednisolone, etoposide, cyclophosphamide, and bleomy-
cin) [58], VACOP-B (vinblastine, doxorubicin, predniso-
lone, vincristine, cyclophosphamide, and bleomycin),
MACOP-B (mustine in place of vinblastine) [59], and
VEEP (vincristine, etoposide, epirubicin, and predniso-
lone) [60] have all been associated with normal post-
treatment fertility in the vast majority of men. Although
these regimens also contain alkylating agents, less
gonadotoxic effects of the chemotherapy for NHL com-
pared with that for HL patients seem to be related to the
absence of procarbazine in the regimens [61].

The gonadal function after chemotherapy for various
other malignancies has also been analyzed. In patients with
lung cancer, SHBG and FSH levels were significantly
elevated after 6-9 weeks of chemotherapy consisting of
cisplatin and etoposide in nine patients, or vincristine,
adriamycin, and cyclophosphamide in three patients [62].
This result suggested that the therapy induced endocrine
gonadal dysfunction at least for a short time. Raviv et al.
[63] have demonstrated that intravesical therapy with BCG
for bladder cancer can have potential adverse effects on
spermatogenesis. Concerning the gonadal toxicity of HDC
used as conditioning for bone marrow transplantation,
severe gonadal dysfunction following the treatment has
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been shown by Chatterjee et al. [64]. Thirteen post-pubertal
male patients aged 17-25 years were assessed for pitui-
tary—gonadal function 0—3 months prior to and 2-3 months
post-bone marrow transplantation for hematological
malignancy. Fifty percent had a reduction in testicular
volume, and all had azoospermia 2-3 months post-trans-
plantation. In a larger and longer follow-up study, however,
among 155 postpubertal men who had received HDC with
cyclophosphamide (200 mg/kg) or cyclophosphamide
(200 mg/kg) and busulfan (16 mg/kg) for the preparation
of bone marrow transplantation for aplastic anemia or
hematological malignancies, 75 (48%) recovered gonadal
function [65].

Genetic damage

Cancer treatment has the potential to induce sperm DNA
damage. It is well documented for male rodents that
chemo- and radiotherapy before mating can cause genetic
damage in the germ line [66, 67]. In addition, in humans,
an increase in chromosomal abnormalities has been dem-
onstrated several years later for TC patients [68]. Spermon
et al. [69] have also revealed that an abnormally high
percentage of DNA-damaged sperm was found in TC
patients not only before chemotherapy, but also after the
therapy, compared with that of controls. Furthermore, in
patients with HL, aneuploid frequency in spermatozoa has
been found to be increased after chemotherapy and radio-
therapy [70]. These damaged, mutated sperm may enhance
the risk of birth defects; however, in terms of genetic
diseases or tumors among the offspring of cancer survivors,
no significant increase in structural or functional abnor-
malities among children fathered by men who had under-
gone cytotoxic therapy before conception has been
detected [71-74]. There are no differences in genetic birth
defects, altered sex ratios, or birth weight effects in off-
spring of cancer survivors compared with those in the
general population. No reported increased risk for con-
genital malformation was found [75]. On the evidence thus
far, it is therefore reasonable to conclude that patients
treated with cytotoxic chemotherapy who remain fertile are
not at increased risk of fathering children with genetic
abnormalities [74]. It has also been emphasized that, aside
from hereditary genetic syndromes, there is no evidence
that a history of cancer, cancer therapy, or fertility inter-
ventions increases the risk of congenital malformations in
offspring, as described in the statement of the American
Society of Clinical Oncology (ASCO) [76]. However,
given the various biases, such as the limited number of
investigated children born to treated patients and potential
issues of modern reproductive techniques, such as in vitro
fertilization (IVF) and intracytoplasmic sperm injection
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(ICSI), which bypass natural sperm selection mechanisms,
correct evaluation of reproductive risks remains unclear.
The incidence of genetic diseases in offspring might
increase with the use of IVF/ICSI using sperm from cancer
patients treated with cytotoxic therapy. Therefore, long-
term follow-up of these offspring must be continued in the
future.

Preservation of fertility

Many efforts have been made to preserve female gonadal
function for women undergoing cytotoxic therapy. In the
analysis of pharmacological interventions such as using
GnRH analogs (GnRHa), among others, for fertility pres-
ervation during chemotherapy for female cancer or system
lupus erythematosus (SLE) patients, Irit et al. revealed the
possibility that GnRHa might be effective in reducing
amenorrhea rates and in increasing pregnancy rates in the
review [77]. GnRHa has also shown promising results in
male rodents; however, no effective established pharma-
cological methods have shown the capability to protect
gonadal function from anticancer treatment in a clinical
situation in male patients. Even though, in most cases,
sufficient sperm can be acquired by collection of ejaculated
semen after the treatment and assisted reproductive tech-
niques (ART) enable conceptions with even severe oligo-
zoospermia, anticancer chemotherapeutic agents have
consistently exhibited the potential to induce permanent
azoospermia. Therefore, cryopreservation of semen, which
is currently the only proven successful option for future
fertility preservation in male cancer patients, should cer-
tainly be recommended before cancer therapy. In guide-
lines from the American Society of Reproductive Medicine
(ASRM), it is emphasized that “physicians should inform
cancer patients about options for fertility preservation and
future reproduction prior to treatment” [78]. In previous
data, only 47% of American oncologists were found to
routinely refer cancer patients of childbearing age to a
reproductive specialist [79], and the actual semen cryo-
preservation rate before therapy was only 21% in TC
patients [80].

For prepubertal patients, semen cryopreservation is not
available. At present, the only theoretical option for pres-
ervation of fertility in these boys is the preservation of the
spermatogonial stem cells for autologous intratesticular
stem cell transplantation [81]. There are many animal
studies focused on this method, and successful spermato-
gonial stem cell transplantation has been reported in a rodent
model [82]. To increase the efficacy of this transplantation
technique, in vitro culture systems of spermatogonial stem
cells have been reported [83, 84]. In vitro differentiation of
these stem cells and the use of derived spermatids for ICSI
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could also be an option to restore fertility [85]. Although
these methods are promising, there are some problems, such
as the contamination of malignant tumor cells in the trans-
planted testicular tissue. It is uncertain that these techniques
will actually be put into practice in humans, and further
investigations are necessary.
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