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Abstract: The modern approach to cancer management has evolved into a multidisciplinary initiative

focused not only on cancer specific and overall survival, but also patient quality of life and survivorship.

Future fertility is often a major concern for young patients undergoing cancer therapy. Fertility preservation

has emerged as a viable but significantly underutilized option. Patients and families should be aware of the

varying effects of antineoplastic therapy on their future fertility to allow for an informed decision regarding

their fertility preservation options. In this review we discuss the epidemiology, pathophysiology, and

management of fertility in the setting of testicular cancer diagnosis and treatment.
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Introduction

Testicular cancer is the most common malignancy in
young males and carries a 1 in 250 lifetime risk (1). The
peak age of presentation is 25-29 years, a period which
directly coincides with the prime age for men interested
in conceiving children. Approximately 250,000 testicular
cancer survivors currently live in the United States (1).
With the significant improvements in treatment modalities
for this now highly-curable disease, men who may once
have succumbed to the disease can now go on to live long
healthy lives with only small decreases in life expectancy (2).
Testicular cancer can exert profound detrimental effects on
the reproductive health of men. More than half of men with
testicular cancer initially present with oligospermia prior to
any treatment (3), and only 48% of men receiving cisplatin-
based chemotherapy will ultimately successfully father a
child (compared with over 90% in the post-orchiectomy
surveillance group) (4). Taken as a cohort, 22% of men with
a history of testicular cancer who desire a child will require
assisted reproductive technology (ART) (4). Despite these
well-documented fertility consequences, less than 50%
of oncology providers regularly counsel men on fertility
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preservation prior to initiating treatment (5). Those who do
bank prior to initiating treatment demonstrate significantly
impaired spermatogenesis with depressed concentration and
sperm counts (6). This review will discuss current literature
regarding the pathophysiology, diagnosis, and management
of fertility related to testicular cancer both before and after
treatment.

Mechanism of infertility in testicular cancer

It is now well-documented that men with many types
of cancer have pre-treatment impairment of male
reproductive health in a variety of ways (7). Testicular
cancer has been shown to be the most detrimental of all
common malignancies in terms of sperm concentration
and total sperm count pre-treatment (3). The mechanistic
underpinnings of infertility in testis cancer prior to any
treatment toxicity is likely multifactorial in nature. Clearly
some of this sub-fertility can be attributed to direct
parenchymal damage and replacement by tumor. Other
mechanisms underlying these changes are likely both
correlative and causative in nature. Correlative etiologies
include cryptorchidism, which is associated with increased
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risk for testicular cancer and—at least in the setting of
bilateral cryptorchidism—with infertility (8). While the
existence of the syndrome remains controversial, the
hypothesized “Testicular Dysgenesis Syndrome” does
represent a theoretical entity linking testicular cancer and
infertility (9). On the other hand, causative mechanisms
linking infertility to testicular cancer vary widely and
likely represent the complex physiological process of
spermatogenesis. The hypothalamic-pituitary-gonadal
(HPG) axis directly controls testicular function, and
elevated serum alpha fetoprotein (AFP) or beta human
chorionic gonadotropic (beta - HCG) can interfere with
the physiologic feedback mechanism of this axis (10). A
disruption in luteinizing hormone (LH), follicle stimulating
hormone (FSH) and testosterone levels correlates with
spermatogenesis and decreased sperm concentration (11).
Testis cancer and metastatic testicular cancer is also
associated with elevated inflammatory markers and
systemic inflammation, which can significantly impair
spermatogenesis (12). Elevated temperature, which can
be seen in fever associated with metastatic malignancy
or chemotherapy, directly impairs spermatogenesis (13).
Disruption of the blood-testis barrier and formation of
antisperm antibodies has been associated with testicular
cancer (14), though contemporary evidence refutes this to
a degree (15). In addition, testicular cancer is associated
with elevated oxidative stress and DNA fragmentation,
both of which may contribute to reduced fertility (16-18).
When combined with the additional toxicity associated with
further treatment (particularly chemotherapy), it is clear
that men with testicular cancer require aggressive and time-
sensitive management to maintain fertility if desired.

Strategies for fertility preservation prior to
treatment

Regardless of the underlying etiology of cancer-related
infertility, men diagnosed with testicular cancer who desire
future fertility should be offered fertility preservation.
Cryopreservation of sperm is the primary method of
fertility preservation in most post-pubertal male patients. A
recent report by Gilbert ez al. conclusively demonstrated the
cost-effectiveness and efficacy of cryopreservation, which
was both the least expensive and also the most efficacious
technique of sperm management (19). Cryopreservation
has been shown to be robust and reliable and is now widely
available (20).

Collection methods vary depending on the specific
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population being addressed. In most neurologically-
intact postpubertal young men, masturbation represents
the most simplistic and low-cost approach. Some men,
however, are unable to spontaneously provide a sample, and
more invasive means should be offered (21). If retrograde
ejaculation is present due to alpha blockade [e.g., prazosin
in patients with post-traumatic stress disorder (PTSD) or
post-retroperitoneal lymph node dissection (RPLND)],
a postejaculatory alkalinized urine specimen typically
provides sufficient sperm for cryopreservation. In men with
spinal cord injuries or young patients unable to provide a
specimen via masturbation, penile vibratory stimulation
(PVS) with optimized amplitude and frequency represents
a minimally invasive approach with little risk (21). This has
been used successfully in case reports for young men with
newly diagnosed malignancy (22). This method, however,
relies on an intact ejaculatory reflex.

In men with impaired reflex or psychosocial difficulty
with masturbation, electroejaculation represents a viable
approach. The process involves placement of a rectal
probe under anesthesia (typically general anesthesia
in neurologically intact patients) and the pelvic floor
directly stimulated to achieve emission (21). The process
has been validated in the young male cancer population
with a 60-70% success rate (23,24). Interestingly this
approach is also viable in specific uncommon situations
where the patient has a religious or personal objection to
masturbation (24). Care must be taken, however, to rule out
concomitant rectal lesions as this is a contraindication to
the procedure. In cases where nonoperative management
fails or is not feasible, surgical sperm retrieval may also be
used. Percutaneous aspiration of the epididymis (PESA)
or the testicular sperm aspiration (TESA) commonly
results in sperm retrieval rates and quantities sufficient for
intracytoplasmic sperm injection (ICSI) but not intrauterine
insemination (IUI) (25). Open testicular sperm extraction
(TESE) can also be performed in select cases using local or
general anesthetic.

Despite prompt diagnosis and referral, some men
presenting with testicular cancer will have nonobstructive
azoospermia (NOA) at the time of diagnosis, rendering
noninvasive approaches to sperm retrieval ineffective.
Moody et al. established that nearly half of men with
significant volume of testicular cancer still harbor islands of
spermatogenesis (26), and at least some men with NOA will
actually recover spermatogenesis following treatment (even
if cytotoxic in nature) (27). In this cohort, concomitant
surgical TESE at the time of orchiectomy (termed onco-
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TESE) is an option if up-front fertility preservation is
desired. This technique was first described by Schrader
and colleagues (28) with successes in both the ipsilateral
(remote to the cancerous lesion) and contralateral testicles.
Benefits of this approach include the added benefit of sperm
retrieval prior to chemotherapy initiation with very limited
additional morbidity. Contemporary series place success
rates approaching 70% (29). Further work has described
a microscopic approach (30), successful onco-TESE in
patients with bilateral testicular tumors (31), and successful

paternity following onco-TESE (32).

Prepubertal fertility preservation

Cryopreservation of sperm from the ejaculate is not possible in
the pre-pubertal male patient population. In this population,
spermatogonial stem cell cryopreservation via testicular tissue
extraction may offer a solution, albeit experimental at present.
The procedure, first proposed over 20 years ago, involves
harvest of these cells prior to initiation of chemotherapy with
subsequent delayed autotransplantation in hopes of restoring
spermatogenesis (33). Tempering enthusiasm for this,
however, is a recent report that testicular tissue harvested
from prepubertal boys with cancer has significantly fewer
spermatogonia than healthy controls and may limit future
autotransplantation (34). Given that this approach would
require two invasive procedures in young boys with cancer
who have minimal medical literacy and unclear future
paternity interest, the ethics of this approach must also be
carefully considered. This topic was recently been discussed
in depth and the approach was found to be ethically
justifiable in most cases (35). Due to the invasive and
experimental nature of the procedure, however, this should
be determined in a case-by-case basis with assistance from
bioethics where needed and available. Despite over two
decades of work, no successes have yet been reported, and
any robust adoption of this technique is likely still decades
from being clinically viable (36).

Barriers to fertility preservation and the
development of oncofertility programs

Unfortunately, fertility preservation is offered to only
approximately 50% of patients with a new cancer diagnosis.
Female providers appear to be more than twice as likely
to refer patients for fertility preservation (37). Despite
increasing efforts to ensure patients are offered timely
fertility preservation, over 70% of men choose to forego
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banking (38). The reasons provided by cancer patients
included cost and the difficulty in decision making
overshadowed by the initial shock associated with receiving
the cancer diagnosis (38). In response to these challenges,
several centers have developed specialized oncofertility
programs designed to standardize the fertility preservation
process (39-41). These programs include numerous
interventions such as increased access and awareness of
fertility preservation services, built in prompts within the
electronic medical record to alert providers to consider
referral, establishment of a hotline for interested patients,
implementation of a standardized care pathway to counsel
patients and obtain sperm banking, and subsequent follow
up care to support future paternity. While more mature data
is necessary to prove an increase in paternity and/or patient
satisfaction, these programs appear to carry significant
potential benefit with minimal downside.

Reproductive toxicities of testicular cancer
treatment

Advances in surgery, chemotherapy, and radiotherapy have
led to improved quality of life and treatment outcomes in
men with testicular cancer (42). The American Society for
Reproductive Medicine (ASRM) and American Society
of Clinical Oncology (ASCO) have clinical guidelines
recommending fertility counseling and preservation
to all patients requiring cytotoxic cancer treatment.
Unfortunately, these recommendations are not universally
adhered to and a critical understanding of the current
treatment modalities and their side effects is of utmost
importance (10,43).

Orchiectomy

Radical inguinal orchiectomy is the mainstay of treatment
for a suspected testicular neoplasm. This procedure
requires an inguinal incision to remove the testicle and
spermatic cord at the level of the internal inguinal ring.
Several studies have demonstrated the impact of radical
orchiectomy on semen parameters and hormonal functions
(44-46). In patients undergoing radical orchiectomy for
malignancy, Petersen and colleagues identified a reduction
in sperm concentration, total sperm count, and serum
inhibin B levels (44). Serum human luteinizing hormone
(hLH) and human follicle stimulating hormone (hFSH)
levels were elevated, but there was no significant difference
in serum testosterone levels (44). Furthermore, even with
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the presence of an apparently normal contralateral testis,
semen parameters are impaired in up to 85% of patients
with an additional 9% of men developing azoospermia
after unilateral orchiectomy (44,47). The ASRM advocates
counseling patients on obtaining an ejaculated semen
specimen prior to orchiectomy or extracting sperm from
the testis during orchiectomy (48), as this may be the only
opportunity to find viable sperm. However, emerging
evidence and National Comprehensive Cancer Network
(NCCN) guidelines support sperm cryopreservation
before or after radical orchiectomy. While some patients
and clinicians may prefer not to delay orchiectomy for
the purposes of cryopreservation, patients should have a
thorough understanding of their options and risks (49,50).
The concept of partial orchiectomy or testis sparing
surgery has gained increasing traction in certain scenarios
given the potential sequela of radical orchiectomy. In
testicular cancer patients, radical orchiectomy is associated
with lifelong androgen replacement, infertility, and
emotional distress (51,52). Partial orchiectomy for the
treatment of a variety of tumor types including prepubertal
teratoma, epidermoid cyst, adrenal rest tumors, Leydig
and Sertoli cell tumors have been reported in the literature
(53,54) Recently, partial orchiectomy has also been used
to treat select patients with malignant germ cell tumors.
The European guidelines (52) cite partial orchiectomy as
a surgical alternative for patients with bilateral testicular
neoplasms or neoplasm in a solitary testicle. Careful
adherence to oncologically sound principles, close follow-
up and compliant patient selection is essential. Therefore,
in carefully selected patients and in experienced hands,
partial orchiectomy is a burgeoning technique to preserve
functional testicular tissue and potentially fertility (55).

Chemotherapy

While chemotherapy has well-recognized gonadotoxic
effects, the impact of the various chemotherapeutic drugs
or regimens on fertility and spermatogenesis in men with
testicular cancer is not completely elucidated. Drug dosing,
combination regimens and treatment duration affect sperm
parameters and paternity (56,57). However, identifying
which testicular cancer patients are most vulnerable to the
long-term sequela of chemotherapy is complicated by a
lack of strong evidence. This is in part due to inconsistent
follow-up of semen analyses and birth-rates and the
combinations of drug regimens instituted (58). The most
common chemotherapy regimen used for testis cancer is
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bleomycin, etoposide, and cisplatin (BEP) (59).

Platinum-based chemotherapy agents, which includes
cisplatin and carboplatin, are important components of testicular
cancer management and pose an intermediate level of risk for
permanent azoospermia. The mechanism of action of these
analogs is formation of DNA cross-linking. A meta-analysis
of testicular cancer patients with normal pretreatment sperm
concentration who received platinum-based chemotherapy
demonstrated that 48% and 80% recovered spermatogenesis by
2 and 5 years, respectively (60). Patients exposed to carboplatin
fared better than those exposed to cisplatin (60).

Alkylating agents, particularly cyclophosphamide
and ifosfamide, pose the highest risk for permanent
azoospermia. The mechanism of action for these agents
is disruption of DNA synthesis and RNA transcription
in neoplastic cells. The rapidly dividing spermatocytes
in the testicular germinal epithelium are sensitive
to alkylating agents and spermatogenesis is frequently
affected (57). Several studies of survivors of childhood
cancers demonstrate that azoospermia is persistent in 25%
of men 5 years after treatment with alkylating agents (61,62).

Vinca alkaloids, such as vinblastine, disrupt mitosis by
inhibiting microtubule formation. Vinca alkaloids typically
result in temporary azoospermia or oligozoospermia.
However, when combined with alkylating agents or
platinum analogs, long-term or permanent impairment in
spermatogenesis can occur (63,64). Unfortunately, long-term
data on many of the other drug classes is limited (7azble 1).

In a review of 129 patients who received BEP for
testicular cancer, spermatogenesis returned 12 months post
treatment if two or fewer cycles of BEP was administered.
For patients who received three or four courses of BEP or
radiotherapy, spermatogenesis returned at 24 months (67).
Although survival rates of testicular cancer patients
are excellent, continued improvements in risk-adapted
treatment protocols aim to improve efficacy while reducing
gonadotoxicity. Additionally, improved communication
with patients and families will allow for more informed
decision making and facilitate identifying barriers to fertility
preservation.

Radiotherapy

Radiation therapy (XRT) is a commonly utilized treatment
modality for testicular cancer or retroperitoneal metastases.
Although the radiosensitive testicles are typically protected
by gonadal shielding during XRT, they are still subject
to the gonadotoxic effects of scatter radiation (68). With
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Table 1 Risk of infertility with various chemotherapeutic agents used in testicular cancer (56,65,66)

Common agents Mechanism of action

Degree of risk for irreversible infertility

Cisplatin Platinum agent
Carboplatin Platinum agent
Etoposide Plant derivative
Bleomycin Antitumor antibiotic
Ifosfamide Alkylating agent
Vinblastine Vinca alkaloids
Paclitaxel Taxane
Gemcitabine Antimetabolite

Pembrolizumab

Anti-programmed cell death-1 (PD-1) monoclonal antibody

Intermediate

Intermediate

Low/temporary reduction is sperm concentration
Low/ temporary reduction is sperm concentration
High

Low/temporary reduction is sperm concentration
Intermediate

Low/temporary reduction is sperm concentration

Further investigation required

appropriate gonadal shielding, recent data suggests that
scatter radiation doses can be as low as 0.28% of the
treatment dose, thereby protecting fertility (69). Testicular
function is typically affected by XRT in a dose dependent
manner. However, hormonal function may also be disrupted
by the effect of cranial XRT on the HPG axis (70).

Semen parameters (concentration and morphology)
are impacted by radiation doses as low as 0.1 Gy (71,72).
Radiation doses greater than 4 Gy can cause permanent
germ cell damage. In men with germ cell neoplasia in situ,
radiation doses of 16-20 Gy are commonly administered,
resulting in an expectantly high rate of irreversible
azoospermia. Fractionated dosing protocols are frequently
utilized, but low incremental dosing of radiation increases
exposure to radiation scatter and portends a higher risk of
gonadotoxicity compared to single, equivalent doses (73).

Complete recovery of spermatogenesis is possible but
is dependent on the radiation dose. It may take up to
18 months after radiation doses of less than 1 Gy, 30 months
after 2-3 Gy, and more than 5 years for higher than 4 Gy
to recover sperm function (72). Compared to the germinal
epithelium, Leydig cells are more resistant to the negative
impact of XRT. Leydig cells require radiation doses greater
than 20-30 Gy in order to impair their function and cause
primary hypogonadism (72,74). However, testosterone
replacement therapy is ultimately required in 15% to 25%
of patients and they should be monitored after radiotherapy
for adequate testicular androgen production (75,76). Finally,
clinicians should adhere to surveillance protocols after
orchiectomy in an attempt to limit the use of unnecessary
ionizing radiation (chest X-ray or computed tomography)
in reproductive aged men (76).
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Retroperitoneal pelvic lymph node dissection (RPLND)

RPLND is performed as a primary or salvage treatment
modality for testicular cancer and confers additional risk
of infertility. It is imperative that clinicians inform patients
of the reproductive implications preoperatively. Men who
undergo RPLND are at risk for anejaculation or retrograde
ejaculation due to disruption of the retroperitoneal
sympathetic nerves or the hypogastric plexus responsible
for emission and ejaculation. The incidence of ejaculatory
dysfunction has substantially diminished secondary
to the utilization of nerve-sparing techniques when
oncologically amenable. Utilizing modern primary and
post-chemotherapy RPLND techniques and templates,
less than 10% of patients experience significant ejaculatory
complications (77-79). Non-nerve sparing RPLND has
been shown to have a more significant impact on fertility
rates in testis cancer survivors. Matos et 4l. compared men
who underwent nerve-sparing and non-nerve sparing
RPLND, the authors determined fertility rates to be 62%
and 37% respectively (78). This highlights the importance
of careful discussion with patients regarding potential
complications of surgery and fertility preservation options.

Sexual dysfunction in survivors of testicular
cancer

Men with a history of testicular cancer are more likely
to experience symptoms of sexual dysfunction (erectile
dysfunction, decreased libido, poor body image) when
compared to men of the general population (80). The
etiology of sexual dysfunction in this population is likely

Transl Androl Urol 2020;9(Suppl 1):514-S23 | http://dx.doi.org/10.21037/tau.2019.08.08



Translational Andrology and Urology, Vol 9, Suppl 1 January 2020

multi-factorial with psychogenic causes playing a primary
role. Erectile dysfunction affects roughly between 12%
and 40% of testicular cancer survivors, independent of
treatment modality (80,81). Piithse and colleagues (82)
assessed 539 men who underwent testicular cancer
treatment and analyzed various causes of sexual dysfunction.
The authors determined that 42% of testicular cancer
survivors had decreased sexual activity, 35% had decreased
libido, and 32% had erectile dysfunction. Additionally,
85% of men reported a variety of ejaculatory complaints,
including retrograde, anejaculation, and premature
ejaculation. Overall, 95% of the study population endorsed
decreased overall sexual satisfaction (82). Tal et 4/. studied
76 men who developed erectile dysfunction after testis
cancer treatment (83). In men with non-seminomatous
germ cell tumor (NSGCT); 79% received chemotherapy,
18% underwent primary RPLND and 20% underwent
post-chemotherapy RPLND. In men with seminoma,
66% underwent XRT. In all, 84% of patients complained
primarily of loss of erection-sustaining capability. Nearly
a quarter of men cited mild erectile dysfunction prior to
the diagnosis of testicular cancer. In order to differentiate
between vasculogenic and psychogenic erectile dysfunction,
penile duplex doppler ultrasonography was performed on
the study population. Ultimately, all patients had normal
hemodynamics on ultrasound 12 months after testis cancer
treatment. The authors assert that erectile dysfunction after
treatment for testicular cancer is unlikely vasculogenic but
rather psychogenic in nature (83). Clinicians must be aware
of sexual dysfunction in this patient population and address
these symptoms with appropriate therapies.

Azoospermia after testicular cancer treatment

Advances in testicular cancer treatment modalities have
significantly improved the life expectancy and quality of
life of pediatric and young adult testicular cancer survivors.
While many patients will have recovery of sperm after
chemotherapy or radiotherapy, it is difficult to predict which
patients will have a return of spermatogenesis (65,84,85).
Microdissection TESE (mTESE) and subsequent ICSI has
been established as the gold standard technique to treat
patients with NOA who desire paternity. While donor
sperm and adoption remain viable options, mTESE is the
only option for persistently azoospermic men to conceive a
biologic child.

Hsiao er al. performed mTESE in 73 post-chemotherapy
patients with a surgical sperm retrieval rate of 37%. Of
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note, the average length of time after chemotherapy was
19 years for the study population, which may also play a
role in sperm retrieval success. The authors demonstrated a
live birth rate of 42% (20 healthy children). Sperm retrieval
success was highest in the testicular cancer population,
with a sperm retrieval rate of 85%. Patients treated for
sarcoma had the lowest retrieval rate (14%), likely due
to the use of alkylating chemotherapy agents (85). More
recently, Shin ez 4/. (86) demonstrated similar findings after
performing mTESE in 66 men post-chemotherapy. The
majority of the patients had a diagnosis of testicular cancer
(21 patients) and sperm was successful retrieved in 47%
(31 patients) of the study population with a live birth rate
of 27%. Associated risks include pain, bleeding, infection,
epididymal obstruction and testicular injury. Surgically
retrieved sperm can only be used for in vitro fertilization or
ICSI in order to achieve conception. These results suggest
that mTESE is an effective treatment option for men with
persistent azoospermia, but cryopreservation of sperm prior
to gonadotoxic treatment is preferred (86).

Reproductive outcomes

Successful paternity has been achieved in testicular cancer
patients independent of treatment received or decision
to cryopreserve. A cross-sectional study of 680 testicular
cancer survivors assessed the fecundity of patients post
orchiectomy who underwent surveillance, chemotherapy,
radiotherapy or chemotherapy plus radiotherapy. Of the
men attempting conception after treatment, paternity
was achieved naturally in 77% of men or with the use of
ART in 23%. Overall, the success rate in the surveillance,
chemotherapy and chemotherapy plus radiotherapy groups
were 85%, 71% and 67% respectively (55).

While testicular cancer survivors may recover sperm
production after undergoing various cancer treatments, the
exact timing and return to baseline sperm parameters is
inconsistent. Furthermore, the quality of sperm produced
during chemotherapy or radiation is not certain (i.e., sperm
aneuploidies, oxidative stress and DNA fragmentation),
but these effects typically persist for 3 months after
treatment (56). Most experts advocate a waiting period
of 6 months to 2 years prior to attempting to conceive.
Sperm quality may also be affected by the process of
cryopreservation and thawing. Fortunately, there is no
evidence to suggest utilizing cryopreserved sperm leads to
adverse pregnancy outcomes or congenital malformations.
However, recent evidence suggests that men with
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seminomatous germ cell tumor have poorer post thaw
total motile sperm count (TMSC) when compared to men
with NSGCT. Men with poorer histologic and prognostic
features can be advised to sperm bank several times to
improve future ART outcomes, but further research in
cryopreservation techniques and the relationship to cancer
stage is required (87).

Discussing fertility preservation strategies such as
sperm cryopreservation prior to surgery, chemotherapy or
radiotherapy is imperative. Sperm cryopreservation prior
to undergoing chemotherapy or radiotherapy remains the
most cost-effective strategy for fertility preservation when
compared to mTESE and/or ART (19).

Conclusions

Fertility preservation in oncologic conditions, particularly
testicular cancer, can be a complex process. While feasible
for many patients, lack of medical knowledge, inadequate
resources, cost and the emotional burden of a cancer
diagnosis can further obscure the process of fertility
preservation. Therefore, early referral for discussion of
fertility preservation options is essential to facilitate optimal
management. Providers should be familiar with the various
fertility preservation options available for pre and post
pubertal patients. Understanding of the success rates and
limitations of each of the modalities is imperative in order
for patients and families to make informed decisions about
their future fertlity.
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