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Abstract
Purpose of Review With improvements in cancer treatment outcomes and an increase in cancer survivorship, understanding the
importance of fertility preservation options prior to undergoing cancer treatment is essential. Therefore, we review herein the
effect of cancer and its treatment on male fertility, the rationale for sperm cryopreservation, options for sperm retrieval, ART
outcomes, and experimental options.
Recent Findings Recent data update fertility outcomes with newer cancer therapies and provide longitudinal insight into survivor
paternity with and without fertility preservation. Likewise, updated ARToutcomes and future preservation options are discussed.
Summary The effect of cancer and its treatment on spermatogenesis is well established. Sperm cryopreservation is the best pre-
treatment insurance for the opportunity of future fertility. Post-therapy patients may also achieve fertility restoration with ART,
using cryopreserved or freshly obtained sperm. Meanwhile, utilization of cryopreserved testicular stem cells for future transfer or
for in vitro maturation represents exciting alternatives on the horizon.
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Introduction

Over the past several decades, cancer survival rates in the
United States (US) have significantly improved despite a ris-
ing incidence of all cancers diagnosed in those younger than
65 years of age [1]. Specifically, 9% of cancer diagnoses in the
US are in those younger than 45 and 1% in those younger than
20 years of age [2]. Improvements in survival are attributable
to advances in cancer therapies, giving rise to the concept of
cancer survivorship [3]. Over the same period, the age of
achieving paternity has grown 30% in men between ages 35
and 54, highlighting the significance of our society’s desire to
maintain fertility across a much greater spectrum of age [4].
Therefore, an important co-endpoint of cancer survivorship is
the ability to maintain fertility potential after treatment [5].

Prior to cancer treatment, some patients demonstrate
subfertility due to direct effects of the disease [6]. Likewise,

cancer treatments have a negative impact on fertility. In recent
years, the advancement of assisted reproductive techniques
(ART) has allowed conception for many patients with previ-
ously untreatable infertility conditions [7]. ARTs have been
utilized to achieve conception for patients following cancer
treatment with highly successful outcomes. But due to the
cost, complexity and morbidity, clinicians should aim to only
use ARTs when necessary.

The best insurance for post-treatment fertility potential is to
attempt fertility preservation prior to initiation of treatment
while not impeding access to treatment or overall survival [8].
Guidelines from the American Society of Clinical Oncology
(ASCO) and other medical societies underscore such an ap-
proach [9–11]. The majority of surveyed oncologists (91%)
agree with these guidelines, but less than half discuss fertility
preservation options or fertility specialist referral with their pa-
tients prior to beginning cancer treatment [12]. Likewise, a
patient’s desire for fertility preservation must not be assumed
based upon age as 20% of surveyed men preparing for prosta-
tectomy surgery expressed desire for fertility preservation [13].

Therefore, the purpose of this review is to discuss the com-
plex impact of cancer and its treatment on male fertility, the
methods available to preserve fertility and when to employ
them, and the success of ARTs after cancer treatment and
highlight potential future fertility preservation options.
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The Effect of Cancer on Male Fertility

Malignant neoplasms can have a multi-factorial, negative im-
pact on normal spermatogenesis long before the diagnosis of
cancer is made [8, 14]. An intact hypothalamic-pituitary-
gonadal (HPG) axis is essential to tightly regulate the produc-
tion of hormones necessary for normal spermatogenesis. HPG
axis disruption can occur with testis tumor secretion of beta
human chorionic gonadotropin (beta-HCG) and/or alpha-
fetoprotein (AFP), decreasing gonadotropin production and
total motile sperm count [15, 16]. Likewise, excess prolactin
sourced from prolactinomas, tumor paraneoplastic syn-
dromes, or as a consequence of radiotherapy for head and
neck malignancies can disrupt the HPG axis or lead to sexual
dysfunction [17, 18]. Similarly, direct tumor invasion of the
hypothalamus, pituitary gland, or testis and be detrimental to
fertility [19]. Moreover, there is an association between base-
line testicular dysfunction, as seen with cryptorchidism, tes-
ticular dysgenesis syndrome or non-malignancy-associated
infertility, and an increased risk for cancer, leading to recom-
mendations for increased cancer screening in these popula-
tions [20, 21].

Gonadal dysfunction may also be a consequence of sys-
temic manifestations of malignancy including fever, malnutri-
tion, and stress. Malignancies can induce a systemic inflam-
matory state mediated by secretion of metabolically active
cytokines, manifesting in constitutional symptoms that may
directly damage the germinal epithelium [22]. Gonadal tem-
perature regulation is essential for normal spermatogenesis,
and gonadal dysfunction can persist up to 3 months following
an episode of high fever [23]. High fever and constitutional
symptoms are a hallmark of lymphoma and several studies
have shown a positive correlation between fever severity
and derangement of semen parameters in lymphoma patients
prior to initiating chemotherapy [24].

The Impact of Cancer on Sperm Characteristics

The negative effect of malignancy on baseline semen param-
eters prior to undergoing treatment has been well described
across several cancer diagnoses [6, 25••, 26••, 27••, 28]. An
initial report of 400 men diagnosed with various types of
cancer seeking sperm cryopreservation found fertile and inter-
mediate levels of sperm density and motility in most men
respectively, except in those with testis cancer (TC) who dem-
onstrated intermediate levels in both categories [6]. More re-
cent series demonstrated lower sperm concentrations and few-
er banked vials in those with TC, Hodgkin’s lymphoma (HL),
and hematologic malignancies compared with other cancer
diagnoses and healthy controls [25••, 26••]. No correlation
between semen quality and cancer stage was observed
[25••], and lower semen volume was noted in only one series
of testis and hematopoietic malignancy patients [26••]. In the

most recent series from 2017, similar decreases in pre-
treatment sperm concentration and motility were demonstrat-
ed in those with TC but not hematopoietic malignancies
[27••]. Furthermore, 16.9% of patients overall were
azoospermic regardless of diagnostic groups, but older pa-
tients at diagnosis were less likely to be azoospermic [27••].

Qualitative sperm assays have also demonstrated the neg-
ative effects of cancer on sperm production. Several series
incorporating various deoxyribonucleic acid (DNA) fragmen-
tation assays have demonstrated worse DNA and chromatin
integrity despite normal semen parameters in cancer patients
compared to healthy controls [28–30]. However, other series
failed to confirm these findings, leaving the issue unresolved
[31]. Similarly, a prospective series from 2017 of lymphoma
patients evaluated before treatment revealed significantly
higher rates of sperm aneuploidy compared with healthy con-
trols, most commonly hyperhaploid XY and chromosome 18
disomy [32••]. Yet the significance of these genetic abnormal-
ities is unknown. Registry data of children born to fathers
diagnosed with cancer has not demonstrated any increase in
peri-natal complications, whereas a small but clinically insig-
nificant increase in congenital abnormalities from 3.2 to 3.7
incidents per 100 offspring was noted, predominantly in those
born within 2 years of the father’s cancer diagnosis [33].

Fertility Impairment with Cancer Treatment

Improved cancer treatment outcomes have largely been
achieved by utilizing a combination of surgery, chemotherapy,
and radiotherapy [3]. Each treatment can harm normal male
fertility by causing derangements of the HPG axis, cytotoxic
effects to the germinal epithelium, surgical anatomic or func-
tional deficits, and induction of emotional or sexual dysfunc-
tion [8].

Surgery

A direct effect of surgery on fertility potential occurs with
orchiectomy usually performed for TC. Several series have
demonstrated unilateral orchiectomy to result in reduction of
sperm concentration and total sperm count in up to 85% of
patients with another 9% developing azoospermia; this effect
is more pronounced in men with non-seminomatous germ cell
tumors [34, 35]. Nonetheless, nearly 40% of men on surveil-
lance after orchiectomy regardless of implementation of treat-
ment for relapse ultimately achieve paternity [34, 35].

Any extirpative surgery within the retroperitoneum or pel-
vis can lead to damage of the parasympathetic pelvic nerve
controlling erectile function, sympathetic nerves of the hypo-
gastric and pelvic plexuses controlling emission and ejacula-
tion, and/or the male ductal system through which sperm pass
during ejaculation. Preservation of ejaculatory and erectile
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function has improved with utilization of nerve-sparing tech-
niques when oncologically appropriate (Table 1). For exam-
ple, retroperitoneal lymph node dissection (RPLND) was his-
torically associated with a high rate of ejaculatory dysfunc-
tion, but implementation of nerve-sparing templates has re-
sulted in ejaculatory preservation for 90–100% of post-
chemotherapy or primary RPLND cases respectively, with
similar results reported for robotic RPLND [36, 37•].

Pelvic surgery for prostate, bladder or colorectal cancers
can also result in temporary or permanent ejaculatory dysfunc-
tion as well as obstruction of bilateral vasa deferentia and/or
erectile dysfunction. As with RPLND, implementation of
nerve-sparing techniques for various oncologic pelvic surger-
ies has resulted in significant improvements for recovery of
postoperative erectile function (Table 1), but the risk of per-
manent impotence or anejaculation remains [38–40, 41•]. As
men are increasingly delaying fatherhood, oncologists must
recognize those who wish to achieve paternity after cancer
treatment and provide appropriate counseling regarding fertil-
ity preservation options [42••].

Chemotherapy

Chemotherapy is a systemic treatment that targets actively
dividing cells, which can include both normal and malignant
cells. The effect of chemotherapy on male fertility largely
depends upon the agent, dose, duration, and combination used
[9]. Rapidly dividing spermatocytes are the highest risk cells
within the germinal epithelium [43]. Slower dividing sper-
matogonia are divided into type A (pale) and (dark) cells, with
the former experiencing apoptosis at low chemotherapeutic
doses and the latter serving as a stem cell pool for repopulation
[43]. However, higher drug doses can also damage the type A
(dark) spermatogonia, resulting in a Sertoli-cell-only pattern

[44]. The more mature spermatocytes and spermatids are less
chemo-sensitive given their lack of cell division and may ex-
plain why some sperm initially remain in the ejaculate after
chemotherapy [43]. Similarly, Leydig cells maintain a low
proliferation rate and are more chemo-resistant but can suc-
cumb to higher chemotherapeutic doses, resulting in elevated
luteinizing hormone (LH) levels despite low-normal testoster-
one levels [45].

Several classes of chemotherapy agents are gonadotoxic
(Table 2). Alkylating agents are the most toxic and reliably
induce azoospermia, persisting in 25% of men 5 years af-
ter treatment [46–49]. Alkylating agent dose independent-
ly predicts the ultimate recovery of spermatogenesis re-
gardless of higher dose single agent or lower dose in com-
bination with other agents as shown with cyclophospha-
mide doses over 19 or 7.5 g/m2, respectively [48]. Recent
data with a 21-year follow-up revealed rates of 25, 28, and
48% for azoospermia, oligospermia, and normospermia,
with worse recovery predicted by cumulative alkylating
dose defined by each 1000 mg/m2 of cyclophosphamide
equivalent dose [47]. Platinum-based cisplatin and
carboplatin have demonstrated equivalent gonadotoxicity
to alkylating agents with 20 to 47% of low versus high
dose groups experiencing azoospermia after 5 years [50].
Temporary reductions in semen parameters are observed
with other chemotherapeutic agents by avoiding damage
to spermatogonial s tem cel ls , al though addi t ive
gonadotoxicity with alkylating or platinum agents can oc-
cur [43]. Newer biologic targeted and immunomodulating
therapies are cytostatic and reduce semen parameters
sometimes to azoospermic levels during active treatment
but recovery is expected after cessation. However, these
drugs may disrupt the HPG axis and cause hormonal ab-
normalities [51–54].

Table 1 Success of nerve-sparing
techniques for oncologic surgery
of the retroperitoneum and pelvis

Malignancy Operation Surgical approach Ejaculatory
preservation
(%)

Erectile
preservation
(%)

Testis cancer RPLND Open—primary 90–100 –

Open—post-chemotherapy 75–90

Robotic/laparoscopic 90–100 –

Prostate cancer RP Open – 86

Robotic/laparoscopic – 94

Bladder cancer RC—NNS Open w/incontinent
diversion

– 10

Open w/ continent diversion – 35

RC—NS Robotic/laparoscopic – 45

Colorectal
cancer

Mesorectal
excision

Any 60

RPLND retroperitoneal lymph node dissection, RP radical prostatectomy, RC radical cystoprostatectomy, NNS
non-nerve sparing, NS nerve sparing
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Combination Chemotherapy Regimens

Optimal outcomes for several malignancies have been
achieved through the use of combination chemotherapy regi-
mens. Optimal outcomes for hematopoietic malignancies
were initially seen using MOPP/MVPP (mechlorethamine,
oncovorin/vincristine, procarbazine, prednisone), but 85% of
patients developed azoospermia, hypogonadism, and gyneco-
mastia with persistence up to 15 years later when used during
childhood [55, 56]. Substitution of mechlorethamine for cy-
clophosphamide (COPP) demonstrated similar rates of azoo-
spermia that persisted 11 years after treatment [46]. ABVD
(adriamycin, bleomycin, vinblastine, dacarbazine) is a con-
temporary regimen that excludes alkylating agents and

demonstrated 90% recovery of semen parameters by
24 months with no azoospermia compared to alkylating regi-
mens [57••]. Likewise, all regimens have shown worse rates
of DNA fragmentation and sperm aneuploidy following treat-
ment compared to controls except ABVD, which has not
shown worse sperm aneuploidy [32••, 57••].

Contemporary testis cancer management has resulted in
excellent survival rates. The first-line regimen, BEP
(bleomycin, etoposide, cisplatin), has been shown in several
series to negatively impact semen parameters [14]. The most
recent series demonstrated a significant decrease in all semen
parameters following treatment, with recovery of
normospermia occurring in less than half of patients by
24 months and 2% remaining azoospermic predicted by

Table 2 Commonly used chemotherapeutic agents and fertility risk

Drug class Common agents Mechanism of action Risk for prolonged or
permanent infertility

Risk of azoospermia
(> 2 years)

Alkylating agents Busulfan
Chlorambucil
Chlormethine
Cyclophosphamide
Dacarbazine
Ifosfamide
Melphalan
Procarbazine
Temozolomide

Cytotoxic:
Alkylation of DNA molecules,

inducing double-strand DNA
breakage and apoptosis

High > 25%

Platinum agents Carboplatin
Cisplatin
Nedaplatin
Oxaliplatin

Cytotoxic:
Crosslink DNA, inhibiting DNA

synthesis and repair, inducing
apoptosis

High 20–47%

Anthracyclines Daunorubicin
Doxorubicin
Epirubicin
Mitoxantrone
Idarubicin
Valrubicin

Cytostatic:
DNA intercalation, Topoisomerase

inhibition, and Histone deregulation
inhibiting cell cycle progression

Intermediate Only in combination
with Alkylating
or Platinum agents

Antimetabolites 5-Fluorouracil
6-Mercaptopurine
Capecitabine
Cytarabine
Floxuridine
Gemcitabine
Hydroxycarbamide
Methotrexate
Pemetrexed

Cytostatic:
Masquerade as purine or pyrimidine

incorporating into DNA and halting
DNA synthesis, induces cell
cycle arrest

Low/temporary –

Nucleoside analogs Abacavir
Didanosine
Entecavir
Lamivudine
Stavudine
Tenofovir
Zidovudine

Cytostatic:
Inhibit DNA replication by incorporation

into DNA and halting DNA
polymerase, inducing cell cycle arrest

Low/temporary –

Vinka alkaloids Vinblastine
Vinorelbine
Vincristine
Vindesine

Cytotoxic:
Inhibition of microtubule formation,

inducing cell cycle arrest and apoptosis

Low/temporary –

Antitumor
Antibiotic

Bleomycin Cytotoxic:
Induction of DNA strand breaks

Low/temporary –
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greater than 2 cycles of BEP, use of radiotherapy, or abnormal
baseline semen parameters [58]. The same series also found
worse DNA fragmentation rates at 6 months with BEP but
recovery to normal levels versus controls by 24 months [58].
The latter finding is in contrast to previous data showing per-
sistence of abnormal levels of DNA fragmentation at
24 months following BEP treatment [59].

Radiotherapy

Radiotherapy (XRT) can be used to directly target the testes,
but more commonly is used to target malignancies residing in
the retroperitoneum or pelvis or in preparation for stem cell or
bone marrow transplant, and can be gonadotoxic in men of all
ages. Despite testicular shielding, a significant quantity of
scatter can nonetheless affect the testicles and result in
gonadotoxicity [60]. Akin to chemotherapy, the rapidly divid-
ing spermatocytes are the most sensitive and earliest to be
effected by radiation doses as low as 0.1 Gray (Gy) [61, 62].
Additional doses up to 0.65 Gy may result in oligospermia or
azoospermia, which may become permanent at doses over
1.2 Gy [61, 62]. The implementation of fractionated protocols
using lower individual doses of radiation in a prolonged
schedule has resulted in similar or worse gonadotoxicity com-
pared to single, equivalent doses [63]. Similarly, suppression
of spermatogenesis by using gonadotropin releasing hormone
(GnRH) agonists to protect spermatocyte DNA during XRT
has also been unsuccessful [64]. Spontaneous recovery of
spermatogenesis may occur and has been observed by
18 months with 1 Gy doses, 30 months with 2–3 Gy doses,
and 5 years for 4 Gy or greater [62]. Moreover, XRT to the
hypothalamus or pituitary can disrupt the HPG axis, causing
secondary hypogonadism and infertility [65]. Lastly, Leydig
cells are more resistant to the effects of XRT, requiring doses
of 20–30 Gy to produce primary hypogonadism necessitating
testosterone therapy [62, 66]. However, doses below 20 Gy
can still disrupt Leydig cell function, resulting in subclinical
hypogonadism with elevated LH levels [67].

Paternity Following Cancer Treatment

Taken as a whole, these data establish the negative effect of
cancer and its treatment on semen quantity and quality, but a
more important measure of fertility is the achievement of pa-
ternity. Initial data from the Childhood Cancer Survival Study
(CCSS) with over 5 years follow-up in 2010 revealed that
treatment with chemotherapy or XRT resulted in a significant-
ly lower likelihood of paternity compared with sibling con-
trols (HR 0.56; 95% CI, − 0.49 to 0.63). Predictors of worse
outcomes included higher cumulative alkylating agent dose,
XRT doses over 7.5 Gy, testicular XRT, and the use of cyclo-
phosphamide or procarbazine agents. Even in those without a
history of XRT or alkylating agent exposure, cancer survivors

were less likely to achieve paternity versus controls (HR 0.91;
95% CI, 0.73 to 1.14) [5]. Persistent difficulty for cancer sur-
vivors with achieving paternity was found in updated CCSS
data from 2016with a 10-year follow-up demonstrating a 38%
pregnancy rate of 83% reported one live birth versus 62% and
90% for sibling controls (HR 0.63; 95% CI 0.58 to 0.69). The
study also confirmed predictors of worse pregnancy and live
birth rates, including alkylating agent and cisplatin use al-
though XRT use was not included in the analysis [68••]. In
summary, these data validate the utmost importance of fertility
preservation prior to undergoing any cancer treatment.

Male Fertility Preservation: Sperm
Cryopreservation

The Rationale for Sperm Cryopreservation

The need to preserve fertility prior to embarking upon cancer
treatment is clear and supported by the ASCO guidelines.
Obtaining ejaculated sperm for cryopreservation is a safe,
non-invasive, and preferred method of male fertility preserva-
tion in all post-pubertal patients with success rates ap-
proaching 90% [69]. The initiation of puberty is critical to
the success of sperm cryopreservation and often begins be-
tween the ages 12 and 14. Other correlates of spermatogenesis
and an ability to ejaculate sperm include at least Tanner Stage
II development, testis volume > 10 cm3 and nocturnal seminal
emission [22]. Despite meeting these criteria, some patients
may still have difficulty in producing an ejaculated specimen.
Pre-pubertal patients not meeting these criteria generally are
not candidates for sperm cryopreservation, but experimental
alternatives could be considered after appropriate counseling.

Sperm cryopreservation is also possible in patients present-
ing with azoospermia in whom sperm can be subsequently
identified in 22% using pellet analysis [70]. Indeed, only a
single, motile sperm is needed for egg fertilization with ARTs
and, therefore, one sample may be sufficient for cryopreserva-
tion; however, three samples collected 48 h apart are optimal
[8]. Cryopreserved sperm can remain frozen for decades, with
the longest duration of cryopreserved sperm resulting in a live
birth reported at 28 years [71]. Furthermore, sperm cryopreser-
vation can provide peace of mind. In a recent survey of patients
given the option of sperm cryopreservation, 50% chose to bank
sperm of which 80% felt encouraged or empowered by their
decision. The study also revealed that 70% of patients post-
chemotherapy desired paternity and 80% would recommend
sperm cryopreservation to a friend [72].

In contrast to these compelling data, over 50% of surveyed
oncologists do not routinely discuss sperm cryopreservation
despite over 90% admitting sperm cryopreservation should be
offered to all patients [12]. This was confirmed in a recent
series where only 29% of cancer patients appropriate for
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fertility preservation were provided counseling and 11%
underwent referral for sperm banking [73••]. Those with a
lower median income, Medicaid insurance, or who were older
in age were less likely to be provided fertility preservation
counseling [73••]. Other similarly designed studies have con-
firmed that older patients and those already with children are
less likely to bank, whereas only 24–30% choose to bank even
if appropriately counseled [74, 75••, 76]. Other commonly
cited reasons for not banking include lack of interest, anxiety,
immaturity, embarrassment, sexual orientation, religious
background, and cost; many of which can be mitigated
through the implementation of a formalized oncofertility pro-
gram [8, 22, 77].

ART Outcomes Using Cryopreserved Sperm

Despite the use of cryopreserved sperm resulting in ART suc-
cess with reported paternity rates of 49–82%, only 6–18% of
those choosing sperm cryopreservation ultimately utilize their
sperm [75••, 78••]. Additionally, only 16% of patients discard
their samples, implying that many couples may have not
reached a point at which they are ready to pursue parenthood
[78••]. More recent reports have revealed a 26% pregnancy
rate and 36% live birth rate using cryopreserved sperm for
ICSI [26••]. Indeed a recent systematic review demonstrated
an aggregate pregnancy and live birth rate of 13 and 8% re-
spectively with IUI versus 30 and 25% respectively with IVF/
ICSI [78••]. These data collectively articulate the fertility suc-
cess that can be achieved with sperm cryopreservation.

Sperm Retrieval in those with Ejaculatory
Dysfunction

Retrograde Ejaculation

There are several scenarios in which patients may have diffi-
culty or inability to ejaculate, and special techniques can be
employed after careful consideration of the underlying etiolo-
gy. In those with a low volume ejaculate, intact sensation of
orgasm, history of pelvic or retroperitoneal surgery (RPLND)
or certainmedical conditions (diabetes), retrograde ejaculation
may ensue and can be diagnosed with a post-ejaculate urine
(PEU) analysis. For these patients, medical treatment with
sympathomimetic medications (pseudoephedrine or imipra-
mine) may improve bladder neck contraction and result in
anterograde ejaculation. In more severe cases, a retrograde
ejaculate can be obtained via PEU after urine alkalinization
(sodium bicarbonate or potassium citrate) for 2–3 days. The
quantity and quality of retrieved sperm is usually sufficient for
intrauterine insemination (IUI) or in vitro fertilization (IVF)
with intracytoplasmic sperm injection (ICSI) or can be cryo-
preserved for later use [3, 8].

Anejaculation

In peri- or post-pubertal patients with anorgasmia or
anejaculation (no evidence of retrograde ejaculation on PEU)
or those with a history of cancer treatment, pelvic or retroperi-
toneal surgery, or underlying medical or neurologic disorder,
neurostimulatory methods can be implemented, including pe-
nile vibratory stimulation (PVS) or electroejaculation (EEJ).
Surgical sperm retrieval (SR) is necessary in cases refractory
to neurostimulatory methods.

PVS is simple, non-invasive, safe, and considered first-line as
it can be performed at home or in the office without anesthesia,
although use in peri-pubertal adolescents under anesthesia should
be considered. PVS involves placement of one or two vibrating
device(s) (FertiCare® Orion Medical Group, Silverado CA,
USA) directly on the frenulum and/or dorsum of the penis until
ejaculation occurs [3, 8, 79]. EEJ is utilized when PVS is not
successful or appropriate and must be performed under general
anesthesia. A Seager Electroejaculator® (Dalzell USA Medical
Systems, The Plains, VA, USA) is used transrectally, providing
direct electrical stimulation to the prostate and seminal vesicles,
resulting in ejaculation in the majority of cases. When EEJ is not
successful, concurrent testicular sperm extraction (TESE) can be
performed concurrently under anesthesia [80].

The ejaculate retrieved via neurostimulatory methods typ-
ically demonstrates low volume, high sperm concentration,
low motility, and low morphology. Nonetheless, such samples
are often suitable for fresh or cryopreserved IUI or IVF/ICSI,
often resulting in pregnancy success [3, 8, 80]. Specifically in
young men with cancer who are unable to ejaculate or with
non-obstructive azoospermia (NOA), EEJ has demonstrated
higher SR rates (60%) for cryopreservation compared to
TESE (33%) with no reported complications or delay in initi-
ation of definitive cancer therapy [81].

Surgical Sperm Retrieval

Indications for surgical SR for fertility preservation include
those patients with azoospermia, peri-pubertal patients with
anejaculation or when neurostimulatory methods are not suc-
cessful or available. As mentioned, cancer patients often dem-
onstrate deranged semen parameters prior to initiating treat-
ment. Although rare, obstructive azoospermia (OA) may be
organic or due to previous cancer treatment and should be
distinguished from NOA by an appropriate clinical evaluation
demonstrating small/soft testes, normal volume fructose pos-
itive semen, and elevated gonadotropins in NOA patients.

Percutaneous Versus Open Approaches

Surgical SR options are categorized by percutaneous and open
approaches. Percutaneous techniques are cheaper, less
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invasive, and easily performed in the office with local anes-
thetic; however, the blind nature by which samples are aspi-
rated can lead to undue trauma or unsatisfactory results. A
direct comparison of testicular sperm aspiration with TESE
in NOA patients demonstrated significantly improved SR
rates with TESE (11 versus 43%), confirmed in a 2015
meta-analysis illustrating SR rates two times more likely with
TESE [82••, 83]. Similarly for OA patients, microscopic epi-
didymal sperm aspiration (MESA) has demonstrated superi-
ority over percutaneous approaches [7, 84]. In sum, open sur-
gical techniques are considered the gold standard.

The ability to find sperm for IVF/ICSI in NOA patients
using TESE was first described in the mid-1990s [85] and
has evolved to include testis mapping or microdissection
TESE (mTESE) techniques. Improvement in overall SR rates
from 40 to 63% has been shown with mTESE, minimizing
testicular tissue loss and bleeding complications [86, 87].
While mTESE is considered the gold standard for NOA pa-
tients, it does require an operative microscope and an experi-
enced microsurgeon, potentially limiting generalizability.

ART Outcomes of Surgical Sperm Retrieval in Cancer
Patients

For cancer patients presenting with NOA prior to treatment,
the use of TESE has demonstrated SR rates ranging 33–45%;
with higher rates observed in lymphoma (47%) and lower
rates in late stage testis cancer (25%) groups [81, 88]. Others
have utilized the time under anesthesia for orchiectomy to
perform contralateral testis biopsy with cryopreservation of
retrieved sperm called “onco-TESE” [88]. Onco-TESE has
evolved to include a backtable dissection of the extirpated,
tumor-containing testis, allowing identification of multiple
areas of spermatogenesis in normal testicular tissue surround-
ing the tumor identified best using a mTESE over TESE tech-
nique [88–90]. Live births achieved using cryopreserved
sperm from onco-TESE specimens have been reported up to
1 year following cancer treatment [89]. It is therefore impor-
tant to attempt ejaculated sperm cryopreservation prior to un-
dergoing orchiectomy to determine if onco-TESE needs to be
performed during the same operative session [91].

For cancer survivors presenting with NOA following can-
cer treatment, the use of TESE up to 11 years after cancer
treatment has demonstrated SR rates ranging 41.6–65%, with
the largest series reporting 31% pregnancy and 30% live birth
rates after several cycles of ICSI [44, 92]. More recently, the
use of mTESE in 84 patients at a mean of 18 years after
cancer treatment demonstrated a 43% SR rate, 57% fertiliza-
tion rate, 50% pregnancy rate and 42% live birth rate using
ICSI. Significant predictors of worse SR rates included
Sertoli-cell-only pathology (38.2%) and alkylating agent ex-
posure (21.4%) with hypospermatogenesis portending a
100% SR rate [93].

Despite the established ability to surgically obtain sperm
for cryopreservation or for ART before or after cancer treat-
ment, very few data have evaluated which approach is supe-
rior. The largest series to date evaluating 318 IVF/ICSI cycles
(95% TESE, 5% MESA) performed using cryopreserved
(88%) versus freshly obtained (12%) sperm reported a signif-
icantly improved fertilization rate with cryopreserved (60%)
versus fresh (53.6%) sperm, and a non-statistically significant
trend toward improved pregnancy rate with cryopreserved
(23.6%) versus fresh (23%) sperm [94]. For those pursuing
freshly obtained sperm, a waiting period of 2 years following
cancer diagnosis and treatment should be implemented given
the slightly increased risk of offspring congenital abnormali-
ties [33]. Taken together, these data illustrate the importance
of fertility preservation prior to undergoing treatment, as many
unknowns exist, including the possibility of not surgically
retrieving sperm in nearly half of NOA patients following
cancer treatment.

Experimental Options for Fertility
Preservation

Current methods for fertility preservation require mature sper-
matozoa for subsequent IVF/ICSI use. In peri-pubertal patients
in whom sperm cannot be retrieved or pre-pubertal patients not
having begun spermatogenesis, the only option is experimental
use of immature testicular tissue (ITT) obtained via TESE [95••,
96]. Under approved research protocols and extensive patient
counseling, some institutions allow the cryopreservation of ITT
for later use, which has been chosen in over 90% of families
given the option [96]. Current options for the use of cryopre-
served ITT under investigation include isolation and
autotransplant of germ cells, auto or xenotransplant of ITT, or
perhaps the most promising, in vitro maturation of germ cells to
produce spermatozoa for IVF/ICSI use [95••, 97]. Yet safety
concerns exist over the co-transplant of malignant cells into a
cured host, which has been reported with leukemia in animal
models [98]. While these options are both exciting and prom-
ising, further research and clinical trials are needed.Meanwhile,
the continued practice of ITTcryopreservation is recommended
in the appropriate setting [99].

Conclusion

Patients with cancer often present with impaired spermatogen-
esis. Superimposed on this baseline defect are the iatrogenic
effects of treatment via chemotherapy, radiotherapy, and sur-
gery. Sperm cryopreservation is the best pre-treatment insur-
ance for future fertility. However, post-therapy patients may
also realize fertility restoration with ART when appropriate
using cryopreserved or freshly obtained sperm. Meanwhile,
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utilization of cryopreserved testicular stem cells for future use
via auto-transfer or in vitro maturation represents exciting al-
ternatives on the horizon.
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