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its treatment requires various cytotoxic modalities and negatively impacts spermato-
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genesis; therefore, the fertility preservation of patients with TC has been studied.
Methods: In order to give an overview of fertility preservation in patients with TC, the
literature was reviewed. Original and review articles were identified and examined on
the basis of PubMed database searches.

Results: Chemotherapy and radiotherapy damage spermatogenesis and retroperito-
neal lymph node dissection negatively impacts ejaculatory function. Testicular sperm
extraction facilitates successful sperm retrieval in patients with TC with postchemo-
therapy azoospermia. Although preserved sperm is used with a very low frequency
(8%), the conception rates in those who have used sperm are not inferior.
Conclusion: The number of studies is limited, and because numerous treatment fac-
tors affect fertility, outstanding questions remain about preserving the fertility of pa-
tients with TC. Further studies are necessary in order to determine the best means of

preventing and treating infertility in patients with TC.
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patients with TC further complicates the interpretation of the study

1 | INTRODUCTION

data. Indeed, the rates of TC and male infertility have increased si-

Testicular cancer (TC) is one of the most common malignancies in
young adult men, with a peak age range of 20-44 years.! Due to
advancements in treatment modalities, the 5 year survival rates for
TC are currently reported to be >90%.2 Despite this high cure rate,
many survivors of TC experience treatment-induced effects, including
short- and long-term sequelae.3 Among the long-term sequelae, the
impact of treatment on fertility is a critical concern for the survivors
of TC of reproductive age. Although various studies have examined
fertility in the survivors of TC after treatment, the results are incon-
sistent,” owing to the complexities of combined treatment modalities,
such as orchiectomy, chemotherapy, radiotherapy (RT), and retroper-

itoneal lymph node dissection (RPLND). Pre-existing subfertility in

multaneously during recent decades.® Therefore, the fertility of the
survivors of TC should be determined on the basis of both pre- and
post-treatment evaluations.

Sperm cryopreservation has been available and used broadly to
maintain the opportunities for patients with cancer to conceive.® The
American Society of Clinical Oncology (ASCO) guidelines recommend
that oncologists address the risk of infertility in patients with cancer of
reproductive age and refer them to specialists in fertility treatment.”
However, large-scale studies have shown that the sperm preserva-
tion rates in patients with cancer are low and that the usage rates of
preserved sperm are even lower (<10%).8 Although clinical evidence

of post-treatment fertility has been accumulated, this low usage rate
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remains owing to various sociological and psychological factors.”
Recently, the quality of life (QoL) of survivors of TC has been empha-
sized and investigated in an increasing number of studies. Some of the
results imply that the usage rate of preserved sperm is influenced by
Qol-related factors, such as time, emotional state, patient age, prior
children, and cost.’® However, strategies for addressing those factors
remain unclear. This article reviews fertility preservation in the survi-
vors of TC by focusing on treatment-induced infertility and the ob-
stacles to sperm preservation and usage in order to answer questions
about the management of patients with TC who are facing anxieties
about their upcoming treatments.

2 | CLINICAL AND PATHOLOGICAL
CHARACTERISTICS OF TESTICULAR CANCER

Testicular cancer is histologically and clinically categorized as semi-
nomatous and non-seminomatous. Seminomas consist of the pure
histological type of seminomatous features, whereas non-seminomas
contain the mixed histological features of embryonal carcinomas, yolk
sac tumors, choriocarcinomas, or teratomas.!! Epidemiological studies
of TC have shown that it has a unique global distribution and diverse
incidence rates that are associated with race and ethnicity. The age-
adjusted incidence rates range from <0.7 per 100 000 men in most
Asian and African countries to 12.2 per 100 000 men in Norway.'?
The diagnosis and treatment protocols for TC are established in sev-

eral evidence-based guidelines. The recent National Comprehensive
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Cancer Network guideline for TC recommends clinical practices that
follow the flow chart in Figure 1.3

The most common presentation of TC is a painless mass within the
testis and prompt ultrasound evaluation and examination of the serum
tumor markers are required. After a testicular mass is confirmed, rad-
ical inguinal orchiectomy is performed, followed by pathological diag-
nosis. Defining the clinical stage (CS) is recommended based on the
Union for International Cancer Control (UICC) classification.’* The
cure rate of CS | (localized) seminoma is nearly 100% and is achieved
with three treatment options: adjuvant chemotherapy with carbopla-
tin, adjuvant RT, or surveillance with salvage irradiation or chemo-
therapy at relapse.'® On the contrary, the prognosis of patients with
metastatic TC (CS II-1V) is categorized as “good,” “intermediate,” or
“poor,” respectively, according to the classification of the International
Germ Cell Cancer Collaborative Group (IGCCCG).16 Individualized
treatment strategies are based on both the UICC and IGCCCG classi-
fications and most of these treatment options are harmful to fertility.
Therefore, discussing sperm preservation is recommended at the be-

ginning of primary treatment if clinically indicated.*®

3 | FERTILITY AND TESTICULAR
CANCER RISK

Both the pre- and post-treatment reproductive status must be con-
sidered in discussions of fertility with patients with TC. Pretreatment

fertility in these patients is not fully understood because TC and male
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FIGURE 1 Flow chart showing the work-up, primary treatment, and pathological diagnosis for testicular cancer, as recommended by
the National Comprehensive Cancer Network (NCCN) guidelines. The work-up includes the measurement of the serum tumor markers that
are required for clinical staging. Discussions about sperm banking are recommended at the beginning of the primary treatment. AFP, alpha
fetoprotein; hCG, human chorionic gonadotropin; H&P, history and physical examination; LDH, lactate dehydrogenase



Reproductive Medicine and Biology

HAMANO ET AL.

fertility often coexist and it is difficult to pinpoint the cause and effect.
Some studies have reported that pretreatment fertility in patients with
TC is impaired already because they are more likely to have unfavora-
ble semen parameters, compared with other patients with cancer and
the general population.”"*® On the contrary, TC might not be a cause
of infertility, but rather an interrelated factor. The results of several
large-scale studies have shown that infertile men have a higher risk
of developing TC. For example, a cohort study in the USA evaluated
4549 infertile men in a total of 51 461 couples and found that the
men who were seeking infertility treatment had an increased risk of
TC (standardized incidence ratio [SIR]: 1.3; 95% confidence interval
[CI]: 0.9-1.9).°

In addition, other cohorts inspected the correlation between
semen analysis parameters and the incidence of TC. A study analyzed
the semen of 32 442 Danish men, including 89 patients with TC, and
reported that the infertile men were 1.6-fold more likely to develop
subsequent TC (SIR: 1.6; 95% Cl: 1.3-1.9)."7 This study also showed
that a low semen concentration (SIR: 2.3), poor sperm motility (SIR:
2.5), and a high proportion of morphologically abnormal spermatozoa
(SIR: 3.0) were associated with an increased risk of TC.Y Another co-
hort reported a more significant risk of TC in infertile men. A study of
3847 men in the Surveillance, Epidemiology and End Results database
showed that, compared with the general population, infertile men with
abnormal semen analyses had a 20-fold greater incidence of TC (SIR:
22.9; 95% Cl: 22.4-23.5).%°

These data are consistent with the hypothesis of “testicular
dysgenesis syndrome,” which was first proposed by Skakkebaek,
Rajpert-De Meyts, and Main, and describes a single underlying entity
that includes poor semen quality, an undescended testis, hypospadias,
and TC.?! These authors presented not only epidemiological evidence,
but also histopathological findings, that testosterone production is re-

duced before a TC diagnosis.?* After the association between TC and

sperm quality was established, a number of studies investigated the
semen parameters of patients with TC.2? Table 1 shows the descriptive
studies on pretreatment semen parameters in patients with TC.2%
The results of most of the studies indicated that patients with TC
show a low sperm concentration and a high rate of abnormal sperm
morphology.

On the contrary, the percentage of motile sperm in patients with TC
is not significantly lower than the normal value of >40%.2°°C Indeed,
several studies have reported that the conception rates of patients
with TC at the time of diagnosis were 35.0%-46.1%.%%1"%% Although
the correlation between the motility and the conception rate in pa-
tients with TC is unknown, these results might support the hypothesis
that poor semen parameters in patients with TC do not always result
in infertility. A multicenter study of 451 patients in France showed that
208 patients conceived successfully with their partner, accounting for
46.1% of the total percentage of patients with TC and 91.2% of the
patients who were attempting a pregnancy.4 These results might imply
that the pretreatment sperm quality in patients with TC is adequate for

conception with or without assisted reproductive technology (ART).

4 | POST-TREATMENT FERTILITY

4.1 | Chemotherapy

Various factors affect fertility during and after cancer treatment: the
modality, treatment dose and intensity, size and location of the ra-
diation field, age, pretreatment fertility, and hormonal insufﬁciency,34
Identifying patients with TC at high risk for long-term sequelae re-
mains challenging because it is complicated by the combinations of
TC treatment modalities in use.>® Therefore, only a limited number
of studies has fairly compared the influence of each treatment mo-
dality.3¢ Among them, chemotherapy might be the most difficult to

TABLE 1 Pretreatment semen parameters in patients with testicular cancer (TC)

Authors
Year of study report

Nijman et al.?®
1985

Botchan et al.?*
1997

Petersen et al.?®
1999

Williams IV et al.?
2009

Fraietta et al.?’

2010

Johnson et al.?®

2013

Auger et al.??
2016

Patients with pre-
orchiectomy data

14 with TC

59 controls

32 with seminoma

22 with nonseminoma
190 controls

63 with TC

141 controls

179 with TC

37 with seminoma
63 with nonseminoma

134 with TC

2315 with TC

Sperm concentration
(x10%/mL) (range)
13.20° (0-63)
73.80% (8-185)
50.00° (0-230)
17.00° (0-288)
175.00° (2-476)
15.00° (0-128)
48.00° (0-402)
32.90% (1.0-308.5)

25.98% (0-145)
14.46° (0-63.3)
24.80° (0-203)

19.60° (5.4-48.8)°

N/A, not applicable or not available. *Mean; ®Median; ‘Interquartile range.

Sperm motility (%)

Morphologically normal

(range) sperm (%) (range)
31.0° (0-70) 48.0° (30-58)
50.0 (10-80) 58.0? (32-77)
40.0° (0-60) 37.0°(0-57)
35.0° (0-58) 30.0° (0-46)
50.0° (0-90) 44.0° (3-92)
66.0° (0-93) 41.0° (19-75)
65.0° (32-100) 42.0° (8-65)
48.5 (1-85) N/A

56.3% (0-88) 10.0% (2-21)
54.22 (1-89) 8.2% (1-21)
41.5° (0-96) N/A

45.0° (30-56) 33.0° (19-48)
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evaluate because patients with TC who receive toxic amounts of
chemotherapy frequently have advanced disease and their fertility is
influenced by their physical condition.

The toxicity of chemotherapy on spermatogenesis is considerable
because differentiating spermatogenous cells are the most suscep-
tible to cytotoxic agents, which easily reach the Leydig, Sertoli, and
spermatogenous cells at the outer rim of the seminiferous tubules. In
particular, many chemotherapeutic drugs pass through the Sertoli cell
barriers and injure matured germ cells.¥’ The primary chemotherapeutic
regimens for advanced TC consist of cisplatin, etoposide, and bleomy-
cin/ifosfamide,®® all of which pose risks for gonadal dysfunction.”%4°

In evaluating harmful doses of chemotherapy, researchers re-
viewed five studies and concluded that a cumulative dose of cisplatin
of <400 mg/m? is the determinant factor in the reversibility of impaired
spermatogenesis.41 Furthermore, a national multicenter study of 1183
survivors of TC in Norway compared the gonadal function that was
associated with cumulative cisplatin doses of <850 mg and >850 mg.
The results indicated that hypogonadism (defined as serum testoster-
one levels of <8 nmol/L, serum luteinizing hormone levels of >12 [U/L,
or the use of testosterone supplementation) occurred in 19% of the
patients who had received <850 mg of cisplatin (age-adjusted odds
ratio [OR]: 4.8; 95% Cl: 2.4-9.5) and 27% of those who had received
>850 mg (age-adjusted OR: 7.9; 95% Cl: 3.6-17.4), compared with 5%
of the healthy controls.*? These researchers also investigated overall
15 year post-treatment paternity rates by using the same cut-off value
(850 mg cisplatin). The results showed that the paternity rate ranged
from 48% (95% Cl: 66-75) in the >850 mg cisplatin group to 92% (95%
Cl: 78-98) in the surveillance group (P<.001).*°

Similarly, the impact of chemotherapy on the conception rate was
investigated in several large-scale studies. A UK study of 680 survi-
vors of TC compared the conception rates of patients who underwent
surveillance, chemotherapy, RT, and chemotherapy+RT. The results
showed that the rates of successful conception in the surveillance,
chemotherapy, and chemotherapy+RT groups were 85%, 71%, and
67%, respectively.** Table 2 shows a selected list of relatively large-
scale studies that assessed the impact of chemotherapy on fertility-
related outcomes.**?%? These results suggest that the cumulative
dose of cisplatin is a significant factor, but consensus is difficult to ob-
tain owing to the variety of methodologies. More large-scale studies,

1,43

such as the national multicenter survey by Brydgy et a are required

to identify definitive relationships.

4.2 | Radiotherapy

Radiotherapy is indicated for early-stage TC after orchiectomy.50 The
relapse rate of CS | seminoma is reduced to 1%-3% by adjuvant RT
with a total of 20-24 Gy to a para-aortic field with or without ipsi-
lateral iliac lymph nodes.>>® For CS IIA/B seminoma, the area of a
retroperitoneal metastatic lesion is added to the irradiated area for CS
1.%° Two studies of 87 and 126 patients with CS Il seminomas showed
that relapse-free survival was achieved in >92% of the CS IIA patients
with 30 Gy RT and in 89% of the CS IIB patients with 36 Gy RT.>*>>

Contrary to the favorable therapeutic effect, however, the damage to

Reproductive Medicine and Biology

fertility is substantial because the testis is a highly radiosensitive tis-
sue. The damage is commonly caused by scattered radiation to the

neighboring tissues during treatment.>®

The recovery of spermatogen-
esis depends on the radiation dose.”” Other studies have shown that
fractionating irradiation with doses of >2.5 Gy causes prolonged azoo-
spermia and doses of 16-18 Gy cause Sertoli cell-only syndrome. 3474

As shown in Table 2, various studies have investigated the concep-
tion rates after RT, but with inconsistent results. One assessed 171
patients with TC with CS | and IIA/B who received RT with 25-35 Gy
(median: 28 Gy) and found lower conception rates (~65%) in the pa-
tients who received RT, compared with those who received chemo-
therapy (~85%).* However, two additional large-scale studies showed
contradictory results. One assessed 158 patients with CS | seminoma,
the majority of whom received 30 Gy RT, and reported a conception
rate of 85%, which was higher than the 75% that was observed in the
patients who received various chemotherapy regimens.** In contrast,
610 patients were investigated who had CS I-1IA seminomas and who
received RT, with doses ranging from 25 to 40 Gy. There was a post-
treatment conception rate of 65%, which was similar to the rate that
was observed in those who had received cisplatin doses of <850 mg
(62%).4° Although the effects of RT on fertility have not been eluci-
dated completely, their evaluation might be less difficult than those of

chemotherapy because RT is limited to early-stage seminoma.

4.3 | Retroperitoneal lymph node dissection

Retroperitoneal lymph node dissection is indicated in stage | non-
seminoma and is performed selectively in IIA seminoma.”® A rand-
omized phase Il trial by the German Testicular Cancer Study Group
reported that the recurrence rates of CS | non-seminoma after one
course of chemotherapy or RPLND were 10% and 3%, respectively.
As these recurrence rates were not remarkably different, RPLND, an
operation that requires invasive procedures, has been more carefully
selected recently.58 Retroperitoneal lymph node dissection disrupts the
retroperitoneal sympathetic nerve complex that enters the superior hy-
pogastric plexus, which causes retrograde ejaculation.>’ Indeed, bilat-
eral RPLND that is performed without a nerve-sparing technique leads
to impaired fertility in >90% of patients with TC.9%¢! In recent decades,
nerve-sparing RPLND has been performed more frequently and a num-
ber of studies has indicated that these techniques help to prevent ejac-
ulatory dysfunction (Table 3).4%¢8 These results imply that maintaining
ejaculatory function depends on the use of nerve-sparing techniques,
narrower dissection templates, and the avoidance of chemotherapy.
Several studies have focused on the characteristics of fertility
other than ejaculatory function after RPLND. One study analyzed
the predictive factors for paternity with a Cox regression multivariate
analysis that included the history of cryptorchidism, age at orchiec-
tomy, marital status, fatherhood pretreatment, treatment modality,
and dry ejaculation.*® They found that dry ejaculation was the most
significant predictor of post-treatment infertility. This result implies
that RPLND eventually causes infertility in the survivors of TC. Indeed,
another study showed that the fertility rates of survivors of TC with
non-nerve-sparing RPLND, with nerve-sparing RPLND, or without
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TABLE 3 Retroperitoneal lymph node dissection and ejaculatory function in survivors of testicular cancer

Authors
Year of study Patients who
report received RPLND (N) P-RPLND or PC-RPLND
Coogan et al.®? 81 PC-RPLND
1996
Jacobsenetal.®® 174 PC-RPLND
1999
Heidenreich 239 P-RPLND
et al.®
2003
Heidenreich 152 PC-RPLND
et al.®
2009
Pettus et al.® 136 PC-RPLND
2009
Subramanian 208 P-RPLND vs PC-RPLND
etal®’
2010
Beck et al.%® 176 P-RPLND
2010

Patients with normal

Dissection template and/or

nerve-sparing Patients (N) ejaculation (N) (%)
Nerve-sparing 81 62 (77)
Modified bilateral template 89 10(11)
Unilateral template 29 22 (76)
Nerve-sparing 56 50 (89)
Nerve-sparing (88% 239 223(93)
unilaterally and 12%
bilaterally)
Modified template 98 N/A (85)
Full bilateral template 54 N/A (25)
Nerve-sparing and bilateral 136 107 (79)
template
P-RPLND 70 60 (81)
PC-RPLND 54 22 (41)
Nerve-sparing 135 134 (99)
Non-nerve-sparing 37 33(89)

N/A, not available; P-RPLND, primary RPLND; PC-RPLND, postchemotherapy RPLND; RPLND, retroperitoneal lymph node dissection.

RPLND were 37%, 62%, and 70%, respectively, which suggests that

non-nerve-sparing RPLND should be avoided if possible.®?

4.4 | Recovery of fertility

The period between treatment and the recovery of spermatogenesis
also has been examined by several studies. One study evaluated the
sperm count in 60 patients with TC who underwent an orchiectomy
and surveillance and reported that their sexual hormonal levels cor-
related with their recovery of spermatogenesis.7O The sperm counts
in patients with normal levels of serum follicle-stimulating hormone
(FSH) achieved recovery within 1 year after orchiectomy, whereas
those with elevated FSH levels were at high risk of insufficient recov-
ery.”® Among the treatment modalities, surgery (including RPLND) is
reportedly less toxic than chemotherapy and RT with respect to the
long-term recovery of spermatogenesis. For example, recovery from
post-RPLND retrograde ejaculation is improved when a nerve-sparing
technique is used.®® From the results of a large-scale survey, it was
found that compared with chemotherapy, surgery has different im-
pacts on spermatogenesis and thus patients with TC can attempt to
conceive without restrictions from surgery, in terms of fertility.43

On the contrary, the recovery of spermatogenesis after chemo-
therapy has not been established due to the range of CS, treatment
doses, and cycles used in patients with TC. Some studies have indi-
cated that the number of chemotherapy cycles impacts recovery.
One study reported that the number of cisplatin cycles was a factor
in the recovery of spermatogenesis.71 After four cycles of cisplatin,
the chance of spermatogenetic recovery declined to 25% in 3 years
and 45% in 5 years.”* The gonadal function of 22 patients with CS |

seminoma was prospectively investigated after carboplatin-only ther-
apy with 400 mg/m? body surface area scheduled on days 1 and 22.72
Their results showed a favorable recovery rate, with 68% (15) of 22 pa-
tients achieving normospermia within 4 years after chemotherapy.72
A study investigated patients with TC with poor-risk, non-
seminomatous germ cell tumors who underwent four cycles of metho-
trexate, paclitaxel, ifosfamide, and cisplatin.73 The results showed that
81% (17) of the 21 patients experienced a recovery of spermatogenesis
after treatment at a median follow-up of 2.3 years, whereas one-third
of the recovered patients had oligospermia before treatment.”® The cu-
mulative dose of cisplatin was 400 mg/m2 in this regimen, which might
explain the favorable recovery rates. The data on post-therapeutic re-
covery remain limited but could provide guidance for patients with TC

during decision-making about their treatment options.

5 | QUALITY OF LIFE AND
SEXUAL DYSFUNCTION

Although some previous studies have discussed the impact of treat-
ment on the QoL of survivors of TC,747¢ the impact of QoL on fer-
tility remains under debate. A study compared the survivors of TC
who achieved paternity with those who did not and showed that the
former had better QoL scores in the assessment areas, such as social
functioning, emotional functioning, general QoL, fatigue, pain, sleep-
ing problems, treatment satisfaction, financial satisfaction, sexual
problems, and body image problems.””

When the relationship between QoL and infertility is considered,
sexual dysfunction, including erectile dysfunction (ED), is an inevitable
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concern that has been assessed in a few studies. One study surveyed
the sexual function and body image of 401 survivors of TC by using six
selected questions from the European Organization for the Research
and Treatment of Cancer QLQ-25 questionnaire, which was originally
designed for patients with prostate cancer.”® The results showed that
43% of the patients reported reduced sexual activity, 24% had reduced
sexual interest, 18% experienced ED, and 17% described changes in
body image after treatment. Additionally, the erectile function deteri-
orated significantly after RPLND, whereas the other sexual functions
were not affected according to the modality.78

One study reported a wide-range frequency of ED (12%-40%) in
patients with TC and attributed it to organic or psychogenic etiolo-
gies.”? A cross-section of 76 patients with TC was evaluated in order
to examine their hemodynamics with penile Doppler ultrasonography
as an assessment of the organic factors and graded erectile function
by using the International Index of Erectile Function (IIEF). The study
concluded that the patients had normal erectile hemodynamics, which
suggested that their ED could have been psychogenic.”’ Another
study reported that 25.5% of the 143 survivors of TC experienced ED
after chemotherapy, RT, or RPLND and the median time to recovery
was 60-70 months, regardless of the modality, based on IIEF scores.&
Further studies are needed to uncover the correlation among ED,
other QoL factors, and fertility in survivors of TC.

6 | CRYOPRESERVATION

Securing fertility before treatment is another key issue for patients of
reproductive age with TC. The European Germ Cell Cancer Consensus
Group strongly recommends that clinicians inform patients about the
possibility of cryopreservation before orchiectomy.'® The ASCO guide-
lines also recommend that oncologists counsel patients with cancer
about fertility preservation as part of cancer treatment planning.7'81
These recommendations were developed after several studies showed
alarmingly low rates of sperm preservation in patients with TC. Indeed, a
survey of 904 male patients with cancer showed that 77% were childless
at diagnosis and 51%-70% were hoping for paternity in the future; how-
ever, only 24% of those hoping for paternity preserved their sperm.?
This study identified a lack of education as a common reason for the low
rate of cryopreservation.82 Therefore, detailed counseling that discusses
the issues of cell damage, contraception, and storage is recommended.®

One of the common concerns of patients with TC is the quality of
the cryopreserved sperm in relation to the types of available ART.8
Recent advances in ART have enabled men who were considered pre-
viously to be infertile to father biological oﬁ’spring.84 For example, the
combination of in vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) allows the injection of a single sperm directly into the
cytoplasm of an egg.85 Consequently, studies have reported that unfa-
vorable semen parameters might not affect fertilization or conception
rates after cryopreservation with IVF/ICSI, as long as live sperm can
be recovered.?® A study showed that the outcome of ICSI was not dif-
ferent between frozen-thawed and fresh sperm in a comparison of 84
cryopreserved specimens and 85 fresh controls.®”

However, insufficient data are available to confirm whether the
sperm quality of azoospermic patients with cancer, particularly TC, is
sufficient for ART. One study assessed 67 Danish couples with male
factor infertility due to cancer who underwent 151 ART cycles that
included 55 cycles of intra-uterine insemination (IUl), 82 of ICSI, and
14 of ICSI-frozen embryo replacement (FER).28 The results showed
that the rates of pregnancy/delivery per cycle differed according to the
type of ART: 15%/11% after IUl, 39%/31% after ICSI, and 25%/21%
after ICSI-FER. By contrast, the use of cryopreserved or fresh sperm
did not affect the delivery rate per cycle.88 Although ART-related data
that are specific to the survivors of TC remain insufficient, further
studies might support the recommendation of sperm preservation,

even for patients with TC with unfavorable sperm parameters.

7 | TESTICULAR SPERM EXTRACTION

Testicular sperm extraction (TESE) is an effective method of sperm
retrieval from patients with non-obstructive azoospermia (NOA),'8
and has been used also for survivors of cancer with postchemother-
apy azoospermia (PCA).% Two types of method, conventional TESE
(cTESE) and microdissection TESE (micro-TESE), are both widely prac-
ticed.” In the cTESE procedure, the testis is exposed through a small
incision and testicular tissue is dissected without identifying focal
areas of spermatogenesis.91 In the micro-TESE procedure, the tunica
albuginea is widely opened and the testicular tissue is seen with an
operating microscope before dissection. The micro-TESE procedure
enables the surgeon to visualize the tubules that are more likely to
contain active spermatogenesis.”?

Various studies have reported the improvement of the sperm re-
trieval rate (SRR) in patients with NOA with micro-TESE. According
to a systematic review in seven eligible studies comparing cTESE and
micro-TESE, the SRR with micro-TESE ranged from 42.9% to 63%,
which is significantly higher than the SRR with cTESE, which ranged
from 16.7% to 45%.7% Although evidence of micro-TESE in the survi-
vors of cancer is still limited, several studies have investigated sperm
retrieval by micro-TESE in patients with PCA. For example, researchers
performed micro-TESE with subsequent ICSI for 73 survivors of can-
cer with persistent PCA, resulting in an overall SRR of 42.9% (36 of 84
TESE procedures) and the clinical pregnancy rate and the live birth rate
were 50% and 42%, respectively.”* One study evaluated 66 Japanese
patients with cancer, including 21 patients with TC who received
micro-TESE with ICSI. As a result, the SRR, clinical pregnancy rate,
and live birth rate in the patients with TC were 52%, 33%, and 29%,
respectively.95 More large-scale and long-term studies are needed to
verify the effectiveness of micro-TESE for patients with TC.

Some studies have suggested the efficacy of hormonal treatment
for patients with NOA to enhance the recovery of spermatogenesis.89'
76 For example, the benefit of hCG-based hormonal therapy in patients
with NOA who had not achieved sperm retrieval in the first micro-
TESE procedure has been reported. This hormonal therapy involves
self-injections of 5000 IU of hCG three times per week for 3 months
prior to a second micro-TESE procedure.”® The authors administered
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the hormonal therapy to 26 patients with cancer, including eight pa-
tients with TC with PCA, resulting in 75% (six) of the patients with
TC achieving sperm retrieval by the combination of hormonal therapy,
micro-TESE, and 1CS1.%

In addition, TESE is a possible treatment for patients with advanced
TC who underwent postchemotherapy RPLND. Although ejaculatory
dysfunction that is caused by RPLND is increasingly avoided by the
advancements of techniques, patients with postchemotherapy RPLND
are at a higher risk of the sequelae than those who received RPLND
without chemotherapy.®” One study suggested a clinical pathway that
applied TESE for patients with ejaculatory dysfunction after postche-
motherapy RPLND who failed electroejaculation, with which electrical
stimulation is emitted from a rectal probe and retrograde ejaculation
is collected via a catheter in the bladder. As a result, 81% (21 of 26)
of the patients with ejaculatory dysfunction from postchemotherapy
RPLND used TESE and 71% (15) of the patients succeeded in sperm
retrieval.”’

Data on TESE that has been performed before the cancer treat-
ment remain insufficient. Approximately 5% of patients with TC have
azoospermia at presentation?’ and “onco-TESE”, the contralateral
TESE for patients with TC and/or the ipsilateral TESE, with the removal
of cancer tissues followed by ex vivo dissection of the non-cancerous
tissue in the removed testis, has been attempted in some cases.”®??
A few studies have reported the effectiveness of onco-TESE. In one
study, contralateral onco-TESE was performed in 14 patients with TC
with azoospermia, indicating that 36% (five) of the patients achieved

sperm retrieval.”®

One study attempted onco-TESE both contralater-
ally and bilaterally for five patients with TC and successfully retrieved
sperm in 80% (four) of the patients.”” Further studies on onco-TESE

are required to define its efficacy.

8 | USAGE RATE OF BANKED SPERM

The usage rate of banked sperm is an issue that might be as important
as the sperm quality for patients with TC and determining the sig-
nificant factors that influence the usage rate should be beneficial for
the survivors of TC who are hoping for paternity. A recent systematic
review of 30 studies on sperm cryopreservation and reproductive out-
comes in male patients with cancer showed that only 8% (95% Cl: 8-9)
of 11 798 patients who banked sperm eventually used their sperm.'®
Furthermore, the aggregated rate of achieving parenthood was 49%
(95% Cl: 44-53) in 488 patients who used their banked sperm.®
Although the data on the usage rates of patients with cancer over-
all have been fairly accessible, those showing the usage rates in survi-
vors of TC are limited. Researchers evaluated the questionnaires that
had been completed by 200 patients with TC who received chemo-
therapy and found that 30% (61) of the patients cryopreserved their
sperm, 18% (11 of 61) used the cryo-thawed sperm, and 82% (nine
of 11) achieved paternity.'® Table 4 lists studies that investigated pa-
tients with cancer and patients with TC and their usage and success
rates with cryopreserved sperm,1031:43:46101-105 Ajthough some stud-
ies of patients with TC seem to indicate usage rates that are higher
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than those reported for patients with cancer overall, the implication of
this finding is unknown due to the limited number of studies.

One study reported an aggregated rate of 16% (95% Cl: 15-17)
of patients discarding their frozen samples.?® This low rate might in-
dicate that most patients do not definitely rule out the possibility of
using their cryopreserved semen.®® Moreover, the rate of return for
semen analysis after treatment is also low. Another study evaluated
a cross-section of 499 survivors of cancer and showed that 35.8%
of them had never sought a semen analysis after cancer treatment.”
A univariate logistic regression analysis showed that the survivors
who did not seek this care were more likely to be unemployed, sin-
gle, had fewer treatment-related adverse events, and had negative
experiences with sperm banking. These patients also believed that
their sperm quality was less useful and they had negative attitudes
about the disposal of semen.? These results suggest that the low rate
of seeking semen analysis is correlated with psychological and so-
cioeconomic factors. In addition, other researchers pointed out that
patients with cancer receive excessive information about cancer and
treatment, which results in the failure to understand the long-term
implications of preserving sperm.106

Cost can be another barrier to the rate of sperm usage in a portion
of the population. In the USA, the cost of banking sperm is ~US$1000
initially and between US$50 and $300 yearly for continued storage;
many insurance companies do not cover those costs.’®'%” Moreover,
the per-cycle cost of IVF ranges from US$7000 to $15 000, which
presents a financial burden for infertile couples.'%®*%° A study in the
USA of 1210 infertile or subfertile women who were included in the
National Survey of Family Growth showed that individual income sig-
nificantly affects the probability of seeking fertility care.!** Notably,
a study of 561 infertile women in Massachusetts, USA, showed that
less wealthy and less educated persons were less likely to seek fertility
care, even in states with comprehensive insurance coverage for such
services.'? Therefore, it remains controversial whether economic sta-
tus is a definitive factor. Although the socioeconomic data were not
specified in a study of 200 survivors of TC, 10% of the patients indi-
cated that cost was the reason for not banking sperm.1©

A few studies have examined the impact of the time cost on re-
ceiving fertility care. A prospective cohort of 319 couples who had re-
ceived fertility care showed that the average time that was spent on
such care over a period of 18 months was 125 hours, which equates to
15.6 days.'*® In addition, the time that was spent on fertility care did
not differ significantly according to the socioeconomic background but
was positively associated with fertility-related stress.'!® These results

suggest that time is another significant barrier to receiving fertility care.

9 | CONCLUSION

Testicular cancer is among the most curable malignancies that occur in
young men of reproductive age and therefore the impact of treatment
on fertility is a critical issue for these patients. Although many patients
with TC experience azoospermia or oligospermia even before the can-
cer treatment, it remains controversial whether or not their fertility is
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impaired. Several studies have shown that their conception rates are
not inferior to those of patients without cancer. The treatment strate-
gies for TC, including combinations of modalities, orchiectomy with sur-
veillance, chemotherapy, RT, and RPLND, affect the fertility outcomes.
The cumulative doses of cisplatin and radiation define the magnitude
of damage to spermatogenesis. On the contrary, RPLND frequently
causes ejaculatory dysfunction but nerve-sparing techniques have re-
markably reduced its adverse effects. The recovery of spermatogenesis
is a key concern for survivors of TC. Several studies have evaluated the
thresholds of treatment doses for the reversibility of lost spermatogen-
esis. Moreover, the QoL and sexual function after TC treatment are
significant issues that can be related to fertility. The TESE procedure is a
possible method to retrieve sperm by dissecting the testicular tissues in
patients with TC with azoospermia after cytotoxic treatment. Although
sperm cryopreservation is recommended for patients with cancer who
are receiving highly toxic treatment, only one-fourth of patients pre-
serve their sperm.8® Furthermore, the usage rates of preserved sperm
are only 10% in those who bank sperm.*% This low rate might be influ-
enced by various socioeconomic factors; however, data on the usage
rates in survivors of TC remain limited. Further study is crucial to an-
swering questions about how the fertility of survivors of TC should be

managed and how their QoL can be improved.
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