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Abstract: The incidence of testicular cancer (TC) has been rapidly increasing over the past years.
Diagnosis and early treatment have shown good oncological control, guaranteeing the patient
different treatment approaches according to histology and tumor stage. Currently, physicians usually
prioritize oncological outcomes over sexual outcomes and quality of life, considering as a first aim
the overall survival of the patients; however, differently from other neoplasms, quality of life is
still strongly affected among TC patients, and sexual outcomes are frequently compromised after
each TC treatment. Several studies have suggested that each treatment approach may be associated
with sexual dysfunctions, including erectile dysfunction, ejaculatory disorders, fertility issues, and
hormonal changes. Since testicular cancer patients are more frequently young men, the subject of
this work is substantial and should be analyzed in detail to help specialists in the management of
this disease. The aim of the current narrative review is to generally describe every treatment for TC,
including surgery, chemotherapy, radiotherapy, and retroperitoneal lymph node dissection, and to
establish which sexual dysfunction may be specifically associated with each therapy.

Keywords: testicular cancer; seminoma; non-seminoma; molecular markers; lymph node metastasis;
diagnosis; systemic treatment

1. Introduction

Cancer is the main cause of death worldwide, alongside cardiovascular diseases [1].
Roughly 5% of the population has received a diagnosis of cancer [2]. However, the life
expectancy of about 60% of young adult and juvenile cancer survivors can be compared to
that of the general population, thanks to modern treatment [2]. Men of reproductive age
are mainly affected by lymphomas and testicular cancer (TC), and the 5-year survival rates
of these patients are above 80–90% [3]. Although TC can be considered a rare malignancy
among men of all ages [4], accounting for 1% to 2%, considering men between 20 and
40 years of age [4–6], TC is the most common neoplasm [7,8]. Over the last 50 years,
the incidence of the disease has massively increased in North America and in Northern
Europe [9,10]. Twenty-five to thirty-five percent of the patients show distant metastasis at
first presentation [4]; thanks to the combination of surgery, chemotherapy, and radiotherapy,
excellent long-term survival rates can be achieved [11,12]. The diagnosis of TC can be
achieved thanks to the self-palpation and ultrasonography of the testes, which typically
shows a hypoechoic intratesticular lesion or a heterogeneous irregular mass [13,14]. Serum
alpha-fetoprotein (AFP), beta subunit of human chorionic gonadotropin (β-hCG), and LDH
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should be executed before and after orchidectomy as they guide the diagnosis of TC and
may be indicative of germ cell tumor histology. Up to 90% of non-seminomatous germ
cell tumors have elevated AFP or β-hCG at diagnosis, with 39% having an increased level
of both. Pure seminomas may also have modestly elevated β-hCG levels at diagnosis in
up to 30% of cases. Significant elevation of AFP in patients with seminomas should raise
concerns about a non-seminoma component. Modest stable elevations may be considered
a normal variant. Tumor markers have limitations due to their low sensitivity as normal
levels do not exclude the presence of disease.

Despite the high survival rate and the high rate of response to treatments [15], many
TC patients experience a broad set of undesired social, psychological, and sexual side
effects due to the treatments [16–20]. In particular, as part of the male reproductive system,
the testes play a functional role in spermatogenesis and in the formation of testosterone
by assisting in androgen production [21–23], and so, this can be impaired. The current
literature does not comprehend nomograms or specific assessment measures that help
physicians foresee sexual dysfunctions after testicular cancer treatments. So, before starting
any therapeutic option, medical doctors must provide a complete clinical evaluation,
including a score for comorbidities, such as the Charlson Comorbidities Index (CCI) [24],
and questionnaires such as the International Index of Erectile Function (IIEF) [25]. In
addition, every TC patient should be offered semen preservation as the most cost-effective
strategy for fertility preservation. This should be offered before any type of treatment when
feasible, maximizing the chances of fertilization and avoiding the risk of a non-functioning
remaining testicle. If not arranged before orchidectomy, it should be undertaken prior to
chemotherapy or RT [26–30].

The purpose of this review is to synthesize the current literature on the topic of
sexual dysfunction after different treatments for TC. In particular, we want to analyze
each treatment modality and its side effects on the sexuality of men who survived TC.
The further aim of this narrative review is to explore which treatment for TC may affect
sexuality and quality of life the least.

2. Search Strategies and Selection Criteria

A narrative review was conducted through an extensive literature search using the
PubMed, EMBASE, and Google Scholar platforms. Medical Subject Heading (MeSH) terms
and keywords such as “testicular cancer”, “sexual dysfunction”, “infertility”, “erectile dys-
function”, “ejaculation”, “surgery”, “radiotherapy”, “chemotherapy”, and “retroperitoneal
lymph node dissection” were used. No date limits were imposed.

Titles and abstracts of the manuscripts were used to screen for initial study inclusion.
Full-text review was performed when the abstract was not sufficient to determine study
inclusion. Review articles, commentaries, editorials, and articles that did not undergo a peer
review were excluded. Non-human studies were excluded from our research. Reference
lists of included studies were hand-searched for completeness. For studies not available
online, the authors were contacted to gain access to publications and data. The search
and data collection were conducted independently by two authors (M.R. and A.D.N), and
controversies were discussed with senior coauthors.

3. Sexual Dysfunction after Surgery

Patients suspected of having TC should undergo an orchiectomy with inguinal access
to remove the testicle that contains the tumor and the spermatic cord at the level of the
inguinal ring [31]. Alternatively, if the testicle can be spared, surgeons usually prefer
to perform a testis-sparing surgery [32]. Since TC is associated with very rapid growth,
surgery should be performed within one or two weeks from the diagnosis [33]. In addition,
the trans-scrotal approach or a biopsy of the neoplasm must be avoided to not alter the
lymphatic drainage of the testis and thus increase the risk of local recurrence and pelvic
or inguinal lymph node metastasis. For what concerns partial orchiectomy (or testis-
sparing surgery), it finds indication in organ-confined tumors of less than 2 cm in patients
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with synchronous bilateral tumors or tumors in a solitary testis with sufficient testicular
androgen production [34–36]. Partial orchiectomy can also be considered for suspected
benign tumors or indeterminate lesions with normal testicular marker values. Testis-sparing
surgery is usually not possible for tumors bigger than 2 cm because a radical excision
frequently leaves insufficient residual testicular parenchyma. Tumor markers should be
repeated following surgery in order to consider re-staging and prognostic information. If
elevated preoperatively, it may take several weeks to assess normalization as the serum
half-lives of AFP and β-hCG are five to seven days and one to three days, respectively. If
molecular marker levels remain elevated or increase, metastatic disease is likely. Molecular
marker normalization after orchidectomy, however, does not exclude the possibility of
metastatic disease.

In addition to staging, molecular marker levels are used to define risk stratification
and prognosis. They are also used to monitor treatment response and detect disease relapse.
With follow-up, the precise frequency of testing is not well defined.

For what concerns sexual disturbances, the act of surgery alone may lead to many
side effects in patients treated for TC. In fact, orchiectomy may produce a decrease in
self-esteem and a change in body aspect; in the paper of Incrocci et al., of 166 patients
treated with surgery, 52% experienced a change in their body [37]. In addition, Schover
et al. demonstrated that TC patients may experience pain, depression, physical debilitation,
and anxiety, all of which may harm sexual drive [38]. In the narrative review conducted
by Barros, it was shown that testicular surgery for cancer could harm patients in terms of
attractiveness [39]; in fact, the authors stated that the disturbance in body image and sense
of attractiveness were significantly modified after surgery [40]. Nezu et al. confirmed this
theory, demonstrating that more than 30% of patients undergoing orchiectomy felt less
attractive after surgery [41]. Regarding the theme of fertility, Elenkov et al. assessed that
10% of patients who underwent orchiectomy for TC reported a condition of azoospermia
in semen analysis [42].

Relevantly, Palotti et al. [2] evaluated the possible effect of TC and orchiectomy on
sexual function. They administered the IIEF-5 to TC patients at the post-orchiectomy
baseline before chemotherapy and found that 37.7% of patients had erectile dysfunction.
According to the authors, the sexual dysfunction in these patients might be associated with
psychological burden. In fact, sexual dysfunction in TC is not clearly related to disease or
treatment factors and may instead arise from psychological vulnerability [43].

4. Sexual Dysfunction after Chemotherapy

Primary systemic treatment with chemotherapy is the treatment of choice for patients
at stage I TC, particularly for non-seminoma germ cell tumors. The difference between
systemic treatment with chemotherapy and adjuvant chemotherapy is the fact that the
latter is given to patients at stage II after retroperitoneal lymph node dissection (RPLND).
The primary aim of a systemic treatment is to minimize the risk of relapse and to allow
men to avoid RPLND and induction chemotherapy (for those who experience relapse on
surveillance). The rationale for primary systemic treatment is based on the efficacy of two
cycles of chemotherapy in eradicating micro-metastatic disease when given as adjuvant
therapy after RPLND and the 20% to 25% need for chemotherapy despite RPLND (either
as adjuvant or for treatment of relapse) [44–46]. Of course, primary chemotherapy is not
free from disadvantages. In fact, it does not attack retroperitoneal teratomas, and thus, it
exposes patients to chemoresistance and relapses; in addition, these patients may suffer
from cardiovascular disease and secondary malignant neoplasms [47], although relapses
are uncommon with primary chemotherapy. The three chemotherapeutic agents used
for this kind of neoplasm are Bleomycin, Etoposide, and Cisplatin (BEP) [48–53]. Many
European institutions prefer one cycle of BEP compared to RPLND because RPLND is
primarily used as a staging procedure and performed without curative intent [54,55].

As a therapeutic strategy for TC, systemic treatment has an important impact on the
sexuality of patients. Considering infertility, chemotherapeutic agents harm the rate of
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fecundation more than radiotherapy [56–61]. Averette et al. showed that combination
chemotherapy in TC has substantial effects on gonadal function, giving almost all patients
an azoospermic condition, and a high degree of recovery of spermatogenesis occurs some-
times after 2–3 years from the initiation of the therapy [62]. On the same line, Uçar MA
et al. reported that following chemotherapy, sperm counts in almost 80% of patients return
to their preoperative levels within 2–5 years, and after 3 years, most of them have reached
fatherhood [63]. Other studies underline that the effect of chemotherapy has a different
impact on spermatogenesis depending on the type of the drug and on the cumulative dose
used; high doses of BEP may affect spermatogenesis and thus fertility [21,22]. Bujan et al.,
by analyzing 129 patients, reported that at least two cycles of BEP had detrimental effects;
in fact, patients experienced a decreased semen volume reflecting a transient dysfunction of
genital glands [64]. This effect may be correlated to some changes in hormone production.
Ondrusova et al. analyzed hormonal changes in 313 patients who received orchiectomy
alone, orchiectomy plus radiotherapy, and orchiectomy plus chemotherapy for testicular
cancer [65]. They reported that luteinizing hormone levels were truly decreased in testicular
cancer patients who received chemotherapy after surgery [65].

Always in the context of sexual dysfunctions, Bokemeyer et al. showed that systemic
treatment for TC was related to the absence of ejaculation due to damage to hormone
production and the vascular and nervous systems [66]. This result is in line with other
studies reporting alteration of ejaculation [10,67]; van Basten analyzed 43 patients treated
with a systemic treatment and showed that 17.4% exhibited a decreased semen amount
and 18.7% exhibited a complete absence of antegrade ejaculation [10]. A decreased erection
potential was also found in patients treated with chemotherapy [36,43,67–69]. In 2018,
Bandak et al. demonstrated that the risk of erectile dysfunction in 2260 long-term survivors
of testicular cancer compared to surveillance was significantly higher [68]. Sexual desire
and male disappointment have been importantly considered as side effects of this kind
of treatment option [36,67,68]. Orgasmic dysfunction may depend on several factors
such as radiotherapy or chemotherapy; in fact, they provoke neuropathy, lower levels of
testosterone related to psychological issues, and the possible use of selective serotonin
inhibitors [47]. These treatments do not harm patients in every case; in fact, in the previously
cited study, Bandak et al. demonstrated that patients treated with BEP for testicular germ
cell tumors have a preserved orgasmic phase [68].

5. Sexual Dysfunction after Radiotherapy

To prevent the relapse of a germ cell tumor, adjuvant radiotherapy to partial orchiec-
tomy to the residual testis can be an important strategy in the treatment of TC, even if it
is not recommended in the current guidelines [49]. The German Testicular Cancer Study
Group reported no cases of local recurrence over a median follow-up of 91 months in
46 patients with small, organ-confined tumors who underwent testis-sparing surgery and
received adjuvant radiotherapy for ITGCN [70]. Until recently, the gold standard of the
treatment for seminoma stage I for the past 4 decades had been primary radiotherapy
of the retroperitoneum and ipsilateral pelvis. Overall, long-term cancer-specific survival
approaches 100%, while progression-free survival rates range from 95% to 97% [34,71,72].
The recurrence rate after radiotherapy in patients treated for TC is less than 1%, obviating
the need for routine surveillance abdominal–pelvic CT imaging. Inguinal metastases are
uncommon among patients without prior inguinal or scrotal surgery. Patients with isolated
inguinal relapse may be treated with radiotherapy or surgical resection. The surveillance
of patients after radiation therapy consists of regular clinical assessment, chest X-rays, and
serum tumor markers. Many patients experience some acute side effects with adjuvant
radiotherapy, which typically include transient nausea, vomiting, and diarrhea. Acute
grade II-IV hematologic toxicity occurs in 5% to 15% of patients [72,73]. Moderate and
severe late gastrointestinal toxicity (usually chronic dyspepsia or peptic ulcer disease) is
reported in 5% and less than 2% of patients, respectively.
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Regarding sexual dysfunction related to radiation therapy, scientists tried to analyze
the potential side effects in the field of TC. Comparing radiation to other treatments (such
as chemotherapy and retroperitoneal lymph node dissection), Rieker et al. demonstrated
that patients treated with ionizing radiation experienced fewer sexual dysfunctions (con-
sidering symptoms like erectile issues and psychosocial problems) [57]. On the same line,
Shover et al. reported that seminoma patients treated with radiation therapy were less
likely to experience a severe reduction in orgasmic pleasure: this may be explained by the
fact that radiotherapy interferes less with the male orgasmic phase compared to the other
treatment options [56]. In addition, Arai et al. reported that the radiotherapy group of pa-
tients showed an increased rate of side effects in the field of erectile function and premature
ejaculation [74]. The theme of erectile dysfunction can be considered an important issue
considering radiotherapy for TC. The reasons behind this phenomenon have not been fully
elucidated; potentially, radiation may harm Leydig cell function, as well as testosterone
production, leading to erectile dysfunction [10,43]. In 2019, La Vignera et al. showed in their
systematic review that patients irradiated for TC experienced a reduction in testosterone
levels, which resulted in erectile dysfunction [75–78]. The decrease in testosterone levels
after radiotherapy was also analyzed by Ondrusova et al. [65]; interestingly, they found that
ionizing radiation did not affect LH levels [65]. On the other hand, Pallotti et al. demon-
strated in their retrospective study that erection improves one year after the treatment,
becoming almost normal after two years in these patients [2]. Many investigators also
demonstrated that a reduced amount of semen volume was observed in the radiotherapy
group compared to surgery and chemotherapy ones [79]. However, radiotherapy patients
had the lowest rate of infertility distress compared to the other groups [57]; in fact, in a
retrospective analysis of 223 TC patients, worse semen parameters in terms of sperm count
were found in the ones treated with systemic treatment [57].

6. Sexual Dysfunction after RPLND

The retroperitoneum is the initial site of lymph node metastasis in 70% to 80% of
patients with TC [80]; the most common dissemination pathway is via lymphatic channels
from the primary tumor to the retroperitoneal lymph nodes and subsequently to distant
sites. The only exception is for choriocarcinoma, which has a propensity for hematogenous
dissemination. Lymph node metastasis for TC has been understood by studies conducted
from the RPLND allowing scientists to identify the most likely sites of metastatic spread [81].
Inter-aortocaval lymph node metastasis inferior to the renal vessels is the primary drainage
site for right testicular tumors, followed by the paracaval and para-aortic nodes. The
primary zone for left testicular tumors is the para-aortic lymph nodes, followed by the inter-
aortocaval nodes [44]. All patients with TC should undergo staging imaging of the abdomen
and pelvis to explore and exclude lymph node metastasis [82]. CT after administration of
contrast agents is the most effective, non-invasive means of staging the retroperitoneum
and pelvis. CT also provides a detailed anatomic assessment of the retroperitoneum to
identify anatomic anomalies that may complicate subsequent RPLND [83,84]. Magnetic
resonance imaging (MRI) is an alternative to CT. Thus, the rationale for RPLND in TC
patients is related to the following: (1) the retroperitoneum is the most common site of
metastasis; (2) 15% to 25% incidence of retroperitoneal teratoma (which is chemo-resistant)
in those with occult metastasis is found in the retroperitoneum [85–87]; (3) RPLND may
lead to low risk of abdominopelvic recurrence [84,88]; (4) avoidance of chemotherapy in
more than 75% or more of patients if adjuvant chemotherapy is restricted to those with
extensive retroperitoneal malignancy (pN2-3) [89–92]. The disadvantages of RPLND are
that all patients undergo major abdominal surgery, it requires the availability of experienced
surgeons and thus may not be deliverable to all patients, and it is associated with the highest
rate of double therapy [93,94]. Roughly, 25% of non-seminoma patients undergo RPLND
during the therapeutic pathway [95–98].

From the literature, we can surely report that the quality of sexual life is quite re-
duced in TC survivors; in particular, 40% of the patients are dissatisfied with their sexual
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life [38,99]. Considering sexual function, the most important complication of RPLND is
the loss of antegrade ejaculation. RPLND has the potential to damage the postganglionic
sympathetic fibers from the lumbar splanchnic nerves (L2–L4), leading to an antegrade
function [5,41,100,101] or anejaculation [102]. During the 1990s, the lymph nodal dissection
template was modified with nerve-sparing techniques in order to prevent this sexual dys-
function [41,103,104]. This technique, by preserving nerve bundles, can help in maintaining
a patient’s sexuality with little changes. In fact, Cogo Badan et al., in their case report,
showed that after RPLND with a nerve-sparing technique, ejaculation was preserved [105].
Another study confirmed this theory; in fact, by analyzing 19 patients treated with nerve-
sparing RPLND, McClintock et al. assessed a full recovery of anterograde ejaculation [106].
In 1994 and 2008, Miki et al. also reported that, of 92 TC survivors, 83.1% had normal
antegrade ejaculation with a median period of 3 months after nerve-sparing RPLND [107].

Although the advent of nerve-sparing techniques and modified templates reduced the
sexual side effects of RPLND, the procedure itself continued to have significant morbidity,
and it cannot be performed in every TC patient [108]. For example, comparing systemic
treatment and RPLND, ejaculatory issues were more represented in the surgery group [109];
this fact can be related to non-nerve-sparing techniques. These effects were reported by
Koyama et al. in their cross-sectional study where they analyzed 567 patients treated for
TC [109]. In line with that, ejaculatory function after RPLND was better with nerve-sparing
techniques than without. Many other studies confirmed that RPLND has an important
effect on ejaculation disorders [21,22,110,111]. Also, response rates for ejaculatory function
were much higher in the nerve-sparing group compared to the non-nerve-sparing group.
In addition, TC survivors with nerve-sparing RPLND showed higher sexual activity than
those without [109].

Back to sexual dysfunctions, 20–30% of patients reported reduced intensity of orgasm
according to loss of libido conditioning the inability to ejaculate after RPLND [112]. Mis-
tretta et al. reported that of 32 patients treated with bilateral RPLND, 12% experienced dry
ejaculation [113].

In addition, Matos et al. stated that non-nerve-sparing techniques showed important
issues of fertility [114–116]. Another important issue regarding surgery is erectile dysfunc-
tion; contrary to what can be hypothesized, Dimitropoulos et al. showed that in 53 patients,
no difference in erectile functioning before and after operation was found [5].

7. Conclusions

In conclusion, the wide variety of TC treatments guarantee a complete eradication of
the tumor, resulting in a very high rate of survival for young patients. However, the risk of
adverse events concerning sexuality is quite high and depends on the type of treatment.
On one hand, orchiectomy and RPLND are mostly associated with psychological issues
such as a decrease in self-esteem and erectile dysfunction. On the other hand, systemic
therapies and radiotherapy involve an increased risk of hormone disbalance leading to
fertility issues and ejaculation disorders.

Therefore, patients need to be counseled about the likely changes in sexual function
before each type of treatment for testicular cancer. Firstly, urologists, with the cooperation
of oncologists, should systematically inform, educate, and comfort these patients during
the treatment. Multidisciplinary medical teams, including sexual medicine physicians and
psycho-oncologists, play a fundamental role in this scenario and need to be proactive by
offering psychological support to mitigate the impact on male sexuality. However, more
studies are needed to clarify the impact testicular cancer and its treatments may have on the
sexual function of men, and clinicians need better training about the best way to approach
these issues.

8. Future Directions

Future research in this field is warranted to explore the underlying the exact mecha-
nisms of sexual dysfunctions compared to each treatment in the field of TC. In addition,
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in the revision of guidelines, a complete nomogram has to be created to assess the risk of
developing any sexual disorder after being treated for this kind of neoplasm.
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63. Uçar, M.A.; Arikan, F.; Coşkun, H.Ş.; Kondak, Y.; Tatlı, A.M.; Göksu, S.S. Correction to: Fertility in testicular cancer patients: A
single-centre study in Turkey. Int. J. Clin. Oncol. 2020, 25, 501. [CrossRef] [PubMed]

https://doi.org/10.1111/iju.15039
https://www.ncbi.nlm.nih.gov/pubmed/36102302
https://doi.org/10.1016/j.ecl.2021.11.014
https://www.ncbi.nlm.nih.gov/pubmed/35216715
https://doi.org/10.1002/(SICI)1097-0142(19970801)80:3%3C454::AID-CNCR13%3E3.0.CO;2-W
https://doi.org/10.1097/00005392-199501000-00030
https://www.ncbi.nlm.nih.gov/pubmed/7966799
https://doi.org/10.1097/01.ju.0000101513.64777.f2
https://www.ncbi.nlm.nih.gov/pubmed/14665870
https://doi.org/10.1097/01.ju.0000165342.85300.14
https://www.ncbi.nlm.nih.gov/pubmed/16006930
https://doi.org/10.1097/SPC.0000000000000692
https://www.ncbi.nlm.nih.gov/pubmed/38170192
https://doi.org/10.1111/j.1464-410X.2006.06188.x
https://doi.org/10.1200/JCO.2009.26.4655
https://www.ncbi.nlm.nih.gov/pubmed/21282539
https://doi.org/10.1200/JCO.2008.18.8953
https://www.ncbi.nlm.nih.gov/pubmed/19307506
https://doi.org/10.1093/annonc/mdu518
https://www.ncbi.nlm.nih.gov/pubmed/25392157
https://doi.org/10.1016/j.juro.2007.08.172
https://www.ncbi.nlm.nih.gov/pubmed/18001800
https://doi.org/10.1056/NEJM198712033172303
https://www.ncbi.nlm.nih.gov/pubmed/2446132
https://doi.org/10.1093/annonc/mdy217
https://www.ncbi.nlm.nih.gov/pubmed/30113631
https://doi.org/10.1016/j.eururo.2007.12.024
https://www.ncbi.nlm.nih.gov/pubmed/18191324
https://doi.org/10.1016/0090-4295(86)90367-5
https://www.ncbi.nlm.nih.gov/pubmed/3946034
https://doi.org/10.1002/1097-0142(19891201)64:11%3C2399::AID-CNCR2820641134%3E3.0.CO;2-P
https://www.ncbi.nlm.nih.gov/pubmed/2804933
https://doi.org/10.1210/jc.2009-0337
https://www.ncbi.nlm.nih.gov/pubmed/19789207
https://doi.org/10.1038/sj.bmt.1703777
https://www.ncbi.nlm.nih.gov/pubmed/12621506
https://doi.org/10.1016/j.urolonc.2022.11.004
https://www.ncbi.nlm.nih.gov/pubmed/36697315
https://doi.org/10.1007/s11764-019-00841-2
https://www.ncbi.nlm.nih.gov/pubmed/31823122
https://doi.org/10.3322/canjclin.40.4.199
https://www.ncbi.nlm.nih.gov/pubmed/2114199
https://doi.org/10.1007/s10147-019-01572-1
https://www.ncbi.nlm.nih.gov/pubmed/31797189


Medicina 2024, 60, 586 10 of 12

64. Bujan, L.; Walschaerts, M.; Moinard, N.; Hennebicq, S.; Saias, J.; Brugnon, F.; Auger, J.; Berthaut, I.; Szerman, E.; Daudin, M.; et al.
Impact of chemotherapy and radiotherapy for testicular germ cell tumors on spermatogenesis and sperm DNA: A multicenter
prospective study from the CECOS network. Fertil. Steril. 2013, 100, 673–680. [CrossRef] [PubMed]

65. Ondrusova, M.; Spanikova, B.; Sevcikova, K.; Ondrus, D. Testosterone Deficiency and Bone Metabolism Damage in Testicular
Cancer Survivors. Am. J. Mens. Health 2018, 12, 628–633. [CrossRef]

66. Bokemeyer, C.; Berger, C.C.; Hartmann, J.T.; Kollmannsberger, C.; Schmoll, H.J.; Kuczyk, M.A.; Kanz, L. Analysis of risk factors
for cisplatin-induced ototoxicity in patients with testicular cancer. Br. J. Cancer 1998, 77, 1355–1362. [CrossRef] [PubMed]

67. Stoter, G.; Koopman, A.; Vendrik, C.P.; Struyvenberg, A.; Sleyfer, D.T.; Willemse, P.H.; Schraffordt Koops, H.; Van Oosterom, A.T.;
Ten Bokkel Huinink, W.W.; Pinedo, H.M. Ten-year survival and late sequelae in testicular cancer patients treated with cisplatin,
vinblastine, and bleomycin. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 1989, 7, 1099–1104. [CrossRef] [PubMed]

68. Bandak, M.; Lauritsen, J.; Johansen, C.; Kreiberg, M.; Skøtt, J.W.; Agerbaek, M.; Holm, N.V.; Daugaard, G. Sexual Function in a
Nationwide Cohort of 2,260 Survivors of Testicular Cancer after 17 Years of Followup. J. Urol. 2018, 200, 794–800. [CrossRef]

69. Kerie, S.; Workineh, Y.; Kasa, A.S.; Ayalew, E.; Menberu, M. Erectile dysfunction among testicular cancer survivors: A systematic
review and meta-analysis. Heliyon 2021, 7, e07479. [CrossRef]

70. Heidenreich, A.; Weissbach, L.; Höltl, W.; Albers, P.; Kliesch, S.; Köhrmann, K.U.; Dleckmann, K.P.; German Testicular Cancer
Study Group. Organ sparing surgery for malignant germ cell tumor of the testis. J. Urol. 2001, 166, 2161–2165. [CrossRef]
[PubMed]

71. Fosså, S.D.; Aass, N.; Molne, K. Is routine pre-treatment cryopreservation of semen worthwhile in the management of patients
with testicular cancer? Br. J. Urol. 1989, 64, 524–529. [CrossRef]

72. Fosså, S.D.; Åbyholm, T.; Normann, N.; Jetne, V. Post-treatment Fertility in Patients with Testicular Cancer: III. Influence of
Radiotherapy in Seminoma Patients. Br. J. Urol. 1986, 58, 315–319. [CrossRef] [PubMed]

73. Zavattaro, M.; Felicetti, F.; Faraci, D.; Scaldaferri, M.; Dellacasa, C.; Busca, A.; Dionisi-Vici, M.; Cattel, F.; Motta, G.;
Giaccone, L.; et al. Impact of Allogeneic Stem Cell Transplantation on Testicular and Sexual Function. Transpl. Cell Ther. 2021, 27,
182.e1–182.e8. [CrossRef]

74. Arai, Y.; Kawakita, M.; Okada, Y.; Yoshida, O. Sexuality and fertility in long-term survivors of testicular cancer. J. Clin. Oncol. Off.
J. Am. Soc. Clin. Oncol. 1997, 15, 1444–1448. [CrossRef] [PubMed]

75. La Vignera, S.; Cannarella, R.; Duca, Y.; Barbagallo, F.; Burgio, G.; Compagnone, M.; Di Cataldo, A.; Calogero, A.E.; Condorelli, R.
Hypogonadism and Sexual Dysfunction in Testicular Tumor Survivors: A Systematic Review. Front. Endocrinol. 2019, 10, 264.
[CrossRef] [PubMed]

76. Ljungman, L.; Eriksson, L.E.; Flynn, K.E.; Gorman, J.R.; Ståhl, O.; Weinfurt, K.; Wiklander, M.; Lampic, C.; Wettergren, L. Sexual
Dysfunction and Reproductive Concerns in Young Men Diagnosed With Testicular Cancer: An Observational Study. J. Sex. Med.
2019, 16, 1049–1059. [CrossRef] [PubMed]

77. Kurobe, M.; Kawai, K.; Suetomi, T.; Iwamoto, T.; Waku, N.; Kawahara, T.; Kojima, T.; Joraku, A.; Miyazaki, J.; Nishiyama, H. High
prevalence of hypogonadism determined by serum free testosterone level in Japanese testicular cancer survivors. Int. J. Urol. Off.
J. Jpn. Urol. Assoc. 2018, 25, 457–462. [CrossRef] [PubMed]

78. Gao, Y.-J.; Liu, C. Impacts of treatments of testicular tumor on the sexual and reproductive functions of the patients. Zhonghua
Nan Ke Xue Natl. J. Androl. 2019, 25, 651–654.

79. Bracken, R.B.; Johnson, D.E. Sexual function and fecundity after treatment for testicular tumors. Urology 1976, 7, 35–38. [CrossRef]
80. Venishetty, N.; Taylor, J.; Xi, Y.; Howard, J.M.; Ng, Y.S.; Wong, D.; Woldu, S.L.; Diaz De Leon, A.; Pedrosa, I.; Margulis, V.; et al.

Testicular Radiomics To Predict Pathology At Time of Postchemotherapy Retroperitoneal Lymph Node Dissection for Nonsemi-
nomatous Germ Cell Tumor. Clin. Genitourin. Cancer 2024, 22, 33–37. [CrossRef]

81. Sheinfeld, J. Nonseminomatous germ cell tumors of the testis: Current concepts and controversies. Urology 1994, 44, 2–14.
[CrossRef] [PubMed]

82. Patrikidou, A.; Cazzaniga, W.; Berney, D.; Boormans, J.; de Angst, I.; Di Nardo, D.; Fankhauser, C.; Fischer, S.; Gravina, C.;
Gremmels, H.; et al. European Association of Urology Guidelines on Testicular Cancer: 2023 Update. Eur. Urol. 2023, 84, 289–301.
[CrossRef] [PubMed]

83. Hiester, A.; Nini, A.; Arsov, C.; Buddensieck, C.; Albers, P. Robotic Assisted Retroperitoneal Lymph Node Dissection for Small
Volume Metastatic Testicular Cancer. J. Urol. 2020, 204, 1242–1248. [CrossRef] [PubMed]

84. Alsyouf, M.; Daneshmand, S. Intricacies of retroperitoneal lymph node dissection for testis cancer. Curr. Opin. Urol. 2022,
32, 24–30. [CrossRef] [PubMed]

85. Gilligan, T.; Lin, D.W.; Aggarwal, R.; Chism, D.; Cost, N.; Derweesh, I.H.; Emamekhoo, H.; Feldman, D.R.; Geynisman, D.M.;
Hancock, S.L.; et al. Testicular Cancer, Version 2.2020, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer
Netw. JNCCN 2019, 17, 1529–1554. [CrossRef] [PubMed]

86. Gerdtsson, A.; Thor, A.; Grenabo Bergdahl, A.; Almås, B.; Håkansson, U.; Törnblom, M.; Negaard, H.F.S.; Glimelius, I.;
Halvorsen, D.; Kalsdóttir, Á.; et al. Unilateral or Bilateral Retroperitoneal Lymph Node Dissection in Nonseminoma Patients with
Postchemotherapy Residual Tumour? Results from RETROP, a Population-based Mapping Study by the Swedish Norwegian
Testicular Cancer Group. Eur. Urol. Oncol. 2022, 5, 235–243. [CrossRef] [PubMed]

87. Mano, R.; Di Natale, R.; Sheinfeld, J. Current controversies on the role of retroperitoneal lymphadenectomy for testicular cancer.
Urol. Oncol. 2019, 37, 209–218. [CrossRef] [PubMed]

https://doi.org/10.1016/j.fertnstert.2013.05.018
https://www.ncbi.nlm.nih.gov/pubmed/23755953
https://doi.org/10.1177/1557988316661986
https://doi.org/10.1038/bjc.1998.226
https://www.ncbi.nlm.nih.gov/pubmed/9579846
https://doi.org/10.1200/JCO.1989.7.8.1099
https://www.ncbi.nlm.nih.gov/pubmed/2474060
https://doi.org/10.1016/j.juro.2018.04.077
https://doi.org/10.1016/j.heliyon.2021.e07479
https://doi.org/10.1016/S0022-5347(05)65526-7
https://www.ncbi.nlm.nih.gov/pubmed/11696727
https://doi.org/10.1111/j.1464-410X.1989.tb05292.x
https://doi.org/10.1111/j.1464-410X.1986.tb09062.x
https://www.ncbi.nlm.nih.gov/pubmed/3087451
https://doi.org/10.1016/j.jtct.2020.10.020
https://doi.org/10.1200/JCO.1997.15.4.1444
https://www.ncbi.nlm.nih.gov/pubmed/9193338
https://doi.org/10.3389/fendo.2019.00264
https://www.ncbi.nlm.nih.gov/pubmed/31133982
https://doi.org/10.1016/j.jsxm.2019.05.005
https://www.ncbi.nlm.nih.gov/pubmed/31255211
https://doi.org/10.1111/iju.13537
https://www.ncbi.nlm.nih.gov/pubmed/29478250
https://doi.org/10.1016/0090-4295(76)90558-6
https://doi.org/10.1016/j.clgc.2023.07.004
https://doi.org/10.1016/S0090-4295(94)80002-2
https://www.ncbi.nlm.nih.gov/pubmed/7518979
https://doi.org/10.1016/j.eururo.2023.04.010
https://www.ncbi.nlm.nih.gov/pubmed/37183161
https://doi.org/10.1097/JU.0000000000001301
https://www.ncbi.nlm.nih.gov/pubmed/32717162
https://doi.org/10.1097/MOU.0000000000000938
https://www.ncbi.nlm.nih.gov/pubmed/34698701
https://doi.org/10.6004/jnccn.2019.0058
https://www.ncbi.nlm.nih.gov/pubmed/31805523
https://doi.org/10.1016/j.euo.2021.02.002
https://www.ncbi.nlm.nih.gov/pubmed/33750683
https://doi.org/10.1016/j.urolonc.2018.09.009
https://www.ncbi.nlm.nih.gov/pubmed/30446455


Medicina 2024, 60, 586 11 of 12

88. Daneshmand, S.; Cary, C.; Masterson, T.; Einhorn, L.; Adra, N.; Boorjian, S.A.; Kollmannsberger, C.; Schuckman, A.; So, A.;
Balck, P.; et al. Surgery in Early Metastatic Seminoma: A Phase II Trial of Retroperitoneal Lymph Node Dissection for Testicular
Seminoma With Limited Retroperitoneal Lymphadenopathy. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2023, 41, 3009–3018.
[CrossRef] [PubMed]

89. Pierorazio, P.M.; Cheaib, J.G.; Patel, H.D.; Gupta, M.; Sharma, R.; Zhang, A.; Tema, G.; Bass, E.B. Comparative Effectiveness of
Surveillance, Primary Chemotherapy, Radiotherapy and Retroperitoneal Lymph Node Dissection for the Management of Early
Stage Testicular Germ Cell Tumors: A Systematic Review. J. Urol. 2021, 205, 370–382. [CrossRef] [PubMed]

90. Gereta, S.; Hung, M.; Hu, J.C. Robotic-assisted retroperitoneal lymph node dissection for testicular cancer. Curr. Opin. Urol. 2023,
33, 274–280. [CrossRef] [PubMed]

91. Williams, I.S.C.; Lahoud, J.; Gurney, H.; Arasaratnam, M.; Patel, M.I. Outcomes of retroperitoneal lymph node dissection for
testicular cancer by a high volume surgeon from Australia: A case for centralisation. ANZ J. Surg. 2022, 92, 1044–1049. [CrossRef]
[PubMed]

92. Abdul-Muhsin, H.; Rocco, N.; Navaratnam, A.; Woods, M.; L’Esperance, J.; Castle, E.; Stroup, S. Outcomes of post-chemotherapy
robot-assisted retroperitoneal lymph node dissection in testicular cancer: Multi-institutional study. World J. Urol. 2021, 39,
3833–3838. [CrossRef] [PubMed]

93. Mottaran, A.; Ercolino, A.; Bianchi, L.; Piazza, P.; Manes, F.; Amirhassankhani, S.; Salvador, M.; Chessa, F.; Corcioni, B.;
Bertaccini, A.; et al. Twenty Years’ Experience in Retroperitoneal Lymph Node Dissection for Testicular Cancer in a Tertiary
Referral Center. Medicina 2023, 59, 133. [CrossRef] [PubMed]

94. Mittakanti, H.R.; Porter, J.R. Robotic retroperitoneal lymph node dissection for testicular cancer: Feasibility and latest outcomes.
Curr. Opin. Urol. 2019, 29, 173–179. [CrossRef] [PubMed]

95. Leveridge, M.J.; Siemens, D.R.; Brennan, K.; Izard, J.P.; Karim, S.; An, H.; Mackillop, W.J.; Booth, C.M. Temporal trends in
management and outcomes of testicular cancer: A population-based study. Cancer 2018, 124, 2724–2732. [CrossRef] [PubMed]

96. Guimarães, G.C. Editorial Comment: Practice Patterns and Impact of Postchemotherapy Retroperitoneal Lymph Node Dissection
on Testicular Cancer Outcomes. Int. Braz. J. Urol. Off. J. Braz. Soc. Urol. 2020, 46, 661–662.

97. Patel, H.V.; Srivastava, A.; Kim, S.; Patel, H.D.; Pierorazio, P.M.; Bagrodia, A.; Masterson, T.A.; Ghodoussipour, S.B.; Kim,
I.Y.; Singer, E.A.; et al. Association of Lymph Node Count and Survival after Primary Retroperitoneal Lymphadenectomy for
Nonseminomatous Testicular Cancer. J. Urol. 2022, 207, 1057–1066. [CrossRef]

98. Li, R.; Duplisea, J.J.; Petros, F.G.; González, G.M.N.; Tu, S.-M.; Karam, J.A.; Huynh, T.T.; Ward, J.F. Robotic Postchemotherapy
Retroperitoneal Lymph Node Dissection for Testicular Cancer. Eur. Urol. Oncol. 2021, 4, 651–658. [CrossRef] [PubMed]

99. Nijman, J.M.; Koops, H.S.; Oldhoff, J.; Kremer, J.; Sleijfer, D.T.H. Sexual function after surgery and combination chemotherapy in
men with disseminated nonseminomatous testicular cancer. J. Surg. Oncol. 1988, 38, 182–186. [CrossRef]

100. Donohue, J.P.; Rowland, R.G. Complications of Retroperitoneal Lymph Node Dissection. J. Urol. 1981, 125, 338–340. [CrossRef]
101. Narayan, P.; Lange, P.H.; Fraley, E.E. Ejaculation and Fertility After Extended Retroperitoneal Lymph Node Dissection for

Testicular Cancer. J. Urol. 1982, 127, 685–688. [CrossRef] [PubMed]
102. Gorzynski, J.G.; Holland, J.C. Psychological aspects of testicular cancer. Semin. Oncol. 1979, 6, 125–129. [PubMed]
103. Wahle, G.R.; Foster, R.S.; Bihrle, R.; Rowland, R.G.; Bennett, R.M.; Donohue, J.P. Nerve Sparing Retroperitoneal Lymphadenectomy

After Primary Chemotherapy for Metastatic Testicular Carcinoma. J. Urol. 1994, 152, 428–430. [CrossRef] [PubMed]
104. Coogan, C.L.; Hejase, M.J.; Wahle, G.R.; Foster, R.S.; Rowland, R.G.; Bihrle, R.; Donohue, J.P. Nerve Sparing Post-Chemotherapy

Retroperitoneal Lymph Node Dissection for Advanced Testicular Cancer. J. Urol. 1996, 156, 1656–1658. [CrossRef]
105. Badan, S.C.; Baccaglini, W.; Carneiro, A.; Lemos, G.C. Robot-assisted retroperitoneal lymph node dissection as primary treatment

for stage II seminoma germ cell tumor. Int. Braz. J. Urol. Off. J. Braz. Soc. Urol. 2024, 50, 225–226.
106. McClintock, G.; Goolam, A.S.; Perera, D.; Downey, R.; Leslie, S.; Grimison, P.; Woo, H.; Ferguson, P.; Ahmadi, N. Robotic-assisted

retroperitoneal lymph node dissection for stage II testicular cancer. Asian J. Urol. 2024, 11, 121–127. [CrossRef] [PubMed]
107. Miki, T.; Mizutani, Y.; Nakamura, T.; Kawauchi, A.; Nagahara, A.; Nonomura, N.; Okuyama, A. Post-chemotherapy nerve-sparing

retroperitoneal lymph node dissection for advanced germ cell tumor. Int. J. Urol. Off. J. Jpn. Urol. Assoc. 2009, 16, 379–382.
[CrossRef] [PubMed]

108. Williams, S.B.; McDermott, D.W.; Winston, D.; Bahnson, E.; Berry, A.M.; Steele, G.S.; Richie, J.P. Morbidity of open retroperitoneal
lymph node dissection for testicular cancer: Contemporary perioperative data. BJU Int. 2010, 105, 918–921. [CrossRef] [PubMed]

109. Koyama, J.; Yamashita, S.; Kakimoto, K.; Uemura, M.; Kishida, T.; Kawai, K.; Nakamura, T.; Goto, T.; Osawa, T.;
Nishimura, K.; et al. Sexual function using the EORTC QLQ-TC26 in testicular cancer survivors: A multi-institutional,
cross-sectional study. Int. J. Urol. Off. J. Jpn. Urol. Assoc. 2023, 30, 1044–1050. [CrossRef]

110. Moody, J.A.; Ahmed, K.; Yap, T.; Minhas, S.; Shabbir, M. Fertility managment in testicular cancer: The need to establish a
standardized and evidence-based patient-centric pathway. BJU Int. 2019, 123, 160–172. [CrossRef] [PubMed]

111. Conduit, C.; Hutchinson, A.D.; Leonard, M.; O ’Haire, S.; Moody, M.; Thomas, B.; Sim, I.; Hong, W.; Ahmad, G.; Lawrentschuk,
N.; et al. An exploration of testicular cancer survivors’ experience of ejaculatory dysfunction following retroperitoneal lymph
node dissection-a sub-study of the PREPARE clinical trial. J. Cancer Surviv. Res. Pract. 2023. [CrossRef]

112. Barkatz, J.; Kleinclauss, F.; Rigaud, J.; Bouchot, O.; Orillard, É.; Thiery-Vuillemin, A.; Mouillet, G.; Kalbacher, E.; Madec, F.X.
Sexual dysfunctions of patients treated with orchidectmoy, chemotherapy and retroperitoneal lymphadenectomy, need for
systematic andrological care? Bull. Cancer 2019, 106, 915–922. [CrossRef] [PubMed]

https://doi.org/10.1200/JCO.22.00624
https://www.ncbi.nlm.nih.gov/pubmed/36913642
https://doi.org/10.1097/JU.0000000000001364
https://www.ncbi.nlm.nih.gov/pubmed/32915080
https://doi.org/10.1097/MOU.0000000000001094
https://www.ncbi.nlm.nih.gov/pubmed/37014761
https://doi.org/10.1111/ans.17323
https://www.ncbi.nlm.nih.gov/pubmed/34724334
https://doi.org/10.1007/s00345-021-03712-7
https://www.ncbi.nlm.nih.gov/pubmed/33959785
https://doi.org/10.3390/medicina59010133
https://www.ncbi.nlm.nih.gov/pubmed/36676757
https://doi.org/10.1097/MOU.0000000000000582
https://www.ncbi.nlm.nih.gov/pubmed/30585870
https://doi.org/10.1002/cncr.31390
https://www.ncbi.nlm.nih.gov/pubmed/29660851
https://doi.org/10.1097/JU.0000000000002369
https://doi.org/10.1016/j.euo.2019.01.014
https://www.ncbi.nlm.nih.gov/pubmed/31412007
https://doi.org/10.1002/jso.2930380310
https://doi.org/10.1016/S0022-5347(17)55029-6
https://doi.org/10.1016/S0022-5347(17)53996-8
https://www.ncbi.nlm.nih.gov/pubmed/7069831
https://www.ncbi.nlm.nih.gov/pubmed/36666
https://doi.org/10.1016/S0022-5347(17)32755-6
https://www.ncbi.nlm.nih.gov/pubmed/8015087
https://doi.org/10.1016/S0022-5347(01)65476-4
https://doi.org/10.1016/j.ajur.2022.03.010
https://www.ncbi.nlm.nih.gov/pubmed/38312811
https://doi.org/10.1111/j.1442-2042.2009.02251.x
https://www.ncbi.nlm.nih.gov/pubmed/19191930
https://doi.org/10.1111/j.1464-410X.2009.08888.x
https://www.ncbi.nlm.nih.gov/pubmed/19747353
https://doi.org/10.1111/iju.15262
https://doi.org/10.1111/bju.14455
https://www.ncbi.nlm.nih.gov/pubmed/29920910
https://doi.org/10.1007/s11764-023-01489-9
https://doi.org/10.1016/j.bulcan.2019.03.020
https://www.ncbi.nlm.nih.gov/pubmed/31126677


Medicina 2024, 60, 586 12 of 12

113. Mistretta, F.A.; de Cobelli, O.; Verze, P.; Botticelli, F.; Jannello, L.; Luzzago, S.; Cozzi, G.; Bianchi, R.; Di Trapani, E.; Ferro, M.; et al.
A comprehensive evaluation of sexual and reproductive outcomes following robot-assisted retroperitoneal lymph node dissection
for nonseminomatous germ cell tumor. Asian J. Androl. 2022, 24, 579–583. [CrossRef] [PubMed]

114. Matos, E.; Skrbinc, B.; Zakotnik, B. Fertility in patients treated for testicular cancer. J. Cancer Surviv. Res. Pract. 2010, 4, 274–278.
[CrossRef] [PubMed]

115. Jewett, M.A.S.; Groll, R.J. Nerve-sparing retroperitoneal lymphadenectomy. Urol. Clin. N. Am. 2007, 34, 149–158, abstract viii.
[CrossRef] [PubMed]

116. Nalavenkata, S.; Li, T.; Patel, M.I. Nerve-sparing technique in RPLND for testicular cancer. Curr. Opin. Urol. 2023, 33, 281–287.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.4103/aja2021132
https://www.ncbi.nlm.nih.gov/pubmed/35381697
https://doi.org/10.1007/s11764-010-0135-9
https://www.ncbi.nlm.nih.gov/pubmed/20602187
https://doi.org/10.1016/j.ucl.2007.02.014
https://www.ncbi.nlm.nih.gov/pubmed/17484920
https://doi.org/10.1097/MOU.0000000000001100
https://www.ncbi.nlm.nih.gov/pubmed/37132366

	Introduction 
	Search Strategies and Selection Criteria 
	Sexual Dysfunction after Surgery 
	Sexual Dysfunction after Chemotherapy 
	Sexual Dysfunction after Radiotherapy 
	Sexual Dysfunction after RPLND 
	Conclusions 
	Future Directions 
	References

