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Abstract: Therapy for early stage testicular seminoma has changed radically over the past several decades.
Given high cure rates and clinical trials supporting less active therapy in most cases, close observation after
radical orchiectomy is now considered standard of care for clinical stage (CS) IA/IB seminoma, with either
radiation therapy (RT) or chemotherapy salvage options possible. For CS ITA/IIB seminoma characterized
by non-bulky retroperitoneal lymph node involvement (<5 c¢m in greatest dimension), RT or combination
chemotherapy are the standard of care. Given high comparable survival rates, preventing treatment-related
toxicity and second malignancy, and limiting quality of life deficits associated with intense treatment has
gained much greater importance. Clinical trials are currently testing the feasibility of retroperitoneal
lymph node dissection (RPLND) for low volume CS ITA/IIB metastatic testicular seminoma to this end.
Likewise, one cycle of chemotherapy is being evaluated as an adjuvant approach to reduce recurrence
rates in CS I disease with unfavorable risk factors. Moreover, recent genomic and molecular studies have
recently identified novel signatures and a potential biomarker for testicular seminoma. In this review, we first
summarize the evolution of early stage seminoma management and discuss the effectiveness and drawbacks
of contemporary treatment strategies. We further outline future perspectives and potential challenges in

management of early stage testicular seminoma.
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Introduction determined according to information obtained after radical
orchiectomy. This procedure provides a complete specimen
for appropriate histologic diagnosis and pathologic staging.

In the most recent 8" edition of the American Joint

Testicular germ cell tumor (TGCT) is the most commonly
occurring malignancy among men between the ages of
15 and 44 years; and slightly more than half of all
TGCT (52%) are testicular seminomas (1,2). Seminoma

Committee for Cancer (AJCC) staging system, T-stage
is determined by tumor invasion and N-stage by size and

is characterized by sheets of large cells with abundant location of nodes (3-5). Positive lymph nodes contribute

cytoplasm and round, hyperchromatic nuclei with
prominent nucleoli. Histologically unique from testicular
non-seminomatous germ cell tumors (NSGCT), seminoma
is also highly curable and radiosensitive.

For testicular seminoma, all treatment regimens are
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to clinical stage (CS) II disease, and distant metastasis to
CS III. While human chorionic gonadotropin (hCG) may
be slightly above normal, serum markers should not be
markedly elevated in seminoma; any elevation of alpha-
fetoprotein (AFP) raises concern for a NSGCT (6). In

Transl Androl Urol 2020;9(Suppl 1):536-S44 | http://dx.doi.org/10.21037/tau.2019.09.32


https://crossmark.crossref.org/dialog/?doi=10.21037/tau.2019.09.32

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

the current staging system, lactate dehydrogenase (LDH)
elevation is seldom seen in the absence of hCG or AFP
elevation, and is related to disease burden. Moreover, tumor
size above a 3-cm cut point is associated with higher risk
of relapse (HR 1.87) (7). The 3-year relapse risk has been
reported as approximately 9% for 1 cm primary tumors
and up to 26% for 8 cm tumors in a prognostic model for
relapse risk in patients with CS I seminoma (7). Thus, in the
recent 8th edition of the AJCC staging system (5), the pT1
category for pure seminoma was split into two categories
(pT1a and pT1b) based on the 3-cm cut point due to the
prognostic significance of tumor size (8).

By definition, early stage seminoma includes CS IA/IB
and stage CS IIA/IIB disease, which is characterized by
non-bulky retroperitoneal lymph node involvement (<5 cm
in greatest dimension). The cancer-specific survival (CSS)
rate for CS I seminoma is 99% regardless of use of adjuvant
treatment (9). Likewise, the 5-year overall survival (OS) for
CS IIA and IIB seminoma is quite high; 93% and 92% with
adjuvant chemotherapy compared to 99% and 95% with
adjuvant radiation therapy (RT), respectively (10). However,
short term and long term adjuvant treatment-related toxicity
in patients with low volume metastatic seminoma, such
as infertility, major cardiac events and second malignancy
have generated concern (11,12). Thus, over the past several
decades, the standard approach to managing seminoma has
become quite minimalistic, driven by a coherent desire to
decrease toxicity for CS I seminoma patients with a high
likelihood of cure. The aim of this review is to present the
evolution and current status of clinical management, unique
challenges and future perspectives in patients diagnosed
with CS TA/IB and CS ITA/IIB seminoma.

Evolution of the management of early stage
testicular seminoma

The management of early stage seminoma has evolved
significantly. In earlier years, the addition of retroperitoneal
lymph node dissection (RPLND) to orchiectomy and
RT was not found to improve survival for patients with
seminoma (13). To decrease the morbidity of therapy,
retroperitoneal surgical component of this multimodal
management strategy was discontinued and RT was widely
utilized in the 1960 (13,14). Data from the US Patterns
of Care studies defined target volumes and doses so that
radiation was more uniformly available and standardized
than other therapies during this period (14). Into the 1990%,
the RT field of choice was a “dog-leg” or “hockey stick”
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field that covered the bilateral retroperitoneal nodes and the
ipsilateral pelvis. In the 1990%, two medical research council
studies further refined RT practice for CS I seminoma. The
two studies evaluated the extent of radiation (retroperitoneal
only vs. dog-leg), and the radiation dose (20 vs. 30 Gy) in
CS I seminoma, and demonstrated similar efficacy with
5-year disease-free survival (DFS) rates of approximately
95% for the different protocols (15,16).

About this time, retrospective data were published
detailing a large number of second primary malignancies
and cardiovascular toxicities in patients treated with
RT for seminoma (17-20). These data were concerning
and led to two divergent approaches aimed to reduce
RT use in this population. Some clinicians opted
for careful observation post-operatively, and some
investigated a brief chemotherapy course instead. In
the first arena, Duchesne and colleagues reported that
the 3-year actuarial risk of relapse was 15.8% for the
patients on surveillance following orchiectomy and
all patients who experienced relapse were eventually
free of disease with subsequent treatments (21). The
authors concluded that close surveillance was a safe
alternative to adjuvant RT although the need for “intensive
use of resources” during prolonged observation was
underscored as a major drawback. Between 1982 and 1992,
Oliver and colleagues conducted a prospective trial of
1-2 doses of carboplatin following radical orchiectomy
in CS I testicular seminoma and only a single relapse
was noted among 78 patients receiving single agent
chemotherapy (22).

In the 2000s, tumor size >4 cm and rete testis invasion
were described as predictive features for relapse in CS I
seminoma and the pendulum of public opinion began to
shift towards the use of adjuvant chemotherapy on a risk-
based approach (23). However, the significance of these
clinicopathological factors were rendered less important in
subsequent reports. Cancer specific survival was excellent
regardless of adjuvant treatment and the relapse rates
(9% to 15%) were comparable following adjuvant
carboplatin or surveillance in CS I seminoma (24,25).
Thus, surveillance has gained favor compared to adjuvant
treatments of RT and chemotherapy over the last decade.

The current standard of care for CS | seminoma

The most recent edition of the National Comprehensive
Cancer Network (NCCN) testicular cancer guideline (26)
currently includes all three options for management
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of CS I seminoma: surveillance (preferred option),
1-2 cycles of carboplatin, or RT. The European Association
of Urology (EAU) guidelines (27) recommends surveillance
for management of compliant patients and opposes any
type of adjuvant treatments for patients at low-risk of
occult metastatic disease (tumors <4 cm and no rete testis
invasion). One cycle of carboplatin is recommended as
the appropriate dose if adjuvant chemotherapy is planned
whereas adjuvant RT is clearly opposed for any kind of CS I
seminoma.

Noninferiority of single dose of carboplatin to RT was
confirmed for treatment of CS I seminoma in a multi-
institutional randomized clinical trial (MRC TE19/EORTC
30982) that included a total of 1,477 patients, either treated
by carboplatin [573] or RT [904] (28). Updated results with
a median follow-up of 6.5 years from the same trial reported
only one death and the 5-year DFS as 96.1% for single dose
carboplatin and 96.0% for RT (29). Of note, a significant
reduction in the likelihood of contralateral TGCTs
was also noted in favor of carboplatin chemotherapy
(2 vs. 15 patients).

In two consecutive prospective Spanish cohorts that
consisted of 314 and 227 patients who were treated from
1999 to 2003, and from 2004 to 2008, significance of
risk factors for relapse were tested. These factors were
defined as tumor size larger than 4 cm, and rete testis
involvement at orchiectomy specimen (30,31). In the
first study, all patients having at least one of two factors
received two courses of adjuvant single-agent carboplatin
(with 21-day interval). The 5-year OS was 100% and
actuarial 5-year DFS were similar, 93.4% and 96.2%
for patients on surveillance and for patients treated with
adjuvant chemotherapy, respectively. In the second study,
only patients having both of the two local risk factors
were offered the same chemotherapy regimen. Although
the actuarial 3-year DFS appeared longer for adjuvant
chemotherapy group (98.0% wvs. 88.1%), referral bias, and
significant variation in incidence of risk factors were major
drawbacks in these studies. Moreover, some proposed
alternative risk factors such as tumor size, vascular invasion,
age, and hCG level at orchiectomy were not associated with
relapse in CS I seminoma, thus the benefit of a risk-adapted
management approach was not confirmed (32). The 5-year
OS and CSS rates were over 99% in any adjuvant treatment
and surveillance groups, and approximately 13% (65 of 512)
of the patients relapsed following surveillance, about 4%
(7 of 188) after carboplatin, and less than 1% (4 of 481) after
RT. Although these findings underline slightly higher DFS
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with adjuvant treatment; RT, chemotherapy and surveillance
all provide the same CSS in CS I seminoma. Thus, there is
currently no standard criteria for administration of adjuvant
chemotherapy.

Treatment outcomes in routine clinical care settings are
similar to those reported in clinical trial settings. In a recent
prospective study that consisted of 725 patients with CS I
seminoma from 130 institutions, where adjuvant treatment
decisions were left to the discretion of treating physicians,
CSS was 100%. After a median follow-up of 30 months,
relapse rates only ranged between 1.5% (for two cycles of
carboplatin) and 8.2% (for surveillance) (33). Of note, the
relapse rate was significantly correlated with tumor size
(0% for <2 cm, 3.4% for 2-4 cm, 6.8% >4 cm, (9.3%
>5 cm), 5.0% for all tumors) in patients treated with
one cycle of carboplatin, therefore the same authors
recommended use of two cycles of carboplatin for large
tumors.

Nevertheless, the slightly better DFS with adjuvant
treatment in CS I seminoma is at the expense of serious
treatment-related adverse events. Myelosuppression due
to adjuvant carboplatin is common with leukopenia and
thrombocytopenia rates of 30% (grade >3 in 3%) and
44% (grade >3 in 5%), respectively (34). Acute toxicity
of paraaortic field radiation for CS I seminoma includes
significant gastrointestinal toxicity such as nausea (46%),
leukopenia (14%) and diarrhea (7%) as well as peptic ulcer
(7%) (15). Moreover, these adjuvant treatments impair
spermatogenesis. Depending on the pretreatment sperm
counts, it takes about 13 to 24 months after RT to return
to the first normal posttreatment sperm count ranges.
Normalization of sperm counts, morphology and motility
during carboplatin chemotherapy could last up to 4 years
after carboplatin therapy (35).

The most significant the long-term risks of TGCT
treatment, secondary malignant neoplasms, typically occur
more than 10 years following treatment (36). A large multi-
institutional study investigated rate and pattern of secondary
malignant neoplasm among 5,848 survivors who were
treated for testicular cancer between 1976 and 2007 (37).
After a median follow-up of 14 years, the solid secondary
malignancy risk was 1.52 times higher for patients with
seminoma survivors compared to the general population.
The patients treated for seminoma, of whom 73% were
treated with RT, were found to have increased risks of
small intestine, pancreas, and urinary bladder cancers. Of
note, among all testicular cancer survivors, the hazard ratio
(HR) of an infradiaphragmatic secondary malignancy was
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increased by 8% per Gray of radiation dose administered.
Similarly, higher platinum dosage (more than 400 mg/m’)
was associated with increased solid malignancy risk and
the HR of a gastrointestinal malignancy was increased by
53% per 100 mg/m’ of platinum-containing chemotherapy.
Thus, the subsequent cancer development risk following
adjuvant treatment should be considered strongly during
patient counseling.

Intensive follow-up or CT imaging is not recommended
beyond five years (26,27). Per NCCN guidelines, visits
and radiological imaging are required about twice as often
for the surveillance arm than for either of the treatment
arms through three years; all revert to annual follow-
up afterwards (26). Nevertheless, several patient factors
must also be considered when recommending a course
of surveillance after orchiectomy. Patient compliance
is critically important since adherence with follow-
up visits and imaging is mandatory. Likelihood of
continuing insurance coverage is similarly important. If
either of these is suspect, active treatment may become a
better management approach. The other concern is the
cumulative radiation exposure during follow-up and lifetime
attributable risk of radiation-induced cancer as the follow-
up of patients under surveillance is more intensive (38).
Indeed, it was reported that diagnostic radiation exposure
was not associated with an excess risk of second cancers in
testicular cancer patients under follow-up protocols (39).
Nevertheless, this study had a median of 11 years follow-
up, and most radiation-induced cancers was expected to
appear 15 to 45 years after exposure in this young patient
population (40). Thus, needless utilization of radiological
imaging must be avoided.

Recently, in order to reduce the frequency and burden of
surveillance, an individualized follow-up protocol based on
the conditional risk of relapse as opposed to static protocols
was suggested (41). It was demonstrated that conditional
risk of relapse decreased over time in patients managed with
surveillance for CS I TGCT. At orchiectomy, the risk of
relapse within five years was 12.2% and 20.3% in tumors
< 3cm in size vs. >3 cm, respectively. After 24 months of
follow-up without any relapse, the relapse risk within the
next five years was only 3.9 to. 5.6%, and after 60 months
of follow-up without any relapse, the relapse risk within the
next five years was further decreased to 0 to 2.7%.

NCCN guidelines currently recommend a history and
physical exam every 3-6 months in the first year, and every
6-12 months in years 2-3 and annually up to five years
for patients under surveillance after orchiectomy (26).
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Axial imaging of the abdomen with or without the pelvis
is also recommended at 3, 6 and 12 months, then every
6-12 months in years 2-3 and then every 12 to 24 months
up to five years. For patients managed with adjuvant
chemotherapy or RT, history and physical exam is required
every 6-12 months in the first two years, and then annually
up to five years. Axial imaging of the abdomen with or
without the pelvis is required annually up to three years.
Regardless of adjuvant treatment status, a chest X-ray
is not required for follow-up of any patient with CS 1
seminoma unless clinically indicated. If the patient has
related symptoms, chest CT might be considered. Annual
measurement of serum hormone levels including total
testosterone, luteinizing hormone and follicle-stimulating
hormone has been recommended by some investigators,
with serum tumor markers being eliminated based on
known patterns of tumor recurrence (42).

Almost all (94%) of CS I patients on active surveillance
that experience disease recurrence relapse in the
retroperitoneum and are identified through routine
CT scan assessment at a median of 1.4 years (32). Only
approximately 10% of relapsing CS I seminoma patients
are symptomatic at the time of recurrence (30). Induction
chemotherapy is by far the most utilized salvage therapy
for relapse (over 95%), and four cycles of EP (etoposide,
and cisplatin) is the preferred regimen in more than 85%
of relapsed cases (32). Although relapse rates following
adjuvant carboplatin and RT are lower than patients on
active surveillance, the patterns of relapse and the choices
of therapeutic strategies are similar and dependent upon the
extent of relapse and cancer stage (32).

The current standard of care for CS 1l seminoma

The long-standing treatment for low volume CS IIA and
select CS IIB seminoma patients has been RT targeting the
para-aortic and ipsilateral iliac lymph nodes with a total
dose of 30 and 36 Gy, respectively. RT may be considered
for both CS ITA and CS IIB patients but some centers
preferentially use RT in patients with low volume metastatic
disease, with no single lymph node mass >3 cm (43). Classen
and colleagues evaluated 94 patients managed with RT
for CS IIA/IIB disease and reported 95.3% and 88.9%
actuarial DFS rates at six years for CS IIA and CS IIB,
respectively. Early gastrointestinal toxicity was reported
in 8-10% of patients but late toxicity was not observed in
either of their groups (44). In a review of the Surveillance,
Epidemiology, and End Results (SEER) database between

Transl Androl Urol 2020;9(Suppl 1):536-S44 | http://dx.doi.org/10.21037/tau.2019.09.32



S40

1988-2013, the rate of RT was 53.3% in 605 patients with
CS IIA seminoma and 42.7% in 365 patients with CS 1IB
seminoma (45). The 15-year CSS were 98% and 96% for
patients with CS IIA and CS IIB seminoma, respectively.
A concerning factor within the same study was the
two-fold associated risk of a secondary malignancy in
patients undergoing RT for the treatment of seminoma
with the most common secondary malignancies being
gastrointestinal, respiratory, and hematologic in nature.

A full course of induction chemotherapy is also a
common modality for the treatment of CS ITA/IIB
seminoma and may be used as an alternative to RT
(4,46). The most common combination of multi agent
chemotherapy is three cycles of bleomycin, etoposide and
cisplatin (BEP). If there is concern for bleomycin toxicity
or the patient is bleomycin ineligible, four cycles of EP
may be used. The Spanish Germ Cell Cancer Group
demonstrated complete and partial response rates of
83% and 17% to cisplatin-based induction chemotherapy in
72 patients with CS IIA/IIB seminoma. Six CS IIB patients
relapsed at a median follow up of 71.5 months resulting in
one seminoma-related death. Progression-free and OS rates
were 90% and 95%, respectively. However, 22% of patients
experienced neutropenia and 15% experienced febrile
neutropenia (46). Late chemotherapy-related side effects
included ototoxicity, neuropathy, nephrotoxicity, pulmonary
fibrosis, fertility disorders and secondary malignancy, with
each side effect experienced by 3-7% of patients.

To date, no randomized control trials have compared
induction chemotherapy and RT for low volume, stage
IIA or stage IIB seminoma. However, population-based,
retrospective data from the National Cancer Data Base
(NCDB) has been studied. Glaser and associates reported
on 2,437 patients with CS IIA-C seminoma (IIA =960,
IIB =820, IIC =665) (10). RT and systemic chemotherapy
were used in 78.1% and 21.9% of CS IIA patients,
respectively. RT in CS ITA patients was associated with
an improved 5-year OS of 99% compared to 93%
for patients managed with chemotherapy (HR 0.28;
95% Cl, 0.09-0.86; P=0.027). However, 5-year OS was not
significantly different for CS IIB patients: 95.2% for RT
and 92.4% for induction chemotherapy. Predictive factors
for the use of induction chemotherapy for both CS IIA
and CS IIB patients included pathological confirmation of
clinically positive lymph nodes by biopsy, more recent year
of diagnosis, and treatment at an academic center. Similarly,
other investigators reviewed the NCDB and found that
RT was utilized less frequently for patients with Medicaid
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insurance, more recent year of diagnosis and higher
pathologic stage (47).

The follow-up schedule advocated by the NCCN for
CS 1II patients is based on CS and whether patients received
RT or chemotherapy (26). Patients with lower volume
stage II tumor undergo history and physical exam every
three months in the first year, and every six months during
years 2-5. A chest X-ray is required every six months for
two years. Axial imaging of the abdomen with or without
the pelvis is required at three months, between months
6-12 during the first year and then yearly through year 3.
Follow-up of bulky disease after chemotherapy is more
intensive, includes the assessment of tumor markers, and
is carefully outlined according to NCCN guidelines (26).
FDG-PET imaging is advocated for post-chemotherapy
residual masses measuring >3 cm to assist in determining
the need for post-chemotherapy surgical resection.

Ongoing clinical trials for early stage seminoma

In contrast to most solid malignancies, the significantly
younger age at initial diagnosis and excellent survival in
early stage seminoma cause a unique challenge: long-term
treatment related sequelae in men living at least 40 years
more following cure (40). In order to avoid toxicities and
secondary malignancies associated with adjuvant RT and
chemotherapy, there are currently two ongoing clinical
trials for low-volume metastatic seminoma (48). An interim
analysis of phase I/II clinical trials (PRIMETEST study)
recently demonstrated feasibility of primary RPLND
for treatment of 22 patients with CS ITA/IIB testicular
seminoma (49). Median operation time was 134 min and
median blood loss was 70 mL. After a mean follow-up of
24 months (1-51 months), 17 (77%) patients were free of
recurrence. Overall, the majority of the complications were
minimal with the exception of a ureteral stricture requiring
ileal ureter substitute after robotic assisted RPLND.
All of the 5 patients were recurrence free after salvage
chemotherapy (four) and radiotherapy (one), which justified
the feasibility of this approach. At the time of this review, trial
accrual continues for patients with CS IIA/IIB seminoma
(nodes <5 cm in size) (NCT02797626) (50). Another multi-
institutional single arm clinical trial (SEMS study) is
currently enrolling patients with isolated retroperitoneal
lymphadenopathy <3 c¢m in size and no more than 2 nodes
(NCT02537548) (51). The primary end-point is 2-year
DFS in patients with early metastatic testicular seminoma
treated with first-line RPLND. Secondary aims include
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the assessment of short-term complications, long-term
sequelae, retrograde ejaculation and quality of life.

As carboplatin chemotherapy was shown to have
modest efficacy with recurrence rates of approximately
10% in higher-risk CS I seminoma patients, an interest
for more effective adjuvant treatment regimens has
developed (25). Currently, a randomized phase III clinical
trial SWENOTECA-ABC Study) is comparing efficacy of
one course of adjuvant BEP chemotherapy with one course
of adjuvant carboplatin (NCT02341989) (52). The primary
endpoint is disease recurrence in CS I seminoma patients
with one or two risk factors (tumor size over 4 cm and/or
stromal invasion of the rete testis by tumor cells). Secondary
endpoints include the determination of chemotherapy
regimen on health-related quality of life and toxicity.

Future perspectives

Apart from available management options, there is no
targeted therapy option for patients with TGCT, owing to
both its unique carcinogenesis (malignant transformation
of primordial germ cells), and also the paucity of driver
gene alterations in TGCT (53). Moreover, immunotherapy
is expected to show limited efficacy in seminoma
since it has low tumor mutational load (approximately
0.3 to 0.4 mutations per million base) (54,55) and a recent
phase II trial of pembrolizumab failed to show efficacy
in metastatic chemotherapy refractory NSGCT (56).
Nevertheless, a recent study for molecular characterization
of TGCT that consisted of 137 primary TGCT cases
revealed distinctive molecular landscapes in testicular
seminoma (54). KIT gene mutation, which was
predominantly seen among 72 seminoma cases with a
mutation frequency of 35%, was associated with unique
characteristics such as history of cryptorchidism, extensive
lymphocytic infiltration and lack of DNA methylation,
defining a particular subset within testicular seminoma.
Therefore, KIT gene mutation might still enable risk
stratification and potential therapeutic targeting in
seminomas in the future.

There is no sensitive tumor biomarker for seminoma
and only a minority of CS I seminomas (10-20%) express
hCG (6). However, miR-371a-3p, tested by reverse
transcriptase real-time quantitative PCR, recently appeared
as a promising serum biomarker for seminoma and it was
to reflect disease state, with changing marker levels in
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accordance with treatment and disease recurrence (57). In a
prospective multi-institutional study, approximately 85% of
patients with seminoma were found to express miR-371a-
3p although its expression was relatively lower in tumors
less than 1 cm in size (59%) (58). Future multi-institutional
prospective studies of this epigenetic biomarker are
warranted in order to evaluate its potential role in detection
of micro-metastatic disease in CS I/II seminoma and in
identification of viable residual cancer in post-chemotherapy
residual masses (58,59).

Lastly, from a public health perspective, new obstacles
can arise in the management of seminoma. First, the
proportions of seminoma cases occurring in men between
the ages of 15-34 were expected to increase among all
affected men (60). In the US a disproportional increase in
incidence of seminoma was recently noted in Hispanics in
contrast to an observed, stabilized, overall incidence rate (60).
Between 2013 and 2026, testicular seminoma incidence
rates were forecast to increase at a faster rate (by 2.58%
annually) in Hispanics (60), who were shown to present
younger at initial diagnosis (30 vs. 35 yr) and were affected
unfavorably by health disparities (61). The frequency of
non-guideline directed care such as inappropriate imaging,
misdiagnosis and undertreatment was also found notably
higher in Hispanics (62). Thus, the negative effects of
health and racial disparities might possibly be more evident
and common in the future.

Conclusions

Currently, the CSS rates in CS I and CS II testicular
seminoma are over 99% and approximately 95%,
respectively. Given the excellent survival rates, consideration
of long-term sequela of adjuvant therapies has gained even
more importance during clinical decision-making processes.
Long-term risks, especially following adjuvant RT, appear
to outweigh the benefits in the stage I setting. Therefore,
surveillance has become the recommended management
option for CS I seminoma, although long-term benefits
of an active surveillance approach have yet to be fully
elucidated. The results of ongoing clinical trials, primary
RPLND for low volume metastatic seminoma and adjuvant
one cycle BEP chemotherapy for high-risk CS I seminoma
are eagerly expected. Together with these clinical trials, the
future genomic studies enabling better risk stratification
and bringing more insight into the carcinogenesis of
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testicular seminoma may lead to future paradigm shifts in
management of early stage seminoma.

Acknowledgments

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

References

1. Powles TB, Bhardwa J, Shamash J, et al. The changing
presentation of germ cell tumours of the testis between
1983 and 2002. BJU Int 2005;95:1197-200.

2. Mortensen MS, Bandak M, Kier MG, et al. Surveillance
versus adjuvant radiotherapy for patients with high-risk
stage I seminoma. Cancer 2017;123:1212-8.

3. Greene MH, Kratz CP, Mai PL, et al. Familial testicular
germ cell tumors in adults: 2010 summary of genetic
risk factors and clinical phenotype. Endocr Relat Cancer
2010;17:R109-21.

4. Garcia-del-Muro X, Maroto P, Guma J, et al.
Chemotherapy as an Alternative to Radiotherapy in the
Treatment of Stage ITA and IIB Testicular Seminoma: A
Spanish Germ Cell Cancer Group Study. J Clin Oncol
2008;26:5416-21.

5. Amin MB, Edge SB, Greene FL, et al. AJCC Cancer
Staging Manual. Springer, 2018.

6. Milose JC, Filson CP, Weizer AZ, et al. Role of
biochemical markers in testicular cancer: diagnosis,
staging, and surveillance. Open Access J Urol 2011;4:1-8.

7. Chung P, Daugaard G, Tyldesley S, et al. Evaluation of a
prognostic model for risk of relapse in stage I seminoma
surveillance. Cancer Med 2015;4:155-60.

8. Delahunt B, Egevad L, Samaratunga H, et al. UICC drops
the ball in the 8th edition TNM staging of urological
cancers. Histopathology 2017;71:5-11.

9. Groll RJ, Warde P, Jewett MA. A comprehensive
systematic review of testicular germ cell tumor
surveillance. Crit Rev Oncol Hematol 2007;64:182-97.

© Translational Andrology and Urology. All rights reserved.

Aydin et al. Management of early stage testicular seminoma

10. Glaser SM, Vargo JA, Balasubramani GK, et al. Stage
II Testicular Seminoma: Patterns of Care and Survival
by Treatment Strategy. Clin Oncol (R Coll Radiol)
2016;28:513-21.

11. Hallemeier CL, Pisansky TM, Davis BJ, et al. Long-term
outcomes of radiotherapy for stage II testicular seminoma-
-the Mayo Clinic experience. Urol Oncol 2013;31:1832-8.

12. van den Belt-Dusebout AW, de Wit R, Gietema JA, et
al. Treatment-specific risks of second malignancies and
cardiovascular disease in 5-year survivors of testicular
cancer. J Clin Oncol 2007;25:4370-8.

13. Maier JG, Sulak MH, Mittemeyer BT. Seminoma of
the testis: analysis of treatment success and failure. Am J
Roentgenol Radium Ther Nucl Med 1968;102:596-602.

14. Thomas GM. Over 20 Years of Progress in Radiation
Oncology: Seminoma. Semin Radiat Oncol 1997;7:135-45.

15. Fossa SD, Horwich A, Russell JM, et al. Optimal planning
target volume for stage I testicular seminoma: A Medical
Research Council randomized trial. Medical Research
Council Testicular Tumor Working Group. J Clin Oncol
1999;17:1146.

16. Jones WG, Fossa SD, Mead GM, et al. Randomized
trial of 30 versus 20 Gy in the adjuvant treatment of
stage I Testicular Seminoma: a report on Medical
Research Council Trial TE18, European Organisation
for the Research and Treatment of Cancer Trial 30942
(ISRCTN18525328). J Clin Oncol 2005;23:1200-8.

17. Hellbardt A, Mirimanoff RO, Obradovic M, et al. The
risk of second cancer (SC) in patients treated for testicular
seminoma. Int J Radiat Oncol Biol Phys 1990;18:1327-31.

18. Steinfeld AD, Shore RE. Second malignancies following
radiotherapy for testicular seminoma. Clin Oncol (R Coll
Radiol) 1990;2:273-6.

19. Hay JH, Duncan W, Kerr GR. Subsequent malignancies
in patients irradiated for testicular tumours. Br ] Radiol
1984;57:597-602.

20. Zagars GK, Ballo MT, Lee AK, et al. Mortality after cure
of testicular seminoma. J Clin Oncol 2004;22:640-7.

21. Duchesne GM, Horwich A, Dearnaley DP, et al.
Orchidectomy alone for stage I seminoma of the testis.
Cancer 1990;65:1115-8.

22. Oliver RT, Edmonds PM, Ong JY, et al. Pilot studies
of 2 and 1 course carboplatin as adjuvant for stage I
seminoma: should it be tested in a randomized trial against
radiotherapy? Int J Radiat Oncol Biol Phys 1994;29:3-8.

23. Warde P, Specht L, Horwich A, et al. Prognostic factors
for relapse in stage I seminoma managed by surveillance: a
pooled analysis. ] Clin Oncol 2002;20:4448-52.

Transl Androl Urol 2020;9(Suppl 1):536-S44 | http://dx.doi.org/10.21037/tau.2019.09.32



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

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

© Translational Andrology and Urology. All rights reserved.

Kollmannsberger C, Tandstad T, Bedard PL, et al.
Patterns of Relapse in Patients With Clinical Stage I
Testicular Cancer Managed With Active Surveillance. J
Clin Oncol 2015;33:51-7.

Tandstad T, Stahl O, Dahl O, et al. Treatment of stage

I seminoma, with one course of adjuvant carboplatin or
surveillance, risk-adapted recommendations implementing
patient autonomy: a report from the Swedish and
Norwegian Testicular Cancer Group (SWENOTECA).
Ann Oncol 2016;27:1299-304.

National Comprehensive Cancer Network guidelines:
testicular cancer V 1.2019. Accessed 19 May 2019.
Available online: https://www.ncen.org/professionals/
physician_gls/pdf/testicular.pdf

Albers P, Albrecht W, Algaba F, et al. Guidelines

on Testicular Cancer: 2015 Update. Eur Urol
2015;68:1054-68.

Oliver RT, Mason MD, Mead GM, et al. Radiotherapy
versus single-dose carboplatin in adjuvant treatment

of stage I seminoma: a randomised trial. Lancet
2005;366:293-300.

Oliver RT, Mead GM, Rustin GJ, et al. Randomized

trial of carboplatin versus radiotherapy for stage 1
seminoma: mature results on relapse and contralateral
testis cancer rates in MRC TE19/EORTC 30982 study
(ISRCTN27163214). J Clin Oncol 2011;29:957-62.
Aparicio ], Germa JR, Garcia del Muro X, et al. Risk-
adapted management for patients with clinical stage

I seminoma: the Second Spanish Germ Cell Cancer
Cooperative Group study. J Clin Oncol 2005;23:8717-23.
Aparicio J, Maroto P, del Muro XG, et al. Risk-adapted
treatment in clinical stage I testicular seminoma: the third
Spanish Germ Cell Cancer Group study. J Clin Oncol
2011;29:4677-81.

Tandstad T, Smaaland R, Solberg A, et al. Management
of Seminomatous Testicular Cancer: A Binational
Prospective Population-Based Study From the Swedish
Norwegian Testicular Cancer Study Group. J Clin
Oncol 2011;29:719-25.

Dieckmann KP, Dralle-Filiz I, Matthies C, et al. Testicular
seminoma clinical stage 1: treatment outcome on a routine
care level. J Cancer Res Clin Oncol 2016;142:1599-607.
Steiner H, Holtl L, Wirtenberger W, et al. Long-term
experience with carboplatin monotherapy for clinical stage
I seminoma: a retrospective single-center study. Urology
2002;60:324-8.

Reiter W], Kratzik C, Brodowicz T, et al. Sperm analysis
and serum follicle-stimulating hormone levels before and

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

S$43

after adjuvant single-agent carboplatin therapy for clinical
stage I seminoma. Urology 1998;52:117-9.

Haugnes HS, Bosl GJ, Boer H, et al. Long-term and

late effects of germ cell testicular cancer treatment and
implications for follow-up. J Clin Oncol 2012;30:3752-63.
Oliver RTD, Mead GM, Rustin GJS, et al. Randomized
"Trial of Carboplatin Versus Radiotherapy for Stage I
Seminoma: Mature Results on Relapse and Contralateral
Testis Cancer Rates in MRC TE19/EORTC 30982 Study
(ISRCTN27163214). ] Clin Oncol 2011;29:957-62.

Tarin TV, Sonn G, Shinghal R. Estimating the risk

of cancer associated with imaging related radiation
during surveillance for stage I testicular cancer using
computerized tomography. ] Urol 2009;181:627-32;
discussion 632-3.

van Walraven C, Fergusson D, Earle C, et al. Association
of diagnostic radiation exposure and second abdominal-
pelvic malignancies after testicular cancer. ] Clin Oncol
2011;29:2883-8.

Brenner DJ, Shuryak I. Ten years of follow-up is not long
enough to assess lifetime cancer risks caused by computed
tomography scans in a young population. J Clin Oncol
2011;29:4062; author reply 4062.

Nayan M, Jewett MA, Hosni A, et al. Conditional Risk
of Relapse in Surveillance for Clinical Stage I Testicular
Cancer. Eur Urol 2017;71:120-7.

Lieng H, Warde P, Bedard P, et al. Recommendations

for followup of stage I and II seminoma: The Princess
Margaret Cancer Centre approach. Can Urol Assoc J
2018;12:59-66.

Sridharan S, Chung PWM, Jewett MA, et al. Use

of radiotherapy for seminoma patients with low-

volume infradiaphragmatic nodal disease. ] Clin Oncol
2013;31:335.

Classen J, Schmidberger H, Meisner C, et al. Radiotherapy
for stages ITA/B testicular seminoma: final report of

a prospective multicenter clinical trial. J Clin Oncol
2003;21:1101-6.

Patel HD, Srivastava A, Alam R, et al. Radiotherapy

for stage I and II testicular seminomas: Secondary
malignancies and survival. Urol Oncol 2017;35:606.e1-
606.¢7.

Domont J, Massard C, Patrikidou A, et al. A risk-adapted
strategy of radiotherapy or cisplatin-based chemotherapy
in stage II seminoma. Urol Oncol 2013;31:697-705.
Paly JJ, Lin CC, Gray PJ, et al. Management and
outcomes of clinical stage IIA/B seminoma: Results from
the National Cancer Data Base 1998-2012. Pract Radiat

Transl Androl Urol 2020;9(Suppl 1):536-S44 | http://dx.doi.org/10.21037/tau.2019.09.32



S44

Oncol 2016;6:¢249-58.

Aydin et al. Management of early stage testicular seminoma

Rep 2018;23:3392-406.

48. Hu B, Daneshmand S. Retroperitoneal Lymph Node 55. Cutcutache I, Suzuki Y, Tan IB, et al. Exome-wide
Dissection as Primary Treatment for Metastatic Sequencing Shows Low Mutation Rates and Identifies
Seminoma. Adv Urol 2018;2018:7978958. Novel Mutated Genes in Seminomas. Eur Urol

49. Albers P, Hiester A, Siemer RG, et al. The PRIMETEST 2015;68:77-83.
trial: Interim analysis of a phase I trial for primary 56. Adra N, Althouse SK, Ammakkanavar NR, et al. Phase
retroperitoneal lymph node dissection (RPLND) in stage II trial of pembrolizumab in patients (pts) with incurable
II A/B seminoma patients without adjuvant treatment. J platinum refractory germ cell tumors (GCT). J Clin Oncol
Clin Oncol 2019;37:507. 2017;35:4520.

50. ClinicalTrials.gov. Trial to Evaluate Progression 57. Dieckmann KP, Radtke A, Spieckermann M, et al. Serum
Free Survival With Primary Retroperitoneal Lymph- Levels of MicroRNA miR-371a-3p: A Sensitive and
node Dissection (pRPLND) Only in Patients With Specific New Biomarker for Germ Cell Tumours. Eur
Seminomatous Testicular Germ Cell Tumors With Urol 2017;71:213-20.

Clinical Stage ITA/B (PRIMETEST). National Library 58. Dieckmann KP, Radtke A, Geczi L, et al. Serum Levels
of Medicine, Bethesda, MD, USA, 2019. Available online: of MicroRNA-371a-3p (M371 Test) as a New Biomarker
http://www.clinicaltrials.gov/show/NCTNCT 02797626 of Testicular Germ Cell Tumors: Results of a Prospective

51. ClinicalTrials.gov. Retroperitoneal Lymph Node Multicentric Study. ] Clin Oncol 2019;37:1412-23.
Dissection in Treating Patients With Testicular Seminoma. 59. Chovanec M, Albany C, Mego M, et al. Emerging
National Library of Medicine, Bethesda, MD, USA, 2019. Prognostic Biomarkers in Testicular Germ Cell Tumors:
Available online: http://www.clinicaltrials.gov/show/ Looking Beyond Established Practice. Front Oncol
NCTNCT02537548 2018;8:571.

52. ClinicalTrials.gov. Adjuvant Bleomycin, Etoposide 60. Ghazarian AA, Kelly SP, Altekruse SF, et al. Future of
and Cisplatin (BEP) Versus Carboplatin in Stage I testicular germ cell tumor incidence in the United States:
Seminomatous Testicular Cancer SWENOTECA-ABC). Forecast through 2026. Cancer 2017;123:2320-8.
National Library of Medicine, Bethesda, MD, USA, 2019. 61. Woldu SL, Aydin AM, Rao AV, et al. Differences at
Available online: http://www.clinicaltrials.gov/show/ Presentation and Treatment of Testicular Cancer in
NCT02341989 Hispanic Men: Institutional and National Hospital-based

53. Chovanec M, Cheng L. Molecular characterization Analyses. Urology 2018;112:103-11.
of testicular germ cell tumors: chasing the underlying 62. Wymer KM, Pearce SM, Harris KT, et al. Adherence to
pathways. Future Oncol 2019;15:227-9. National Comprehensive Cancer Network(R) Guidelines

54. Shen H, Shih J, Hollern DP, et al. Integrated Molecular for Testicular Cancer. J Urol 2017;197:684-9.

Characterization of Testicular Germ Cell Tumors. Cell

Cite this article as: Aydin AM, Zemp L, Cheriyan SK,
Sexton WJ, Johnstone PAS. Contemporary management of
early stage testicular seminoma. Transl Androl Urol 2020;9(Suppl
1):536-S44. doi: 10.21037/tau.2019.09.32

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2020;9(Suppl 1):536-S44 | http://dx.doi.org/10.21037/tau.2019.09.32



