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Abstract: Seminomas account for approximately 50% of all cases
of testicular cancer. Testicular cancer is a highly curable disease
that can be broadly classified as either seminomatous or nonsem-
inomatous; the management and treatment of the 2 forms vary
widely. Although surgery plays a large role in the management of
nonseminoma, its role in the management of seminoma is much
more limited. Most clinicians in the United States choose orchiecto-
my followed by surveillance for patients with stage | seminomatous
disease, and chemotherapy or radiation—followed by surgery for
the management of residual masses—for patients with disease that is
stage Il and higher. Recently, clinicians have proposed a larger role
for surgery in stage Il seminoma to avoid the long-term toxic effects
of chemotherapy and radiation therapy. In this review, we discuss
the oncologic rationale for the treatment of seminoma, the role of
surgery, and the use of minimally invasive operative techniques for
retroperitoneal lymph node dissection.

Introduction

Germ cell tumors (GCTs) account for the vast majority (95%)
of testicular cancers. They are the most common tumors in men
20 to 40 years of age." GCTs can be classified as seminomatous
or nonseminomatous, with several important distinctions between
the 2 forms. Seminomas, which account for 50% of all GCTs, tend
to be less aggressive than nonseminomas and follow a relatively
predictable course. Approximately 80% of patients who have sem-
inomatous GCTs present with stage I disease.? In contrast, 66% of
patients who have nonseminomatous GCTs present with stage 11
or III disease.? Seminomas are exquisitely sensitive to radiation and
chemotherapy. Visceral metastases are uncommon; when spread
occurs, it is most often to the retroperitoneal lymph nodes. Unlike
nonseminomas, seminomas do not have an International Germ
Cell Cancer Collaborative Group (IGCCCG) poor-risk classifi-
cation. The survival rates of patients with seminoma remain high
even in those who have the most advanced stages of the disease,
with overall 5-year survival rates of approximately 79%.°
Historically, stage I seminomas were treated with radiation.
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However, treatment recently has shifted toward che-
motherapy and surveillance. Stage IIA/IIB disease is
typically treated with chemotherapy or radiotherapy,
whereas advanced-stage disease is treated with cispla-
tin-based chemotherapy.” The indications for surgery in
seminoma, beyond the initial orchiectomy, are limited.
The most common indication is the resection of residual
retroperitoneal masses after chemotherapy. Postchemo-
therapy surgery for seminoma is notoriously difficult
owing to a desmoplastic reaction and loss of tissue
planes, which increase operative morbidity and limit
the role of full retroperitoneal lymph node dissection
(RPLND).

Owing to the success of treatment and duration of
survival in seminoma, the focus of therapy has shifted
from improving survival to reducing the morbidity of
treatment. Patients who receive radiation treatment or
chemotherapy have long-term risks of cardiovascular
morbidity, secondary malignancy, and pulmonary toxic-
ity.>7 Efforts to reduce treatment toxicity have brought
RPLND back into the discussion of treatment for low-
stage seminoma, given its established efficacy in low-stage
nonseminomatous GCT.

This review discusses the treatment rationale for
testicular seminoma and examines the role of surgery in
the management of seminoma, with a focus on RPLND
for stage IIA/IIB disease, postchemotherapy surgery, and
minimally invasive operative techniques.

Stage | Seminoma

Current Oncologic Rationale
At the time of diagnosis, 70% to 80% of patients with
seminoma have only localized (clinical stage I) disease,
and fewer than 5% have distant metastasis at presenta-
tion. The cure rate for clinical stage I seminoma is 85% to
90% with radical inguinal orchiectomy alone.®

After orchiectomy, the current National Compre-
hensive Cancer Network (NCCN) guidelines recom-
mend abdominal and pelvic computed tomography (CT)
and chest radiography. In addition, testing for the tumor
markers -human chorionic gonadotropin, lactate dehy-
drogenase, and o-fetoprotein should be repeated because
the post-orchiectomy levels are used to determine stage,
prognosis, and further treatment. If the findings on the
chest x-ray film are abnormal or abdominal/pelvic imag-
ing raises a suspicion of metastatic disease, chest CT is
recommended. Magnetic resonance imaging of the brain
may be indicated if neurologic signs or symptoms are
present. Sperm banking to preserve future fertility should
be discussed before further treatment is undertaken.'!

When demonstrable metastatic disease is absent and
the tumor marker levels are within normal ranges, pure
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seminoma is amenable to surveillance, chemotherapy, or
external beam radiation. The natural history of seminoma
is significantly more favorable than that of nonsemino-
matous GCT, with a lower risk for metastatic disease
at presentation and a lower risk for relapse, and with a
high degree of sensitivity to both radiotherapy and cispla-
tin-based chemotherapy.? Surgery is not a generally rec-
ommended treatment option for orchiectomy-confirmed
stage I seminoma, and to date, there is minimal literature
comparing the efficacy and outcomes of RPLND vs che-
motherapy or radiation.

Primary radiotherapy was the predominant treat-
ment of choice for stage I pure seminoma during most of
the last half century. However, the use of external beam
radiation in the treatment of stage I pure seminoma has
declined significantly in the modern era. Up to 74.7% to
83.9% of patients were being treated with radiotherapy
at the turn of the 21st century, but more recently the
percentage has decreased to 24.0% to 37.7%, with a con-
comitant rise in the use of both chemotherapy and active
surveillance.'*'* The radiation field typically includes the
para-aortic lymph nodes, and the dose consists of 20 to
30 Gy divided over 10 to 15 fractions."” In-field recur-
rence occurs in fewer than 1% of patients and out-of-field
recurrence in fewer than 2% of patients, and chemother-
apy is completely curative in nearly all cases. However,
radiation therapy is associated with several late toxicities,
including chronic gastrointestinal upset (up to 5%) and
persistent oligospermia (8%)."> The more concerning
long-term complications of radiation are delayed cardiac
toxicity and risk for secondary malignancy. The latter may
occur in as many as 18% of patients with seminoma at 25
years, and there is a 2.64% risk for death due to secondary
malignancy.”

Chemotherapy with carboplatin has been used
increasingly in clinical stage I pure seminoma. Single-agent
carboplatin (1-2 cycles) is the treatment of choice on the
basis of early data showing a cure rate of up to 90% and
decreased nephrotoxicity, neurotoxicity, and ototoxicity
in comparison with cisplatin. Relapse-free survival rates
are close to 100% at 3 to 5 years.”” In a prospective trial of
1477 patients randomly assigned to a single cycle of car-
boplatin vs 20 to 30 Gy of adjuvant radiotherapy, similar
relapse-free survival rates (96% vs 95%) were observed at
3 years, indicating nearly equivalent therapeutic benefit
but with significant differences in toxicities and potential
complications. These included a decrease in the risk for
a de novo GCT in the contralateral testis in the carbo-
platin group.” Acute toxicities of carboplatin can range
from fatigue and nausea/vomiting to thrombocytopenia
and neutropenia.'® Late toxicities have not been con-
firmed, given the lack of long-term follow-up in patients
treated with carboplatin.”” Regardless, treatment with
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single-agent carboplatin remains an acceptable alternative
to radiation therapy for stage I seminoma.

Surveillance after orchiectomy is a reasonable option
for patients who prefer not to undergo further therapy at
the time, are willing to continue regular close follow-up,
and can be relied on to do so. Surveillance also avoids the
potential late toxicity of infra-diaphragmatic radiation,
and in North America, it is the preferred option for stage
seminoma. In a recent study of high-risk patients (primary
tumor >6 cm), the rate of recurrence was 32% for those
who underwent surveillance vs 2.8% for those who under-
went adjuvant radiation therapy, but the 10-year overall
survival rates were essentially equivalent in the 2 groups.'®
In a meta-analysis of 13 trials encompassing 12,075
patients with stage I pure seminoma, relapse rates were on
average 14.8% for those undergoing surveillance vs 3.9%
for those treated with adjuvant radiotherapy.' In the vast
majority of cases managed with surveillance, recurrence
develops within 3 years, with the most common site of
metastasis being the retroperitoneum.'®" Even in cases of
relapse in patients initially managed with surveillance, dis-
ease-specific survival at 15 years was still as high as 99.3%."
A review of tumor characteristics from 638 patients at 4
institutions determined a 5-year relapse-free rate of 82.3%,
and a multivariate analysis found that large tumor size (>4
cm) and rete testis invasion were independent predictors
of relapse.” In an observational study of 897 patients, the
rate of relapse was 15.5% among those who underwent
surveillance vs 9.3% among those who received adjuvant
single-dose carboplatin. In the absence of large tumor size
or rete testis invasion, relapse rates were as low as 3.0% and
2.2%, respectively.'® Although both radiation therapy and
chemotherapy reduce the risk for relapse in stage I pure
seminoma, there is essentially no improvement in overall
survival or disease-specific survival.

In the absence of an appropriate response to chemo-
therapy or radiation, a high index of suspicion must be
maintained for the transformation of seminoma into non-
seminomatous GCT, which may occur in as many as 10%
to 15% of patients in whom recurrence with metastatic
disease develops. In a study of 154 patients who were
treated for testicular GCTs, postmortem autopsy revealed
evidence of nonseminomatous elements at metastatic sites
in 44% of patients who originally had pure seminoma.?

Stage Il Seminoma

Current Oncologic Rationale

Although the management of patients with stage II
seminoma poses significant challenges, a minority of all
testicular seminomas are stage II at diagnosis. Studies have
shown that only 15% to 20% of all patients who have
a diagnosis of seminoma present with stage II or higher

disease.”’ Furthermore, of these patients, close to 70%
have clinical stage I1A or IIB disease.”! To understand the
role of surgery in seminoma treatment, it is important to
understand the initial approach to the treatment of stage
IT and higher disease.

The most frequently used initial treatment for
patients with stage IIA or IIB disease is chemotherapy or
radiation. For the treatment of nonbulky disease, radia-
tion continues to be an option.?** Radiation dosages and
treatment templates differ, but most centers administer
25 to 30 Gy to the retroperitoneum and pelvis, with a
boost of 5 to 10 Gy given to the specific areas of disease.
With this protocol, recurrence rates have been low, with
rates in the literature reported to be between 0% and 8%
for stage IIA disease and between 10% and 13% for stage
IIB disease.”*® Furthermore, relapse rates with systemic
chemotherapy have been recorded in the single digits,
with almost all cases cured.”! Recently, chemotherapy has
supplanted radiation therapy as the most frequently used
option for patients with stage IIA/IIB disease.* In a recent
study, Garcia-del-Muro and colleagues reported on the
efficacy of either 4 cycles of etoposide/cisplatin (EP) or
3 cycles of bleomycin/etoposide/cisplatin (BEP) for the
treatment of low-risk stage II disease.® They reported
that men with stage ITA disease had an estimated 5-year
progression-free survival rate of 100%, whereas men with
stage IIB disease had a 5-year progression-free survival rate
of 87%. Although the debate continues regarding the use
of chemotherapy vs radiation for the initial treatment of
stage ITA/IIB seminoma, given the long-term toxicities of
both regimens, emerging evidence indicates that surgery
may play a role in the treatment of patients with low-risk
stage 1T disease.

The burden of retroperitoneal disease is the main
prognostic factor in stage IIC seminoma and the driv-
ing factor for treatment. Traditionally, for disease that
is stage IIC or higher, chemotherapy has been regarded
as the first-line treatment, given its superior relapse-free
rate.” Radiation does not play role in the treatment of
advanced-stage seminoma. Standard chemotherapy for
patients considered to have “good-risk” disease consists of
a cisplatin-based therapy, either 4 cycles of EP or 3 cycles
of BEP?! Studies have shown a significantly decreased sur-
vival rate in men treated with carboplatin, and therefore,
patients should always receive treatment with a cispla-
tin-based regimen when possible.?®

Surgery for Stage IIA/IIB Disease

Interest has been increasing in the use of primary RPLND
for clinical stage IIA/IIB pure seminoma owing to the
increased long-term risks for secondary malignancy and
the systemic morbidity associated with radiation and
chemotherapy. Data are lacking, however. Given the
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success of primary RPLND in nonseminomatous GCT,
a few small studies have sought to evaluate the role of
RPLND in low-stage seminoma. One such study was
a retrospective review of 161 patients with stage I or II
seminoma treated between 1975 and 1991 at the Uni-
versity Hospital Magdeburg in Magdeburg, Germany.
In this series, 98 patients received radiation therapy
and 63 underwent RPLND. Early on, RPLND was the
preferred treatment for low-stage seminoma, but after
1985, radiation became the predominant therapy. The
in-field relapse rate was 9.5% after RPLND vs 2% after
radiotherapy, although this difference was not signifi-
cant. The out-of-field relapse rate was 4.8% for RPLND
vs 7.1% for radiotherapy.” The recurrence rate after pri-
mary RPLND was 7% in stage I disease, whereas none
of the patients with stage ITA disease showed evidence of
relapse at a median follow-up interval of 6.6 years after
initial diagnosis. Another study, of 14 patients with clin-
ical stage I or ITA pure seminoma treated prospectively
with primary nerve-sparing RPLND between 1997 and
2002, found evidence of lymph node metastasis in 3
of 10 clinical stage I cases and in all 4 cases of stage
ITA disease. After a median follow-up of 56 months, all
patients were free of retroperitoneal or distant metas-
tases.®® A more recent retrospective study, of 4 patients
with pure seminoma (3 of whom had T1/T2 N1 clinical
stage II disease) who underwent modified template
nerve-sparing RPLND between 2010 to 2014, sought
to build upon previous investigations. One patient had
TO (burned-out testicular primary) N3 disease, which
was classified as ITA after RPLND.

For right-sided tumors, the boundaries of dissection were
as follows:
¢ lateral: right ureter;
* medial superior: inferior mesenteric artery to the
left ureter;
* medial inferior: inferior mesenteric artery to the
anterior abdominal aorta;
* superior: renal vessels; and
* inferior: bifurcation of the right common iliac
artery.

For left-sided tumors, the boundaries of dissection were
as follows:
* lateral: left ureter;
* medial superior: inferior mesenteric artery to the
anterior inferior vena cava;
* medial inferior: inferior mesenteric artery to the
anterior abdominal aorta;
* superior: renal vessels; and
e inferior: bifurcation of the left common iliac
artery.
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At a mean follow-up of 25 months, no disease relapse
or mortality was evident, and there were no long-term
complications.”® Given the lack of high-quality studies,
the same group has initiated a prospective phase II clinical
trial that is currently enrolling patients with stage I/IIA
testicular seminoma (isolated retroperitoneal disease) to
undergo primary RPLND. The study will assess recur-
rence-free survival at 5 years, along with short-term (at 12
months) and long-term (at 5 years) complications. The
investigators will also attempt to assess how frequently
patients can avoid adjuvant chemotherapy or radiation.
The study is estimated to reach completion in August
2019.%2

Advanced Seminoma After Chemotherapy

Current Oncologic Rationale

Surgical resection plays an important part in the
treatment algorithm for residual masses detected after
first-line chemotherapy.'" After first-line chemotherapy,
between 58% and 80% of patients have residual masses.
Although surgical resection remains the accepted stan-
dard for the treatment of masses after chemotherapy
in nonseminomatous GCT, the management of such
masses in seminoma remains hotly debated for a number
of reasons. First, although there is a 5% to 15% chance
that masses after chemotherapy in nonseminomatous
GCT are viable cancers and a 30% to 50% chance that
they are teratomas,” the chance that residual masses in
seminoma are viable cancers is only 10% to 20%, and
they are rarely teratomas.?® Secondly, these patients have
received chemotherapy, and surgery is quite difficult
because of the desmoplastic reaction associated with
seminoma tissue following chemotherapy.”’ Lastly,
regression of postchemotherapy residual masses in
patients with seminoma is reported in 50% to 60% of
cases, with the median time to resolution being 13 to 18
months.*® Despite these findings, certain patients have
been found to benefit from surgery following chemo-
therapy. Evidence in the literature has shown that the
chance of residual masses larger than 3 cm harboring
cancer is 27% to 38%.2*3% The likelihood that masses
3 cm or smaller in size contain cancer has been shown to
be very low. In light of these data, the recent IGCCCG
and NCCN guidelines recommend that all patients with
residual masses larger than 3 cm in the postchemother-
apy setting undergo further workup.!

With the advent of fluorodeoxyglucose positron
emission tomography (FDG-PET), clinicians can further
characterize residual masses. Initially, published data on the
use of FDG-PET in detecting viable cancer indicated that
the specificity and sensitivity of the test were 100% and
80%, respectively.!! However, these data have come under

Clinical Advances in Hematology & Oncology Volume 15, Issue 9 September 2017 711



YERRAM ET AL

scrutiny. In a validation study, Bachner and colleagues
showed that PET is of greater utility when the result is neg-
ative, but a positive test result does not necessarily indicate
viable cancer in a residual lesion. In their study, the authors
noted that the negative predictive value of FDG-PET is
95%, whereas the positive predictive value is only 69%.%
Of importance, they noted that the diagnostic accuracy of
FDG-PET is improved when it is used 6 weeks after the
completion of chemotherapy rather than before 6 weeks.
In another contemporary study, Decoene and colleagues
reported a false-positive rate of 64% for FDG-PET, with
the lesions having a median diameter of 6.8 cm (2.9-11
cm).** The lesions causing false-positive results on FDG-
PET were reported to be mostly fibrosis on pathology.
Although this study lacked a robust number of patients,
it—along with other studies—questioned the accuracy
of a positive FDG-PET result. Regardless, the guidelines
currently recommend observation for patients with masses
3 cm or smaller in size and advocate the use of FDG-PET
in patients with masses larger than 3 cm (all patients with
non-elevated tumor markers). Patients with a negative
FDG-PET result can be eligible for observation, whereas
patients with a positive result should undergo surgery if
possible." The high negative predictive value of FDG-PET
should encourage clinicians to recommend observation
for patients with a negative result, but it is the authors’
opinion that the utility of a positive FDG-PET result for
the detection of viable cancer in residual masses following
chemotherapy should be questioned pending further inves-
tigation.

Surgical Resection

Surgical resection for residual masses after chemotherapy
in patients treated for seminoma remains a challenging
undertaking. Given the desmoplastic tissue reaction
that occurs with chemotherapy, the resection of masses
is rarely straightforward, and evidence shows a higher
rate of additional surgeries (eg, nephrectomy, vascular
repair) in patients treated for advanced seminoma vs
nonseminomatous GCT."' Complete resection of the
masses is difficult, with reported rates in the literature
between 58% and 749%.%5% In addition, the therapeutic
benefit of complete resection is unknown. Herr and col-
leagues noted no difference between the overall survival
rates of patients who underwent complete resection
and the rates of those who underwent incomplete/
no resection.”> However, Rice and colleagues reported
on 17 patients in their cohort whose disease relapsed
following RPLND or an incomplete resection.” Of
these 17 patients, 12 had disease that relapsed in the
retroperitoneum, indicating a high rate of local failure,
possibly caused by incomplete resection. Furthermore,
the authors noted that salvage chemotherapy was an

independent predictor of cancer-specific mortality,
implying that an immediate resection of residual masses
(after first-line chemotherapy) might confer a survival
benefit vs delayed resection (after second-line/salvage
chemotherapy). Although no definite guidelines exist for
area of treatment, it is the opinion of these authors that
an immediate, complete resection along with a bilateral
RPLND should be attempted for patients with sizable
residual masses following chemotherapy, given the pos-
sible benefit of decreased local failure rates. If a complete
resection is not possible, the goal should be to remove
as much residual mass as can be done safely. Because
of the difliculty of resections following chemotherapy,
and the increased morbidity, it is recommended that
such patients be referred to a tertiary care center where a
high-volume RPLND surgeon is available.®

Refractory/Relapsing Seminoma

For patients with seminoma that is refractory to first-line
chemotherapy, surgery is of limited benefit as a treatment
option. Rice and colleagues analyzed 36 patients who
were found to have pure seminoma at time of RPLND
after chemotherapy for progressing cancer. The 5-year
cancer-specific survival rate was extremely poor, at 54%,
with only 9 patients having no evidence of disease at
last follow-up. As discussed earlier, the authors noted
that a sizable portion of patients had local retroperito-
neal recurrence, implying the likelihood of microscopic
disease in the cohort. Conversely, chemotherapy seems
to provide a considerable survival advantage compared
with surgery for patients who have refractory seminoma.
Agarwala and colleagues reported an overall survival rate
of 75% at a median follow-up of 46 months for patients
who had relapsed pure seminoma treated with high-dose
carboplatin and etoposide followed by peripheral blood
stem cell transplant. Encouragingly, 92% of the patients
(22/24) who received a high-dose chemotherapy regimen
as second-line treatment achieved “no evidence of disease”
status, further proving the utility of chemotherapy in this
setting.

Although surgery continues to play a role for a
selected cohort of patients, it is likely of benefit only for
patients with anatomical factors (ie, ureteral obstruction)
or those with residual masses after second-line chemother-
apy. Residual masses after second-line chemotherapy have
been found to be more likely to contain viable GCT, %
so it is the authors” opinion that surgical resection should
play a significant role in the management of patients
with residual masses. High-level evidence regarding the
management of refractory seminoma is lacking, further
stressing the need for high-quality studies to assess the
true utility of all treatment options.
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Minimally Invasive Surgery

Laparoscopic Retroperitoneal Lymph Node Dissection
The oncologic indications for minimally invasive
RPLND mirror those for open RPLND, discussed
carlier. Generally, patients selected for minimally inva-
sive approaches have limited disease without extensive
involvement of nearby organs or vasculature. Most of
the reports on laparoscopic and robotic RPLND are
in the nonseminomatous GCT setting, although some
studies do include laparoscopic or robotic RPLND fol-
lowing chemotherapy for pure seminoma.

High-volume laparoscopic centers began using
laparoscopic approaches for RPLND in the 1990s. An
initial report of 26 patients by Rassweiler and colleagues
suggested safety in the primary RPLND setting, but
the majority of cases of laparoscopic RPLND after
chemotherapy were converted to open surgery in this
early series.* With continued experience, laparoscopic
outcomes continued to improve. Permpongkosol
and colleagues later reported 16 cases of laparoscopic
RPLND after chemotherapy, of which 14 were suc-
cessful.¥ Complication rates in this series decreased as
surgical experience grew, suggesting a learning curve for
this technically challenging surgery.

Additional series confirmed the safety of a laparo-
scopic approach and began to suggest oncologic efficacy
as well. Steiner and colleagues reported 188 cases of lapa-
roscopic RPLND, with a 2.6% rate of conversion to open
surgery and a disease recurrence rate of only 3% at more
than 50 months of follow-up.“ The same group later pub-
lished the outcomes of 100 cases of laparoscopic RPLND
exclusively in the postchemotherapy setting, citing a 1%
rate of conversion to open surgery, a mean blood loss of less
than 100 mL, and a recurrence rate of 1% at more than 6
years of follow-up.”” Furthermore, a systematic review of
more than 800 patients undergoing laparoscopic RPLND
suggested relapse rates similar to those achieved with open
approaches, with no cases of in-field recurrence.”’ Later
studies in this systematic review trended toward lower
complication rates, again suggesting that a learning curve
is associated with laparoscopic RPLND.

Although reports of laparoscopic RPLND have been
encouraging, this approach has been limited to techni-
cally skilled, high-volume laparoscopic surgeons, and out-
comes may not apply broadly. More recently, case reports
and small series of robotic RPLND have emerged. One
series compared 16 robotic and 21 laparoscopic RPLND
procedures by a single surgeon and reported similar oper-
ative times, amounts of blood loss, complication rates,
and lymph node yields for the 2 approaches.® As comfort
with robotic surgery has grown among urologists, so have
reports of robotic RPLND.

TESTICULAR SEMINOMA

Robotic Retroperitoneal Lymph Node Dissection

Technique. Case reports have described the early experi-
ence of robotic RPLND following chemotherapy, includ-
ing RPLND in patients with seminoma. Techniques vary
based on laterality, tumor burden, and surgeon prefer-
ence. Annerstedt and colleagues have described a right-
sided robotic RPLND approach in which they reflect the
right colon medially to expose the inferior vena cava and
associated nodes. This is performed with the patient in
right flank position, and port placement is similar to that
for right renal surgery.”

Bora and colleagues have described a bilateral tem-
plate robotic RPLND in nonseminomatous GCT, with
dissection carried laterally to the ureters, superiorly to the
renal veins, and inferiorly to the bifurcation of the com-
mon iliac artery.”® These authors begin with the patient
in the left-side-up position to reflect the left side of the
colon medially until the anterior aorta is identified. After
left-sided lymphadenectomy, the robot is undocked, the
patient is repositioned in right-side-up position, and the
robot is redocked for right-sided lymphadenectomy.

Stepanian and colleagues have described the evo-
lution of their technique over the course of 20 robotic
RPLND procedures.’” Early in their experience, the
authors employed a flank approach, as described earlier,
with undocking and repositioning between the left and
right sides. They then transitioned to a supine approach,
which allowed bilateral RPLND without repositioning,.
The authors used a stitch on the cut edge of the posterior
peritoneum to retract it toward the anterior abdominal
wall and improve exposure to the retroperitoneum with-
out repositioning.

Outcomes. Descriptions of robotic RPLND in seminoma
are few and limited to the postchemotherapy setting. The
largest series of robotic RPLND procedures exclusively
in the postchemotherapy setting was described by Kamel
and colleagues,’” in which 12 patients, 25% of whom
had pure seminoma, underwent robotic RPLND after
chemotherapy. The procedure was successfully performed
with a robotic approach in 11 of 12 men, with a mean
operative time of 312 minutes, a mean estimated blood
loss of 475 mL, and a mean length of hospital stay of
3.2 days. Complications developed in 3 men, and only
1 complication was major (Clavien grade III or higher).
There was no disease recurrence at 31 months.

Although robotic RPLND for seminoma is largely
limited to the postchemotherapy setting, robotic primary
RPLND for nonseminomatous GCT has also been
described. The largest such series is a multicenter study of
47 men with low-stage nonseminomatous GCT under-
going robotic primary RPLND.>® The median operative
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time was 235 minutes, with blood loss of 50 mL and
a 1-day length of hospital stay. The early postoperative
complication rate was 9%, and the recurrence rate was
3% at 2-year follow-up. Although robotic primary
RPLND is limited to nonseminomatous GCT, open pri-
mary RPLND for low-stage seminoma is currently being
investigated, as discussed earlier.?! As this area of surgery
continues to mature, it is likely that robotic approaches
for the primary management of seminoma will also be
explored. Nonetheless, open surgical approaches remain
the mainstay of treatment for RPLND in seminoma, and
indeed in all testicular cancers.

Conclusion

Seminomatous GCTs are highly curable malignancies
with an exquisite sensitivity to both radiation and che-
motherapy. The current treatment paradigm employs the
judicious use of surveillance, chemotherapy, and radiation
therapy in most stages of seminoma. The role of surgery
in seminoma is classically limited to orchiectomy and the
postchemotherapy resection of residual masses. As the
focus shifts toward limiting treatment toxicity in semi-
noma survivors, however, RPLND may be an attractive
option for patients with lower-stage disease owing to
the limited long-term morbidity with modern operative
techniques. Further research in this population will help
delineate which patients will benefit most from surgical
intervention for low-stage disease.

Disclosures
The authors have no relevant financial disclosures.

References

1. Howlader N, Noone AM, Krapcho M, et al. SEER Cancer Statistics Review,
1975-2014. National Cancer Institute. https://seer.cancer.gov/cst/1975_2014/.
Posted June 28, 2017. Accessed July 14, 2017.

2. Powles TB, Bhardwa ], Shamash J, Mandalia S, Oliver T. The changing pre-
sentation of germ cell tumours of the testis between 1983 and 2002. B/U Int.
2005;95(9):1197-1200.

3. International Germ Cell Cancer Collaborative Group. International Germ Cell
Consensus Classification: a prognostic factor-based staging system for metastatic
germ cell cancers. J Clin Oncol. 1997;15(2):594-603.

4. Kollmannsberger C, Tyldesley S, Moore C, et al. Evolution in management of
testicular seminoma: population-based outcomes with selective utilization of active
therapies. Ann Oncol. 2011;22(4):808-814.

5. Huddart RA, Norman A, Shahidi M, et al. Cardiovascular disease as a long-term
complication of treatment for testicular cancer. / Clin Oncol. 2003;21(8):1513-
1523.

6. Zagars GK, Ballo MT, Lee AK, Strom SS. Mortality after cure of testicular
seminoma. J Clin Oncol. 2004;22(4):640-647.

7. Travis LB, Fossa SD, Schonfeld SJ, et al. Second cancers among 40,576
testicular cancer patients: focus on long-term survivors. J Natl Cancer Inst.
2005;97(18):1354-1365.

8. Kamba T, Kamoto T, Okubo K, et al. Outcome of different post-orchiectomy
management for stage I seminoma: Japanese multi-institutional study including
425 patients. Int ] Urol. 2010;17(12):980-987.

9. Yoshida T, Kakimoto K, Takezawa K, et al. Surveillance following orchiectomy
for stage I testicular seminoma: long-term outcome. /nt J Urol. 2009;16(9):756-759.

10. Chung P, Parker C, Panzarella T, et al. Surveillance in stage I testicular semi-
noma - risk of late relapse. Can J Urol. 2002;9(5):1637-1640.

11. Motzer RJ, Jonasch E, Agarwal N, et al. Testicular Cancer, Version 2.2015. /
Natl Compr Canc Netw. 2015;13(6):772-799.

12. Wingate JT, Etzioni R, Macdonald DM, Brand TC. Treatment trends for stage
I testicular seminoma in an equal-access medical system. Clin Genitourin Cancer.
2016;14(5):438-443.

13. Thong AE, Lichtensztajn DY, Almario L, Ingels A, Gomez SL, Gonzalgo ML.
Stage I testicular seminoma: a SEER analysis of contemporary adjuvant radiother-
apy trends. / Urol. 2013;190(4):1240-1244.

14. Mortensen MS, Lauritsen J, Gundgaard MG, et al. A nationwide cohort
study of stage I seminoma patients followed on a surveillance program. Eur Urol.
2014;66(6):1172-1178.

15. Fossi SD, Horwich A, Russell JM, et al; Medical Research Council Testic-
ular Tumor Working Group. Optimal planning target volume for stage I tes-
ticular seminoma: a Medical Research Council randomized trial. / Clin Oncol.
1999;17(4):1146.

16. Diminutto A, Basso U, Maruzzo M, et al. Adjuvant carboplatin treatment in
115 patients with stage I seminoma: retrospective multicenter survey. Clin Genito-
urin Cancer. 2016;14(2):e161-e169.

17. Chovanec M, Hanna N, Cary KC, Einhorn L, Albany C. Management of stage
I testicular germ cell tumours. Nat Rev Urol. 2016;13(11):663-673.

18. Mortensen MS, Bandak M, Kier MG, et al. Surveillance versus adjuvant radio-
therapy for patients with high-risk stage I seminoma. Cancer. 2017;123(7):1212-
1218.

19. Warde D, Specht L, Horwich A, et al. Prognostic factors for relapse in
stage I seminoma managed by surveillance: a pooled analysis. / Clin Oncol.
2002;20(22):4448-4452.

20. Bredael JJ, Vugrin D, Whitmore WF Jr. Autopsy findings in 154 patients with
germ cell tumors of the testis. Cancer. 1982;50(3):548-551.

21. Stephenson AJ, Sheinfeld J. Management of pure seminoma: stage-for-stage.
AUA Update Series. 2006;25(14).

22. Boujelbene N, Cosinschi A, Boujelbene N, et al. Pure seminoma: a review and
update. Radiat Oncol. 2011;6:90.

23. Chung PW, Warde PR, Panzarella T, et al. Appropriate radiation volume for
stage IIA/B testicular seminoma. Int J Radiat Oncol Biol Phys. 2003;56(3):746-
748.

24. Zagars GK, Pollack A. Radiotherapy for stage II testicular seminoma. /nt J
Radiat Oncol Biol Phys. 2001;51(3):643-649.

25. Classen J, Schmidberger H, Meisner C, et al. Radiotherapy for stages IIA/B
testicular seminoma: final report of a prospective multicenter clinical trial. J Clin
Oncol. 2003;21(6):1101-1106.

26. Garcia-del-Muro X, Maroto B, Guma J, et al. Chemotherapy as an alterna-
tive to radiotherapy in the treatment of stage IIA and IIB testicular seminoma: a
Spanish Germ Cell Cancer Group Study. / Clin Oncol. 2008;26(33):5416-5421.
27. Chung PW, Gospodarowicz MK, Panzarella T, et al. Stage I testicular seminoma:
patterns of recurrence and outcome of treatment. Eur Urol. 2004;45(6):754-759.
28. Bokemeyer C, Kollmannsberger C, Stenning S, et al. Metastatic seminoma
treated with either single agent carboplatin or cisplatin-based combination chemo-
therapy: a pooled analysis of two randomised trials. Br J Cancer. 2004;91(4):683-
687.

29. Warszawski N, Schmiicking M. Relapses in early-stage testicular seminoma:
radiation therapy versus retroperitoneal lymphadenectomy. Scand ] Urol Nephrol.
1997;31(4):355-359.

30. Mezvrishvili Z, Managadze L. Retroperitoneal lymph node dissection for high-
risk stage I and stage ITA seminoma. Int Urol Nephrol. 2006;38(3-4):615-619.

31. Robert C, Ribas A, Wolchok JD, et al. Anti-programmed-death-recep-
tor-1 treatment with pembrolizumab in ipilimumab-refractory advanced
melanoma: a randomised dose-comparison cohort of a phase 1 trial. Lancet.
2014;384(9948):1109-1117.

32. ClinicalTrials.gov. Retroperitoneal lymph node dissection in treating
patients with stage I-IIA testicular seminoma. https://ClinicalTrials.gov/show/
NCT02537548. Identifier: NCT02537548. Accessed May 22, 2017.

33. Bachner M, Loriot Y, Gross-Goupil M, et al. 2-'#fluoro-deoxy-D-glucose pos-
itron emission tomography (FDG-PET) for postchemotherapy seminoma residual
lesions: a retrospective validation of the SEMPET trial. Ann Oncol. 2012;23(1):
59-64.

34. Decoene J, Winter C, Albers . False-positive fluorodeoxyglucose positron
emission tomography results after chemotherapy in patients with metastatic semi-

noma. Urol Oncol. 2015;33(1):23.e15-e21.

714 Clinical Advances in Hematology & Oncology Volume 15, Issue 9 September 2017



35. Herr HW, Sheinfeld J, Puc HS, et al. Surgery for a post-chemotherapy residual
mass in seminoma. J Urol. 1997;157(3):860-862.

36. De Santis M, Becherer A, Bokemeyer C, et al. 2-18fluoro-deoxy-D-glucose
positron emission tomography is a reliable predictor for viable tumor in postche-
motherapy seminoma: an update of the prospective multicentric SEMPET trial. J
Clin Oncol. 2004;22(6):1034-1039.

37. Puc HS, Heelan R, Mazumdar M, et al. Management of residual mass in
advanced seminoma: results and recommendations from the Memorial Sloan-Ket-
tering Cancer Center. / Clin Oncol. 1996;14(2):454-460.

38. Ravi R, Ong J, Oliver RT, Badenoch DF, Fowler CG, Hendry WE The man-
agement of residual masses after chemotherapy in metastatic seminoma. BJ/U Int.
1999;83(6):649-653.

39. Rice KR, Beck SD, Bihrle R, Cary KC, Einhorn LH, Foster RS. Survival analy-
sis of pure seminoma at post-chemotherapy retroperitoneal lymph node dissection.
J Urol. 20145192(5):1397-1402.

40. Mosharafa AA, Foster RS, Leibovich BC, Bihrle R, Johnson C, Donohue JP.
Is post-chemotherapy resection of seminomatous elements associated with higher
acute morbidity? / Urol. 2003;169(6):2126-2128.

41. Agarwala AK, Perkins SM, Abonour R, Brames M], Einhorn LH. Salvage
chemotherapy with high-dose carboplatin and etoposide with peripheral blood
stem cell transplant in patients with relapsed pure seminoma. Am J Clin Oncol.
2011;34(3):286-288.

42. Daneshmand S. Role of surgical resection for refractory germ cell tumors. Urol
Oncol. 2015;33(8):370-378.

43. Heidenreich A, Pfister D. Retroperitoneal lymphadenectomy and resection for
testicular cancer: an update on best practice. 7her Adv Urol. 2012;4(4):187-205.
44. Rassweiler JJ, Seemann O, Henkel TO, Stock C, Frede T, Alken P Laparo-
scopic retroperitoneal lymph node dissection for nonseminomatous germ cell
tumors: indications and limitations. / Urol. 1996;156(3):1108-1113.

TESTICULAR SEMINOMA

45. Permpongkosol S, Lima GC, Warlick CA, et al. Postchemotherapy laparo-
scopic retroperitoneal lymph node dissection: evaluation of complications. Urol-
0gy. 2007;69(2):361-365.

46. Steiner H, Peschel R, Janetschek G, et al. Long-term results of laparoscopic
retroperitoneal lymph node dissection: a single-center 10-year experience. Urology.
2004;63(3):550-555.

47. Rassweiler JJ, Scheidin W, Heidenreich A, Laguna MP, Janetschek G. Lap-
aroscopic retroperitoneal lymph node dissection: does it still have a role in the
management of clinical stage I nonseminomatous testis cancer? A European per-
spective. Eur Urol. 2008;54(5):1004-1015.

48. Harris KT, Gorin MA, Ball MW, Picrorazio PM, Allaf ME. A comparative
analysis of robotic vs laparoscopic retroperitoneal lymph node dissection for testic-
ular cancer. B/U Int. 2015;116(6):920-923.

49. Annerstedt M, Gudjonsson S, Wullt B, Uvelius B. Robot-assisted laparoscopic
retroperitoneal lymph node dissection in clinical stage II testicular cancer. / Robor
Surg. 2008;2(3):189-191.

50. Bora GS, Panwar P, Mavuduru RS, Devana SK, Singh SK, Mandal AK. Post
chemotherapy retroperitoneal lymph node dissection in germ cell tumor: robotic
way. ] Robot Surg. 2017;11(2):279-285.

51. Stepanian S, Patel M, Porter J. Robot-assisted laparoscopic retroperitoneal
lymph node dissection for testicular cancer: evolution of the technique. Eur Urol.
2016;70(4):661-667.

52. Kamel MH, Littlejohn N, Cox M, Eltahawy EA, Davis R. Post-chemotherapy
robotic retroperitoneal lymph node dissection: institutional experience. J Endou-
rol. 2016;30(5):510-519.

53. Pearce SM, Golan S, Gorin MA, et al. Safety and early oncologic effectiveness
of primary robotic retroperitoneal lymph node dissection for nonseminomatous

germ cell testicular cancer. Eur Urol. 2017;71(3):476-482.

Clinical Advances in Hematology & Oncology Volume 15, Issue 9 September 2017 715



