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Abstract

Purpose of Review The purpose of this review is to educate medical oncologists on the management of patients with residual
germ cell tumors and the role of surgical resection after platinum-based chemotherapy.

Recent Findings Patients with non-seminomatous testicular cancer and residual enlarged retroperitoneal lymph nodes > 1 cm
following induction chemotherapy with normal tumor markers should undergo a post-chemotherapy retroperitoneal lymph node
dissection. All patients with primary mediastinal non-seminoma should undergo surgical resection of the mediastinal mass post-
chemotherapy. These are complex surgeries and require expert surgeons in high-volume centers. Patients with advanced testicular
seminoma who have residual masses less than 3 cm after chemotherapy can be observed without further intervention. Patients
with a residual mass > 3 cm should be evaluated with PET scan after 6 weeks of chemotherapy. Residual mass with negative PET
scan can be followed by surveillance while a positive PET scan requires further work up to rule out active disease.
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Introduction

Germ cell tumors (GCT) are the most common cancers in men
between the ages of 15 and 35 years. They are divided into
seminomatous and non-seminomatous germ cell tumors
(NSGCT). Cisplatin-based combination chemotherapy along
with surgical interventions such as retroperitoneal lymph node
dissection (RPLND) has translated into superior disease-
specific survival.
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Management of Residual Non-seminoma
Mass

Residual Retroperitoneal NSGCT

Optimal management of residual mass following chemother-
apy for NSGCT is a subject of ongoing debate. Depending on
the presentation at diagnosis, 20-50% of patients who under-
go cisplatin-based chemotherapy for metastatic GCT have
significant residual retroperitoneal disease [1]. All patients
who have residual masses > 1 cm after chemotherapy should
undergo post-chemotherapy retroperitoneal lymph node dis-
section (PC-RPLND) as 40-45% of cases harbor mature ter-
atoma and viable GCT in 10-15% of patients [2]. Full bilateral
PC-RPLND is a standard approach to large residual masses. In
appropriately selected patients with low-volume disease be-
fore and after chemotherapy, a modified template PC-RPLND
has durable long-term efficacy without risk of in-field recur-
rences, does not interfere with the oncologic outcome, and
decreases treatment-associated morbidity [2, 3].

Patients with teratoma in the PC-RPLND specimen have
excellent disease-free survival of 75-80%, while those with vi-
able GCT have a decreased chance of survival [4, 5]. Patients
who achieve a complete serologic response and no radiographic
residual mass less than 1 cm after chemotherapy have an
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excellent prognosis with estimated 15-year recurrence-free sur-
vival (RFS) and cancer-specific survival (CCS) rates were 90%
and 97%, respectively [6, 7]. These men can be safely observed
without adjunctive regional surgery. However, there is a contro-
versy over the optimal management of these patients [8]. The
expert urologist should review the pre-chemotherapy and post-
chemotherapy imaging to determine the extent and size of re-
sidual disease. The ESMO Consensus Conference on testicular
germ cell cancer [9] and Indiana University [10] suggest that
patients who achieve complete remission (residual retroperito-
neal lesion < 1 cm) do not require PC-RPLND.

Our group at Indiana University reported long-term expe-
rience with 141 patients who underwent surveillance after
they achieved a complete remission (residual mass < 1 cm
and normal tumor markers) following induction chemothera-
py. Over a median follow-up was 15.5 years, 12 patients (9%)
recurred within 1 year, eight of whom had no evidence of
disease. Four patients died, all within 12 months of induction
chemotherapy. Importantly, no patients recurred with pure ter-
atoma. Five patients had a late relapse (two of which were in
the retroperitoneum) all of whom had no evidence of disease
at long-term follow-up. The only predictor of relapse and
cancer-specific survival (CSS) was the International Germ
Cell Consensus Classification (IGCCCQG) risk classification.
The presence of teratoma in the primary orchiectomy tumor
was not predictive of relapse nor CSS [6]. A similar study by
Kollmannsberger and colleagues followed 161 patients with
< 1 cm masses after chemotherapy and CSS was 100%. Eight
of the ten relapses were teratoma all treated with PC-RPLND
at the time of relapse successfully [7].

Investigators at other centers advocate retroperitoneal
lymph node resection in all cases of NSGCT irrespective of
residual mass size after chemotherapy. The basis for this rec-
ommendation is that all patients with metastatic disease re-
quire surgery to eradicate microscopic teratoma, and the risk
of residual microscopic teratoma that may undergo malignant
transformation and ultimately have a deleterious effect on out-
come [11]. However, microscopic teratomas may remain clin-
ically insignificant, in which case, resection would probably
only add morbidity without improving outcome [12]. While
late relapse or malignant transformation of teratoma can occur,
it is very rare [13].

Although some cancer centers still recommend PC-
RPLND for all testis cancer patients with retroperitoneal dis-
ease who achieved complete response to chemotherapy, other
experts agree that PC-RPLND should be performed only if
lymph nodes > 1 cm persist following chemotherapy.
Beyond radiographic size criteria, if there is teratoma in the
orchiectomy specimen, this predicts for an 85% probability of
teratoma in the retroperitoneum after chemotherapy. However,
even in the absence of teratoma in the orchiectomy specimen,
there is about a 45% chance of teratoma in the retroperitoneum
after chemotherapy [14].
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PC-RPLND should be performed 4-6 weeks after the last
dose of chemotherapy in order to allow patients to recover
their blood counts. Patients should have tumor marker done
within 1 to 2 weeks pre-surgery to make sure no serological
relapse at the time of surgery.

Concomitant Surgeries

In about 20% of patients undergoing PC-RPLND, large resid-
ual masses can surround and encase vital structures requiring
adjunctive surgery. The most common concomitant procedure
includes a left nephrectomy and occasionally en bloc vena
caval and aortic resection with graft placement [15, 16].
GCT can invade the vena cava and present with a tumor
thrombus that should not be mistaken for deep venous throm-
bosis [17, 18]. Resection of these masses along with tumor
thrombectomy or even inferior vena cava (IVC) resection with
or without reconstruction is often curative [19, 20].
Indications for IVC resection included tumor encasement or
encroachment, post-chemotherapy desmoplastic compression,
or thrombus with tumor or clot in which cavotomy and
thrombectomy cannot be performed [21].

Following chemotherapy, approximately 50-70% of pa-
tients will have residual disease in the retroperitoneum de-
pending upon the bulk of disease at presentation, and up to
35% will have radiographic evidence of liver, lung, or neck
metastasis [12]. Complete surgical resection of all residual
extra-retroperitoneal masses is indicated if the PC-RPLND
revealed teratoma. It might be acceptable to perform a simul-
taneous surgical resection of multiple disease sites in selected
patients. However, the combined procedures must be techni-
cally feasible with acceptable morbidity. Otherwise, a staged
approach should be used [22].

The retrocrural space is a small triangular area within the
most inferior posterior mediastinum and is bordered by two
diaphragmatic crura. This area includes the aorta, the azygos
and hemiazygos veins, nerves, thoracic duct, and lymph
nodes, which are called the retrocrural lymph nodes [23].
Resection of retrocrural mass is exceptionally challenging
and require expert thoracic surgeon along with the urologist
at the time of RPLND. Access to this area can be approached
either from a trans-abdominal trans-diaphragmatic technique
[24] or with a thoracotomy. However, exposure of this area
can be complex thus experienced surgeons in high-volume
centers are beneficial [25¢]. For patients presenting with bilat-
eral pulmonary metastasis, we prefer staging pulmonary
metastasectomy typically beginning with the lung most exten-
sively involved. If pathology demonstrates teratoma, then
contralateral pulmonary metastasectomy is also performed.
Patients with less than 6 peripheral pulmonary nodules can
usually be surgically managed with thoracoscopy.
Otherwise, a thoracotomy approach is utilized. If unilateral
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lung pathology demonstrates necrosis only then the contralat-
eral lung can be observed, due to a high rate (95%) of patho-
logic concordance between the two lungs [26].

The Role of Induction Chemotherapy
Before PCRPLND

In a modern surgical cohort from Indiana in men with good-
risk GCT, the inclusion of bleomycin did not increase the risk
of pulmonary morbidity, operative difficulty, or non-
pulmonary postoperative complications after PC-RPLND
[27¢¢]. Recent data have evaluated the histologic findings fol-
lowing induction chemotherapy with or without bleomycin
for good-risk disease [28, 29]. The Indiana group evaluated
226 patients and found a higher incidence of residual cancer in
the group treated initially with four cycles of etoposide and
cisplatin (22.9%) compared to the group treated with three
cycles of bleomycin, etoposide, and cisplatin (7.8%).
Conversely, the Memorial Sloan Kettering group found a
higher incidence of residual teratoma in the BEP group 53%
vs. 32% in the EP group. Randomized trial data has not dem-
onstrated a statistically significant survival benefit of one reg-
imen over another in good-risk patients. However, the recent
histologic studies demonstrating differences in residual cancer
vs. teratoma with no increased surgical or pulmonary morbid-
ity with the inclusion of bleomycin are noteworthy.

The Role of Adjuvant Chemotherapy After
PCRPLND

The histopathologic findings in post-chemotherapy surgical
specimens determine the need for further treatment and surveil-
lance protocol. In general, in bulky RPLN, pure necrotic tissue
is found in 50%, teratoma in 35%, and viable tumor in 10-15%
of the post-chemotherapy-resected masses [30]. If pathology
post-surgery showed viable residual GCT after first-line cis-
platin-based chemotherapy, there is a high chance of relapse
and are generally recommended to receive two postoperative
cycles of cisplatin-etoposide (EPx2) chemotherapy [31]. In an
international study group, the 5-year progression-free survival
(PFS) rate was 64%, and the 5-year overall survival (OS) rate
was 73%. Three factors were independently associated with
both PFS and OS: complete resection (P<.001), <10% of
viable malignant cells (P=.001), and a good International
Germ Cell Consensus Classification (IGCCC) group
(P=.01). After adjustment on the three prognostic factors,
postoperative chemotherapy was associated with a significant-
ly better PFS (P <.001) but not with better OS. Patients in the
favorable risk group had a 100% 5-year OS, with or without
postoperative chemotherapy. Postoperative chemotherapy ap-
peared beneficial in both PFS (P <.001) and OS (P=.02) in

the intermediate-risk group but was not statistically beneficial
in the poor-risk group [32].

The histologic finding of malignant transformation of ter-
atoma in the PC-RPLND specimen has been associated with a
poor prognosis [33¢¢]. Complete surgical resection has the
best chance of cure. These patients should receive adjuvant
chemotherapy composed of cyclophosphamide, doxorubicin,
and vincristine (CAV) alternating with ifosfamide plus
etoposide for 5 consecutive days given every 3 weeks for a
maximum of six cycles [34, 35¢].

Primary Mediastinal Non-seminoma GCT

Primary mediastinal non-seminoma germ cell tumors
(PMNSGCTs) are extragonadal germ cell tumors that arise
in the anterior mediastinum. They are histologically identical
to testicular GCT; however, the biology and prognosis are
substantially different [36]. PMNSGCTs represent the most
challenging group of malignant GCT to treat and classified
as poor risk per the IGCCCG criteria [37, 38]. Survival out-
come is dependent on both chemotherapy and a skilled tho-
racic surgeon. They should be treated with four cycles of
etoposide (VP16), ifosfamide and cisplatin (VIP) combination
chemotherapy followed by surgical resection of the residual
tumor even if there is an elevation in tumor markers [39, 40e¢].
We recommend ifosfamide instead of bleomycin to prevent
pulmonary complications as these patients require extensive
thoracic surgical resection. These recommendations are based
on a large retrospective study from Indiana University, 158
patients underwent post-chemotherapy operations for
PMNSGCT. Ten (6%) operative deaths occurred, nine of
which were attributed to respiratory failure, and 26 (18%)
patients experienced postoperative complications, including
9 with respiratory failure. None of 17 recent patients who
received chemotherapy regimens that did not contain
bleomycin experienced pulmonary complications (p =0.12
vs patients who received bleomycin). Operative survivors
were followed up a median of 34 months. Multivariable anal-
ysis demonstrated that the post-chemotherapy pathologic
complete necrosis vs teratoma, persistent viable cancer, and
elevated serum tumor markers after operation were indepen-
dently predictive of survival [41]. Primary mediastinal
seminoma represents a good-risk disease with a cure rate near
100% when treated with BEP x 3 or EP x 4. No surgical re-
section is needed post-chemotherapy.

Management of Residual Retroperitoneal
Seminoma Mass

Classical seminoma is exquisitely sensitive to chemotherapy;

however, up to 66—80% of patients with advanced disease
may have residual masses post-chemotherapy. The primary
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concern in these men is determining whether those residual
masses contain viable seminoma. This will dictate whether the
patient needs further treatment or just active surveillance.
Currently, fluorine-18 deoxyglucose (FDG)—positron-emis-
sion tomographic—CT (FDG-PET/CT) is the best non-
invasive modality for predicting the presence of viable resid-
ual tumor in patients with post-chemotherapy residual masses
[42]. FDG-PET/CT has been recommended in international
guidelines in the evaluation of post-chemotherapy seminoma
residuals based on the SEMPET trial [43, 44]. Early reports on
the use of FDG-PET in detecting viable seminoma indicated
specificity of 100% and sensitivity of 80%. However, in a
confirmatory study, the PET sensitivity, specificity, negative
predictive value, and positive predictive value were 50%,
77%, 91%, and 25%, respectively, before the 6-week cutoff
and 82%, 90%, 95%, and 69% after the 6-week cutoff. PET
accuracy significantly improved from 73% before to 88% af-
ter the cutoff (P =0.032) [43].

Watchful waiting is recommended for residual lesions <
3 cm or lesions >3 cm with negative FDG-PET scan. In
seminoma, post-chemotherapy residual masses of up to 3 cm
represent necrosis in 97-100%, and FDG-PET is not recom-
mended. FDG-PET has a high negative predictive value to
discriminate viable tumor from necrosis. Positive predictive
value for FDG-PET has been shown to be low: 25% if per-
formed before 6 weeks after the end of chemotherapy and
69% after this cutoff. There is a lack of data regarding the
optimal management strategy for FDG-PET-positive residual
lesions.

In a retrospective study, Cathomas et al. identified 90 pa-
tients with metastatic seminoma and residual PET-positive
lesions after chemotherapy. Median time from last day of che-
motherapy to PET scan was 6.9 weeks. Post PET, 26 patients
underwent resection, and 9 had a biopsy. The histology of the
resected specimen was necrosis only in 25 patients (78 %) and
vital seminoma in 7 cases (22%). Only, 17% of seminoma
patients with a positive post-chemotherapy FDG-PET re-
lapsed. All relapsed patients received successful salvage che-
motherapy apart from one who died from treatment. Relapses
occur rapidly and can be successfully salvaged. FDG-PET has
avery low positive predictive value even if performed 6 weeks
after the end of chemotherapy (19%). The authors recommend
repeating an FDG-PET scan 812 weeks after a positive first
FDG-PET scan. Resections of PET-positive residuals may be
performed after a 2nd positive scan, but represent an over
treatment for 70-80% of patients [45]. Regression of post-
chemotherapy residual masses in patients with seminoma is
reported in 50 to 60% of cases, with the median time to the
resolution being 13 to 18 months [46].

For biopsy confirmed residual seminoma, a multidisciplin-
ary tumor board should discuss the morbidity of surgical re-
section. PC-RPLND may be an option for patients with small-
volume disease owing to the limited long-term morbidity with
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modern operative techniques. However, in patients with sig-
nificant residual tumor, who have received chemotherapy,
these surgeries are technically demanding because of the
desmoplastic reaction associated with seminoma tissue fol-
lowing chemotherapy. In a retrospective study from IU, the
5-year CSS for PC-RPLND was 54% [47]. Only a minority of
patients achieved a durable cure from surgery alone. Thus, our
preferred approach at Indiana University is to use tandem
HDCT with carboplatin-etoposide plus stem cell transplant
for most patients with relapsed/residual seminoma as it
achieved 90% cure rate in this group of patients [48+¢]. We
recommend against the use of radiation as second-line therapy
for stage 1l seminoma that relapsed after first-line platinum-
based chemotherapy.

Pitfalls in the Management of Residual
Disease Post-chemotherapy

Salvage chemotherapy is not appropriate for residual mass
and normal tumor markers. These masses represent teratoma,
necrosis, or less commonly residual cancer and must be treat-
ed with surgical resection as described above. Additionally, a
growing mass following chemotherapy with normalized se-
rum tumor markers should be surgically resected because in-
variably represents a growing teratoma.

Salvage chemotherapy should be used only when the tumor
markers o-fetoprotein (AFP) or human chorionic gonadotro-
phin (hCG) are rising. AFP can be elevated in non-malignant
conditions such as alcohol abuse, hepatitis, cirrhosis, biliary
tract obstruction, and in other conditions such as Fanconi ane-
mia. Some individuals have familial, hereditary, mildly elevat-
ed serum AFP levels in the range of 15 to 30 ng/mL. Patients
with this hereditary syndrome can present with elevated AFP
levels as high as 40 or 50 ng/mL. However, the level remains
the same throughout chemotherapy and follow-up [49].

Similarly, hCG could be falsely elevated in patients using
marijuana [50]. These should not be an indication for salvage
chemotherapy unless there is a clear and sustained rise in
tumor markers. Elevated tumor markers levels as a result of
progressive cancer will generally show a consistent pattern of
increasing values with subsequent measurements.

Conclusion

The management of residual mass in germ cell tumors after
chemotherapy should be evaluated in a multidisciplinary tu-
mor board. Surgeries such as retroperitoneal lymph node dis-
section and thoracotomy to remove primary mediastinal germ
cell tumors are complex and require expertise available only at
high-volume centers. Salvage chemotherapy is not appropri-
ate for residual non-seminoma GCT with normal tumor
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markers. PET scan are used to evaluate residual retroperitone-
al seminoma after 6 weeks of chemotherapy. A negative scan
is rarely associated with relapse. However, a positive PET
scan should be repeated and conformed by a biopsy.
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