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Summary

Background: Primary extragonadal germ cell tumors (EGTs) are an uncommon malignancy
accounting for 2-4% of all germ cell neoplasms in adult males. Their prognosis is worse than
that for testicular germ cell tumors because of their relative chemoresistance and frequent pre-
sentation with widely disseminated metastases. We have studied the role of fluorodeoxyglu-
cose positron emission tomography (FDG-PET) for outcome prediction of patients with EGTs.
Patients and Methods: We have retrospectively analysed 36 men with germ cell tumors origi-
nating in the mediastinum or the retroperitoneum. All patients were treated between 1994
and 2010. Negative result of testicular ultrasonographic examination and/or testicular biopsy
was required for diagnosis of EGT. Platinum-based systemic therapy was used in all cases, and
resectable residual tumor masses were removed surgically. Results: Overall survival at one and
three years was 81% (95% confidence interval [CI]: 68-94%) and 55% (Cl: 38-71%), respectively.
None of the patients who had positive FDG-PET findings after first line chemotherapy survived
at three years after diagnosis. In contrast, 69% and 20% of patients with positive tumor markers,
and 90% and 67% of patients with negative tumor markers after first line chemotherapy sur-
vived at one and three years, respectively. Negative FDG-PET after completion of treatment was
also a powerful predictor of long-term survival with 100% patients surviving three years and
89% surviving five years after diagnosis. Conclusions: Negative FDG-PET after first-line chemo-
therapy or after the completion of systemic treatment and resection of residual tumor masses
strongly predicts long-term event-free survival in patients with EGTs.
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Souhrn

Vychodiska: Primarni extragonadalni germinalni nadory (EGT) jsou vzécnym nadorem a tvofi pfiblizné 2-4 % vsech germinalnich nadord dospé-
lych muz. Jejich progndza je ve srovnani s primarné testikularnimi germinalnimi nadory kvli relativni chemorezistenci a zpravidla pokrocilému
stadiu v dobé diagnézy horsi. Cilem nasi studie bylo zhodnatit roli pozitronové emisni tomografie s fluorodeoxyglukézou (FDG-PET) jako pro-
gnostického faktoru u nemocnych s EGT. Pacienti a metody: Retrospektivné jsme analyzovali soubor 36 muzl s primarné mediastindlnim nebo
retroperitonealnim germinalnim nadorem. Pacienti byli Ié¢eni v letech 1994-2010. Pro stanoveni diagnézy EGT jsme vyzadovali negativni nélez
sonografického vysetieni varlat a/nebo negativni testikularni biopsii. VSichni nemocni byli 1é¢eni chemoterapii na bazi platiny a resekovatelna
rezidudlni loZiska byla odstranéna operacné. Vysledky: Jednoleté celkové preziti (OS) dosdhlo 81 % (95% interval spolehlivosti [Cl]: 68-94 %)
a tfileté OS 55 % (Cl: 38-71 %). Zadny z pacientd, ktefi méli pozitivni nalez na FDG-PET vy3etteni po 1. linii chemoterapie, nepfe7il t¥i roky po sta-
noveni diagnozy. Jednoleté a ttileté OS dosahlo 69 % a 20 % u nemocnych s pozitivnimi markery a 90 % a 67 % u pacient( s negativnimi markery
po chemoterapii 1. linie. Rovnéz negativni vysledek FDG-PET po ukonceni lé¢by byl vyznamny prognosticky parametr pro OS — z téchto pacientd
100 % prezilo tfi roky a 89 % pét let od stanoveni diagnézy. Zdvér: Negativni vysledek FDG-PET po chemoterapii 1. linie a také po ukonceni systé-

mové terapie a resekci rezidudlnich nadorovych lozisek vyrazné koreluji s dlouhodobym prezitim u nemocnych s EGT.

Klicova slova

extragonadalni — germindini - nddor — preziti - pozitronova emisni tomografie

Backgrounds

Primary EGTs are uncommon malignant
tumors that account for approximately
2-5% of germ cell neoplasms in men.
They usually originate in the retroperi-
toneum, the mediastinum, or the pineal
gland. The prognosis of EGTs is worse
than that of primary testicular germ
cell tumors (TGCTs) due to their relative
chemoresistance and advanced stage
at diagnosis, often with non-lung organ
metastases [1,2].

The pathogenesis of EGTs has not
been fully elucidated. It is likely that
these tumors arise from pluripotent
stem cells that are located in normal tis-
sues or that persist in midline structures
as a consequence of failed migration du-
ring embryonic development [3].

Some patients (pts) are mistakenly
diagnosed with EGT when a primary tes-
ticular germ cell tumor metastasizes to
retroperitoneum or mediastinum and
subsequently undergoes necrosis, usu-
ally producing haemosiderin scar in
the testis (so-called burnt-out testicular
tumors). These tumors are probably pro-
gnostically more favourable than true
EGTs of similar stage and histology.

Histological subtypes of EGTs are si-
milar to those of primary TGCT. How-
ever, the proportion of seminomas is
only 15% in EGTSs, contrasting to appro-
ximately 55% for testicular tumors [2].
Another common property of EGTs and
TGCTs is the secretion of tumor markers
including alpha-fetoprotein (AFP) and
chorionic gonadotropin (HCG) and pre-

sence of i(12p) isochromosome [4]. Me-
diastinal nonseminomatous EGTs are
associated with haematological malig-
nancies and the Klinefelter syndrome [5].
EGT pts are at an increased risk of subse-
quent TGCTs and have a relatively high
incidence of intratubular germ cell neo-
plasia [6,7].

The standard TNM staging system is
not applicable to EGTs. Most pts with re-
troperitoneal EGT will fall into interme-
diate or high-risk group according to the
IGCCC system and mediastinal primary
tumors are high-risk by definition [8].

Treatment of pts with EGTs follows
guidelines for risk-adjusted TGCT the-
rapy and there is only one prospective
trial enrolling exclusively EGT pts [9].

In a retrospective study, we have ana-
lysed therapy outcomes of men with pri-
mary extragonadal germ cell tumors
(EGTs) of the retroperitoneum or the
mediastinum treated between 1994 and
2010. Our principal objectives were to
evaluate the impact of selected baseline
characteristics on the treatment results
and to assess a possible role of 18-fluo-
rodeoxyglucose positron emission to-
mography (FDG-PET) scanning for pre-
diction of treatment outcome.

Patients and Methods

Patients

Medical records and electronic data-
bases of pts with germ-cell malignan-
cies were used to identify male pts with
extracranial primary EGT treated at one
of two major Czech urology and on-

cology centres (the Thomayer Univer-
sity Hospital and the Motol Univer-
sity Hospital) between 1994 and 2010.
All tumors were proven histologically
after biopsy of the primary lesion or
an accessible metastatic lesion. Histo-
logical diagnosis was confirmed by se-
cond reading carried out by a patholo-
gist specialising in germ cell tumors. All
pts in the cohort had high-sensitivity ul-
trasound testicular examination to ex-
clude testicular primary, and some pts
(n =9) also underwent testicular explo-
ration with biopsy or orchiectomy if the
mediastinal or retroperitoneal tumor
mass was thought to be lateralised and/
/or if the testicular ultrasound result was
considered equivocal. The presence of
testicular changes such as mature tera-
toma or haemosiderin deposits on his-
tology was an exclusion criterion be-
cause these findings are associated with
spontaneously regressed testicular pri-
mary tumor. Pts with cryptorchic testis
presenting with abdominal tumor were
also excluded as tumor originating from
retained testis was considered more li-
kely than true primary EGT. Complete
response (CR) was defined as a nor-
malisation of all morphological abnor-
malities and tumor markers. Modified
RECIST criteria were used to define
partial response (PR) and progressive
disease (PD).

Positron Emission Tomography
A weight-adjusted dose of 2-deoxy-
-2-(18F)fluoro-D-glucose (FDG) was in-
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jected to the patients fasting at least
4 hours. Glycaemia was measured prior
the FDG application. Per-oral and/or in-
travenous iodine contrast was adminis-
tered. FDG-PET image acquisition was
carried out after an accumulation time
of at least 50 minutes using Siemens Bio-
graph 40 TruePoint TrueView PET scan-
ner. lterative data reconstruction taking
into account transmission correction
was performed using low-dose CT ima-
ges. Diagnostic dose CT was used when
iodine contrast was given intravenously
for contrast-enhanced CT. Standard
whole-body investigation included the
area from oral cavity to upper thighs in
corrected and non-corrected PET ima-
ges. Evaluation of fused FDG-PET and CT
images was carried out by a nuclear me-
dicine specialist.

Clinical Response Evaluation
Response evaluation was carried out
using modified RECIST criteria. Com-
plete response (CR) was defined as nor-
malisation of all radiological and bio-
chemical abnormalities, including
normalisation of FDG-PET findings. Pts
who had residual tumor mass after che-
motherapy that was subsequently com-
pletely removed with no evidence of
viable tumor on histological evalua-
tion were also classified as being in CR.
Partial response (PR) was defined as at
least 30% reduction of longest diame-
ters of evaluable tumors. PR as asses-
sed by CT was further subdivided accor-
ding to tumor marker levels (M- PR and
M+ PR) and according to metabolic acti-
vity of respective lesions as detected by
FDG-PET (PET- PR and PET+ PR). Pro-
gressive disease (PD) was defined as at
least 20% increase in the sum of longest
diameters of evaluable tumors or the ap-
pearance of new tumor lesion(s).

Prognostic Parameters and Statistical
Analysis

We have studied the impact on overall
survival (OS) of the following baseline
parameters: age, presence/absence of
constitutional symptoms, mediastinal
versus non-mediastinal primary, semi-
noma versus nonseminoma, presence/
/absence of choriocarcinoma histology,
LDH elevation, AFP elevation, HCG ele-

vation, S stage, bulky tumor, lung in-
volvement, liver involvement, and
presence/absence of residual mass re-
section. In addition, we have analysed
whether OS is associated with any of
the following post-treatment results:
FDG-PET response after first-line of the-
rapy, FDG-PET response after comple-
tion of therapy, marker response after
first-line of therapy, marker response
after the completion of therapy, retro-
peritoneal nodal dissection as a part of
treatment.

Overall survival in the cohort was es-
timated using the Kaplan-Meier me-
thod and differences between sub-
groups were evaluated by log-rank test.
Cox proportional hazards model was
applied for the evaluation of hazard ra-
tios associated with prognostic factors;
backward stepwise algorithm was used
for the final selection of predictors in
the multivariate model. Overall survi-
val data were censored if death occur-
red due to a cause unrelated to tumor
or treatment.

Results

Baseline Characteristics and
Presenting Symptoms

We have identified 36 pts with unequi-
vocal diagnosis of EGT. Baseline cha-
racteristics of the cohort are shown in
Tab. 1. Median age at diagnosis was 35
years (range 18-66 years). The most
common presenting symptoms were
abdominal pain and back pain which
occurred in 11 (31%) and 12 (33%) pts,
respectively, and symptoms of tho-
racic involvement such as cough, breath-
lessness, and haemoptysis that were
present in 11 pts (31%). Constitutional
symptoms of advanced cancer such as
fevers, arthralgias, myalgias, fatigue, and
weight loss were present in as many as
13 (36%) of our pts. None of the pts had
central nervous system involvement on
presentation.

Treatment

All pts received first-line treatment with
platinum based chemotherapy, inclu-
ding the standard BEP (bleomycin/

Tab. 1. Baseline characteristics of 36 patients with primary extragonadal

germ-cell tumours.

Parameter

histology

nonseminoma
choriocarcinoma component
seminoma

primary tumour

mediastinal

retroperitoneal

prostate

bulky tumour (= 10 cm in greatest diameter)

metastases
organ metastases
lung metastases
liver metastases
extrapulmonary organ metastases
tumour markers
SO stage

S1 stage

S2 stage

S3 stage

LDH elevation
AFP elevation
HCG elevation

Number (%)

25 (69%)
8(22%)
11 (31%)

11 (31%
24 (67%

1 (3%
20 (56%

= 2 =2 =2

180

Klin Onkol 2012; 25(3): 178-183




POSITRON EMISSION TOMOGRAPHY AND CLINICAL PREDICTORS OF SURVIVAL IN PRIMARY EXTRAGONADAL GERM CELL TUMORS

/etoposide/cisplatin) regimen in 35 pts
(97%) and the PVB (cisplatin/vinblas-
tin/bleomycin) regimen in 1 patient
(3%). Three (8%) of the 36 pts recei-
ved additional chemotherapy as a part
of the first-line treatment (PVB/BEP hy-
brid regimen, high-dose methotrexate
chemotherapy, and high-dose carbo-
platin/etoposide chemotherapy with
stem cell support in one patient each,
respectively).

Four pts (11%) underwent primary re-
section of the tumor because the pre-
vious biopsy had yielded equivocal re-
sults failing to establish the germ cell
origin of the primary tumor and the
masses were assessed as resectable by
imaging review. Upon confirmation of
germ cell histology (two seminomas,
one embryonal carcinoma, one yolk sac
tumor), all these pts subsequently re-
ceived treatment with BEP chemothe-
rapy and are alive and disease-free.

In 12 pts (33%), removal of resi-
dual tumor mass and/or retroperito-
neal nodal dissection was carried out
after chemotherapy. Viable germ cell
malignancy was found in six patients
(50%) of whom two survive in com-
plete remission after receiving fur-
ther chemotherapy. Six patients (50%)
had necrotic/scar tissue in their resec-

10 7+
0.9 -
0.8 1
0.7 1
0.6 1
0.5 1
0.4 1

0.3 1

cumulative proportion surviving

0.2 1

0.1 1

ted residual mass and four of them are
disease-free.

Salvage chemotherapy for progres-
sion, insufficient response, or relapse
was given to 21 pts (58%) and con-
sisted usually of four cycles of VelP
(vinblastin/ifosfamide/cisplatin) che-
motherapy. Five pts (14%) received
high-dose salvage chemotherapy with
autologous hematopoietic stem cell
support.

Treatment Outcomes

Ten of 36 pts (28%) achieved CR after
first-line chemotherapy. Seven pts (19%)
had marker (M)-negative partial re-
sponse (PR), 14 pts (39%) M-positive PR,
2 pts stable disease, 1 patient progres-
sion and 2 pts died of their disease pro-
gression during first-line therapy.

The median follow-up was 32 months
after diagnosis of EGT (range:
5-152 months). Of the 17 surviving pts
(47%), sixteen are disease-free. Of the
36 pts, 19 (53%) have died including
18 pts dying of EGT progression or treat-
ment-related complications and one pa-
tient dying of an unrelated cause (a tra-
ffic accident). Disease-specific OS at one
and three years was 81% (95% confi-
dence interval [Cl]: 68-94%) and 55% (ClI:
38-71%), respectively (Fig. 1).

0.0 T T T r
0 12 24 36 48

60

72 84 9% 108 120 132

survival time (months)

Fig. 1. Overall survival of 36 patients with primary extragonadal germ-cell tumours.

Analysis of Potential Prognostic
Factors

Of the studied baseline parameters,
none were significantly prognostic for
OS although there was a trending asso-
ciation of seminoma histology and the
absence of AFP elevation with favou-
rable prognosis (p = 0.067 and p = 0.095,
respectively). Resection of residual mass
after chemotherapy was not a signifi-
cant predictor of survival in our cohort.

Negative FDG-PET after completion of
treatment was a powerful predictor of
long-term survival with 100% pts survi-
ving three years and 89% surviving five
years after diagnosis.

None of the patients who had positive
FDG-PET findings after 1st line chemo-
therapy survived at three years after dia-
gnosis (Fig. 2). In contrast, 69% and 20%
of patients with positive tumor markers
and 90% and 67% of patients with ne-
gative tumor markers after first line che-
motherapy survived at one and three
years, respectively (Fig. 2).

Negative predictive value of post-
-treatment FDG-PET for OS was bet-
ter than that of post-treatment mar-
kers (89% versus 65%, respectively). All
pts with negative post-treatment FDG-
-PET findings had at the same time nega-
tive tumor markers. Of the pts with mar-
ker-producing tumors, four pts achieved
marker negativity after therapy but re-
mained FDG-PET-positive. All these pts
later died of disease progression.

Discussion

EGTs are rare malignancies with poor
outcome compared to testicular GCTs.
Our knowledge of the clinical course
and prognostic parameters of EGTs prin-
cipally derives from a multicentre re-
trospective study that included 635 pts
aged 14 to 79 years treated at 11 centres
in US and Europe from 1975 to 1996 [4].
Adverse prognostic factors for OS of EGT
pts identified in a multivariate analysis
included nonseminomatous histology,
mediastinal primary, involvement of the
central nervous system, liver or bone,
and HCG elevation [4]. OS in this large
study was somewhat better than that in
smaller published studies [10,11], as well
as in our cohort, probably due to diffe-
rent disease extent at diagnosis. Of our
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Fig. 2. Overall survival of patients according to FDG-PET result after the first line chemotherapy (A) and after the completion of treat-
ment (B) and according to tumour marker results after the first line chemotherapy (C) and after the completion of treatment (D).

nonseminoma patients, 56% had lung
metastases and 32% liver metastases
compared to 37% and 16%, respectively,
in the multicentre study [3]. Strict crite-
ria for the exclusion of primary testicular
tumor were applied for our cohort and
could in part explain this discrepancy.
Historically, exclusion of testicular tumor
was done solely by physical examina-
tion. However, true EGTs only represent
a minority of generalised germ-cell ma-
lignancies with normal findings on pal-
pation of the testes, as demonstrated by
Scholtz et al [12].

It is not known whether treatment
strategies recommended for TGCTs are
optimal for EGT pts. High-dose chemo-
therapy (HDCT) incorporated into the
1st line regimen achieved promising

results in a small study [13]. If given as
a part of salvage treatment, HDCT indu-
ces remission in up to 43% of pts with
retroperitoneal EGTs but only 14% of
those with mediastinal primary accord-
ing to European Bone Marrow Trans-
plant group data [14].

FDG-PET is not thought to be useful
for the staging or follow up of nonsemi-
nomatous germ-cell tumors although
it can reliably identify viable residues
of seminoma [15-17]. Early detection
of pts with chemoresistant germ-cell
tumors by FDG-PET has been proposed
but as yet remains experimental [18]. Re-
cently, in a multicentric, prospective trial
FDG-PET was not shown to be useful in
predicting the presence or absence of
viable malignancy or mature teratoma

in residual masses after primary chemo-
therapy in patients with advanced non-
seminomatous germ cell tumors. Thus,
removal of all resectable residual masses
should be performed even if post-che-
motherapy FDG-PET findings are nega-
tive [19].

Our results suggest that EGT patients
achieving FDG-PET negativity after the-
rapy have favourable long-term out-
come and thus FDG-PET can be used to
guide clinical decisions in these cases,
especially the mode and frequency of
follow-up. Similar findings have been re-
cently published for patients with testi-
cular nonseminomatous tumors [20]. In
our hands, FDG-PET positivity after first-
line chemotherapy was associated with
extremely poor survival even if salvage
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therapy was administered. In contrast,
patients with negative FDG-PET result
after the first-line chemotherapy had re-
latively favourable prognosis.

These results do not contradict the
findings of Oechsle et al [19] because re-
moval of all resectable residual lesions
was undertaken in our patients as a part
of therapy and our analysis is survival-
-based whereas the German prospe-
ctive trial studied the value of FDG-PET
in a different setting and indication prior
to resection of residual masses [19].

In conclusion, complete responses in
primary EGT pts are seldom achieved by
first-line chemotherapy but long-term
survival is achievable after combined-
-modality treatment. Negative FDG-PET
findings after chemotherapy were
strongly associated with favourable
long-term survival and FDG-PET appears
to be a useful adjunct to other diagnos-
tic methods used to determine treat-
ment outcomes in EGTs.
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