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Mediastinal Germ Cell Tumors in Pediatric Patients: A Report From the Italian
Association of Pediatric Hematology and Oncology
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Background. Primary mediastinal germ cell tumors (GCTs) are
rare in children and still represent a challenge for both adult and
pediatric oncologists because of their worse outcome compared
to their gonadal counterpart. Procedure. Prospectively collected
data concerning patients enrolled in the Italian Association of Pedi-
atric Haematology and Oncology study on malignant GCTs (AIEOP
TCGM 2004) protocol for the treatment of GCTs were analyzed.
Patients with malignant mediastinal primary GCTs were included
in this study. Data regarding patients with newly diagnosed medi-
astinal teratoma were also collected. Results. From 2005 to 2013,
20 children diagnosed with mediastinal GCTs were registered in
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AIEOP TCGM 2004 protocol. With a median follow-up of 89 months
(range 35-123), the overall survival (OS) and event free survival (EFS)
rates were 100% for teratoma and 90% for malignant GCTs. Con-
clusions. We confirm the favorable outcome of children affected by
mediastinal teratoma and malignant GCTs. For malignant tumors,
further studies on the clinical characteristics and genetic signatures
on tumor samples might be necessary to better understand differ-
ences observed in high-risk patients and to assist the development
of more effective treatment for this subgroup. Pediatr Blood Cancer
2016;63:808-812. © 2016 Wiley Periodicals, Inc.

INTRODUCTION

Primary mediastinal germ cell tumors (GCTs) are rare in chil-
dren, accounting for only 6-18% of pediatric mediastinal neo-
plasms. In this respect, published studies regarding these tumors
include either pediatric cases extracted from adult series or chil-
dren cared for over a long period with treatment modalities vary-
ing over the years. This confirms the rarity of the disease and
explains the low number of patients available for analysis.[1-3]

Even though treatment of pediatric GCTs is well established,
mediastinal GCTs still represent a challenge for both adult and
pediatric oncologists. Unlike their gonadal counterpart, medi-
astinal CGTs often require major surgical procedures to achieve
adequate resection: infiltration of vital organs and vessels is a
nonnegligible risk factor to be considered prior to surgery, even
if resection is in most cases a critical element for favorable out-
come.[4] Nevertheless, data on surgical outcome in treatment of
both teratoma and malignant pediatric mediastinal GCTs are
still lacking, especially regarding patients enrolled in a specific
protocol and subsequently diagnosed and treated over a short
period of time.

After the first Italian study,[5] we developed guidelines for
the treatment of teratoma in conjunction with the second na-
tional prospective Italian Association of Pediatric Haematology
and Oncology (AIEOP) study on malignant GCTs, referred to
as TCGM 2004.

We report here a series of 20 consecutive children diagnosed
with mediastinal malignant GCTs and teratoma treated accord-
ing to AIEOP TCGM 2004 and guidelines for the treatment of
teratoma.

MATERIALS AND METHODS

Prospectively collected data regarding patients enrolled in
the AIEOP TCGM 2004 protocol for treatment of GCTs were
analyzed. Patients with malignant mediastinal primary GCTs
were included for analysis in this study. According to the
World Health Organization/International Agency for Research
on Cancer classification, malignant GCTs include seminoma,
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embryonal carcinoma, yolk sac tumor (YST), choriocarcinoma,
and teratoma with somatic-type malignancies.[6]

Data on patients with newly diagnosed mediastinal teratoma
were collected. Data regarding the histopathological subtype
of primary tumor, treatment applied, final status, and follow-
up were collected and analyzed. The staging system used in
this protocol for malignant tumors considers stage I as a tu-
mor that has been completely excised, stage 11 as a tumor com-
pletely excised but with microscopic residual, stage I1I as biopsy
only or gross residual tumor, and stage I'V as metastatic disease.
All initial tumor specimens were evaluated by central patho-
logic review. Serum levels for alpha-fetoprotein («FP) and B
human chorionic gonadotropin (BHCG) were also evaluated
prior to biopsy/radical surgery. Preoperative imaging (computed
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TABLE 1. Population of Mediastinal Teratoma

Age at

diagnosis Immature
Patient Sex (years, months) Symptoms teratoma
1 M 2,0 Abdominal pain No
2 M 9,7 Abdominal pain, fever Grade 2
3 M 9,8 Fever, cough No
4 F 0,5 Fever, cough No
5 F 3,5 No No
6 M 0,1 Respiratory distress Grade 2
7 M 0,6 Recurrent pneumonia  Grade 1
8 M 5,0 No No
9 F 16,0 No No
10 F 0,1 Respiratory distress No

tomography (CT) and magnetic resonance imaging (MRI)) was
used to evaluate the feasibility of primary tumor resection. All
patients with unresectable tumor underwent an initial tissue di-
agnosis on specimens obtained by biopsy (image-guided pro-
cedure or minimally invasive surgical biopsy). In the case of
contraindications for general anesthesia, only serum tumor
markers were considered for the diagnosis. Attention was fo-
cused on the following items: surgical approach, localization,
major vessel involvement (aorta, superior vena cava, bra-
chiocephalic artery/vein, pulmonary artery/vein), intraoperative
complications, postoperative complications, and outcome.

RESULTS

From 2005 to 2013, 370 children with GCTs of all sites were
registered in AIEOP TCGM 2004 protocol. Twenty patients
(13 males and seven females) were diagnosed with mediastinal
GCTs. Median age at diagnosis was 3 years and 6 months (range:
8 months to 17 years and 8 months). Ten patients were diag-
nosed with a malignant tumor and 10 with teratoma. Eighteen
of the 20 patients presented with initial symptoms of respiratory
distress or recurrent airway infections. One patient complained
of abdominal pain. In one case, diagnosis was an incidental find-
ing. No patient showed clinical features of a genetic syndrome.

Mediastinal Teratoma

There were 10 patients with teratoma, six males and four fe-
males. Median age at diagnosis was 3 years and 5 months (range:
0-16 years). Symptoms at onset are reported in Table I. In seven
patients with mature teratoma and in three patients with imma-
ture teratoma (grade 2 in two patients according to Gonzales-
Crussi grading and grade 1 in one patient), « FP and SHCG
were normal at diagnosis (Table I). After preoperative imaging
(CT or MRI), all patients were eligible for primary surgical resec-
tion, which was performed through posterolateral thoracotomic
incision; major surgical issues that occurred were related to ad-
hesion of lesions to the pericardium (n = 2) and lung (n = 2).
In one patient, excision of both mass and pericardium was re-
quired. All patients are alive and under follow-up for periods
ranging from 35 to 116 months (median: 91 months), without
any evidence of either local recurrence or sequelae related to
surgical treatment. Short-term sequelae recorded include pleural
and pericardial effusions (n = 1) and isolated pericardial effusion
(n = 1). All patients remain in complete remission after surgical
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resection only. No late sequelae have been recorded. Both over-
all survival (OS) and event free survival (EFS) are 100% for these
patients with a median follow-up of 89 months (range: 35-123).

Malignant Mediastinal GCTs

Ten patients (seven males and three females) had malignant
mediastinal GCTs. Median age at diagnosis was 7 years and
9 months (range: 1 year to 17 years 8 months). Clinical char-
acteristics are presented in Table II. None of these patients was
eligible for primary resection of the tumor according to preoper-
ative imaging. Biopsy of mediastinal lesions was then performed
as primary procedure in nine patients (one CT-guided needle
biopsy and eight minimally invasive surgical biopsies), while in
one patient with life-threatening respiratory distress caused by
the lesion and elevated serum levels of «FP and SHCG (8,400
and 360 ng/ml, respectively), chemotherapy was started without
prior histological examination.

In seven of 10 patients, biopsy specimens obtained were pre-
dominantly consistent for YST. «FP was elevated in all these
patients at diagnosis (range: 21,000-84,000 ng/ml), and also in
the patient diagnosed with pleomorphic poorly differentiated
GCTs (50,000 ng/ml). In one patient, choriocarcinoma was di-
agnosed on biopsy specimens. He presented with bilateral pul-
monary metastasis and elevated levels of both « FP and BHCG
(610 and 460,000 ng/ml, respectively) at diagnosis, while the only
patient with specimens predominantly consistent for seminoma
had normal values of both tumor markers.

Seven of 10 patients had stage 111 disease, whereas three pa-
tients had stage IV disease with lung metastases in all of them
and liver metastases in one patient.

Neoadjuvant cisplatin, etoposide, bleomycin (PEB)
chemotherapy consisted of a combination of cisplatin, etopo-
side, and bleomycin (cisplatin 25 mg/m’ days 1-4, etoposide
100 mg/m? days 1-4, bleomycin 15 TU/m? day 2): eight of 10 pa-
tients received a median of four courses of PEB before delayed
surgery (range: 2-6). In the two patients with symptomatic
respiratory distress requiring mechanical ventilation, bleomycin
was omitted to avoid the risk of adjunctive pulmonary toxicity;
one patient had symptoms at diagnosis, and the other developed
respiratory failure after diagnostic biopsy.

At the end of neoadjuvant treatment, two of three patients
with stage IV disease achieved complete remission of metas-
tases, whereas nine of 10 patients had normalized serum levels
of « FP and BHCG.

Surgery was performed through posterolateral thoracotomic
incision in five patients, while in five patients a median ster-
notomy was required. One patient underwent thoracotomy
through a cervicosternal “clamshell” incision and surgical data
for three patients are missing. In one patient, massive hem-
orrhage secondary to aortic leakage during dissection was re-
ported, requiring repair under extracorporeal circulation.

In one patient, prolonged postoperative pneumothorax re-
quiring Pleur-Evac® continuous chest drainage until the 15th
postoperative day was reported.

Nine of 10 patients are alive in complete remission. One
patient with metastatic choriocarcinoma died of the disease at
25 months from diagnosis. Since he was refractory to the
first-line treatment (six courses of PEB), he received the second-
line treatment (two courses of ifosfamide, carboplatin, and
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TABLE II. Population of Malignant GCTs

Biopsy
Age at specimens
diagnosis aFP BHCG (predominant
(years, at onset  at onset malignant Site of
Patient Sex months) Symptoms (ng/ml) (mIU/ml) component?) Stage metastases Treatment Outcome
1 M 13,0 Abdominal pain 610 460,000  Choriocarcinoma v Lung CT, Surg, DOD
HDCT
2 M 17,0 Chest pain 21,091 Normal YST 111 No CT, Surg RC
3 M 3,5 Recurrent 42,987 Normal YST IV Liver-lung CT, Surg RC
pneumonia—
pleural effusion
4 F 1,0 Fever 22,449  Normal YST 111 No CT, Surg RC
5 M 14,0 Worsening dyspnea 8,400 360 NA 111 No CT, Surg RC
6 M 17,0 Chest pain, 34,294  Normal YST 111 No CT, Surg RC
nonproductive
cough
7 M 2,8 Respiratory distress 50,103  Normal Epitelial-like 111 No CT, Surg RC
poorly
differentiated
tumor
8 F 1,2 Weight loss 84,840 Normal YST v Lung CT, Surg RC
9 F 3, Dyspnea 50,000 28 YST 111 No CT, Surg RC
10 M 12,3 Respiratory distress Normal Normal Seminoma 111 no CT, Surg RC

2Histology not representative of significant tumor sampling since obtained through fine-needle biopsy or minimally invasive surgical biopsy.
YST, yolk sac tumor; CT, chemotherapy; HDCT, high-dose chemotherapy; Surg, surgery; DOD, dead of disease; RC, alive in complete

remission.

etoposide), surgery on primary tumor, and high-dose
chemotherapy with autologous stem cell support. Persis-
tence of multiple residual pulmonary metastases, not eligible
for gross total resection (adhesion to pulmonary hilum) thus
precluding pneumonectomy, with normal serum levels of both
markers, was also present. Relapse occurred 4 months after
completion of therapy (new single pulmonary metastasis and
increased blood BHCG). He died from progression of disease,
after surgery and third-line chemotherapy, at 12 months from
relapse and 25 months from diagnosis.

With a median follow-up of 89 months (range: 35-123), the
OS and EFS rates were both 90%. In two patients, there was per-
sistent residual postsurgical dysphonia as a sequela of mediasti-
nal surgery. One of these patients also suffered a diaphragmatic
eventration, which was surgically corrected 1 year after the end
of treatment.

DISCUSSION

We report a series of children diagnosed with mediastinal ter-
atoma and malignant GCTs. Patients with malignant GCTs were
treated according to a single protocol during a 7-year period.
The treatment for teratoma followed guidelines included in the
ATEOP TCGM 2004. Patients were all treated in ATEOP centers
using the same surgical approach. In our experience, the medi-
astinal site represents 5.4% of all GCTs registered from 2005 to
2013 in the AIEOP register; this percentage is in accord with
data reported in the literature.[1,6]

GCTs represent approximately 3-4% of all cancers diagnosed
in pediatric age. Only 2-4% of these tumors originate in the me-
diastinum. Malignant mediastinal GCTs are rarely encountered
and case series have been reported by only a few centers.[1-3,7]
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Teratoma

All 10 patients diagnosed with teratoma maintained a com-
plete remission after total resection. Surgery represents the treat-
ment of choice for mediastinal teratoma. Total surgical excision
may result in a significant reduction in relapses and malignant
evolution and should be performed in patients with immature
components. In this respect, the percentage of immature ele-
ments within the tumor together with age of the patient and size
of the mass are the most important risk factors for recurrence,
and after surgical resection, close clinical monitoring with eval-
uation of tumor markers is mandatory for this population.[8,9]
However, in the case of adherence of the lesion to great ves-
sels, airways or nerves (phrenic, vagus) partial removal is the
primary treatment to be considered in order to avoid potentially
life-threatening or invalidating long-term sequelae.[10]

Regarding age distribution, Schneider and et al. reported
an increased incidence of teratoma in patients at or soon after
birth.[11] In fact, four of 10 patients in our series are younger
than 12 months of age, confirming this age trend for this popu-
lation.

Malignant Tumors

An OS of >80% has been reported in different studies for
patients under 18 years of age suffering from malignant medi-
astinal GCTs treated with a multidisciplinary approach based
on surgery and chemotherapy.[§] Multidrug combinations vary
in different long-term studies.[1-4,8] However, some studies on
adult populations report worse outcome with survival rates at
5 years ranging from 23% to 47%.[2,12-14] Reasons for these
differences are still unclear. It may be speculated that the low
number of studies in pediatric populations compared to adults



may influence this finding. Nevertheless, some cytogenetic and
molecular studies have shown profound differences in molec-
ular biology between GCTs arising in infancy and those aris-
ing after onset of puberty despite identical histology, suggest-
ing that pediatric GCTs stem from a different stage of germ cell
development.[15-19]

A risk classification system for pediatric extracranial GCTs
has recently been presented.[20] The authors found that age
>11 years, ovarian stage IV disease, and extragonadal stages 111
and IV disease confer a significantly worse prognosis. The worst
prognosis seems to affect males with age >11 years and extrago-
nadal site (50% 4-year EFS) while a borderline significance can
be associated with histology other than YST. Even though 50%
of patients in our series are older than 11 years of age, only one
had poor outcome. It could be speculated that our limited series
confirms the trend of an increased prevalence of malignant me-
diastinal GCTs in males during adolescence (five of 10 patients
were males older than 11 years of age). However, this trend may
not be relevant given the small size of our population.

Regarding patients who underwent biopsy (nine of 10 with
malignant GCTs), histology was consistent for only one tumor
histotype even in the presence of elevated serum levels of both
aFP and BHCG, indicative of a mixed neoplastic pattern. How-
ever, it must be borne in mind that our histology was based only
on the results of minimally invasive procedures, and it is there-
fore possible that several patients had a mixed histology. Biopsy
sampling could not be representative of all cellular populations
expressed by mixed malignant GCTs due to the limited size of
specimens, especially when obtained by fine-needle biopsy under
ultrasound (US)/CT-guided procedures.[21] Furthermore, spec-
imens resected after neoadjuvant chemotherapy may show ei-
ther massive necrosis or residual teratoma due to a good clinical
response to the treatment, thus precluding detection of all ma-
lignant components (embryonal carcinoma, choriocarcinoma,
YST, and seminoma), which may have been present.[22]

In our study, patients with malignant GCTs were treated ho-
mogeneously. All patients, after diagnostic biopsy and/or tumor
marker evaluation, underwent PEB chemotherapy. Bleomycin
was omitted in two patients with severe respiratory distress.
First-line therapy failed in only one patient with bilateral pul-
monary metastases (patient number 1).

Nine of 10 patients with malignant tumor are in complete
remission at a median of 97 months from diagnosis (range: 38—
109).

Schneider et al. reported results of a cooperative study on 47
children with mediastinal GCTs, malignant in 26 cases, over a
long period of 16 years. The combination of chemotherapeu-
tic agents varied according to the different treatment protocols
(MAligne KEImzelltumoren (MAKEI) 83/86, 89, and 96). All
patients with teratoma were cured by tumor resection only. Pa-
tients with malignant GCTs had 5-year EFS and OS of 83% and
87%, respectively.[7]

Billmire et al. reported results concerning 36 children with
malignant mediastinal GCTs enrolled between 1990 and 1996
in the randomized intergroup pediatric oncology group (POG)
trial to evaluate response rate and survival with chemotherapy
using etoposide, bleomycin, and high or standard dose of cis-
platin. The 4-year EFS and OS were 69% and 71%, respectively.
The authors suggested age >15 years as a prognostic factor for
mortality due to tumor progression.[3]
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Surgical removal is the treatment of choice for both ter-
atomas and malignant GCTs of the mediastinum.[7,8] However,
the surgeon may be faced with the challenging problem of adhe-
sion of the lesion to major organs and vessels, which could lead
to potentially life-threatening situations. Moreover, considering
the risk of iatrogenic lesions of phrenic nerves, anesthesiologi-
cal management is also of critical importance, since the loss of
spontaneous respiratory activity during anesthesia may result in
further compression of the airway by the mass.

Gross total resection represents the mainstay of treatment
for malignant GCTs; [23] the choice of surgical procedure de-
pends on the location of the tumor. Minimally invasive proce-
dures, such as video-assisted thoracic surgery, may be indicated
for small lesions with no evident adhesion to great vessels or sur-
rounding structures. However, lobectomy and wedge resection
are the procedures of choice for large tumors invading medi-
astinal organs. In such cases, to achieve an adequate resection, a
combined procedure with extracorporeal circulation and cardio-
thoracic surgery may prevent catastrophic intraoperative events
and improve the short- and long-term outcomes.[9,10,23]

In conclusion, we confirm the favorable outcome of chil-
dren diagnosed with mediastinal malignant GCTs. Further stud-
ies would be necessary to highlight the subgroup of high-risk
patients requiring treatment intensification from onset and to
confirm age >11 years as a risk factor for worse prognosis as
reported by others.[20] Moreover, a genetic analysis on tumor
samples should be performed to distinguish subgroups of ma-
lignant GCTs that correlate with different clinical outcomes as
suggested in some studies.[15,16]
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