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Purpose: To evaluate the outcomes and prognostic factors in children with extracranial germ cell tumors 
(GCTs) treated at a single institution.
Methods: Sixty-six children diagnosed with extracranial GCTs between 1996 and 2012 were included 
in the study. Primary treatment was surgical excision, followed by six cycles of cisplatin-based chemo
therapy. The survival rates were compared according to the International Germ Cell Cancer Cooperative 
Group classification used for GCTs in adults to validate the classification guidelines for GCTs in children. 
Results: The median patient age was 4.4 years. In 34 patients (51.5%), the primary tumor site was 
the gonad. Extragonadal GCTs were detected in 32 patients. The 5-year overall survival and event-
free survival (EFS) were 92.0%±3.5% and 90.4%±3.7%, respectively. In univariate analysis, tumor 
histology, metastasis, and elevated alpha-fetoprotein were not prognostic factors in children with 
extracranial GCTs. However, EFS was poorer in patients with mediastinal disease (n=12, 66.7%±13.6 
%) than in those with nonmediastinal disease (n=54, 96.0%±2.8%) (P=0.001). The 5-year EFS was 
lower in patients older than 10 years, (n=21, 80.0%±8.9%) compared with those younger than 10 
years (n=45, 95.2%±3.3%) (P=0.04). Multivariate analysis identified the mediastinal tumor site as 
the only independent prognostic factor. 
Conclusion: The prognosis of children with extracranial GCTs was favorable. However, nongerminoma
tous mediastinal tumors were associated with poor survival in children. Further research is needed to 
improve the prognosis of children with malignant mediastinal GCTs.
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Introduction

Germ cell tumors (GCTs) are a heterogeneous group of tumors in terms of histology, site, 
and prognosis, despite originating from a single cell, namely a primordial germ cell. GCTs 
account for approximately 2%–4% of all tumors in children less than 15 years of age. Since 
the introduction of cisplatin-based chemotherapy, the survival of patients with GCT has 
improved by up to 80%1,2); however, the prognosis for some patients remains poor. In 20%–
30% of adult GCT patients with high-risk features, the overall survival (OS) rate is less than 
50%3,4). The International Germ Cell Cancer Cooperative Group (IGCCCG) classification is 
used worldwide to identify high-risk patients and to guide first-line treatment5). According 
to this classification, patients with nongerminomatous GCT who have mediastinal primary 
tumor, nonpulmonary visceral metastases, or high level of tumor markers are classified as 
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high-risk patients. Clinical studies based on a dose-intense ap
proach including high-dose chemotherapy with autologous stem 
cell rescue, reported a high response rate and favorable survival 
rates in high-risk patients6-8). However, the risk factors for GCT in 
adults might not have prognostic value in children9,10). 

Limited data on the prognostic factors and outcomes of children 
with extracranial GCTs are currently available9,11,12). However, the 
poor prognosis of a subgroup of patients underscores the need for 
risk-stratified intensive treatment strategies. In this context, we 
analyzed the data of children with extracranial GCTs treated at a 
single institution and compared the outcomes according to the 
IGCCCG classification used in adult GCTs to validate the classifi
cation guidelines in children.   

Materials and methods

Between January 1996 and December 2012, 66 children and 
adolescents with extracranial GCTs were newly diagnosed in 
Samsung Medical Center. The first line of treatment was surgical 
excision of the primary tumor when feasible. This was followed 
by six cycles of chemotherapy consisting of cisplatin, etoposide 
and bleomycin (PEB). If the tumor resection was not feasible at 
diagnosis, resectability was re-evaluated after four cycles of PEB 
chemotherapy and patients received an additional two cycle of 
PEB chemotherapy after tumor resection. Patients with dissemi
nated disease or unresectable tumors were further treated with six 
cycles of maintenance chemotherapy consisting of vinblastine 
and doxorubicin when residual disease was present after the com
pletion of six cycles of PEB chemotherapy. Patients with mature 
teratoma were treated with tumor resection without adjuvant 
chemotherapy, whereas patients with immature teratoma were 
treated with chemotherapy when tumors showed malignant fea
tures or histologic grade 2 with elevated tumor marker or grade 3. 

In all patients, the initial diagnostic procedures included com
puted tomography or magnetic resonance imaging and measure
ment of tumor markers in serum. If the levels of tumor markers 
(alpha-fetoprotein [AFP], human chorionic gonadotropin [HCG]) 
were elevated at diagnosis, they were measured before each cycle 
of chemotherapy thereafter. To validate the high risk factors based 
on the IGCCCG classification in children with extracranial GCTs, 
survival was compared according to the risk factors such as pri
mary mediastinal nongerminomatous GCTs, nonpulmonary vis
ceral metastasis, AFP>10,000 ng/mL, HCG>50,000 IU/L, and lac
tate dehydrogenase (LD)>10×normal. 

Response rates were compared using the Pearson chi-square test 
or Fisher exact test. The Kaplan-Meier method was used to estimate 
OS and event-free survival (EFS). Multivariate analysis for identi
fying independent prognostic factors was made using Cox propor
tional hazards regression model for the analysis of times to events. 

Results

1. Patient characteristics
The median age of extracranial GCT patients at diagnosis was 

4.4 years (range, 0.1–16.9 years) (Table 1). The primary tumor site 
was the gonad in 34 patients (51.5%), and extragonadal GCTs 
were detected in 32 patients (48.5%). The predominant histology 
was yolk sac tumor (n=25, 37.9%). When we examined tumor 
makers, we found that one patient showed a HCG level higher 
than that classified as high-risk (50,000>IU/L) by the IGCCCG. 

2. Treatment
Forty-four patients underwent tumor resection at the time of 

diagnosis and 15 patients underwent delayed surgery after che
motherapy. The remaining seven patients, in whom the primary 

Table 1. Patient characteristics (n=66)

Characteristic Value

Age (yr) 4.4 (0.1–16.9)

Sex

Male:female 27:39

Primary tumor site

  Gonad 34 (51.5)

  Mediastinum 12 (18.2)

  Retroperitoneum 11 (16.7)

  Sacrococcyx 4 (6.1)

  Others 5 (7.6)

Histology

  Yolk sac tumor 25 (37.9)

  Immature teratoma 23 (34.8)

  Mixed GCT 6 (9.1)

  Germinoma 4 (6.1)

  Mature teratoma 4 (6.1)

  Choriocarcinoma 1 (1.5)

  Others 3 (4.5)

Metastasis at diagnosis

  No 49 (74.2)

  Yes 17 (25.8)

Tumor markers

  AFP (ng/mL)

    ≤10,000 46 (69.7)

    >10,000 18 (27.3)

    Unknown 2 (3.0)

  HCG (IU/L)

    ≤50,000 60 (90.9)

    >50,000 1 (1.5)

    Unknown 5 (7.6)

Values are presented as median (range) or number (%).
GCT, germ cell tumor; AFP, alpha-fetoprotein; HCG, human chorionic gonadotropin.
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tumors were located in extragonadal sites, including sacrococ
cygeal region (n=2), presacral region (n=1), neck (n=1), prostate 
(n=1), orbit (n=1), and vagina (n=1), did not undergo surgery. Four 
out of seven patients had metastatic disease at diagnosis. Chemo
therapy was not administered in four patients with mature tera
toma, three patients with stage I testicular yolk sac tumor, and three 
patients with low grade immature teratoma. 

3. Outcomes
The 5-year OS and EFS rates were 92.0%±3.5% and 90.4%±3.7 

%, respectively (Fig. 1). Relapse occurred in five patients, of whom 
one underwent high-dose chemotherapy and autologous stem cell 
rescue and is alive. The remaining four patients died from progres
sive disease. Univariate analysis according to the risk factors re
vealed no differences in the 5-year EFS between the patients with 
mature teratoma, immature teratoma, or germinoma (96.6%±3.4 
%) and those with other histologies (84.7%±6.3%, P=0.11). AFP 
levels at the time of diagnosis were not correlated with prognosis 
(Table 2). Metastatic disease at the time of diagnosis was not a 
significant prognostic factor, although the 5-year EFS was 
93.5%±3.6% in patients without metastases and 81.9%±9.5% in 
patients with metastases (P=0.16). In addition, the EFS of children 

with nonpulmonary visceral metastases was 90.9%±8.7%, whereas 
that of children with pulmonary metastases was 62.5%±21.3% 
(P=0.21) (Table 2). However, EFS was poorer in patients with me
diastinal disease than in those with nonmediastinal disease (Table 
2). The 5-year EFS was worse in patients older than 10 years of 
age (n=21, 80.0%±8.9%) than in those younger than 10 years of 

A 

C 

E 

B 

D 

F 

Nonmediastinum   
Mediastinum   

Fig. 1. (A) The 5-year event-free survival (EFS) and overall survival (OS). (B–F) The 5-year EFS according to the risk 
factors. *LR-histology includes mature teratoma, immature teratoma, and germinoma. HR-histology includes yolk sac 
tumor, choriocarcinoma, and other mixed germ cell tumors. LR, low-risk; HR, high-risk; AFP, alpha-fetoprotein.

Table 2. Survival rates according to IGCCCG risk factors

Risk factor* 5-Year EFS (%) P value

Primary site

  Mediastinum (n=12) 66.7±13.6 0.001

  Nonmediastinum (n=54) 96.0±2.8

Metastasis

  Pulmonary (n=6) 62.5±21.3 0.21

  Nonpulmonary visceral (n=11) 90.9±8.7

AFP (ng/mL)

  ≤10,000 (n=46) 88.6±4.8 0.52

  >10,000 (n=18) 93.8±6.1

Values are presented as mean±standard deviation.
*Human chorionic gonadotropin (HCG) and lactate dehydrogenase (LD) were 
not analyzed because one patient showed HCG >50,000 IU/L, and elevated LD 
levels (>10-fold normal levels) were not detected in any patient.
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Despite the use of risk-based strategies, there is no consensus re
garding risk stratification guidelines in children with extracranial 
GCTs. On the other hand, the IGCCCG classification has been used 
in adults to stratify high-risk patients with OS rates of less than 
50%. In the present study, we evaluated the outcomes of children 
with extracranial GCTs treated with cisplatin-based chemotherapy 
and validated the IGCCCG classification guideline in pediatric 
extracranial GCTs. 

The results showed that nonpulmonary visceral metastases and 
high levels of tumor markers were not associated with a poor 
prognosis. However, the outcomes of children with mediastinal 
nongerminomatous GCTs were poor, with EFS rates less than 50 
%. Previous studies on children with GCTs reported that primary 
tumor site, tumor stage, histology, and the levels of tumor markers 
were significant prognostic factors, especially in the precisplatin 
era. However, those factors lost their prognostic relevance after 
the introduction of cisplatin. In adults, an AFP level higher than 
10,000 ng/mL is an independent poor prognostic factor15-17). How
ever, in pediatric studies, the prognostic significance of AFP levels 
varies9,11,18). This factor may not be relevant in children with GCTs 
primarily treated with intensive cisplatin-based chemotherapy9,11). 
The risk factors in adult GCTs might not have prognostic value in 
pediatric GCTs. This variability could be explained by age-related 
cytogenetic differences. GCTs in adults are characterized by an 
i(12p) or a 12p amplification in >90%, whereas in children, diffe
rent regions of gain (+1q, +3, +20q, and +x) and loss (-4q, -6q, 
and –y) have been reported19-22). 

Pediatric extracranial GCTs are characterized by a high frequ
ency of nongonadal tumors, which comprise approximately 50% 
of all GCTs. Mediastinal tumors represent an important subgroup 
that accounts for 3.5% of all pediatric GCTs. A study on media
stinal GCTs in adults showed that 48 of 88 patients (55%) with 
malignant nonseminomatous GCTs achieved a disease-free status 
and 31 of 88 patients (35%) were long-term survivors. Therefore, 
the mediastinal site is considered an adverse prognostic factor for 
malignant nonseminomatous GCTs in adults. A study conducted 
by the French Society of Pediatric Oncology on localized malig
nant nonseminomatous GCTs in children reported that the 3-year 
failure-free survival was 57% and an analysis of prognostic factors 
suggested that a mediastinal site was an unfavorable prognostic 
predictor11). Among the 93 children included in the Children’s 
Cancer Study Group protocol, 17 had malignant mediastinal tu
mors. Events occurred in 11 of 17 patients, and the mediastinal 
site was associated with an inferior prognosis compared with the 
sacrococcygeal and other nongonadal sites23). However, a recent 
study conducted in Germany suggests that the prognosis in child
ren with primary mediastinal malignant GCTs improves with de
layed resection after preoperative chemotherapy10). In the present 
study, patients with primary mediastinal GCTs had a worse prog
nosis than those with GCTs in other sites, and the mediastinal site 

age (n=45, 95.2%±3.3%) (P=0.04). Multivariate analysis identified 
a mediastinal tumor site as the only independent prognostic factor 
(Table 3). 

4. Mediastinal tumors
The median age of the patients with mediastinal GCTs were 

higher than that of patients with nonmediastinal GCTs (13.3 years 
vs. 3.8 years, P=0.02) (Table 4). The ratio of males-to-females was 
higher in patients with mediastinal GCTs (M:F=10:2) than in those 
with nonmediastinal GCTs (M:F=17:37; P=0.002). The 5-year EFS 
of patients with germinoma and mature teratoma (n=5) was 100 
%, whereas that of patients with nongerminomatous GCTs (n=7) 
was 42.9%±18.7% (P=0.05). 

Discussion

The prognosis of children with extracranial GCTs has improved 
significantly since the introduction of cisplatin-based chemothe
rapy. However, the prognostic factors vary among studies13,14). 

Table 3. Multivariate analysis for risk factors

Risk factor RR (95% CI) P  value

Age>10 yr 0.7 (0.1–10.4) 0.79

High-risk histology* 10.3 (0.7–151.8) 0.09

Metastasis 2.1 (0.4–13.0) 0.41

AFP>10,000 ng/mL 0.3 (0.1–3.2) 0.33

Mediastinal tumor 19.4 (1.3–297.7) 0.03

RR, relative risk; CI, confidence interval; AFP, alpha-fetoprotein.
*Malignant germ cell tumors, except mature teratoma, immature teratoma, and 
germinoma.

Table 4. Characteristics of patients with primary mediastinal tumors (n= 
12)

Characteristic Value

Age (yr) 13.3 (0.5–16.9)

Sex

  Male:female 10:2

Histology

  Mature teratoma 4 (33.3)

  Immature teratoma 2 (16.7)

  Mixed GCT 2 (16.7)

  Yolk sac tumor 2 (16.7)

  Choriocarcinoma 1 (8.3)

  Germinoma 1 (8.3)

Metastasis

  No 10 (83.3)

  Yes 2 (16.7)

Values are presented as median (range) or number (%).
GCT, germ cell tumor.
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was the only independent prognostic factor (Table 3). In addition, 
clinical differences were observed between GCTs arising in the 
mediastinum and those originating in other sites. 

In conclusion, the prognosis of children with GCTs was favor
able. The risk factor for adults GCTs might not have prognostic 
value in children with GCTs. However, pediatric nongerminoma
tous mediastinal tumors were associated with poor survival, which 
is similar to the pattern in adults. Further research is needed to 
improve the prognosis of the children with malignant mediastinal 
GCTs. A strategy comprising front-line high-dose chemotherapy 
or a novel chemotherapy regimen with paclitaxel should be eva
luated in future studies1,7,24,25).
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