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Pediatric low-risk gonadal germ cell tumors (LR-GCTs) are typically managed with close surveillance
following surgery alone. However, the patterns of relapse and prognostic factors for relapse remain
insufficiently understood. We reviewed 72 patients under 19 years old diagnosed with low-risk ovarian
(OGCT) or testicular (TGCT) GCT between May 27, 2014, and December 31, 2022, from the TGM13-
observatory (EudraCT 2013-004039-60). Among 30 OGCT (median age 13 years), 15 were dysgermino-
mas and 15 were non-dysgerminomatous OGCT (NDOGCT), with 10 patients having incomplete
abdominal staging. Eleven relapses were observed, nine of which were locoregional. The three-year
progression-free survival (PFS) was 73 % (95 % CI: 44e89) for dysgerminomas and 53 % (95 % CI: 26
e74) for NDOGCT (p ¼ 0.22). Among the 42 testicular tumors (median age 3 years), all but one were
NSGCTs. Ten relapses occurred, resulting in one death. The three-year PFS for testicular GCTs was 76 %
(95 % CI:59e86). Relapse patterns differed by age: in toddlers, relapses predominantly occurred in the
lungs, while in adolescents, relapses were primarily in the para-aortic lymph nodes. The median time to
relapse was six months. No significant prognostic factors for relapse were identified, including older age
(>11 years), incomplete staging for OGCT, and the presence of lymphovascular invasion or embryonal
carcinoma for TGCT. Survival after relapse remains excellent, and further research with a larger sample of
children is needed to better identify risk factors for relapse in pediatric LR-GCTs.
© 2025 Pediatric Hematology Oncology Chapter of Indian Academy of Pediatrics. Published by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
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Abbreviations

AFP Alpha-fetoprotein
BEP Bleomycin, Etoposide, Platinum
CI Confidence interval
CT Computed tomography
EC Embryonal carcinoma
EFS Event-free survival
FIGO International Federation of Gynecology and Obstetrics
GCT Germ cell tumors
IT Immature teratoma
LR Low risk
LR-GCT Low-risk germ cell tumor
LVI Lymphovascular invasion
MD Missing data
MT Mature teratoma
NSGCT Non-seminomatous germ cell tumor
NDOGCT Non-dysgerminomatous ovarian germ cell tumor
OGCT Ovarian germ cell tumor
OS Overall survival
PFS Progression-free survival
TGCT Testicular germ cell tumor
TNM Tumor, node, metastasis
YST Yolk sac tumor
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1. Introduction

Low-risk germ cell tumors (LR-GCTs) are confined to the gonads,
with no evidence of metastasis based on clinical, radiological, and
biochemical evaluations, and are fully resected during initial sur-
gery. These tumors are classified as TNM pS1 for testicular GCTs [1]
and FIGO IA1 for ovarian GCTs [2]. In the TGM 2013 protocol [3],
they are designated as Extension A, which forms the basis of this
study. Among adult testicular GCTs, stage I is the most common at
diagnosis, accounting for 50e70 % of cases [4]. In pediatric GCTs
across all sites, stage I represents about 25 % of cases [5]. In ovarian
GCTs, adult studies show relapse rates of 36 % for FIGO (Interna-
tional Federation of Gynecology and Obstetrics) stage IA non-
dysgerminomatous GCTs (NDGCTs) and 22 % for dysgerminomas
[6], with incomplete staging being the primary risk factor for
recurrence [7]. For apparent stage I testicular GCTs managed with
surgery alone, relapse rates are 27 % for NSGCTs [8] and 17 % for
seminomas [9]. Prognostic factors linked to relapse in adults
include lymphovascular invasion (LVI) and the presence of
embryonal carcinoma components [10,11]. While adjuvant
chemotherapy reduces relapse risk, it does not improve overall
survival and introduces potential acute and long-term toxicities
[9,12e14]. Consequently, one or two cycles of chemotherapy are
considered for patients at high risk of relapse, alongside active
surveillance. However, the biology of GCTs differs greatly between
pediatric and adult populations [15]. This study aimed to assess
relapse risk in children with stage I gonadal GCTs, evaluate relapse
patterns, and identify pediatric-specific risk factors.

2. Materials and methods

2.1. Population and treatment

This multicenter study used prospective data from the TGM13
Observatory, which included 29 centers from the French Society of
Pediatric Oncology (SFCE) and seven centers in Belgium. It involved
patients aged 0e18 years diagnosedwith gonadal LR-GCTs between
May 27, 2014, and December 31, 2022. Inclusion criteria were: (i)
tumor localized to gonadal sites; (ii) histological diagnosis of
seminomatous or non-seminomatous GCTs, excluding pure mature
teratomas; and (iii) post-surgical stage classified as TNM pS1 [1] for
testicular tumors or FIGO IA [2] for ovarian tumors. Patients were
managed according to the TGM2013 protocol (EudraCT 2013-
52
004039-60) [3], which recommended surgery followed by close
monitoring. In case of relapse, chemotherapy was administered,
with or without additional surgery [3]. Surgical adherence to the
protocol was assessed through pathology and surgical report re-
views. For ovarian tumors, surgical adequacy required complete
intra-abdominal exploration to ensure full FIGO staging, including:
(i) inspection of the peritoneal cavity; (ii) documentation of the
contralateral ovary; (iii) peritoneal cytology analysis; and (iv) en
bloc tumor resection. If any element of the exploration was
incomplete, the tumor was classified as stage IX for the purpose of
this study. For testicular tumors, adequacy was defined as clamping
the spermatic cord at the inguinal ring followed by radical
orchidectomy, typically via an inguinal approach, but a scrotal
approach was acceptable if the tumor size prevented inguinal
access.

2.2. Regulatory aspects

The TGM13 Observatory was approved by the Southeast IV
Protection of People Committee (No. CPP 13/065) on October 23,
2013. Participation required documented consent from patients,
their parents, or legal representatives, ensuring ethical compliance
and respect for autonomy.

2.3. Statistical analyses

Survival outcomes were analyzed using the KaplaneMeier
method. Progression-free survival (PFS) was the time from diag-
nosis to relapse, death, or last patient contact. Overall survival (OS)
was the time from diagnosis to death the date or last follow-up for
living patients. PFS was further analyzed based on tumor type,
surgical approach for ovarian tumors, presence of LVI and embry-
onal carcinoma in testicular tumors, and age (younger or older than
11 years). Subgroup comparisons of PFS were done using the Log-
Rank test. All analyses were performed using SAS® software,
version 9.4 (Cary, NC, USA).

3. Results

A total of 72 patients with low-risk gonadal GCTs were identified
(Table 1). Of these, 30 had ovarian GCTs. Fifteen of these were
dysgerminomas, including five associated with gonadal dysgenesis.
The other 15 were NDGCTs, with 14 containing at least a yolk sac
tumor (YST) component, and one classified as an immature tera-
toma. All NDGCTs had elevated alpha-fetoprotein (AFP) levels, with
six cases below 1000 ng/ml, four between 1000 and 10,000 ng/ml,
and five above 10,000 ng/ml. Eight ovarian GCTs, including six
dysgerminomas and two NDGCTs, showed increased HCG levels, all
under 5000 IU/L. Elevated LDH was noted in eight cases, including
three dysgerminomas, with levels more than 10 times the normal
limit. The median age at surgery for ovarian GCTs was 13 years,
ranging from 6 to 17 years, with seven patients under 11 years.
Incomplete surgical exploration, classified as Stage IX, occurred in
10 patients. This was due to missing peritoneal cytology in three
cases, lack of peritoneal exploration in four, and failure to examine
the contralateral ovary in three. One patient underwent tumor
morcellation with an endobag. All five patients with gonadal
dysgenesis had prophylactic contralateral gonadectomy.

In the testicular GCT group, 42 patients were identified,
including one with a pure seminoma. Of the 41 NSGCTs, 36 con-
tained at least a YST component, and 15 had embryonal carcinoma
components (Table 1). Lymphovascular invasion (LVI) was present
in 13 patients (31 %), with data missing for one case. The median
age at surgery for testicular GCTs was three years ranging from 0 to
18 years. The age distribution showed two peaks: 23 patients were



Table 1
Characteristics of patients with ovarian and testicular LR-GCT.

OVARY n ¼ 30 TESTIS n ¼ 42 TOTAL

Age years Median age (range), years 13 (6e17) 2.8 (0e18)
<11 years 8 24 32
�11 years 22 18 40

Surgical adequacy Yes 20 42 62
No 10 e -

Histology NSGCT/NDGCT
�Pure Yolk sac tumor

3 22 25

�Pure Embryonal carcinoma e 3 3
�Mixed NSGCT 12 16 28
Of which containing EC 1 12 13
Seminoma/dysgerminoma 15 1 16
LVI
�Yes NA 13 13
�No NA 28 28
�MD NA 1 1

Abbreviations: EC: embryonal carcinoma; LVI: lymphovascular invasion; MD: missing data; NA: not applicable; NDGCT: Non dysgerminomatous germ cell tumor; NSGCT:
Non seminomatous germ cell tumor.
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under four years, 18 were over 13 years, and one was eight years
old. All testicular surgery followed protocol guidelines.

After a median follow-up of 47 months (range 15e109), 11 re-
lapses occurred among the 30 patients with ovarian GCT, including
four out of 15 dysgerminomas and seven out of 15 NDGCTs
(Table 2). The median time to relapse was 5.8 months (range 2e15).
Relapse patterns included three cases with lymph node involve-
ment, three with peritoneal recurrence, four with multiple-site
relapses, and one isolated biological relapse with elevated tumor
markers but no detectable clinical masses (Table 2). Tumor marker
elevationwas seen in seven of the 11 relapsed cases. The 3-year PFS
for ovarian GCTs was 63 % (95 % CI: 44e78) (Fig. 1). All relapsed
patients achieved complete remission after three or four courses of
chemotherapy.

Among the 42 patients with testicular GCT, 10 progressed,
including one with seminoma and nine with NSGCT (Table 3). The
median time to relapse was 5.6 months (range 2e26), with the
seminoma relapse occurring last. Relapse patterns varied by age
and histology. In children under three, all relapses involved YST
histology, with four in the lungs and one in the kidney, all linked to
elevated AFP levels. In adolescents over 16, relapses occurred only
in lymph nodes and included cases of embryonal carcinoma, mixed
NSGCT, and seminoma, with two relapses showing no tumor
marker elevation. The three-year PFS for testicular GCTs was 76 %
Table 2
Characteristics of patients with ovarian LR-GCT who experienced a relapse.

Patient
number

Age
(years)

Histology Site of relapse

Patient #1 6 Dysgerminoma Lymph node (retroperitoneum)
Patient #2 7 Dysgerminoma Lymph node (retroperitoneum)
Patient #3 11 ND-GCT (YST-

IT)
Peritoneum

Patient #4 11 ND-GCT (YST-
IT)

Peritoneum

Patient #5 12 Dysgerminoma None (Biological only)
Patient #6 12 ND-GCT (YST) Lymph node (abdomen) þ lung
Patient #7 13 ND-GCT (YST-

MT)
Lymph node (abdomen) þ Peritoneum

Patient #8 13 ND-GCT (IT-
MT)

Peritoneum

Patient #9 14 ND-GCT (YST-
MT)

Lymph node
(abdomen) þ peritoneum þ contralateral ova

Patient #10 16 Dysgerminoma Lymph node (retroperitoneum)
Patient #11 17 ND-GCT (YST) Peritoneum þ Uterus

Abbreviations: CR: complete remission; IT: immature teratoma; LR-GCT: Low risk germ c
YST: yolk sac tumor.

53
(95 % CI: 59e86) (Fig. 1). One patient relapsed with lymph node
involvement and died suddenly before completing chemotherapy,
while others achieved complete remission after three or four
courses of chemotherapy.

An analysis of relapse risk factors is shown in Table 4. Age (11
years and above vs less than) had no significant impact on outcome
for ovarian or testicular tumors (p ¼ 0.41 and p ¼ 0.53, respec-
tively). In testicular tumors, LVI and EC did not affect PFS (p ¼ 0.12
and p ¼ 0.58). For ovarian tumors, PFS was similar between NDGCT
and dysgerminoma histotypes (3-year PFS rates of 53 % and 73 %,
respectively; p ¼ 0.22). Completeness of surgical staging also had
no significant effect on outcome (p ¼ 0.55).

4. Discussion

This series confirms the excellent overall survival rate for pa-
tients with LR-GCTs. Recurrence patterns varied by tumor site,
histology, and patient age. Ovarian non-dysgerminomatous tumors
had a notably higher recurrence rate (7 out of 15 cases), which is
consistent with other pediatric GCT studies. In ovarian GCT, recur-
rence risk after surgery alone is significant. For example, a pediatric
series from the Children's Oncology Group of 25 NDOGCTs reported
a 4-year PFS of 52 %, which is similar to our 3-year PFS of 53 % [16].
Similarly, a French adult study showed a 5-year event-free survival
Tumor markers at
relapse

Delay of relapse
(months)

Status and post diagnosis
follow up

normal 10 CR 95 months
normal 6 CR 84 months
elevated 3 CR 36 months

elevated 3 CR 66 months

elevated 6 CR 98 months
elevated 3 CR 74 months
elevated 3 CR 64 months

normal 16 CR 36 months

ry
elevated 2 CR 95 months

normal 11 CR 55 months
elevated 11 CR 33 months

ell tumor; MT: mature teratoma; ND-GCT: Non dysgerminomatous germ cell tumor;



Fig. 1. Progression-free survival (PFS) for ovarian and testicular low-risk germ cell tumors.
Abbreviations: CI: Confidence interval; PFS: Progression free survival; LR-GCT: low risk germ cell tumors.

Table 3
Characteristics of patients with testicular LR-GCT who experienced a relapse.

Patient
number

Age
(years)

Histology Site of relapse Tumor markers at
relapse

Delay of relapse
(months)

Status and post diagnosis follow up

Patient #12 1 NS-GCT (YST) Lung elevated 5 CR 37 months
Patient #13 1 NS-GCT (YST) Lung elevated 10 CR 16 month
Patient #14 1 NS-GCT (YST) kidney elevated 6 CR 49 months
Patient #15 2 NS-GCT (YST) Lung elevated 7 CR 11 months
Patient #16 3 NS-GCT (YST-MT) Lung elevated 10 CR 85 months
Patient #17 16 Seminoma Lymph node

(retroperitoneum)
normal 26 CR 62 months

Patient #18 17 NS-GCT (EC-YST-
MT)

Lymph node
(retroperitoneum)

elevated 4 CR 32 months

Patient #19 17 NS-GCT (EC) Lymph node
(retroperitoneum)

normal 4 CR 82 months

Patient #20 17 NS-GCT (EC-YST-
MT)

Lymph node
(retroperitoneum)

elevated 3 CR 38 months

Patient #21 18 NS-GCT (EC) Lymph node
(retroperitoneum)

elevated 2 Death, 4 months

Abbreviations: CR: complete remission; EC: embryonal carcinoma; LR-GCT: Low risk germ cell tumor; MT: mature teratoma; NS-GCT: Non seminomatous germ cell tumor;
YST: yolk sac tumor.

Table 4
Analysis of risk factors affecting PFS.

Risk factors Number of patients 3-y PFS (CI 95 %) Log rank test p-value

Ovary Histology Dysgerminoma 15 73 (44e89) p ¼ 0.22
NDGCT 15 53 (26e74)

Surgical adequacy No (Stage IX) 10 70 (33e89) p ¼ 0.55
Yes (FIGO IA) 20 60 (36e78)

Age <11 years 8 75 (31e93) p ¼ 0.41
�11 years 22 59 (36e76)

Testis Lymphovascular invasion Yes 13 62 (31e82) p ¼ 0.12
No 28 82 (62e92)

Embryonal carcinoma Yes 15 73 (44e89) p ¼ 0.58
No 27 77 (56e89)

Age <11 years 24 79 (57e91) p ¼ 0.53
�11 years 18 71 (44e87)

Abbreviations: CI: Confidence interval; NDGCT: Non dysgerminomatous germ cell tumor; PFS: Progression free survival.
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of 54.6 % for surgery-only patients, compared to 94.4 % for those
receiving adjuvant chemotherapy [17]. However, survival rates
remain excellent when chemotherapy is given only at relapse, with
survival rates between 95 % and 98.5 % [16,18,19]. As a result, some
adult and pediatric groups have abandoned routine chemotherapy
for stage I ovarian tumors, relying on careful monitoring of tumor
markers [18,20,21]. This strategy allows chemotherapy to be
reserved for relapses [7,17], avoiding unnecessary exposure for
others. The AGCT 1531 protocol (EudraCT number: 2018-004141-
17) [22], is currently evaluating whether complete surgical resec-
tion followed by surveillance can maintain a 2-year overall survival
rate of at least 95.7 % in pediatric, adolescent, and adult patients
with LR-OGCT.

Incomplete staging was observed in 33 % of cases in our study
(10 out of 30), a marked improvement compared to 2008 French
pediatric study where 53 % of cases had incomplete staging [23]. A
more recent adult study (MITO-9) found incomplete peritoneal
staging in 34.7 % of cases, indicating better adherence to staging
protocols over time [7]. Although incomplete staging has been
linked to relapse risk in some studies, this was not observed in our
series, but the sample size was small.

For testicular LR-GCT, our three-year PFS of 76 % is similar to the
COG 4-year EFS of 74 % and 100 % 4-year OS in 80 testicular GCT
cases treated with surgery alone [24]. Relapses in that study were
characterized by elevated AFP, with retroperitoneal lymphade-
nopathy and pulmonary metastases. Risk factors for relapse
included age over 10, mixed histology, and LVI. In contrast, a
German pediatric series [18] showed a lower relapse rate of 11.3 %.
Relapses were more common in the 15e18 year age group. Larger
adult studies report that abdominal relapses are the most common,
with pulmonary relapses less frequent [13,25]. Tumor marker
elevation in adults is inconsistent, with LVI and embryonal carci-
noma increasing relapse risk, which was not seen in our study
[13,26].

The current series highlights age-related differences in relapse
patterns. In young children, relapses were mostly hematogenous,
with lung metastases and consistently elevated AFP levels. In ad-
olescents, relapses were more commonly in retroperitoneal lymph
nodes, with more varied tumor marker elevations [27]. These
findings suggest that surveillance strategies should be age-specific,
and for young childrenwith testicular YSTs, regular AFPmonitoring
may be more valuable than abdominal computed tomography (CT)
scans. In contrast, surveillance for adolescents with TGCT could
follow the adult approach, relying more on abdominal and thoracic
CT scans to track lymphatic spread.

In the literature, patients over 11 years old with stage II to IV
germ cell tumors have a higher risk of recurrence [28]. In our series,
age did not significantly affect prognosis, but this could be due to
the small sample size. The AGCT1531 protocol [22] may help clarify
this further.

Although this series offers some valuable insights, the small
sample size limits a more detailed analysis of relapse risk factors.
Nonetheless, the relapse rates observed align with those in previ-
ous studies on ovarian [16] and testicular [24] GCTs, supporting
these findings.

5. Conclusions

Recurrence of LR-GCTs occurs in approximately a quarter of
testicular and a third of ovarian cases, mostly within the first year of
follow-up. In young children with testicular YSTs, relapses tend to
spread to the lungs, unlike the lymphatic recurrences seen in older
patients. Due to these differences, it is essential to discuss each case
in a multidisciplinary tumor board and ensure patients and their
families understand the need for careful follow-up. While our data
55
support some findings from previous multi-institutional pediatric
studies, further research is needed to identify key risk factors for
recurrence and refine surveillance and treatment strategies in this
group of patients with an otherwise excellent outcome.
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