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Abstract

The diagnostic and treatment outcomes of intracranial germ cell tumors (ICGCTs) among low and middle income
countries are limited. A total of 63 ICGCTs patients with a median age of | |.6years were studied. A 30 (47.6%)
and 33 (52.4%) patients were classified as pure germinomas and nongerminomatous germ cell tumors (NGGCTs),
respectively. The concordances between serum and cerebrospinal fluid (CSF) alpha-fetoprotein (84.3%) and beta-
human chorionic gonadotropin (68.4%) were addressed. The 5-year overall survival (OS) and event-free survival
(EFS) rates of pure germinomas versus NGGCTs were 83.9 versus 69.1% and 74.6 versus 57.7%, respectively.
Patients undergoing radiation had higher 5-year OS and EFS than those without radiation treatment with P<<.001.
Chemotherapy combined with radiation is a cornerstone treatment to achieve outcomes. Adverse prognostic
factors included age <8years, surgery, and nonradiation treatment. Either serum or CSF tumor markers were
adequately required as a diagnostic test among patients with ICGCTs.

Keywords
intracranial germ cell tumors, germinoma, nongerminomatous germ cell tumors, tumor markers, surgery, radiation

Received October | I, 2022. Accepted for publication November 7, 2022.

Introduction chorionic gonadotropin (B-HCG) in serum and/or cerebro-

spinal fluid (CSF) are essential to ensure the definite diag-
nosis of NGGCTs when combined with radiological
diagnosis,®’ especially when tissue diagnosis is limited
due to the inoperability or limited surgical interventions in

Primary central nervous system (CNS) tumors are the
most common malignant solid tumors among children.!
The World Health Organization classified CNS tumors,
based on histology, immunohistochemistry, and molecu-
lar diagnosis of tumors.? Pediatric intracranial germ cell
tumors (ICGCTs) were addressed with high incidence in
the Asian population and constitute the third most com-
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mon primary CNS tumors in Thailand.> The age-stan-
dardized incidence rate of ICGCTs ranged from 0.45 to
1.1 per million population, with the peak aged between
10 and 15years®* in the Thai population.

Based on the heterogenicity of disease characteristics,
histology, and the degree of tumor cells differentiation,
ICGCTs are classified as pure germinoma or nonsecreting
ICGCTs and non-germinomatous germ cell tumors
(NGGCTs) or secreting ICGCTs. > Evaluating tumor
marker values of alpha-fetoprotein (AFP) and beta-human
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resource-constrained settings. However, less information
is available regarding the validity, accuracy, and consis-
tency between serum and CSF tumor marker values
among patients with [CGCTs.

Multimodality treatment protocols, including plati-
num-based chemotherapy regimens and radiotherapy,
are the backbone to achieving desirable outcomes in
ICGCTs.>7 Various strategies have been devised depend-
ing on the classification of ICGCTs.*® The Thai Pediatric
Oncology Group (ThaiPOG) treatment protocols for
ICGCTs (ThaiPOG-BT-13GCT for CNS pure germino-
mas and ThaiPOG-BT-13NGCT for CNS NGGCTs),
which were officially established in 2013, included car-
boplatin-based regimens adapted from the Children’s
Oncology Group studies.’ These protocols were primar-
ily used to treat pediatric patients with ICGCTs in
Thailand since 2000 with effectiveness and lower oto-
toxicity over cisplatin-based regimens.'?

The present study aimed to describe the clinical char-
acteristics, prognostic factors, and outcomes and deter-
mine the diagnostic accuracy, consistency, and tumor
marker value distribution among pediatric ICGCTs at 3
oncology centers in Thailand. The results provide com-
prehensive information on children with ICGCTs in
Thailand. Herein, this study might initiate management
strategies in pediatric ICGCTs across Thailand and
could be extended to Asia-Pacific neighbors where
resources remain limited.

Methods

Patient Selection

The medical records of 63 pediatric patients with newly
diagnosed ICGCTs and treated primarily at 3 tertiary
pediatric oncology centers in Thailand between January
1, 2007 and December 31, 2019 were retrospectively
reviewed. These centers were Chiang Mai University
Hospital, Chiang Mai, Phramongkutklao Hospital and
King Chulalongkorn Memorial Hospital, Bangkok,
Thailand. The study follow-up endpoint was December
31, 2021.

The inclusion criteria included patients with ICGCTs
aged <18years whose diagnosis of ICGCTs was con-
firmed by histopathology or consistent radiological
diagnosis combined with elevation of AFP and/or B-
HCG in serum and/or CSF. Patients with uncertain diag-
noses were excluded from the study.

Written informed consent and assent were waived.
This study was approved by the Ethics Committee and
Institutional Review Board of Phramongkutklao Hospital
and Phramongkutklao College of Medicine, Bangkok,

Thailand (reference number: IRBRTA 045/2562), and
other institutional research ethics committees from 2
institutions following the ethics principles of the
Declaration of Helsinki (1975) and its revision.

Clinical Definitions

Histological diagnoses of NGGCTs comprised endoder-
mal sinus tumor (yolk sac tumor), choriocarcinoma,
immature teratoma, mature teratoma with malignant
transformation, and mixed germ cell tumors. Patients
without histologic confirmation were eligible for the
study if serum and/or CSF B-HCG was >501IU/L, or
AFP was >10IU/L!"" with a confirmed radiological
diagnosis.

Pure germinoma is defined by histopathology confir-
mation of germinoma and serum and/or CSF B-HCG of
=50IU/L, and AFP of =101U/L.

Metastatic definitions are defined as: M0O; no metas-
tasis, M1; the presence of abnormal cell(s) from CSF
cytology, M2; brain metastasis identified by magnetic
resonance imaging (MRI), and M3; spinal cord metasta-
sis identified by MRI.

Treatment

Surgery. The surgical approach was indicated using the
surgical experience in the individual institutions with
any surgical extent or ventriculoperitoneal (VP) shunt
for correcting hydrocephalus, before or after completing
chemotherapy. CSF studies for tumor marker levels and
cytology were collected from ventriculostomy, VP
shunt, or lumbar puncture before chemotherapy and
radiotherapy procedures.

Chemotherapy regimens. ThaiPOG treatment protocols
for ICGCTs including ThaiPOG-BT-13GCT for CNS
pure germinomas (Supplemental Table 1) and ThaiPOG-
BT-13NGCT for CNS NGGCTs (Supplemental Table 2)
were initiated and primarily used in some oncologic
centers between 2000 and 2012. Thereafter, these proto-
cols have been officially used as national protocols for
children with ICGCTs since 2013.

Radiation. After establishing ThaiPOG treatment proto-
cols for ICGCTs in 2013, radiation was added to the
treatment protocols for all children with ICGCTs.
Radiotherapy was initiated within 28 days after the
initial 3 cycles of chemotherapy. Radiotherapies for
pure germinomas MO and M1 to 3 were whole ventricu-
lar irradiation (WVI) and craniospinal irradiation (CSI)
21 to 24 Gy, respectively. For patients having complete
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remission (CR) after 3 cycles of chemotherapy, the pri-
mary tumor bed would be boosted to 30.6 to 36 Gy while
those without CR would be boosted to 40 to 45 Gy.

Radiotherapies for NGGCTs MO and M1 to M3
were WVI 24 to 36 Gy and CSI 36 Gy, respectively.
The primary tumor bed would subsequently be boosted
to 54 Gy.

Nonetheless, between 2000 and 2012, radiation treat-
ment for MO pure germinomas and MO NGGCTs might
be considered whole-brain irradiation and CSI, respec-
tively, instead of WVI, depending on institutional radio-
therapy accessibility.

Outcome definitions. CR was characterized as no evi-
dence of the primary tumor evaluated by computed
tomography or MRI of the brain.

Overall survival (OS) was defined as the time inter-
val from the date of diagnosis either to the time of death
resulting from any causes or to the last follow-up for
patients who survived.

Event-free survival (EFS) was defined as the time
duration between the date of diagnosis and disease reac-
tivation, progression, or death, whatever came first or
the last follow-up for patients without events.

Statistical analysis. Overall demographic data, laboratory
results and treatment from all participating patients were
analyzed using descriptive statistics, presented as mean
with standard deviation (normal distribution) or median
with range (nonnormal distribution) for continuous vari-
ables, and calculated using frequency and percentage for
categorical variables. Categorical and continuous vari-
ables were compared using Fisher’s exact and Mann-
Whitney U tests, respectively.

Serum and CSF AFP and B-HCG levels were ana-
lyzed using Cohen’s Kappa Coefficient to determine the
consistency and percent agreement.

The survival function was calculated using the Kaplan-
Meier method and compared using Cox’s Proportional
Hazard Model to evaluate the effect of covariates on haz-
ard ratio (HR). Univariate and multivariate analyses were
performed to analyze the impact of possible factors on
defined outcomes. Statistical and survival analyses were
performed using STATA/IC Software, Version 17.0 (Stata
Corp, College Station, TX, USA), and P <.05 was con-
sidered statistically significant.

Results

Patient Characteristics

Among the 63 patients with ICGCTs enrolled in this
study, patient characteristics including age, sex, primary

sites, clinical manifestations, laboratories, and treatment,
compared between pure germinomas and NGGCTs are
summarized in Table 1. The patients’ age ranged from
birth to 16years with a median age of 11.6years. The
male to female ratio was 1.5:1. A 30 (47.6%) and 33
(52.4%) patients were classified as pure germinomas and
NGGCTs, respectively.

The most common location of ICGCTs was the pineal
gland (n=20, 31.7%). Visual disturbance, headache, and
weakness were the common presentations, in rank. More
patients with NGGCTs had increased intracranial pres-
sure (IICP) than patients with pure germinoma (P=.009).
A 19 (30.2%) patients had metastatic disease at diagno-
sis. All pure germinomas and 29 (87.9%) NGGCTs
patients had tissue diagnoses. All patients with ICGCTs
were evaluated for serum AFP and B-HCG, while 45
(71.4%) patients had CSF tumor marker values.

Surgical resection was performed more in patients
with NGGCTs (n=19, 57.6%) than in patients with pure
germinoma (n=7, 23.3%; P=.006) with a median surgi-
cal extent of 80%. Radiotherapy was administered
among 54 (85.7%) patients.

Diagnostic Consistency and Agreement
Between Serum and CSF Tumor Marker
Values Among Patients With ICGCTs

In all, 45 patients with ICGCTs had obtained both serum
and CSF AFP and B-HCG values. The percent agree-
ment between serum and CSF tumor markers among
pediatric patients with ICGCTs is shown in Table 2. AFP
and B-HCG showed a moderate level of agreement (72%
agreement; k=.76% and 59.7% agreement; k=.61,
respectively) with P <.001.

Distribution of Serum and CSF Tumor
Marker Value Categories in ICGCTs
Diagnosis

The distribution between normal and abnormal serum
and CSF AFP and B-HCG to diagnose pure germinomas
and NGGCTs was calculated (Table 3).

In total, 39 (62%) patients had obtained both serum
and CSF tumor markers and histopathology diagnoses.
For patients with pure germinoma, all (n=20, 100%)
patients had normal serum and CSF AFP and 3-HCG.
However, in the NGGCTs, 4 (21.1%) and 8 (42.1%)
patients had abnormal both serum and CSF AFP and 3-
HCQG, respectively. However, 12 (63.2%) and 5 (26.3%)
patients had normal both serum and CSF AFP and -
HCQG, respectively. The concordance between serum
and CSF (normal serum and CSF or abnormal serum
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Table 2. Percent Agreement Between Serum and CSF Tumor Markers Among Pediatric Patients With ICGCTs (n=45).

Serum
AFP
CSF
AFP =10lU/L >101U/L Total Percent agreement K P-value
=I10IU/L 36 3 39 72 0.76 <.001
>101U/L 0 6 6
Total 36 9 45
Serum
B-HCG
CSF
B-HCG =50IU/L >501U/L Total
=501U/L 29 2 31 59.7 0.61 <.001
>501U/L 5 9 14
Total 34 I 45

Diagnostic consistency and percent agreement between serum and CSF AFP and B-HCG levels were analyzed by using interrater reliability by

Cohen’s Kappa Coefficient or values.

Table 3. Distribution of Patients With ICGCTs According to Tumor Marker Value Categories (n=39).

AFP B-HCG

Pure germinoma  NGGCTs Total Pure germinoma  NGGCTs Total
Categories of serum and CSF
tumor marker values N (%) N (%) N (%) N (%) N (%) N (%)
Normal serum/normal CSF 20 (100) 12 (63.2) 32 (82.1) 20 (100) 5(26.3) 25 (64.1)
Abnormal serum/abnormal CSF 0 (0) 4(21.1) 4(10.3) 0 (0) 8 (42.1) 8 (20.5)
Normal serum/abnormal CSF 0 (0) 0 (0) 0 (0) 0(0) 4 (21.1) 4 (10.3)
Abnormal serum/normal CSF 0 (0) 3 (15.8) 3(7.7) 0 (0) 2 (10.5) 2 (5.1
Total 20 (100) 19 (100) 39 (100) 20 (100) 19 (100) 39 (100)

Normal serum or CSF AFP is defined as serum or CSF AFP =101U/L. Abnormal serum or CSF AFP is defined as serum or CSF AFP >10IU/L.
Normal serum or CSF B-HCG is defined as serum or CSF 3-HCG =501U/L. Abnormal serum or CSF 3-HCG is defined as serum or CSF

B-HCG >501U/L.

Abbreviations: AFP, alpha-fetoprotein; B-HCG, beta-human chorionic gonadotropin; CSF, cerebrospinal fluid; ICGCTs, intracranial germ cell

tumors; NGGCTs, nongerminomatous germ cell tumors.

Abbreviations: AFP, alpha-fetoprotein; B-HCG, beta-human chorionic gonadotropin; CSF, cerebrospinal fluid; ICGCTs, intracranial germ cell

tumors; K, Cohen’s Kappa values.

and CSF tumor marker levels) AFP (n=16, 84.3%) and
B-HCG (n=13, 68.4%) were also addressed.

Overall Treatment Outcomes

Disease relapse or progression occurred in 13 (20.6%)
patients, with a median relapse time of 1.6years from
diagnosis (range, 0.03-4.18 years). At the end of the study,
14 (22.2%) patients died, 7 (50%) patients died from dis-
ease relapse, 5 (35.7%) patients died from treatment-
related infection and 2 (14.3%) patients died from
respiratory failure, which was unrelated to treatment
complications, with a median time to death of 1 year from

diagnosis (range, 0.09-4.46 years). The median follow-up
time was 4.08 years (range, 0.08-12.92 years).

Outcomes Between Pure Germinomas Versus
NGGCTs

The 5-year OS of patients with pure germinoma and
NGGCTs were 83.9% (95% CI, 61.5-93.9) and 69.1%
(95% CI, 50.2-82.1; P=.128, HR, 2.46; 95% CI, 0.771-
7.849; Figure 1A), and their 5-year EFS were 74.6%
(95% CI, 53.7-87.1) and 57.7% (95% CI, 37.9-73.2;
P=.213, HR, 1.794; 95% CI, 0.716-4.499; Figure 1B),
respectively.
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was considered at P<<.05.

Abbreviations: Cl, confidence interval; HR, Hazard ratio; NGGCTs, nongerminomatous germ cell tumors.

Age at Diagnosis Impacting Outcomes

The 5-year OS of patients with ICGCTs according to
age <8 and =8 years were 54.2% (95% CI, 20.4-78.9)
versus 81.2% (95% CI, 66.9-89.8; P=.128, HR, 2.339;
95% CI, 0.783-6.986; Figure 1C), and their 5-year EFS
were 53.9% (95% CI, 24.8-76) versus 68.9% (95% CI,
52.9-80.5; P=.172, HR, 1.951; 95% CI, 0.748-5.087;
Figure 1D), respectively. On subsequent multivariate
analysis, age <Qyears at diagnosis became an addi-
tional independent risk factor significantly associated
with death (P=.036, adjusted HR, 4.475; 95% CI,
1.103-18.157; Table 4).

Treatment Modalities Affecting Outcomes

The 5-year OS of patients with ICGCTs who had and
had not undergone surgery were 69.2% (95% CI, 45.1-
84.3) versus 80.7% (95% CI, 63.8-90.3; P=.472, HR,
1.469; 95% CI, 0.515-4.19; Figure 2A), and their 5-year

EFS were 54.3% (95% CI, 32.4-71.8) versus 74.3%
(95% CI, 56.2-85.8; P=.164, HR, 1.87; 95% CI, 0.775-
4.513; Figure 2B), respectively. However, surgery was a
significant risk factor related to relapse (P=.039) on
univariate analysis. On subsequent multivariate analy-
sis, surgery remained an independent risk factor signifi-
cantly associated with relapse (P=.019, adjusted HR,
5.606; 95% CI, 1.32-23.815; Table 4).

Regarding radiotherapy, the 5-year OS of patients
with ICGCTs had received versus had not received irra-
diation were 84.7% (95% CI, 70-92.6) versus 22.2%
(95% CI, 3.4-51.3; P<.001, HR, 12.769; 95% CI,
4.388-37.16; Figure 2C), and their 5-year EFS were
75.2% (95% ClI, 60.1-85.2) versus 11.1% (95% CI, 0.6-
38.8; P<.001, HR, 9.791; 95% CI, 3.92-24.457; Figure
2D), respectively. On subsequent multivariate analysis,
treatment without radiation remained an independent
risk factor significantly related to survival (P <<.001,
adjusted HR, 21.977; 95% CI, 4.838-99.84; Table 4).
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Discussion

Asian populations have a high prevalence of ICGCTs
which are more predominantly diagnosed among male
adolescents, similar to related reports.'>!3 The clinical
presentations of ICGCTs vary depending on tumor size
and its locations.> ICGCTs are typically located in the
midline and the most common locations are the pineal
and suprasellar regions,'>!'* which were also found in
our study. The co-occurrence of tumors in both pineal
and suprasellar regions, called bifocal tumors, is fre-
quently found in pure germinomas.>” However, pineal
gland and multifocal lesions were addressed as the com-
mon locations in our study, in rank, which were similar
to the data from Japan.'3

Pineal ICGCTs commonly present with IICP with or
without Parinaud syndrome, whereas endocrinopathies
from hypothalamic/pituitary axis dysfunctions are
common in suprasellar ICGCTs.’ In our study, visual

disturbance and headache were the common initial pre-
sentations observed in approximately half of the
patients. IICP was more prevalent in NGGCTs because
of the higher incidence of pineal tumors, likewise
addressed in Germany.'® The compression and obstruc-
tion of the cerebral aqueduct from pineal tumors cause
obstructive hydrocephalus and IICP.'® Diabetes insipi-
dus (DI) was constituted in almost 30% of patients,
which resembled related reports,!” ! of which DI
determined the neurohypophyseal dysfunction from
suprasellar invasion.'

Pure germinoma is more prevalent rather than NGGCTs
in the United States,”® Canada,'*, Japan,'? and Korea.?!
Interestingly, the prevalence of pure germinoma was com-
parable to NGGCTs in the Thai population in our study,
likewise reported in Singapore!” and Malaysia.!® This
result might relate to the different diagnostic criteria
between germinomas and NGGCTs among several institu-
tions, either based on tumor histology,'>?*?! or histology
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plus tumor marker levels.'*!° However, integrating radio-
logical and laboratory diagnostic criteria with histological
findings remains essential to diagnose patients with
ICGCTs in countries with limited resources.!’

The serum and CSF tumor marker levels are an
essential evaluation to diagnose secreting ICGCTs or
NGGCTs. The elevation of AFP >101U/L and/or B-
HCG >50IU/L is one of the criteria for diagnosing
NGGCTs.!"! However, mild elevations of serum B-HCG
or AFP could be observed in pure germinomas.>?>23

Although serum and CSF AFP accounted for a higher
percentage of agreement than B-HCG, the overall consis-
tency between serum and CSF AFP and B-HCG levels
was desirable with a moderate level of agreement. This
could imply that assessing either serum or CSF is suffi-
cient for diagnostic evaluation to lower the unnecessary
lumbar puncture procedures among patients with ICGCTs.

However, diagnosing NGGCTs from tumor marker
values is challenging due to some discrepancies in tumor
marker values. In our study, the concordance between
serum and CSF AFP (84.3%) and B-HCG (68.4%) were
relatively high. The discrepancy between serum and
CSF AFP (15.8%) and B-HCG (31.6%) were acceptable
with one or another representing abnormal levels. [3-
HCG was found with more divergence than AFP like-
wise found in a related study of CNS germinomas, in
which most patients had elevated CSF but normal serum
B-HCG levels.?* Therefore, serum may be less informa-
tive and sensitive than CSF B-HCG levels because the
blood-brain barrier may postulate the effect of higher
CSF B-HCG compared with serum levels.?> Contrarily, a
higher serum than CSF AFP level was observed among
patients from China.?

Interestingly, NGGCTs who had normal AFP (63.2%)
and B-HCG (26.3%) levels in both serum and CSF were
determined. This might be due to the diversity of histol-
ogy variants among patients with NGGCTs, of which
some cell types may secrete tumor markers below the
cut-off level. Shin et al?’” defined nonsecreting germino-
mas as 3-HCG level <31U/L and serum B-HCG ranged
from 39 to 260IU/L among 6 secreting germinomas.
With this cut-off level, clinical characteristics and sur-
vival outcomes did not significantly differ between both
groups of patients.?” In our study, 33.3% of patients with
germinoma were secreting germinomas and were
defined as NGGCTs. Given the variety of cut-off levels
of B-HCG in different circumstances, the appropriate
cut-off level in specific ICGCTs subtypes is warranted
to be more applicable for diagnostic classification and
treatment selection. For these reasons, tissue diagnosis
remains a crucial investigation, particularly in non-
secreting ICGCTs.

The therapeutic strategies and treatment outcomes of
ICGCTs in Thailand have gradually improved. From

1990 to 2000, using radiation treatment with or without
surgery, 5-year OS was 81%.2® From 2000 to 2008, add-
ing chemotherapy to the treatment protocol, 5-year OS
had improved to 88%.'® Currently, combining chemo-
therapy and irradiation are the mainstay treatment
modalities among pediatric patients with ICGCTs.}
Patients with pure germinoma exhibited excellent out-
comes, of which minimizing late effects was the key
therapeutic approach. On the other hand, treatment mod-
ification to improve outcomes remains challenging in
NGGCTs.b Concerning long term treatment effects from
irradiation, chemotherapy alone among patients with
pure germinoma was conducted with unsatisfactory out-
comes.”® Platinum-based chemotherapy regimens,
using cisplatin®'*? and carboplatin,'"*3 have been
acknowledged to achieve outcomes among patients with
ICGCTs. Carboplatin-based regimen instead of cisplatin
followed by irradiation has been employed as a standard
regimen for childhood ICGCTs in Thailand since 2013.
Worawongsakul et al'® reported an excellent OS of 96%
and EFS of 94% for patients with ICGCTs treated with a
carboplatin-based regimen with lower ototoxicity
effects. They found that germinomas had higher OS and
EFS but without statistical significance, similar to our
report. However, many studies reported significantly
superior outcomes in patients with germinoma over
NGGCTs.?*?! Age at diagnosis was not associated with
outcomes in a related report.!” However, in our study,
age <8years became an independent risk factor related
to mortality. The outcome disparity may be an effect of
treatment variation among studies.

Residual tumor resection should be considered to
achieve desirable outcomes in NGGCTs.® The SIOP-
CNS-GCT 96 trial®! reported a superior 5-year progres-
sion-free survival (PFS) in NGGCTs, but not for patients
with germinoma without the residual disease. Matsutani
et al** reported a superior survival outcome in extensive
tumor removal compared with partial removal or biopsy.
In our study, patients with NGGCTs (58%) underwent
surgery significantly more than patients with pure ger-
minoma (23%), but did not differ in surgical extent.
Interestingly, OS and EFS between patients with pure
germinoma and NGGCTs did not exhibit statistically
significant differences. Otherwise, patients undergoing
tumor resection had a higher risk of relapse from multi-
variate analysis. The possible reason may be due to a
serious post-operative CNS infection,'® which may have
delayed treatment and affected outcomes. Therefore,
tumor resection may not be required as a standard treat-
ment and should be consider among patients with failure
from chemotherapy and radiation.

Our study confirmed that irradiation combined with
chemotherapy was a fundamental treatment to achieve
outcomes,>**** and an independent risk factor for
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survival outcomes in pediatric ICGCTs. Worawongsakul'?

and Villano et al* reported significantly inferior out-
comes among patients with ICGCTs treated without irra-
diation compared with those who undergoing irradiation.
In the Western population, the 3-year PFS and OS of
NGGCTs were 88% and 93%, respectively.” Appropriate
radiation dosages and techniques should be explored to
optimize disease control and minimize the toxicity from
treatment.

The present study constitutes a multicenter study
exploring clinical characteristics, factors associated
with outcomes using the ThaiPOG-ICGCTs protocols
and consistency of serum and CSF tumor markers of
Thai pediatric ICGCTs. A national protocol with mul-
timodality treatment by multidisciplinary profession-
als was well established to facilitate the standard
of care and improve outcomes. Further studies explor-
ing the long term effects and biological research
in ICGCTs would be informative and may facilitate
the development of novel therapies for enhancing
outcomes.

Limitations

This study employed a retrospective design concerning
some essential but unavailable data. Moreover, the study
included patients from 3 institutions that might not rep-
resent the entire population of Thailand. Furthermore,
the reliability and sensitivity of tumor marker levels
from lumbar or ventricular CSF were uncertain. Legault
et al® reported the lower B-HCG level from ventricular
CSF compared with lumbar CSF. The variation of surgi-
cal techniques and extent, radiation dose, and techniques
could also have affected distinct outcomes.

Conclusion

The outcomes of pediatric ICGCTs in Thailand were
comparable to those of developed countries, and both
pure germinomas and NGGCTs are similar. The funda-
mental treatment of ICGCTs was chemotherapy com-
bined with radiation to achieve outcomes. Unfavorable
prognostic factors comprised age <8 years, surgery, and
nonradiation treatment. Tumor marker values, with
either serum or CSF, were adequately required and use-
ful to classify patients with ICGCTs. However, tissue
diagnosis remains a crucial investigation, particularly in
nonsecreting ICGCTs.
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