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Abstract

Background: Alpha-fetoprotein (AFP) is commonly used in the management of pediatric extracranial germ cell
tumors (eGCT), but its prognostic role remains unclear. We investigated survival outcomes and the impact of serial
AFP changes after surgery. Method: We analyzed data from 129 pediatric eGCT patients (age 0-15) who underwent
surgery at our institution. We evaluated overall survival (OS) and recurrence-free survival (RFS). in non-benign eGCTs,
serial AFP measurements were performed postoperatively. Results: OS and RFS were 87.4% and 82.6%, respectively.
Poorer survival was associated with male sex, non-sacrococcygeal extragonadal site, yolk sac tumor/choriocarcinoma
histology, initial AFP > 50,000 ng/mL, and operative complications. Postoperative log-AFP values showed significant
differences between long-term survivors and non-survivors from one month onwards. AFP normalization (<100 ng/
mL) at one month was associated with improved 5-year OS (93.4% vs. 69.4%, p=0.031). Conclusion: Serial AFP
measurement from one month post-surgery has prognostic value in pediatric eGCT. Patients who fail to normalize AFP
should be closely monitored for recurrence.
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Introduction

Pediatric extracranial germ cell tumors (eGCTs)
are rare neoplasms originating from primordial germ
cells in various anatomical locations outside the central
nervous system [1]. eGCTs account for approximately
3.5% of childhood tumors, with an incidence of 2.4 new
diagnoses per million children per year [2]. About 20%
of these are malignant [3, 4]. eGCTs are classified by
their primary location and histological patterns. Based
on location, they are categorized into gonadal (ovarian
and testicular) and extragonadal (retroperitoneal,
sacrococcygeal, mediastinal, and vaginal) germ cell
tumors [5]. Sacrococcygeal teratoma is the most common
extragonadal eGCT, usually presented in the neonatal
period [1]. Histologically, eGCTs are classified into mature
teratoma (benign), immature teratoma, and malignant
eGCTs. Endodermal sinus tumors (yolk sac tumors) and
malignant teratoma are common malignant eGCTs in

children. Alpha-fetoprotein (AFP) is a serum marker for
malignant eGCTs and some teratomas with immature
components. Despite advances in multimodal treatment
approaches (surgery, chemotherapy, and radiation
therapy), a significant proportion of children with eGCTs
experience disease relapse or progression, leading to poor
survival outcomes [6, 7]. High-dose chemotherapy and
autologous blood stem cell transplantation is an active
research area for refractory GCT [8, 9].

The primary treatment for eGCTs is complete surgical
resection, which is feasible in most cases [7, 10]. However,
for patients with large tumors that preclude safe primary
resection, neoadjuvant chemotherapy is indicated. The
current standard chemotherapy regimen, recommended
by the Children’s Oncology Group (COG), consists of
cisplatin, etoposide, and bleomycin (PEB). Recent studies
demonstrate encouraging long-term survival rates for
children with malignant eGCTs, ranging from 85% to 95%
across all extracranial sites [11]. Despite these promising
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survival rates, the clinicopathological factors associated
with eGCT survival remain controversial. While benign
eGCTs generally have an excellent prognosis, cases of
relapse and malignant transformation years after treatment
have been reported [6]. Alpha-fetoprotein (AFP) has been
investigated as a potential prognostic marker in various
studies, with some demonstrating a correlation between
AFP levels and survival outcomes [12-16]. However,
recent research has failed to validate the prognostic
value of initial AFP levels or immediate postoperative
AFP values [14]. This discrepancy raises questions about
the optimal timing of AFP evaluation for meaningful
prognostic assessment.

Previous studies have explored potential prognostic
factors, such as patient demographics, tumor characteristics
(histology, stage, site), and treatment modalities [17, 18].
However, the heterogeneity of eGCTs and limited sample
sizes in individual studies have hindered the identification
of definitive prognostic markers. This study aimed to
evaluate the 5-year overall survival (OS) and 5-year
recurrent-free survival (RFS) of pediatric eGCTs treated
in a tertiary care university hospital in Thailand and
analyze factors associated with their survival in our cases,
especially the prognostic values of AFP.

Materials and Methods

This study included 169 patients aged under 15 years
who were diagnosed with eGCTs and were treated in
Songklanagarind Hospital, Thailand, from 1993 to 2023.
Thirty-three patients were excluded from the analysis
because they had undergone surgery from other hospitals,
and seven patients were excluded due to incomplete
treatment, giving 129 patients for the outcome analysis.
Patients’ data, including demographic data, primary tumor
site, initial AFP, histopathology, co-morbidity, stage,
operative complication, and post-treatment outcomes,
were collected retrospectively from the electronic medical
record. The study was approved by the Human Research
Ethics Committee of the Faculty of Medicine, Prince of
Songkla University (REC 67-017-10-1).

In all cases, the diagnosis was established from
imaging studies, tumor markers, intraoperative findings,
and histopathologic findings. The primary tumor was
examined with Computerized Tomography (CT scan), and
the search for metastatic disease included chest CT, whole-
body bone scan, and abdominal CT. Patients were staged
with COG staging for extracranial germ cell tumors [2].

Depending on the staging, tumor site, and
histopathology, patients were treated with either surgery
alone or multimodal therapy with chemotherapy. All
mature teratomas whose tumor was completely removed
received no adjuvant chemotherapy. Cases with immature
teratomas received chemotherapy according to their risk
category. Chemotherapy in our institute followed the
Thai Pediatric Oncology Group (TPOG) protocol (2016)
[19]. Briefly, the therapy began with the combination
of bleomycin, etoposide, and cisplatin (PEB regimen).
In those who were not responsive to the PEB regimen,
including progressive disease and relapse after completion
of treatment, a combination of ifosfamide, carboplatin, and
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etoposide phosphate (ICE regimen) was used.

To analyze the postoperative change of AFP in non-
benign cases, serial AFP values of the nearest time points
from 1 week, one month, three months, six months, and
one year were collected and analyzed. A non-benign case
means a case in histological pathology other than benign
GCT, which includes immature teratoma and all other
malignant histology. Operative complications mean any
complications occurring within 60 days after surgery.

Statistical analysis

Continuous data are presented as the mean and
standard deviation for descriptive analysis. Categorical
data are presented as percentages. Pre-operative AFP was
categorized into <100 ng/ml, 100.1-50,000 ng/ml, and
>50,000 ng/ml. Age at the diagnosis was grouped into
those below 11 years old and those aged 11 years or more.

To offset very high levels of AFP in some cases, the
post-operative change of AFP was analyzed on a log
scale. The predictive correlation of log AFP levels at each
time point was regressed against 5-year survival status
and presented as receiver operating characteristic (ROC)
curves, together with their corresponding area under the
curve (AUC).

Survival outcomes were calculated as 5-year overall
survival (OS) and 5-year recurrent free survival (RFS).
The latter used recurrence, new metastases, death, or the
latest follow-up for right censoring, whichever came first.
Survival functions are displayed in the Kaplan-Meier
curve fashion. Comparisons of survival probability used
the Log-rank test. Univariable Cox’s proportional hazard
analysis was performed to estimate each significant
variable’s hazard ratio (HR). The receiver operating
characteristic (ROC) curve was used to evaluate the
prognostic performance of AFP in each time point against
survival status in 5 years postoperation. HR was presented
together with a 95% confidence interval (CI). All analyses
were performed in Stata version 14.0 (Stata Corp.)The
p-value of less than 0.05 was considered statistically
significant. Construction of violin plots used Python 3.9
and its packages Pandas, Matplotlib, and Seaborn.

Results

Baseline characteristics

This study included 129 patients, 89 female (69%)
and 40 male (31%). The age was divided into two
groups: < 11 years and > 11 years, which were 78 cases
(60.5%) and 51 cases (39.5%), respectively. Regarding
the histopathological subgroups, 46 cases (35.7%) were
mature teratomas, 23 cases (17.8%) were immature
teratomas, and 60 cases (46.5%) were malignant GCTs
(Table 1). Considering tumor locations, 29 cases (22.5%)
were sacrococcygeal tumors, 62 cases (48.1%) were
gonadal tumors (ovary or testis), 19 cases (14.7%) were
retroperitoneal tumors, 9 cases (7.0%) were mediastinal
tumors, and 10 cases (7.8%) were other extragonadal
tumors. Note that testicular tumors had the highest
proportion of malignancy (66.7%). Initial AFP at the
diagnosis was 0-100 ng/ml in 52 cases (42.6%), 100.1-
50,000 ng/ml in 51 cases (41.8%), and > 50,000 ng/mL
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in 19 cases (15.6%).

Operative complications occurred in 11 cases (8.5%),
including intestinal ischemia in 3 cases, urinary leakage
in 2 cases, and one case each of post-operative bleeding,
renal vein injury, neurogenic bladder, renal failure,
sepsis, and pleural effusion. Nine in eleven complications
occurred to retroperitoneal tumors, 2 in vaginal tumors,
and | in mediastinal GCT. There was 1 in-hospital
mortality caused by an acute kidney injury during the
postoperative period.

Survival outcomes and prognostic factors in all GCTs
The median follow-up period was 137 months. The
S5-year OS of extracranial germ cell tumor patients in
our institute was 87.4% (95% CI 79.2%- 92.5%), and
the 5-year RFS was 82.6% (95% CI 73.7%- 88.7%)
(Figure 1). The analysis found that clinicopathological
factors significantly associated with poorer OS were
male sex associated with poor survival sex, primary
tumor site (retroperitoneal and extragonadal sites
except for sacrococcygeal site), malignant histologic
subgroup, initial AFP > 50,000 ng/mL, and presence of
operative complications (Table 2). On analysis of RFS,
significant factors predicting poorer RFS included male
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sex, malignant subgroup, and initial AFP > 50,000 ng/
mL. On univariable Cox’s proportional hazard analysis,
endodermal sinus tumor/choriocarcinoma histology had
the highest odds of failure in both OS and RFS, giving HR
at4.30(95% CI 1.37-13.51) and 4.53 (95% CI 1.77-11.60),
respectively. High initial AFP (> 100 mg/mL) had an HR
in predicting poorer OS at 2.33 (95%CI 1.11-4.90) and
RFS at2.01 (95%CI 1.10-3.67). Operative complications
were associated with poorer OS at the HR of 3.88, 95%CI
1.23-12.19. When multivariable Cox’s proportional
hazard analysis was performed, the presence of a surgical
complication was the only factor independently associated
with poorer OS (adjusted HR 4.56, 95%CI 1.29-16.13).

Subgroup analysis of non-benign GCT

To perform a fine mapping for prognostic factors
in moderate to high-risk eGCTs, those with benign
diseases, which usually had excellent survival outcomes
from the analysis. The subgroup then consisted of 23
cases of immature eGCTs and 60 cases of malignant
eGCTs. On univariable survival analysis, the 5-year OS
of the non-benign eGCTs was 84.8% (74.2%-91.3%),
while the 5-year RFS was 78.1% (66.7%-86.8%). The
survival outcomes of immature eGCTs were 100% when
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Figure 1. Kaplan-Meier Curves Showing Survival Outcomes of Germ Cell Tumors in This study. A) Overall
survival (OS) and Recurrent-free survival (RFS), B) OS by primary tumor sites (log-rank p-value 0.012), C) RFS by
histopathology groups (p-value 0.008), D) OS by the presence of sixty-day operative complications (p-value 0.008).
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Table 1. Clinical Characteristics and Histological Types of Germ Cell Tumors in This Study (n: 129), According to

the Primary Sites

Parameters All Ovary Testis Sacrococcygeal  Retroperitoneum Others
N (%) N (%) N (%) N (%) N (%) N (%)
Body weight (kg)* 25.9(23.7) 43.2 (21.7) 7.7 (3.8) 7.0 (4.1) 9344 25.7(23.9)
Height (cm)* 110.1 (42.3) 1453 (20.6) 83.5(11.1) 67.9 (27.4) 78.7 (22.4) 110.5 (46.7)
Age
<1 year 38(29.5) 0(0.0) 0(0.0) 18 (62.1) 12 (63.2) 8(42.1)
1 to <5 years 24 (18.6) 3(5.4) 6 (100.0) 10 (34.5) 4(21.1) 1(5.26)
5to <10 years 12.(9.3) 7 (12.5) 0(0.0) 1(3.45) 2 (10.5) 2 (10.5)
10 to 15 years 55 (42.6) 46 (82.1) 0(0.0) 0(0.0) 1(5.3) 8(42.1)
Sex
Female 89 (69.0) 56 (100.0) 0(0.0) 16 (55.2) 8 (42.11) 9(47.4)
Male 40 (31.0) 0(0.0) 6 (100.0) 13 (44.8) 11 (57.9) 10 (52.6)
Histology
Mature teratoma 46 (35.7) 13 (23.2) 2(33.3) 19 (65.5) 7(36.8) 5(26.3)
Dysgerminoma 9(7.0) 8(14.2) 0(0.0) 0(0.0) 1(5.3) 0(0.0)
Immature teratoma 23 (17.8) 13 (23.2) 0(0.0) 2(6.9) 6(31.6) 2(10.5)
Malignant teratoma 3(2.3) 1(1.8) 0(0.0) 1(3.5) 1(5.3) 0(0.0)
Yolk sac tumor 46 (35.7) 20 (35.7) ** 4 (66.7) 7(24.1) 4 (21.0) 11 (57.8)
Choriocarcinoma 2(1.5) 1(1.8) 0(0.0) 0(0.0) 0(0.0) 1(5.3)
Malignant status
Benign 46 (35.7) 13 (23.2) 2(33.3) 19 (65.5) 7(36.8) 5(23.2)
Immature teratoma 23 (17.8) 13 (23.2) 0(0.0) 2(6.9) 6(31.6) 2(10.5)
Grade 1 10 6 - - 4 -
Grade 2 5 2 - 1 1 1
Grade 3 8 5 - 1 1 1
Malignant 60 (46.5) 30 (53.6) 4 (66.7) 8(27.6) 6(31.6) 12 (63.2)
0-100 ng/mL 52 (42.6) 29 (55.8) 1 (20.0) 8(28.6) 10 (52.6) 4(22.2)
100.1-50,000 ng/mL 51 (41.8) 20 (38.4) 1 (20.0) 12 (42.9) 7(36.8) 11 (61.1)
> 50,000 ng/mL 19 (15.6) 3(5.8) 3 (60.0) 8(28.6) 2(10.5) 3(16.7)

*, Presented as mean (standard deviation); **, One case of ovarian yolk sac tumor also had immature teratoma (grade 3) component;***AFP,

Alphafetoprotein (data avalable in 122 cases)

the 5-year OS in malignant GCTs was 79.3% (95%CI
65.7%-88.0%) and the 5-year RFS was 70.3% (95%CI
56.0%-80.6%). On univariable survival analysis, factors
significantly associated with worse survival outcomes
included malignant status, and high initial AFP (> 100
mg/mL) (Table 3).

To focus on the sequential changes of post-operative
AFP, serial AFP values are measured in sequence, from
1 week, one month, three months, six months, and one
year. The median reduction of AFP value was 73.6 %
after the first post-operative week, 85.8% in benign cases,
77.6% in the immature teratoma group, and 73.4% in
malignant cases. On a log scale, there was no statistically
significant difference in log-AFP value when comparing
the immature and the malignant eGCTs during follow-up.
However, when comparing those who survived until five
post-operative years and those who did not, the log-AFP
values of the two groups began to show a significant
difference from 1 month (Figure 2). Cases with log AFP
more than 2 (or absolute value > 100 ng/mL) were more
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likely to have events within five years. When the log-AFP
value at each postoperative time point was plotted against
the five-year survival status as a ROC curve, the AFP at
one month and six months had the highest area under the
ROC curve at 0.79 and 0.97, respectively (Figure 3, 4).

Discussion

Pediatric germ cell tumors are a group of embryonal
tumors that arise from primordial germ cells (PGCs),
specialized cells that migrate during embryogenesis to
form the gonads (testes or ovaries) [1]. Any errors in this
migration process, such as misplacement or incomplete
migration, can lead to PGCs remaining in extragonadal
sites. These misplaced PGCs may fail to differentiate
properly and undergo abnormal proliferation and
tumorigenesis [4, 20]. Regarding pathogenesis, pediatric
germ cell neoplasms occur in various anatomical sites
and present high heterogeneity. CT has two peaks of age
incidences: young children < 4 years and adolescents
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Figure 2. Time-Series of Alpha-Fetoprotein Level in Logarithmic Scale (log AFP) in Non-Benign Cases (n; 83). A,
B: Comparing survived and mortality cases in a 5-year overall survival analysis. C, D: Comparing failure and non-
failure cases in a 5-year recurrent-free survival analysis. E, F: Comparing between immature teratoma histology and
malignant histology. A, C, and E showed mean values and standard deviation of log AFP at each time point. B, D, and
F showed violin plots for each comparison. *: p-value < 0.05; horizontal red lines mark the value of 1.0 on the log
scale, which is ten on the arithmetic scale.

(15-19 years) [21]. The most common eGCTs in young  followed by retroperitoneal tumors and testicular tumors,
children in our study were sacrococcygeal teratoma,  while the majority of teenage sSGCTs were ovarian tumors.
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in a Five-Year Postoperative Period in Non-Benign GCTs.
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Table 2. Association between Clinicopathological Parameters and Survival Outcomes in Germ Cell Tumors

No (%) S-year RFS (%)  p-value S-year OS (%) p-value
All 129 (100.0)  82.6 (73.7-88.7) - 87.4 (79.2-92.5) -
Sex
Female 89 (69.0) 88.8 (78.8-94.3) 0.012 91.4 (81.4-96.0) 0.049
Male 40 (31.0) 68.0 (48.3-81.5) 78.4 (59.7-89.2)
Age
<11 years 78 (60.5) 83.8 (71.9-91.0) 0.593 90.5 (79.8-95.7) 0.192
> 11 years 51 (39.5) 80.7 (65.1-89.8) 82.8(67.2-91.4)
Primary site
Sacrococcygeal 29 (22.5) 84.6 (58.9-94.8) 0.54 100 (100.0) 0.012
Gonad (ovary or testis) 62 (48.1) 85.9(72.7-93.0) 89.6 (76.7-95.5)
Retroperitoneal and others 38 (29.5) 75.1 (56.2-87.8) 74.8 (55.7-86.6)
Histology
Mature teratoma 46 (35.7) 95.0 (81.2-98.7) 0.001 95.0 (81.2-98.7) 0.009
Immature/malignant teratoma/Dysgerminoma 35(27.1) 96.4 (77.2-99.5) 100 (100.0)
Yolk sac tumor/Choriocarcinoma 48 (37.2) 65.1 (48.9-77.3) 73.8 (57.6-84.6)
Malignant status
Benign/Immature 69 (53.5) 96.8 (87.9-99.2) 0.008 96.8 (87.8-99.0) 0.072
Malignant 60 (46.5) 70.3 (56.0-80.6) 79.3 (65.7-88.0)
Initial AFP*
0-100 ng/mL 52 (42.6) 94.8 (79.9-98.7) 0.063 98.1 (87.1-99.7) 0.049
100.1-50,000 ng/mL 51 (41.8) 77.4 (62.0-87.2) 83.9 (69.1-92.0)
> 50,000 ng/mL 19 (15.6) 64.9 (37.8-82.6) 69.6 (41.3-86.2)
Operative complication
No 118 (91.5)  83.7 (74.4-89.9) 0.142 89.0 (80.5-94.0) 0.012
Yes 11 (8.5) 71.6 (35.0-89.9) 71.6 (35.0-89.9)
*AFP, Alphafetoprotein (data available in 122 cases)
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Table 3. Survival Outcomes in Non-Benign Cases According to Malignant Features, Primary Sites and Chemotherapy

No. (%) 5-year RFS (%) p-value S-year OS (%) p-value
All non-benign cases 83 (100) 78.1 (66.7-86.0) 84.8 (74.2-91.3) -
Malignant status
Immature teratoma 23 (27.7) 100.0 (100.0) 0.006 100.0 (100.0) 0.036
Malignant histology 60 (72.3) 70.3 (56.0-80.6) 79.3 (65.7-88.0)
Stage I/11 22 75.3 (50.3-88.9) 0.909 84.9 (60.1-94.9) 0.432
Stage III/TV 38 67.6 (49.0-80.6) 76.0 (57.6-87.2)
Site
Gonadal 36 (43.4) 69.5 (49.4-82.9) 0.331 79.9 (60.6-90.5) 0.344
Extragonadal 47 (56.6) 84.0 (69.2-92.0) 88.2 (73.8-94.9)
Initial Alpha-fetoprotein
0-100 ng/mL 26 (31.3) 95.2 (70.7-99.3) 0.016 100.0 (100.0) 0.004
100.1-50,000 ng/mL 42 (50.6) 75.8 (58.6-86.6) 83.7 (67.1-92.3)
> 50,000 ng/mL 15 (18.1) 53.9 (24.3-76.3) 59.3(27.3-81.1)
Post-op Alpha-fetoprotein at 1 week
> 50% of pre-op level 40 (67.8) 71.3 (60.2-87.3) 0.484 79.6 (60.0-90.3) 0.648
< 50% of pre-op level 19 (32.2) 79.4 (48.8-92.9) 86.7 (56.4-96.5)
Post-op Alpha-fetoprotein at 1 month
> 25% of pre-op level 50 (64.1) 76.9 (43.7-83.1) 0.587 86.6 (70.7-94.2) 0.132
<25% of pre-op level 28 (35.9) 76.7 (43.7-83.1) 72.9 (49.3-86.8)
Post-op Alpha-fetoprotein at 1 month
<10 ng/ml 40 (50.6) 83.8 (65.3-92.9) 0.031 93.4 (76.2-98.3) 0.017
> 10 ng/ml 39 (49.4) 63.1 (43.1-77.7) 69.4 (49.1-82.3)
Post-op Alpha-fetoprotein at 3 month
<10 ng/ml 56 (72.7) 82.9 (68.7-91.1) 0.002 91.4 (78.8-96.7) <0.001
> 10 ng/ml 21(27.3) 45.9 (20.2-68.4) 49.6 (21.3-72.7)
Chemotherapy
No 10 (12.0) 100.0 (100.0) 0.148 100.0 (100.0) 0.254
Yes 73 (88.0) 75.7 (63.4-84.4) 83.2 (71.6-90.3)
PEB/JEB < 5 sessions 24
PEB/JEB 5-6 sessions 35
PEB/JEB > 6 sessions 14

RFS, recurrent-free survival; OS, overall survival

Except for a case of benign sacrococcygeal GCT that later
had a recurrence with a malignant yolk sac tumor, all cases
of benign histology had excellent outcomes. Excluding
benign cases, the reported OS of gonadal and extragonadal
germ cell tumors have reached 91% and 81%, respectively
[10]. Our survival of immature and malignant eGCT
at 88% in the extragonadal site was comparable with
previous reports when the figure of 80% in gonadal eGCT
was relatively poorer, which might be explained by our
higher incidence of therapeutic complications.

Our study did not find a difference in survival outcomes
when comparing the adolescents and the younger age
group. However, our study found correlations between OS
and male sex, site (retroperitoneal and other extragonadal),
histopathological type (yolk sac tumor/choriocarcinoma),
and presence of operative complications. High initial AFP
had a marginally significant association with OS at the
p-value of 0.049. Our data that retroperitoneal eGCT was
found in more proportion in males (27.5% of male eGCT

compared to 9.0% in females) may explain the poorer
survival rate in the male sex in our study. The association
between sex and eGCT outcomes was inconsistent among
previous reports [ 10, 22]. Previous studies also addressed
poor prognosticating roles of the testicular site and
completeness of surgical resection. However, our study
could not demonstrate a poorer outcome in testicular
GCT (5-year OS 80.0%). The presence of operative
complications delayed the initiation of postoperative
adjuvant chemotherapy. In addition, the complications
itself may lead to the operative mortality. The surgical
team must balance the extent of surgery and the risk of
morbidity, especially in retroperitoneal teratoma.

AFP is a non-specific marker secreted by a yolk sac
from the tenth week of pregnancy and by the fetal liver
and digestive systems [2]. The protein has a 5-day half-
life in the human body and usually has a physiologically
high serum level in infants under eight months old [23,
24]. Non-benign germ cell tumors can produce AFP,
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including yolk sac tumors, embryonal carcinomas,
and immature teratomas. For these reasons, AFP was
used as an adjunct for diagnosing germ cell tumors,
assessing treatment response, and monitoring remission
[2]. The prognosticating role of AFP in eGCT remains
inconclusive. An analysis using COG’s Malignant
Germ Cell International Consortium data demonstrated
that eGCTs with a satisfactory decline of AFP within
the first two measures were less likely to have disease
relapse [25]. A study from France focusing on malignant
sacrococcygeal germ cell tumors emphasized a reduction
of AFP within 3 months of surgery. It used a cut-off
at 15,000 ng/ml as a part of risk stratification in their
standard protocol (TGMO95) [15]. However, the study
found that AFP declines after the first chemotherapeutic
course did not correlate with progress-free survival [26].
The aforementioned study speculated that a very high
level of pre-treatment AFP might preclude a meaningful
calculation of reduction after an intervention [26]. Our
study evaluated the postoperative pattern of AFP using a
logarithmic transformation and found that AFP in the first
postoperative week might not significantly prognosticate
the survival outcomes. However, log-AFP more than
2 (AFP > 100 ng/mL) after 1-3 months postoperative
period was associated with worse survival outcomes.
This evidence might be explained by the fact that, in
the immediate postoperative period following removal
of the gross pathology, serum AFP would reduce to
some degree, regardless of the completeness of removal.
Although the half-life of AFP is less than one week in
theory, the first few postoperative weeks are also the ebb
phase of tumor growth for the residual disease. After that
phase, adjuvant chemotherapy was re-introduced, and the
remaining cancer cells that resisted the drug regrew. At the
same time, serum AFP in those cases with good response
continued to decline at a quicker pace. The disparity of
serum AFP between the good and poorer prognosis cases
was even wider when the adjuvant therapy finished, from
three months on. Although serum AFP in mortality cases
varied, the value in survived cases was homogenously
confined to less than 100 ng/mL along the follow-up
course. The evidence suggested that intensive surveillance
should be considered in cases whose AFP remains higher
than this cut-off after three months.

The limitation of our study was that the number of
cases was too small to perform a subgroup analysis for
each individual pathological type or individual tumor site.
However, the strength might be in the quality of follow-up
data and the survival data from the population registry.

In conclusion, the study evaluated survival outcomes
and factors associated with the outcomes of eGCTs in a
center in Thailand. The study found that more than 84%
of patients with eGCTs, 95% in benign cases, and 84.8%
in non-benign cases, achieved long-term survival. Female
sex, gonadal or sacrococcygeal sites, teratoma histology,
initial AFP of less than 50,000 ng/mL, and uneventful
surgery were associated with superior survival. Moreover,
normalization of serum AFP at 1-3 months post-surgery
prognosticated good outcomes.
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