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INTRODUCTION

ABSTRACT

Background: Ovarian germ cell tumors (OGCTs) are the most common type of ovarian tumor,
encompassing mature and immature teratoma and malignant tumors. The standard treatment
for mature teratoma is surgery, traditionally involving oophorectomy or salpingo-ocophorectomy.
However, these procedures reduce ovarian tissue reserve and carry a high risk of bilateral tumor de-
velopment. Therefore, ovarian tissue-sparing tumorectomy has emerged as a popular alternative.
This procedure aims to remove the tumor while preserving as much healthy ovarian tissue as pos-
sible, mitigating the risk of bilateral tumor development and preserving future fertility. The primary
treatment approach for malignant OGCTs is surgery followed by postoperative chemotherapy. This
combined treatment strategy aims to achieve complete resection and increase the likelihood of a
long-term cure. There are very few studies on pediatric OGCTs within the Asian population. There-
fore, this study aimed to comprehensively review the clinical presentation, treatment modalities,
and outcomes of pediatric OGCTs at a tertiary hospital in Vietnam. Methods: This retrospective
study examined patients aged T month to 15 years treated for OGCTs at Children's Hospital No.2
between January 2016 and January 2021. Their symptoms, age at diagnosis, imaging, tumor mark-
ers, treatment methods, and complications were recorded. The long-term outcomes were the rate
of recurrence and mortality. Results: This study comprised 162 patients with a mean age of 9.1
=+ 3.6 years. Most had mature teratomas (n = 137), followed by immature teratomas (n = 11), yolk
sac tumors (n = 7), dysgerminomas (n = 5), and mixed germ cell tumors (n = 2). At admission,
their most common complaint was abdominal pain (73.5%), followed by abdominal mass (20.4%).
Alpha-fetoprotein (AFP) levels were elevated in nine patients with immature teratomas, all with yolk
sac tumors, all with malignant mixed germ cell tumors, and one with dysgerminoma. Beta human
chorionic gonadotrophin (BhCG) levels were elevated in two patients with dysgerminomas and all
with malignant mixed germ cell tumors. The mean tumor size was 9.1 4+ 5.1 cm (2.8-32 cm). Our
study identified size tumor >8 cm, solid mass, and positive tumor markers as important predictors
of malignancy. The median follow-up was 3.3 years (3 months to 6.5 years). Among patients with
mature teratomas, three (2.2%) experienced recurrence, and none died. Among patients with im-
mature teratomas and malignant OGCTs, one (4%) experienced relapse and died. Conclusions:
Both benign and malignant OGCTs have a good prognosis. Imaging and tumor markers are im-
portant for initial diagnosis and treatment planning. Ovarian-sparing tumorectomy is a safe and
effective management option for mature teratomas. Surgical resection combined with platinum-
based chemotherapy achieves good outcomes for malignant OGCTs.
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rare.

carcinoma, and mixed germ cell tumors, are relatively

Ovarian tumors are uncommon in childhood, with
an estimated overall incidence of 2.6 per 100,000 pre-
pubertal females. However, their incidence can vary
by patient age and histological diagnosis!. Ovarian
germ cell tumors (OGCTs) are the most common type
of ovarian tumor, accounting for 47.3-87.7%2. Ma-
ture teratoma is the most frequent OGCT. Immature
teratoma and malignant OGCTs, including yolk sac

tumors, dysgerminoma, gonadoblastoma, embryonal

The standard treatment for mature teratoma is
surgery, often involving oophorectomy or salpingo-
oophorectomy. However, these procedures can re-
duce ovarian tissue reserve and may lead to bilateral
tumor development. Consequently, there is a growing
preference for ovarian tissue-sparing tumorectomy.
This procedure aims to remove the tumor while pre-
serving as much healthy ovarian tissue as possible,
minimizing the risk of bilateral tumor development
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and preserving future fertility3. The primary treat-
ment approach for malignant OGCTs is surgery com-
bined with adjuvant chemotherapy. Complete resec-
tion is essential to provide patients with a possible
long-term cureS.

Despite the significance of understanding and man-
aging OGCTs in children, limited research is avail-
able, especially in the Asian population. Over the past
decade, our center has made changes to treatment ap-
proaches. This study aimed to comprehensively re-
view the clinical presentation, treatment modalities,
and outcomes of pediatric OGCTs at a tertiary hospi-
tal in Viet Nam.

METHODS
Setting and study design

We retrospectively reviewed all pediatric patients
(aged <15 years at diagnosis) with OGCTs treated be-
tween January 2016 and January 2021 at Children’s
Hospital No.2 in Ho Chi Minh City, Vietnam. We
recorded their symptoms, age at diagnosis, imaging,
tumor markers, treatment methods, and complica-
tions.

The OGCT diagnosis was based on a combina-
tion of clinical presentation, tumor markers (alpha-
fetoprotein [AFP] and beta human chorionic go-
nadotrophin [BhCG]), and imaging characteristics.
In cases where preoperative and intraoperative fea-
tures suggested a benign tumor and its macroscopic
appearance allowed for separating the ovarian tissue
from the tumor, an ovarian tissue-sparing tumorec-
tomy was performed. However, if there was any un-
certainty about the benign nature of the tumor before
surgery, a complete unilateral spingo-oophorectomy
was performed. In situations where complete tu-
mor resection risked injury to adjacent organs, re-
section was canceled, and neoadjuvant chemotherapy
was administered. In such cases, a second surgery
was performed to remove residual tumors and/or
lymph nodes. Our study used the Children’s On-
cology Group (COG) staging system. Immature ter-
atomas were graded according to the Norris classifica-
tion. The median follow-up was 3.3 years (3 months
to 6.5 years).

This study was approved by the ethics committee of
Children’s Hospital No.2 (225/QP-BVND2) and ac-
cepted by The University of Medicine and Pharmacy
at Ho Chi Minh City®.

Statistical analysis

All statistical analyses were performed using SPSS
software (version 25.0; IBM, United States). Discrete
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variables are described as percentages. Continuous
variables are described as means and standard de-
viations when normally distributed or medians with
ranges when non-normally distributed. Normally
distributed continuous variables were compared be-
tween groups using Student’s t-test, and non-normally
distributed continuous variables were compared us-
ing the nonparametric Mann-Whitney U test. Dis-
crete variables were compared between groups using
Fisher’s exact test. A 95% confidence interval was
used, and a p < 0.05 was considered statistically sig-
nificant.

Overall survival (OS) was calculated as the time from
the date of diagnosis to death from any cause. Event-
free survival (EFS) was calculated as the time between
diagnosis and any event (e.g., malignant germ cell re-
currence and death). The last follow-up was censored
for patients who remained alive. Survival was ana-
lyzed using the Kaplan-Meier method.

RESULTS

Patient characteristics

Our study enrolled all 162 patients with a mean age of
9.1 & 3.6 years (1-15 years). At admission, their most
common complaint was abdominal pain (73.5%), fol-
lowed by abdominal mass (20.4%). Among them, 23
(13%) were discovered incidentally with ultrasound.
No patient with mature teratomas had elevated AFP
or BhCG levels. However, AFP levels were elevated
in 19 (11.7%) patients (47-105,031 ng/mL): nine with
immature teratomas, seven with yolk sac tumors, one
with dysgerminoma, and two with malignant mixed
germ cell tumors. Four (2.5%) patients had elevated
BhCG levels (60-16,638 mIU/mL): two with dysger-
minomas and two with malignant mixed germ cell tu-
mors (Table 1).

Cell surface-associated mucin 16 (MUC16/CA-125)
levels were measured at diagnosis in 68 patients. They
were elevated in 17 patients: seven with mature ter-
atomas, five with immature teratomas, four with yolk

sac tumors, and one with dysgerminoma.

Diagnostic imaging

The tumor structure was reported to be cystic in
62 (38.3%) patients, solid in 18 (11.1%), and mixed
cystic-solid in 82 (50.6%).

The median tumor size was 7.8 cm (2.8-32.0 cm).
All malignant tumors exceeded 6 cm, with an aver-
age of 12 cm (6.5-25.0 cm), significantly larger than
mature teratomas (mean = 7.3 cm, range = 2.8-32.0
cm, p < 0.001). We examined two different diame-
ter thresholds to determine which would be the most
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Figure 1: The ovarian sparing surgery technique for mature teratoma. (A) The ovarian tumor. (B) Incision of
the ovarian cortex. (C), (D) Separate the tumor from the ovary while ensuring the capsule remains intact. (E), (F)
Complete removal of the tumor while preserving the ovary.
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Figure 2: The overall survival in 25 children with immature teratomas and malignant OGCTs. The 3-year OS
rate was 95.5%. The 3-year OS rate for stage I-Il was 100% and for stage Ill was 90.9%.
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Figure 3: The event-free survival in 25 children with immature teratomas and malignant OGCTs. The 3-year
EFS rate was 95.8%. The 3-year EFS rate for stage I-Il was 100% and for stage Il was 91.7%.
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Figure 4: Age distribution. Distribution of ovarian germ cell tumor groups (mature teratomas, immature ter-
atomas, malignant tumors) according to age. Malignant tumors are evenly distributed by age, with a malignant
rate of 14.8% in the 0-5 year old group, 14.9% in the 6-10 year old group and 15.4% in the 11-15 year old group.
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Table 3: Surgical management of malignant ovarian
Table 1: The patients clinical germ cell tumors

characteristics

Surgical procedure n (%) Malignant
Parameters Number (%) No.
Age Collection of ascites 24 2 (8.3%)
96%
Mean (range) 9.1 (1-15 years) (96%)
. Omentectomy 22 8 (36.4%)
Presenting symptoms
(88%)
Abdominal pain 119 (73.5%) .
Lymph node sampling 17 4 (23.5%)
Abdominal mass 33 (20.4%) (68%)
Vomitting 21 (13.0%) Peritoneal biopsied 8 (32%) 4 (50%)
Valginal bleeding 5(3.1%) Contralateral ovarian 2 (8%) 0
bi
Urinary symptoms 1 (0.6%) 10PSY
Total 25
Constipation 1 (0.6%) ot
Prepubertal 105 (64.8%)
helpful clinically: 6 cm (the size that all malignancies
Postpubertal 57 (35.2%)

Presenting signs
Palpable mass
Tumor markers
Elevated

AFP

hCG

AFP and bhCG
Normal
Imaging

Us

CT

119 (73.5%)

19 (11.7%)
4(2.5%)
3 (1.9%)

142 (87.7%)

162 (100%)

108 (66.7%)

Table 2: Histopathologic subtypes

Histopathology

n (%)

Mature teratoma
Immature teratoma
Grade 1

Grade 2

Grade 3

Yolk sac
Dysgerminoma
Mixed germ cell

Total

137 (84.6%)

11 (6.8%)
6
1
4
7 (4.3%)
5 (3.1%)
2 (1.2%)

162

exceeded in our study) and 8 cm”. A threshold of > 8
cm had a sensitivity of 84% and a specificity of 62.8%
for malignant tumors. A threshold of > 6 cm had a
sensitivity of 100% and a specificity of 42% for malig-
nant tumors.

Calcifications were observed in 108 (66.7%) patients.
Fat nodes were observed in 91.7% of patients with ter-
atomas and 25% with malignant OGCTs.

Histology

The predominant histopathologic subtype was mature
teratoma (n = 137, 84.5%), followed by immature ter-
atomas (n = 11, 6.8%) and malignant tumors (n = 14,
8.6%; Table 2).

Staging

Immature teratomas and malignant tumors were
staged postoperatively. Seven patients had stage I, five
had stage I1, 17 had stage III, and none had metastasis
at diagnosis.

Intraoperative characteristics

The tumors were right-sided in 90 (55.6%) patients,
left-sided in 64 (39.5%), and bilateral in eight (4.9%).
At operation, 35 (21.6%) patients had ovarian torsion:
33 with mature teratomas and two with malignant tu-
mors. Seven patients experienced preoperative tu-
mor rupture, and 11 experienced intraoperative rup-
ture. Ruptures were more common with laparoscopy
(13.2%) than laparotomy (2.3%, p = 0.011). The mean
operating time was 83.8 £ 27.3 min. Operating time
did not differ significantly between laparoscopy (76.5
=+ 21.3 min) and laparotomy (83.1 £ 20.3 min) for
mature teratomas (p = 0.067).
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Treatment
Mature teratomas

All mature teratomas were treated with surgery alone.
The initial operative approach was laparotomy in 68
(49.6%) patients and laparoscopy in 69 (50.4%). The
procedures consisted of ovarian tissue-sparing tu-
morectomy (n = 99, 72.3%), oophorectomy (n = 18,
13.1%), and salpingo-oophorectomy (# = 20, 14.6%).

Immature teratomas and malignant OGCTs

All immature teratomas and malignant tumors were
removed with open surgery. Operative staging proce-
dures were performed in patients with immature ter-
atomas and malignant germ cell tumors (Table 3).
Patients with immature teratomas at stage II or above
received chemotherapy. All patients with malig-
nant tumors received chemotherapy. One patient re-
ceived chemotherapy before surgical excision, and 20
patients received postoperative chemotherapy. The
JEB (carboplatin, etoposide, and bleomycin) and BEP
(cisplatin, etoposide, and bleomycin) regimens were
used.

Outcome: The median follow-up was 3.3 years (3
months to 6.5 years).

Mature teratomas

Metachronous disease in the contralateral ovary was
observed in three (2.2%) patients with mature ter-
atoma within five, 13, and 23 months after the first
operation, respectively.

Recurrence was observed in three (2.2%) patients, and
no patients died.

Immature teratomas and malignant OGCTs

One (4%) patient experienced recurrence and died.
She was 12 years old, her AFP level was elevated
(650,627 ng/mL), and her BhCG level was normal.
Spingo-oophorectomy and omentectomy were per-
formed intraoperatively. The histopathology was a
yolk sac tumor. She was indicated for chemotherapy,
but she was re-examined three months later. She re-
ceived six cycles of chemotherapy with the JEB reg-
imen.
ten months later; her AFP level was elevated (2,128
ng/mL), and her BhCG level was normal. She re-

She was hospitalized with liver metastases

ceived palliative care and died two months later.

The three-year OS and EFS were 95.5% and 95.8%,
respectively. The three-year OS and EFS rates were
100% and 100% for stage I-IT and 90.9% and 91.7%
for stage III, respectively.
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DISCUSSION

Previous studies have reported discrepant age distri-
butions for malignancies. While some suggested a
higher occurrence of malignancies at younger ages,
with approximately 80% of ovarian tumors in children
aged <9 years being malignant, De Backer found a
more similar distribution of malignancy across dif-
ferent age groups, including an increase with age$.
Our study also observed an even distribution of ma-
lignant tumors by age, with malignancy rates of 14.8%
in the 0-5-year-old group, 14.9% in the 6-10-year-old
group, and 15.4% in the 11-15-year-old group.

The presenting symptoms of ovarian tumors in chil-
dren are often nonspecific, with abdominal pain and
abdominal mass being the most common manifes-
tations. Tumor markers such as AFP, BhCG, and
CA-125 are important in diagnosing malignant ovar-
ian tumors and monitoring their treatment. AFP and
BhCG are commonly used and show high specificity
for malignant OGCTs since mature teratomas are typ-
ically not positive for them. Patients with imma-
ture teratomas, yolk sac tumors, and malignant mixed
germ cell tumors often present with elevated serum
AFP levels.

In our study, most patients with malignant OGCTs
had elevated tumor markers, with only four (16%) di-
agnosed with dysgerminoma and immature teratoma
having normal marker levels. Four patients had AFP
levels exceeding 10,000 ng/mL at diagnosis, with three
classified as stage III and one as stage II. Addition-
ally, CA-125, commonly associated with epithelial-
type tumors, may also be elevated with OGCTs.
Imaging is crucial in the initial staging and treatment
planning of ovarian tumors. Consistent with other
studies, the risk of malignancy was directly associated
with the tumor size in our study. In our study popu-
lation, all malignancies exceeded 6 cm, and the 8 cm
cutoff was significant for distinguishing malignancy.
Solid masses also showed a higher risk of malignancy.
Like in the study by De Backe, the common
histopathologic subtype in our study was mature ter-
atoma.

Surgical resection is a vital component of the treat-
ment plan for OGCTs, providing valuable informa-
tion for staging. The surgical approach (laparotomy
or laparoscopy) depends on the level of preoperative
suspicion of malignancy, the size of the tumor, and the
skill of the surgeon. The effectiveness of open or la-
paroscopic tumorectomy for mature teratoma is well-
documented®®. Laparotomy allows for reducing the
risk of spillage. Laparoscopic surgery is now generally
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accepted due to its tremendous advantages in intra-
operative blood loss, postoperative recovery, and pa-
tients’ cosmetic satisfaction compared to traditional
laparotomy. However, laparoscopy has been criti-
cized for its associations with incorrect staging and
a higher risk of intraperitoneal spillage. Therefore,
we chose the laparoscopic approach for small mature
ovarian teratomas (< 6 cm). Ultrasound and com-
puted tomography scans can easily detect and char-
acterize mature teratomas based on typical imaging
features, including soft tissue, calcification or ossifi-
cation, and fat, with no evidence of lymph node in-
volvement or live metastases 9.

Preserving fertility and gonadal function is important
in the surgical treatment of pediatric ovarian tumors
because their prognosis is good with a low recurrence
rate and because there is evidence of bilaterality (syn-
chronous or metachronous). Our study demonstrated
that ovarian tumor recurrence and metachronous dis-
ease occur. Therefore, we strongly recommend that all
pediatric patients undergo long-term follow-up after
surgical resection of an ovarian mature teratoma.
There is a lack of consensus on the management strat-
egy for ovarian immature teratoma, and there is an
ongoing debate about their classification in malig-
nant tumor analyses. We classified immature ter-
atomas as malignant OGCTs because of their poten-
tial to recur as malignant tumors and because 30%
of these patients have microscopic foci of malignant
elements (specifically, immature teratoma with high
AFP levels) 1. If an immature teratoma is diagnosed
histopathologically after an ovarian-sparing tumorec-
tomy, chemotherapy or oophorectomy should be fur-
ther discussed with the patient. Surgery alone may be
curative for patients with resected stage I ovarian im-
mature teratoma.

The COG established the current surgical staging of
malignant OGCTs!2. Ascite collection was the most
common procedure performed (96%). Similarly, EI-
gendy et al. reported that this step was performed
in 94.6% of their patients'>. Omentectomy was per-
formed in 88% of patients. The rate of omentectomy
and other operative staging procedures is shown in
Table 2.

Our study demonstrated good outcomes for malig-
nant OGCTs with a multidisciplinary treatment strat-

egy. Our result was similar to several national stud-
jes 13-15.

CONCLUSION

Both benign and malignant OGCTs have a good
prognosis. Imaging and tumor markers are im-

portant for initial diagnosis and treatment planning.

Surgery is not only a treatment but also provides in-
formation for staging and pathological classification.
Ovarian-sparing tumorectomy, also called fertility-
sparing surgery, is a safe and effective option for
managing mature teratomas. Surgical resection com-
bined with platinum-based chemotherapy achieves
good outcomes for malignant OGCTs. Close follow-
up of patients with tumor markers and ultrasound
scans is important for diagnosing recurrence and
metachronous disease.

ABBREVIATIONS

COG: Children’s Oncology Group, EFS: Event-free
survival, GCT: Germ cell tumor, OGCT: Ovarian
germ cell tumor, OS: Overall survival
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