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Objectives: To investigate the clinical and pathological
characteristics of extracranial germ cell tumors
(GCTs) in children aged 0-168 months treated at the
National Guard Hospital, Jeddah, Saudi Arabia from
1990 to 2020.

Methods: In this retrospective analysis, the data
for all cases of GCTs were collected from 1990 to
2020. Statistical analyses were carried out using JMP
software. The data was divided into 4 main categories:
demographics, pathological/clinical features,
recurrence, treatment and outcome.

Results: The study included 50 patients, with a mean
age at diagnosis of 56.52 months. The median follow-
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up duration was 30 months. Most tumors were in
the gonads, and among the extragonadal tumors, the
sacro-coccyx was the most frequent site of the disease.
The most common histological subtype of GCTs is
yolk sac tumor, accounting for 28% of cases. Of the
50 patients, 46% received chemotherapy, and 54%
underwent surgery without chemotherapy. Ten (20%)
patients experienced recurrence after treatment. At
the last follow-up, 96% of the patients were alive, and
only 2 of the patients died due to advanced disease.

Conclusion: Our findings were comparable to
international data, but improvement in surveillance is
required for long-term survivors.
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Extracranial germ cell tumors (GCTs) originate from
primordial germ cells in the gonads.! Generally,
the classification of GCTs is based on the tumor’s
location, into gonadal and extra-gonadal.> The most
common primary sites of extra-gonadal tumors are the
sacrococcygeal, retroperitoneum, mediastinum, head,

sy

BY NG
OPEN ACCESS


http://www.smj.org.sa/index.php/smj/index

Pediatric germ cell tumors ... Monagel et al

and neck.”? Germ cell tumors may also be classified
histologically by the type of tissue in which the cancer
cell originates, such as germinomatous (GGCT) and
seminomatous (SGCT).> Germ cell tumors can have
either benign or malignant behaviors, with the latter
being able to be categorized broadly into teratoma,
mixed GCTs, or malignant GCTs.!

Germ cell tumors are rare childhood malignancies
accounting for only 4% of all pediatric cancers.” The
prevalence of GCTs is approximately 8-10 cases per
100,000 across all age groups.”” Naturally, GCTs
have a bimodal age distribution with the first peak in
children aged 0-4 years, following by the age ranging
from puberty until early adulthood.® In Saudi Arabia
(1994-2012), the incidence rates of GCTs have been
reported to be 4.5 million per year among children 0-19
years of age.”

Specific syndromes/abnormalities are associated with
GCTs, namely, Klinefelter, Swyer, Turner, and Down
syndromes, as well as cryptorchidism, and gonadal
dysgenesis.® The Children Oncology Group (COG)
reported worse outcomes among patients with ovarian
non-dysgerminomatous tumors if accompanied by
gonadal dysgenesis.” The same group had recommended
screening for Klinefelter syndrome in patients with
mediastinal GCTs, as 1/3 of men with mediastinal
GCTs had Klinefelter syndrome in their cohort.'

Since GCTs are histologically diverse, the treatment
choice primarily depends on the tumor’s histology
and tumor markers, such as oa-1-fetoprotein (AFP)
and beta human chorionic gonadotropin (bHCG).?
In extracranial GCTs, treatment options vary between
surgical resection/biopsy followed by observation or
chemotherapy, depending on the histology and degree
of resection. Different combinations of chemotherapy
regimens are used with comparable outcomes, but
primarily platinum-based chemotherapy has been
utilized.'"'? Additionally, GCTs respond well to
radiotherapy; however, they are rarely used because of
their long-term side effects.'

Germ cell tumors are rare pediatric cancers with
excellent outcomes when treated according to well-
established international guidelines.’ Generally, the
outcome of pediatric patients with extracranial GCTs
is exceptional depending on the tumor site, histology,
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stage, and treatment used.'"'? International studies
reported an overall survival rate of 90-95% for low
risk and approximately 85% for malignant GCTs." In
Saudi Arabia, a study that has been carried out reported
an overall survival rate of approximately 95% at 35
months among children with testicular GCTs."”
Williams et al'® showed disparities between survival
and ethnicity across a different group of children
with GCTs, which may be affected by variations in
the exposures, tumor-related biology, or treatment
administered. In Saudi Arabia, there is a paucity
of reports addressing the epidemiology, clinical
characteristics, and outcomes of pediatric patients with
GCTs. Therefore, our research aimed to describe the
clinical data, treatment modalities, and outcomes of
pediatric patients with GCTs who had been treated at a
single oncology center in Saudi Arabia for over 30 years.

Methods. This study was a retrospective descriptive
cohort in which charts of all children with extracranial
GCTs treated at the National Guard Hospital (NGH)
from 1990 to 2020 were analyzed and reviewed. Our
study was approved by the Institutional Review Board
of King Abdullah International Research Center,
Jeddah, Saudi Arabia with a waiver of informed consent.
This study was carried out at the Pediatric Oncology
Department, National Guard Hospital, Jeddah, Saudi
Arabia. The Pediatric Oncology Department is part of
the Princess Nora Oncology Center and is considered
one of a leading pediatric oncology hospital in the
region. On average, 150-200 new pediatric oncology
cases are treated annually.

Our research team reviewed 52 charts of patients
with extracranial GCTs who attended the NGH
Pediatric Oncology Department from January 1990 to
January 2020. All children aged from birth to 14 years
with a diagnosis of GCTs were included in the study
(n=50). In contrast, subjects with intracranial GCTs or
those who were lost to follow-up before the completion
of the treatment protocol were excluded.

Datacollectedincluded demographicvariables, GCTs
diagnosis-related information, such as age at diagnosis,
symptoms, tumor site, tumor markers, locoregional
extension, tumor size, presence of metastatic disease,
lymph node involvement, histological classification,
and risk stratification. Other data of interest included
treatment modality, survival at the last follow-up,
long-term effects (such as hearing/renal impairments
and pulmonary toxicity), and disease recurrence.

Tumors were categorized into gonadal and
extragonadal GCTs. The histological characteristics
were categorized according to modified Denher’s
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classification into germinoma, teratoma, embryonal
carcinoma, yolk sac tumor, choriocarcinoma,
gonadoblastoma, mixed GCTs, and others." The risk
stratification (low, intermediate, or high-risk tumors)
was followed as per the United Kingdom Children’s
Cancer Study Group Protocol, Germ Cell Working
Group (UKCCSG GCIII ‘GC 2005 04’)." Staging for
malignant GCTs at all sites was based on tumor, node,
and metastasis (TNM) staging system.'®

Statistical analysis. Data analysis was carried out
using the Johns Macintosh Project software, version
10.0 (SAS Institute Inc., Cary, NC, USA). Parametric
approaches using means, medians, ranges, and standard
deviations (SD) were used to describe the numerical
data. Frequency, proportions, and bar graphs were used
to describe the categorical variables. Survival probability
was analyzed using the Kaplan-Meier method, with
censoring as needed based on the duration of follow-up.

Results. The study included 50 pediatric patients
aged 0—14 years who were diagnosed with extracranial
GCTs over 30 years (1990-2020). The mean age at the
time of diagnosis was 4.71 years (SD, 4.75). GCTs were
more common in female patients than in male patients
at a ratio of 2:1, and the mean age at diagnosis was
higher in girls at 6.6 years (SD, 4.39) while 1.4 years
(SD, 1.4) in boys.

A total of 66% of the tumors were in the gonads,
compared to 34% which were in the extragonadal
sites. Of the gonadal tumors, 48.5% were in the
testes, and 51.5% were in the ovaries. Among the
extragonadal tumors, the sacro-coccyx was the most

prevalent, constituting approximately 52.9% of cases.
Other extragonadal sites included the abdomen “liver,
abdominal wall” (17.7%), retroperitoneum (11.8%),
mediastinum (11.8%), and intraorbital (5.9%).

The most common symptom at initial presentation
was related to the abdomen (pain/distension) in
approximately 50% of patients. Furthermore,
abdominal symptoms were more commonly associated
with ovarian GCT than with other tumor sites. The
third most common presenting symptom was testicular
swelling, which was found in 18% of patients. Overall,
the patients with ovarian GCT had the highest number
of symptoms reported at presentation. In addition, AFP
was elevated in 73% and bHCG levels elevated in 14%
of patients.

Regarding tumor size, 35.4% of patients had a
tumor size of less than 5 cm and 64.6% had a tumor
size equal to or larger than 5 cm. The log-rank test
showed no statistically significant difference in the rate
of recurrence between the 2 groups (p=0.63).

Positive lymph node involvement was observed in
32% of the patients, and 29% had positive locoregional
extension. Eight (17.4%) patients had distant metastasis.
The 2 most common sites of distant metastasis were
the lungs (n=2) and brain (n=2), followed by the
peritoneum, liver, bone, and pleura (n=1).

The risk group was divided into high-(26.5%),
intermediate-(38.8%), or low-(34.7%) risk. ‘The
low-risk group was more frequent in boys and the
intermediate-risk/high-risk groups were more common
among girls. Tumor stages were recorded in 48

Table 1 - Tumor stage in relation to tumor site and tumor markers (AFP, Beta- HCG).

Stage n (%) Site

AFP Beta-HCG

= Testes: 13 patients

Normal 5 patients Normal: 13 patients

500

Stage 1

Stage 2

Stage 3

Stage 4

14 (29.1%)

18 (37.5) -

6 (12.5%) .

10 (20.8)

Ovaries: 4 patients
Sacro-coccyx: 1 patient

Testes: 1 patient

Opvaries: 2 patients
Sacro-coccyx: 1 patient
Retroperitoneum: 1 patient
Abdomen: 1 patient

Opvaries: 7 patients
Sacro-coccyx: 1 patient
Retroperitoneum: 1 patient
Mediastinum: 1 patient

Testes: 2 patients
Ovaries: 4 patients
Sacro-coccyx: 4 patients
Abdomen: 2 patients
Mediastinum: 1 patient
Intra-orbital: 1 patient

High: 13 patients

Normal: 2 patients
High: 4 patients

Normal: 3 patients
High: 7 patients

Normal: 3 patients
High: 9 patients
Missing: 4 patients

High: 1 patient
Missing: 4 patients

Normal: 6 patients

Normal: 7 patients
High: 2 patients
Missing: 1 patient

Normal: 8 patients
High: 3 patients
Missing: 3 patient

AFP: a-1-fetoprotein, HCG: human chorionic gonadotropin
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patients, with only 2 subjects in the unknown stage, as
summarized in Table 1.

The most common histological subtype of GCTs is
yolk sac tumor, which accounts for 28% of the entire
cohort (n=14 patients) and most commonly developed
in the testes. When examining risk groups with
histological subtypes in low-risk patients, yolk sac GCT
was the most common type, followed by mature and
immature teratomas. However, immature teratomas
were the most common in the intermediate-risk group,
followed by dysgerminomas, while mixed and yolk sac
GCTs were the most common in the high-risk group.

Only 15 (32%) patients with GCTs underwent
biopsy at the tumor site before surgical intervention.
Surgical intervention was performed in 84% of
patients. Out of the 42 patients who had surgery, 14
patients underwent surgical excision of the tumor, 14
of the male patients with testicular GCTs underwent
orchiectomy. Of the 14 female patients with ovarian
GCT, 7 had an oophorectomy while the remaining 7
had a salpingo-oophorectomy.

Of the 50 patients, 46% received chemotherapy, and
54% underwent surgery without chemotherapy. The
local treatment protocol (GCT09) was based UKCCG
GCIII (GC 2005 04). Most patients who received
chemotherapy received between 4 and 6 cycles. Table 2
summarizes the treatments in relation to stage.

For patients who received chemotherapy, long-term
follow-up was necessary. Tests, such as the pretreatment
glomerular filtration rate (GFR) level, post-treatment
GEFR level, pulmonary function test (PFT), and hearing
assessment were performed. However, the pre-GFR
and post-GFR levels were only obtained from 9 of the
23 patients who received chemotherapy using nuclear
testing T'c-99m diethylene-triamine-pentaacetate, with
normal GFR pre- and post-therapy. Hearing assessment
was performed in 4 patients and PFT in 3 patients, all
of whom had normal results in both tests.

The duration between diagnosis and the last
follow-up ranged from 2 to 164 months, with a median
duration of follow-up of 30 months. Furthermore, 96%
patients are alive, with only 2 of the patients deceased.

Table 2 - Treatment in relation to stage.

Number of

Stage patients No chemotherapy Chemotherapy

Stage 1 18 16 (88.9% of stage 1) 2 (11.1% of stage 1)
Stage 2 6 5 (83.3% of stage 2) 1 (16.7% of stage 2)
Stage 3 10 3(30.0% of stage 3) 7 (70.0% of stage 3)
Stage 4 14 1 (7.1% of stage 4) 13 (92.9% of stage 4)

Both were high-risk, and mortality was related to
advanced disease status (uncontrolled bleeding and
respiratory compromise).

Approximately 20% of patients experience
recurrence after treatment. Of those patients, 4 had
local recurrence, 5 had metastasis, and 1 was unknown.
Five of the 10 patients with recurrence were treated with
surgery only, while the others were treated with both
chemotherapy and surgery (2 patients) or unknown
treatment (3 patients). When comparing the recurrence
to the histological subtype, of the 14 patients with yolk
sac tumors, 4 patients experienced recurrence. However,
only 1 patient with immature teratoma and 3 patients
with mature teratoma experienced recurrence. The
remaining 2 patients with recurrence had mixed GCTs.

Discussion. Pediatric GCTs are rare tumors that
include various groups of neoplasms, with variability in
histology, sites, clinical presentations, and outcomes. It
accounts for 3.5% of all childhood cancers that arise
before 15 years of age, although the incidence increases
to 13.9% in the adolescent age group, which makes it
the most common malignancy in this age group after
Hodgkin lymphoma.'*" Since there is a paucity of
data in Saudi Arabia regarding this important group of
tumors in the pediatric age group, this study aimed to
investigate the clinical and pathological characteristics
of extracranial GCTs in a single tertiary center over a
30-year period.

Many aspects of our findings were comparable
to international data, and GCTs were more frequent
among female patients in our cohort. However, girls
were older at the time of presentation, which is likely
related to gender biological variances." Incesoy-ozdemir
et al*® described that abdominal pain and distention
were the 2 most common symptoms, which supports
our results, although there was a remarkable variation in
symptoms at initial presentation based on the site of the
tumor. Tumor markers, including AFP and Beta-HCG,
were important tools used in the diagnosis, relapse, and
follow-up.

Furthermore, the most common histological type
in our study was teratoma followed by yolk sac tumor,
similar to most published studies on extracranial
pediatric GCTs.”" The most prevalent tumor site for
both genders was the gonads compared to extragonadal
sites. Among the extragonadal sites, the sacro-coccyx
was the most common, which is consistent to results
published by Brodeur et al.?* In addition, less than half
of the patients had locoregional extension and lymph
node involvement, and only 17.4% of the cases had
distant metastasis.
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Figure 1 - Kaplan-Meier curves for overall survival and recurrence free survival from 1990-2020.

Stage 1 disease represents most of our sample, which
is probably related to the bimodal age of distribution as
characteristics for GCTs and lower stages being more
prevalent in younger patients.”’ Our pediatric team
only treats children up to 14 years of age; therefore
the second peak during adolescence could not be
studied. Patients were treated according to international
standards with platinum-based chemotherapy, although
less than 50% of the patients received chemotherapy,
while the remaining patients only underwent surgery
with no chemotherapy.' While GCTs are radiosensitive
tumors, none of the patients received radiation as part
of the treatment due to late toxicity."

Figure 1 summarizes the overall survival and
recurrence-free survival. Although the individuals in
this cohort were treated outside clinical trials, there was
good adherence to the international protocol available
at the time.'? The 5-year overall survival for GCTs range
from 91% to 85% with 88% event-free survival, which
is comparable to the survival analysis of our group.'**

Despite these good outcomes, challenges continue.
Ototoxicity, nephrotoxicity, neurotoxicity, pulmonary
disease, and second malignant neoplasms (SMN)
are some of the long-term sequelae associated with
long-term survival. Data on late effects were extracted
from adult patients who received similar therapy
for testicular cancer. Different studies have proven

502  Saudi Med J 2023; Vol. 44 5)  hteps://smj.org.sa

that platinum-related hearing loss might worsen over
time, have a late onset, or lead to early onset hearing
damage.'* GFR can be equally affected as hearing in an
adult study estimates at least 15% drops in the GFR,
which is irreversible even if the influence is subclinical
but can lead to long-term morbidity.*

Moreover, there is a rate of 1% of adults treated for
testicular cancer per year that accrue SMNs.”> Among
the same group of patients, there is a 2.5-fold increase in
the risk of death from pulmonary disease for individuals
who received bleomycin and an 8% prevalence of
developing restrictive lung disease.*?” Therefore, these
effects can be aggravated in a growing child who receives
similar therapy as most of the large late effects studies,
such as the childhood cancer survivor study that did not
report on GCTs.”

Study limitation. One of the limitations to our
study was the lack of long-term outcomes (such as
GFR, hearing, lung functions), likely due to the absence
of strict protocols and survivor programs to long-term
follow up those patients. This calls for a national effort
to support the infrastructure of standardizing treatment
across our centers in the kingdom, the development
of survivorship clinics, and collaboration with the
worldwide initiative to cure GCTs with the least possible
long-lasting comorbidities.
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In conclusion, despite the retrospective nature of

the study and its small sample size, this study adds to
the growing body of published literature regarding
GCTs characteristics among Saudi children. This
empbhasizes the importance of nationwide protocols and
maintaining vigilance screening of long-term survivors.
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