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Central nervous system germ cell tumors (CNS GCTs) are a heterogeneous group of
primary CNS tumors. GCTs are more common and mostly observed in pediatric and
young adult patients. CNS GCTs are divided into germinomas and non-germinomatous
germ cell tumors (NGGCTs), with different therapeutic strategies depending on diagnosis.
Herein, we report a patient with pediatric central nervous system germinoma harboring a
somatic KIT p.Y823D and a heterozygous germline SDHA p. T396Nfs*14 mutation
detected by next generation sequencing. After surgery, the patient received
chemotherapy (temozolomide + nedaplatin + etoposide). This is the first report of a
Chinese pediatric patient with CNS GCT harboring concurrent germline SDHA and
somatic KIT mutation, which enriches molecular profiles of CNS GCTs and provides
more molecular evidence of clinical diagnosis and potential targeted therapy in
CNS GCTs.

Keywords: central nervous system germ cell tumors, SDHA gene, KIT gene, pediatric, germline
INTRODUCTION

Central nervous system (CNS) germ cell tumors (GCTs) are rare tumors originating primarily from
midline locations, including pineal and suprasellar regions. The 2021 world health organization
(WHO) classification of tumors of the CNS identified 8 GCTs subtypes: mixed germ cell tumor;
germinoma (GE); nongerminomas germ cell tumors (NGGCTs) including choriocarcinoma, yolk
sac tumor, embryonal carcinoma; and teratoma classified further as mature teratoma, immature
teratoma and teratoma with somatic-type malignancy (1). The incidence of CNS GCTs was once
considered more prevalent in East Asia than in the Western Countries (2). But the study by
McCarthy et al. revealed that the incidence of primary GCTs between Japan and the United States is
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similar, and the gender-based patterns by location and high rates
of survival are similar too (3). The median age at which CNS
GCTs are diagnosed is 10–14 years, and there is a significant
predominance in males (4, 5). GE has a relatively better
prognosis than NGGCTs, with a 5-year survival rate of
approximately 90%, which in NGGCTs is 75–82% (5, 6). CNS
GCTs are very responsive to radiation therapy/chemotherapy.
NGGCTs usually secrete elevated alpha-fetoprotein (AFP) and/
or beta-human chorionic gonadotropin (beta-hCG) into serum
and cerebrospinal fluid, so AFP and beta-hCG are helpful in
distinguishing GEs and NGGCTs. Different tests including CT or
MRI scans, tumor markers in serum and cerebrospinal fluid, and
histopathology are used to diagnose GCT, but there are still
difficulties (7, 8). To date, there are limited large-scale data of
GCTs in China, with only 2 large studies (9, 10).

Molecular characterization studies have shown that KIT or
KRAS genemutations are present in about 25% of seminomas, yet
it is rare in non-seminomatous germ cell tumor (11). Gain of
chromosome 12p exists in almost all testicular GCTs (12). The
gain of chromosome 12p is observed in CNS GCTs with lower
frequency (13). With the application of next-generation
sequencing (NGS) analysis in recent years, the combination of
activated KIT signaling pathway and complex chromosomal
anomalies, especially gain of chromosome 12p seems to be the
key molecular drive of gonadal GCTs pathogenesis (11, 12).
Recently, whole-exome sequencing of CNS GCTs reveals
mutations in the KIT-RAS-MAPK or AKT-MTOR pathways,
including KIT (26%), KRAS/NRAS (20%), CBL (11%), MTOR
(8%), and NF1 (3%) (14). Moreover, a rare germline variant of
JMJD1C S880P is associated with CNS GCTs, especially in
Japanese. Germline SDHA mutation has not been reported in
GCTs (14). Nonetheless, the complete molecular characterization
of CNS GCTs in Chinese has not been achieved. In the present
case, for the first time, we report a Chinese CNS germinoma
patient with a KIT hotspot somatic mutation concurrent with a
novel SDHA germline mutation that showed distinct early-onset.
CASE PRESENTATION

A 4-year-old male toddler presented to our hospital due to the
elevated serum HCG levels, produced by the tumor. On
examination, the muscle strength of the lower limbs was grade 4
and the skin of the whole body was hairy, with a beard and pubic
hair. The development of external genitalia was significantly larger
than the boys of the same age. An irregular cafe-au-lait macule
could be seen on the right forehead, which might be considered as
a sign of the syndrome. Brain magnetic resonance imaging (MRI)
scans revealed a space-occupying lesion in the right lateral
ventricle with hydrocephalus (Figures 1A–C). Increasing levels
of b-hCG (207.72 U/L—NV 0-5) were found in serum. The
patient had epiphyseal dysplasia of the lower limbs with a slight
limp in the right lower limb. The patient underwent space-
occupying resection of the lesions and external ventricular drain
(Figures 1D–F). Microscopical analysis indicated that the tumor
was a malignant tumor of germ cell origin without any
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nongerminomas germ cell tumors components (Figure 1J).
Immunochemistry was performed and showed AFP/HCG
negative and PLAP/CD117 positive by postoperative tissue, and
probably the HCG-producing trophoblastic giant cells have been
missed. The Ki67 proliferation index of hot spots was high (50%-
60%). After surgery, acne improved and b-hCG returned to
normal levels. Combined with histological morphology and
immunohistochemistry, the final diagnosis was a secreting
CNS germinoma.

The white blood cell and tumor tissue specimens of the patient
were collected for NGS detection based on a panel including 539
cancer-related genes (Simceredx). By comprehensive genomic
profiling, somatic KIT p.Y823D (AF 46.29%) and SDHA p.
T396Nfs*14 (AF 48.35%) was detected but no second hits or
loss of heterozygosity (LOH) in tumor tissue (Figures 2A, B).
Copy number variations (CNV) including the gain of
chromosome 7 and 21, and loss of chromosome 13 were
identified (Figure 2C). Due to the younger age of diagnosis with
a cafe-au-lait macule phenotype, we confirmed the germline
mutation in leukocytes. No cafe-au-lait macule-associated tumor
syndrome mutation was identified, but SDHA p. T396Nfs*14 was
confirmed a heterozygous germline mutation. Further analysis by
Sanger sequencing identified that the SDHA heterozygous
mutation originated from his father with a normal phenotype
(Figures 2D, E). The patient didn’t have familial cancer history.

The patient received chemotherapy (temozolomide +
nedaplatin + etoposide) and radiation therapy after surgery.
Computed tomography scan after chemotherapy in of the brain
showed a few effusions in the right subdural. Up to the article
submission, there was no tumor recurrence (Figures 1G–I).
DISCUSSION AND CONCLUSION

In our case, we found concurrent germline SDHA and somatic
KIT mutations, which was not reported in CNS GCTs. SDHA
gene encodes a major subunit of Succinate dehydrogenase, a
complex of the mitochondrial respiratory chain whose subunits
are encoded by SDHA, SDHB, SDHC, SDHD, SDHAF1, and
SDHAF2. As tumor suppressor genes, aberrations in the SDH
complex genes result in the SDH complex deficiency (SCD)
syndrome, an autosomal dominant disease with the occurrence
of multiple tumors including gastrointestinal stromal tumors
(GISTs), paragangliomas (PGLs), pheochromocytomas (PCCs),
renal cell carcinomas (RCCs), and others (15). According to the
paper by Korpershoek et al., the penetrance of SDHA - associated
apparently sporadic paragangliomas and pheochromocytoma is
low (16). Recently, germline mutations in SDHx were also
reported in germ cell tumors including SDHB p.L157W in
mediastinal germ cell tumor and SDHD p.W43* in testicular
seminoma (17, 18). The patient has no evidence of PGLs/PCCs
and his father carries the same SDHA mutation without tumor
phenotype, which may be related to the incomplete penetrance of
SCD syndrome.

The p. T396Nfs*14 (c.1186dup) mutation is located in exon 9
of the SDHA gene. The variant is predicted to result in a
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FIGURE 1 | Clinicopathologic features of patient. Pre-operative T1-weighted (A) and T2- weighted (B) dynamic contrast enhanced MRI (C). Post-operative T1-weighted
(D) and T2- weighted (E) dynamic contrast enhanced MRI (F). 5 months post-operative T1-weighted (G) and T2- weighted (H) dynamic contrast enhanced MRI (I).
Hematoxylin and eosin (J).
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premature stop codon at position 409 of protein likely causing an
absence or loss of C-terminal domain protein product (19).
According to the guideline of the American College of Medical
Genetics and Genomics (ACMG), we defined the SDHA
mutation as a pathogenic variant. KIT p.Y823D mutation lies
in the protein kinase domain of the Kit protein conferring a gain
of function on Kit and then activates the KIT-RAS-MAPK
pathway (20). Although the current evidence is insufficient to
establish a clinical relationship for GCTs and SDHx mutations.
Considering the early onset of the disease in this patient, we
speculate that SDHA germline mutation promotes a more
aggressive behavior of GCTs related to the KIT-RAS-MAPK
pathway potentially, by activating the pseudo-hypoxic pathway
to increased ROS, angiogenesis, and cell proliferation in SDH-
deficient tumors (21).

At present, surgery, radiotherapy, and chemotherapy can all
improve the outcomes of CNS GCTs. The genomic analysis
could provide the application of TKIs in in CNS GCTs. In CNS
GCTs, KIT mutations were mainly concentrated in exon 17,
followed by exon 11. KIT p.Y823D in GCT patients was reported
to be sensitive to sorafenib and resistant to imatinib and
Frontiers in Oncology | www.frontiersin.org 4
Sunitinib (14). Tyrosine kinase inhibitors (TKIs) targeting KIT
have been approved in other tumors. KIT mutations and SDHx
germline mutations are also common in gastrointestinal stromal
tumors, and distinct from our case, they are usually mutually
exclusive (22). The possible synergistic or antagonistic effects of
the co-mutation on the drug are unknown.

In conclusion, we for the first time report a 4-year-old
Chinese male child with CNS GCT harboring concurrent
germline SDHA and somatic KIT mutation, which showed the
necessity to detect germline mutations in CNS GCTs, especially
in children with CNS GCTs. In addition, the relationship
between SDHA germline mutations and the clinical diagnosis,
prognosis , and therapy of CNS GCTs needs to be
further investigated.
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FIGURE 2 | Molecular pathology data of patient. Next generation sequencing (NGS) revealing a germline SDHA c.1186dup variant (A), and a somatic KIT
c.2467T>G variant (B). Copy number variation (CNV) in the whole genome (C). The unaffected father of the patient carried the heterozygous SDHA c.1186dup
mutation (E), whereas the healthy mother did not (D).
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