
Central Nervous System Germ Cell Tumor
(MONDO:0003000): A Comprehensive
Disease Characterization

Summary

Central nervous system germ cell tumors (CNS GCTs; MONDO:0003000) are a rare, biologically
heterogeneous family of midline-predominant intracranial neoplasms that arise chiefly in the
pineal and  suprasellar/neurohypophyseal regions  of  children  and  adolescents.  The
overriding  lesson  of  this  investigation  is  that  CNS  GCT  must  not be  treated  as  a  single
molecular or clinical state. The correct primary axis of division is between  germinoma — a
marker-poor,  exquisitely  radiosensitive,  globally  DNA-hypomethylated  tumor  whose
epigenome resembles migrating primordial germ cells (PGCs) — and the non-germinomatous
germ cell tumors (NGGCTs), an umbrella that includes embryonal carcinoma, yolk sac tumor,
choriocarcinoma,  teratoma (mature and immature),  and mixed tumors,  which secrete  AFP
and/or β-hCG, respond less completely, and carry a worse prognosis. These two arms differ
fundamentally  in  epigenome,  treatment  intensity,  and  outcome,  and  even  within  a  single
"mixed" tumor, histologically distinct components can occupy divergent developmental states
while sharing a common ancestral driver mutation.

At the molecular level, the dominant recurrent alterations are activation of the KIT/RAS/MAPK
pathway (mutated in >50% of intracranial GCTs, with KIT enriched in germinoma) and the
AKT1/PI3K/mTOR pathway (including AKT1 copy-number gain at 14q32.33), superimposed on
chromosomal  instability  with  a  characteristic  12p  gain.  Germinoma  additionally  displays
genome-wide hypomethylation that is its signature epigenetic feature. Origin is best explained
by two complementary and still-unresolved models — an ectopic primordial-germ-cell model
(favored for  germinoma)  and an  embryonic/pluripotent-cell model  (better  accounting for
teratomatous  and  non-germinomatous  elements).  Crucially,  transcriptomic  or  methylation
resemblance to PGCs should be read as cell-state similarity, not proven lineage tracing.

Clinically, localized germinoma is one of the most curable of all malignant brain tumors, with
>90% 5-year event-free survival achieved by  chemotherapy followed by  field-appropriate
whole-ventricular irradiation — where the radiation field (ventricular coverage), not merely



the dose, governs relapse. NGGCTs require intensified chemoradiation and cure roughly  70–
90%. Because so many patients survive, the modern clinical challenge has shifted to reducing
long-term treatment morbidity (endocrinopathy, neurocognitive and visual deficits, radiation
vasculopathy, second tumors) and to distinguishing therapy-related phenomena —  growing
teratoma  syndrome,  chemotherapy  selection  of  viable  malignant  components,  and  true
relapse — as biologically separate events. All primary evidence is intracranial; primary spinal
CNS GCTs remain essentially uncharacterized and must not be assumed to share intracranial
biology.

Key Findings

1. Germinoma is defined by global DNA hypomethylation resembling
migrating primordial germ cells

Genome-wide  methylation  profiling  of  61  intracranial  GCTs  (Fukushima  et  al.,  2017)
established that  pure germinomas are characterized by global low DNA methylation,  a
unique epigenetic feature distinguishing them from all other iGCT subtypes. The methylation
landscape  closely  mirrors  that  of  primordial  germ  cells  at  the  migration  phase,  and
hypomethylation extends beyond the PGC signature into LINE retrotransposons. This is the
strongest single molecular argument for a PGC-related state of origin for germinoma. [Human/
computational]

Importantly,  the  same  study  showed  that  histologically  and  epigenetically  distinct
microdissected  components  of  mixed  GCTs  shared  identical  somatic  MAPK/PI3K
mutations,  indicating  they  developed  from  a  common  ancestral  cell that  subsequently
diverged in developmental state. This is direct evidence that developmental-state divergence
within mixed tumors is a real, clonally-anchored phenomenon rather than the co-incidence of
independent tumors.

"pure germinomas are characterized by global low DNA methylation, a unique epigenetic
feature making them distinct from all other iGCTs subtypes. The patterns of methylation
strongly resemble that of primordial germ cells (PGC) at the migration phase, possibly
indicating the cell of origin for these tumors" — PMID: 28078450
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2. Marked geographic, age, and sex predilection

CNS  GCTs  show  a  striking  region-specific  prevalence,  comprising  15.3%  of  pediatric  CNS
tumors  in  some  Asian  populations  versus  3.6%  in  North  America (PMID:  34074342).
Incidence is bimodal, peaking in the first months of life and again in adolescence, with a male
predominance that is most pronounced for pineal tumors. The common intracranial sites are
the  pineal  region,  neurohypophysis/suprasellar  region,  bifocal  pineal–neurohypophyseal
disease, basal ganglia, and cerebral ventricles. More than 50% of intracranial GCTs present
with obstructive hydrocephalus,  and primary  spinal tumors are rare — a distinction that
must be preserved, since the evidence base is overwhelmingly intracranial. [Human/clinical]

"There are two age peaks of incidence distribution at the first few months of life and in
adolescence."  …  "Above  50%  of  intracranial  GCTs  (IGCTs)  present  obstructive
hydrocephalus. Spinal tumors are rare." — PMID: 37452948

3. KIT/RAS/MAPK and AKT/mTOR are the dominant molecular drivers; KIT
enriched in germinoma

The landmark genomic study of 62 intracranial GCTs (Wang et al., 2014, Nature) found the KIT/
RAS signaling pathway mutated in >50% of IGCTs, including recurrent somatic mutations in
KIT, KRAS, NRAS, and the negative regulator CBL; novel AKT/mTOR alterations, notably AKT1
copy-number gain at 14q32.33 in 19% of patients with AKT1 upregulation; loss-of-function
BCORL1 mutations; and enriched rare germline variants in the histone demethylase JMJD1C. 
[Computational/genomic]

A  Chinese  whole-exome  cohort  (Huang  et  al.,  2024,  n=47)  confirmed  KIT  as  the  most
significantly mutated gene (15/47, 32%),  predominantly in germinoma (13/20, 65%) versus
NGGCT (2/27, 7%).  NF1 mutation was associated with shorter OS/PFS,  and clonal-evolution
analysis  revealed an  early  branched pattern accompanying histologic-subtype changes  —
reinforcing the common-ancestor-then-diverge model.  KRAS codon 12/13/61 mutations have
been independently documented, and chromosomal instability produces a characteristic  12p
gain.

"We find the KIT/RAS signalling pathway frequently mutated in more than 50% of IGCTs …
Novel somatic alterations in the AKT/mTOR pathway included copy number gains of the
AKT1 locus at 14q32.33 in 19% of patients" — PMID: 24896186
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"KIT was the most significantly mutated gene (15/47, 32%), which mainly occurred in the
germinoma  group  (13/20,  65%),  and  less  frequently  in  NGGCT  (2/27,  7%)"  —  PMID:
38409885

Pathway / feature Frequency Subtype skew Source

KIT/RAS/MAPK activation >50% of IGCTs
germinoma-
enriched

PMID:
24896186

KIT mutation
32% overall; 65% germinoma
vs 7% NGGCT

germinoma
PMID:
38409885

AKT1 gain (14q32.33) 19% —
PMID:
24896186

12p gain / chromosomal
instability

characteristic all
PMID:
38012690

NF1 mutation — worse OS/PFS
PMID:
38409885

4. Localized germinoma is highly curable with chemotherapy plus reduced
whole-ventricular irradiation

The SIOP-CNS-GCT-II trial (Calaminus et al.) treated  166 localized germinoma patients with
four courses of "carboPEI" chemotherapy, then 24 Gy whole-ventricular radiotherapy (with a
16 Gy boost only if residual disease persisted), achieving 5-year EFS 0.94 ± 0.02 and OS 0.98 ±
0.01. Metastatic germinoma (n=61) treated with craniospinal radiotherapy reached 5-year EFS
0.98,  OS  1.00.  Notably,  omitting  the  radiotherapy  boost  was  safe  in  patients  in  complete
remission after chemotherapy (PMID: 42234858). The EANO/SNO/EURACAN consensus affirms
>90% 5-year EFS for localized germinoma via chemotherapy followed by whole-ventricular
irradiation with local boost, while NGGCT 5-year EFS exceeds 70%. [Human/clinical]

"With  more  than  90%  5-year  event-free  survival  (EFS),  localized  germinomas  can  be
managed without aggressive surgery, and benefit from chemotherapy followed by whole
ventricular irradiation with local boost" — PMID: 34724065
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5. Circulating miR-371a-3p is a sensitive biomarker for malignant GCTs — but
blind to teratoma

MicroRNAs of the miR-371~373 and miR-302/367 clusters are over-expressed in all malignant
GCTs; miR-371a-3p is elevated in serum and CSF at diagnosis and outperforms AFP and β-hCG
on  sensitivity/specificity.  In  intracranial  cases,  CSF  miR-371a-3p  has  preceded  histologic
diagnosis  by  up  to  2  years  and  detected  relapse  when  conventional  markers  were  below
threshold (PMID: 32642701).  A critical  caveat:  miR-371a-3p is  expressed in undifferentiated
GCT but not in teratoma, so it cannot detect mature teratoma components — the same blind
spot that underlies growing teratoma syndrome. [Human/clinical]

"Circulating  miR-371a-3p,  which  is  expressed  in  undifferentiated  TGCTs  but  not  in
teratomas, is a promising biomarker for TGCTs" — PMID: 38396829

6. Growing teratoma syndrome is a distinct marker-negative phenomenon

Growing  teratoma  syndrome  (GTS)  is  the  paradoxical  enlargement  of  teratomatous
components during or after chemo-/radiotherapy despite normalized or negative tumor
markers,  typically  with  honeycomb/cystic  imaging.  It  reflects  therapy  selecting  for  and
unmasking  differentiated,  low-proliferation  teratoma rather  than treatment  failure.  In  one
pineal  mixed  GCT,  the  Ki-67  index  fell  from  25%  at  diagnosis  to  5%  after  resection,
confirming differentiation to mature teratoma (PMID: 42488730). Methylation classifiers can
confirm the teratoma diagnosis, and up to  45% of presumed immature-teratoma patients
experience growing disease during treatment (PMID: 42095539).  Surgical resection is the
mainstay of GTS management. [Human/clinical]

"It  manifests  as  paradoxical  growth of  teratomatous  components,  with  multiple  cystic
lesions on cranial imaging despite normalized tumor markers" — PMID: 39109622

7. Klinefelter syndrome and sex-chromosome aneuploidy are established
genetic risk factors

Males  with  Klinefelter  syndrome  (47,XXY) have  an  elevated  incidence  of  pineal  and
suprasellar germinomas. A FISH study of 13 male intracranial GCT patients found KS in 15%
and statistically significant X and Y chromosome polyploidies in tumor versus non-tumor
tissue (PMID:  18758161).  X-chromosome  polyploidy  and  X  hypomethylation  have  been
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proposed as transformation mechanisms. A birth-defect/GCT case-control study (Schraw et al.,
552 cases vs 6,380 controls) found GCT risk increased among children with any birth defect
(OR 1.7; 95% CI 1.3–2.4) and markedly so with syndromic defects (OR 10.4; 95% CI 4.9–22.1)
(PMID: 37366624). [Human/clinical]

"KS was found in 15% of the cases, demonstrating that this constitutive aneuploidy may be
related  to  carcinogenesis.  When  tumor  and  non-tumor  tissues  were  compared,
statistically  significant X and Y chromosome polyploidies  in tumors were revealed" —
PMID: 18758161

8. Germinoma has an immune-cell-rich microenvironment with high PD-1/
PD-L1 expression; immune balance is prognostic

Germinoma frequently shows massive immune infiltration. In 100 germinomas, PD-1 (PDCD1)
was expressed by immune cells in 93.8% and PD-L1 (CD274) in tumor cells in 73.5%; higher
immune  infiltration  (lower  tumor-cell  content)  predicted  longer  PFS  (P  =  0.03) (PMID:
31179566). In a 90-patient CNS GCT cohort, germinomas had higher CD4+/Foxp3+ infiltration
and CTLA-4  than NGGCT,  PD-1/PD-L1 in  >90%,  and  PD-1  expression was an independent
prognostic  factor for  PFS/RFS  (PMID:  39958339).  PD-L1  tumor-cell  ratio  has  also  been
associated with faster tumor growth. These data provide a rationale for checkpoint-inhibitor
trials. [Human/clinical]

"PD1 (PDCD1) was expressed by immune cells present in most germinomas (93.8%), and
PD-L1  (CD274)  expression  was  found  in  tumour  cells  in  the  majority  of  germinomas
examined (73.5%)" — PMID: 31179566

9. Platinum hypersensitivity depends on p53/apoptotic response; resistance
involves miR-371-373, OCT4 loss, and PI3K/AKT (largely testicular/in vitro
evidence)

In  testicular  embryonal  carcinoma  cell  lines,  cisplatin  triggers  a  p53-dominant
transcriptional response (~54% of upregulated genes are p53 targets), and p53 knockdown
confers  relative  resistance  (PMID:  15940259).  Sensitivity  reflects  DNA-repair  deficits
(interstrand  crosslink  /  homologous  recombination)  plus  hypersensitive  p53-mediated
apoptosis  (Noxa/Puma/Fas  via  p73/Sp1).  Resistance mechanisms  include  OCT4  down-

OpenScientist Report

6

https://pubmed.ncbi.nlm.nih.gov/37366624/
https://pubmed.ncbi.nlm.nih.gov/18758161/
https://pubmed.ncbi.nlm.nih.gov/31179566/
https://pubmed.ncbi.nlm.nih.gov/31179566/
https://pubmed.ncbi.nlm.nih.gov/39958339/
https://pubmed.ncbi.nlm.nih.gov/31179566/
https://pubmed.ncbi.nlm.nih.gov/15940259/


regulation,  failure  to  induce  Puma/Noxa,  altered  microRNAs  (miR-17/-106b,  miR-302a,
miR-371–373),  elevated  MDM2,  cytoplasmic  p21,  and  PDGFRβ/PI3K/pAKT activation  (PMID:
25546083).  Evidence-type  caveat: these  are  predominantly  testicular  and  in-vitro  data
(including cell lines such as NCCIT), not direct patient CNS evidence, and must be labeled as
such. [In vitro / testicular surrogate]

"changes  in  the  expression  levels  of  micro-RNAs  such  as  miR-17/-106b,  miR-302a,  or
miR-371  to  -373;  elevated  levels  of  MDM2  and  cytoplasmic  translocation  of  p21  by
phosphorylation; and activation of the PDGFRβ/PI3K/pAKT pathway" — PMID: 25546083

10. Mouse models center on the 129-strain testicular teratoma and germ-cell
pluripotency genes

The 129 mouse strain spontaneously develops testicular teratomas; the Ter mutation in the
Dnd1  gene is  a  potent  modifier  of  tumor  incidence  (PMID:  23784831).  Additional  models
include  the  129-Chr19(MOLF)  chromosome-substitution  strain  and  conditional  Dmrt1 and
Pten alleles. Teratomas arise from germ cells via misregulation of pluripotency genes (Oct4,
Sox2, Nanog).  Model limitation: these are gonadal (testicular) models; no faithful model of
the  intracranial  midline  GCT  microenvironment  currently  exists,  and  the  role  of  somatic/
physiologic context in teratoma sensitivity remains unknown. [Model organism]

"Leroy  Stevens  identified  the  129  mouse  strain  as  a  model  of  spontaneous  testicular
teratoma and later isolated a substrain carrying the Ter mutation, a potent modifier of
tumor incidence" — PMID: 23784831

11. Clinical presentation is location-dependent

Suprasellar/neurohypophyseal  germinomas  present  with  central  diabetes  insipidus
(polyuria/polydipsia),  hypopituitarism,  growth  failure,  and  visual  defects;  DI  can  precede
diagnosis by >1 year (42% with symptom interval >1 yr) and is accompanied by loss of the
posterior  pituitary  "bright  spot"  on  MRI  (PMID:  25266413).  Pineal  lesions  cause  Parinaud
syndrome (upgaze palsy) and obstructive hydrocephalus. Germinoma constitutes 50–65% of
cerebral  GCTs.  Bifocal (pineal  +  suprasellar)  disease is  treated as  locoregional  rather  than
metastatic (PMID: 16530340). [Human/clinical]
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"All had symptoms of DI at presentation with a symptom interval above one year in eight
cases (42 %)" — PMID: 25266413

12. Diagnosis integrates tumor markers, MRI of brain and spine, CSF
cytology, and often biopsy

Serum and/or CSF  AFP (yolk sac tumor / immature teratoma) and  β-hCG (choriocarcinoma /
syncytiotrophoblast)  help identify and subclassify GCTs;  markedly elevated markers permit
marker-based diagnosis without biopsy (e.g., β-hCG >50 IU/L, AFP >25 ng/mL thresholds in the
CNS sGCT pilot). Pure germinoma is typically marker-negative or low β-hCG. Staging requires
contrast-enhanced MRI of brain and whole spine plus CSF cytology (PMID: 37452948). A key
pitfall:  intracranial  dysgerminoma/germinoma  can  mimic  inflammatory/demyelinating
disease (oligoclonal  bands,  steroid-responsive)  and  be  marker-negative  (PMID:  31712009).
Emerging minimally-invasive tools include CSF cfDNA methylation classifiers and miR-371a-3p.
[Human/clinical]

"Staging work-up includes CSF cytology for  tumor cells  and contrast-enhanced MRI of
brain  and  spine  for  macroscopic  metastasis  before  treatment  commences."  —  PMID:
37452948

13. Incidence and demographics quantified

A Kumamoto (Japan) survey reported a pediatric CNS-GCT age-adjusted annual incidence of
0.45/100,000 children (boys 0.64, girls 0.28;  M:F 2.29:1), versus CBTRUS 0.18, SEER 0.15, and
Germany 0.10 per 100,000 (PMID: 24751890). GCTs were 44.3% of cases aged 0–14; germinoma
64.5% vs nongerminoma 35.5%; pineal location 45.2%. Historically incidence is 5–8× higher in
Japan/East Asia than Western countries, with a pubertal peak and overall M:F ~3–4:1 (higher
for pineal) (PMID: 24896186). [Human/clinical]

"The age-adjusted annual incidence rate was 0.45 cases (boys: 0.64, girls: 0.28) per 10(5)
children. At 2.29, the ratio of CNS-GCTs was higher in these boys than girls."  —  PMID:
24751890
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14. Relapse prognosis is subtype-dependent; salvage with HDCT +
autologous SCT cures a subset

In  KSPNO  S-053,  relapsed/progressed  CNS-GCT  treated  with  myeloablative  high-dose
chemotherapy and autologous stem cell transplant (± radiotherapy) achieved 3-year OS 59.1 ±
11.2% overall, markedly better for germinoma (88.9 ± 10.5%) than NGGCT (36.4 ± 14.5%; P =
0.028) (PMID:  23824533).  Radiotherapy  — particularly  craniospinal  — was  associated  with
better  outcome.  Late spinal  relapses have occurred  8–18 years after  remission,  mandating
prolonged surveillance. [Human/clinical]

"The probability of 3-year overall survival was 59.1 ± 11.2 % (36.4 ± 14.5 % for NGGCTs vs.
88.9 ± 10.5 % for germinomas, P = 0.028)" — PMID: 23824533

15. Radiation FIELD, not just dose, controls germinoma relapse

Yamasaki et  al.  (57 iGCTs,  mostly local irradiation) found that for pure germinomas  8 of 9
relapses occurred OUTSIDE the irradiation fields, with local RT alone giving 5-yr PFS 75% ±
8.8% — insufficient without intensification (PMID: 32398600). Whole-ventricular field coverage
reduced recurrence dramatically (HR 0.060; 95% CI 0.012–0.312; p < 0.001) (PMID: 42243616).
Kortmann established that  chemotherapy converts  macroscopic  to  microscopic  disease,
permitting  dose  reduction to  the  tumor  and  ventricular  system  while  maintaining  field
coverage — and that chemotherapy alone cannot replace radiotherapy (PMID: 24224870). This
cleanly separates the  field question (must cover ventricles) from the  dose question (can be
reduced). [Human/clinical]

"8  of  9  relapses  from  24  PGNs  occurred  outside  irradiation  fields,  with  a  5-year
progression-free survival (5-year PFS) of 75%±8.8%" — PMID: 32398600

16. Origin models: ectopic PGC (germinoma) vs embryonic/pluripotent cell
(NGGCT/teratoma)

Two  co-existing  theories  persist.  The  germ-cell  theory points  to  germinoma's  PGC-like
methylation/transcriptome,  KIT  expression,  and  PGC-marker  overlap.  The  embryonic  cell
theory holds  that  IGCTs  arise  from  pluripotent  embryonic  cells  that  escape  normal
migration  and  differentiation,  better  explaining  non-germinomatous  and  teratomatous
elements (PMID: 42419530). Pineal-region tumors are thought to arise from ectopic PGCs and
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cells of adjacent structures (PMID: 37831207). Because mixed-tumor components share driver
mutations from a common ancestral clone and show early branched divergence, resemblance
must be interpreted as cell-state similarity, not lineage tracing. [Human/computational]

"The embryonic cell theory suggests that IGCTs may originate from pluripotent embryonic
cells that escape normal migration and differentiation during embryonic development" —
PMID: 42419530

17. Survivors face substantial treatment-related late morbidity

Because  germinoma  is  highly  curable,  the  clinical  focus  has  shifted  to  reducing  sequelae:
permanent hypopituitarism/diabetes insipidus (often irreversible — the bright spot does not
recover),  radiation-induced  cavernous  malformations years  after  whole-ventricular/
craniospinal RT causing hemorrhage and neurologic deficit (PMID: 40347128), and endocrine/
visual  dysfunction  and  loss  of  social  independence  after  higher-dose  or  repeat  radiation
(PMID: 36610798). Late spinal relapse up to 18 years mandates lifelong surveillance. [Human/
clinical]

"an intracranial germinoma treated with whole-ventricular irradiation. Three years after
treatment, the patient developed a symptomatic hemorrhagic RICM" — PMID: 40347128

Section-by-Section Disease Characterization

Section 1 — Disease Information

CNS  GCT  (MONDO:0003000)  is  an  umbrella  for  germ-cell-derived  neoplasms  of  the  CNS,
overwhelmingly intracranial and midline (pineal, suprasellar/neurohypophyseal, bifocal, basal
ganglia, ventricular; spinal primaries rare). Subtypes: germinoma (dysgerminoma equivalent)
and  NGGCT (embryonal  carcinoma,  yolk  sac  tumor,  choriocarcinoma,  teratoma  [mature/
immature],  mixed).  Synonyms:  intracranial  germ  cell  tumor  (IGCT),  primary  CNS  GCT,
intracranial  germinoma.  Identifiers:  MeSH  "Neoplasms,  Germ  Cell  and  Embryonal";  ICD-O
germ-cell histology codes; Orphanet intracranial GCT entries. Evidence is a mix of aggregated
disease-level resources and clinical cohort/registry data (PMID: 37452948).
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Section 2 — Etiology

Primary  drivers  are  somatic  KIT/RAS/MAPK and  AKT/PI3K/mTOR activation  plus
chromosomal  instability  (12p  gain).  Genetic  risk:  Klinefelter  syndrome  (47,XXY),  sex-
chromosome aneuploidy, birth defects/syndromes (OR up to 10.4). Rare germline variants in
JMJD1C.  No confirmed environmental or infectious cause; no established protective factors.
Gene–environment  interaction  data  are  lacking  (PMID:  24896186,  PMID:  18758161,  PMID:
37366624).

Section 3 — Phenotypes

Location-dependent:  central  DI  (HP:0000863),  hypopituitarism  (HP:0040075),  growth  delay
(HP:0001510),  hydrocephalus  (HP:0000238),  Parinaud/upgaze  palsy  (HP:0000602),  visual
impairment (HP:0000505), precocious puberty (HP:0000826, β-hCG-secreting). Onset childhood/
adolescent;  progression  subacute-to-chronic;  DI  frequently  precedes  diagnosis  by  >1  year
(diagnostic delay). QoL impact dominated by endocrine and visual sequelae (PMID: 25266413).

Section 4 — Genetic/Molecular Information

Recurrent somatic drivers:  KIT, KRAS, NRAS, CBL (MAPK);  AKT1 gain, PI3K/mTOR;  BCORL1
LoF;  NF1 (poor  prognosis).  Germline:  JMJD1C enrichment,  KS/aneuploidy.  Epigenetics:
germinoma  global  hypomethylation  (signature).  Chromosomal:  12p  gain,  X/Y  polyploidy.
Somatic > germline for drivers (PMID: 24896186, PMID: 38409885, PMID: 28078450).

Section 5 — Environmental Information

No  robustly  established  environmental,  lifestyle,  or  infectious  cause.  This  section  is  not
applicable  /  not  established for  CNS  GCT  beyond  the  genetic/developmental  risk  factors
above.

Section 6 — Mechanism / Pathophysiology

Upstream:  developmental  mis-location  of  a  germ-cell/pluripotent  progenitor  +  MAPK
(GO:0000165)  or  PI3K/AKT  (GO:0043491)/mTOR  (GO:0031929)  driver  →  proliferation.
Germinoma retains a PGC-migration-phase state with DNA demethylation (GO:0080111) and an
immune-rich,  PD-1/PD-L1-high  microenvironment.  NGGCT  differentiates  along  embryonal/
extraembryonic lineages, secreting AFP/β-hCG. Downstream clinical manifestations arise from

OpenScientist Report

11

https://pubmed.ncbi.nlm.nih.gov/24896186/
https://pubmed.ncbi.nlm.nih.gov/18758161/
https://pubmed.ncbi.nlm.nih.gov/37366624/
https://pubmed.ncbi.nlm.nih.gov/37366624/
https://pubmed.ncbi.nlm.nih.gov/25266413/
https://pubmed.ncbi.nlm.nih.gov/24896186/
https://pubmed.ncbi.nlm.nih.gov/38409885/
https://pubmed.ncbi.nlm.nih.gov/28078450/


location and mass effect (hydrocephalus,  DI).  Cell  types:  primordial germ cell  (CL:0000670),
pluripotent stem cell  (CL:0002248),  infiltrating T cells  (CL:0000084)  (PMID: 28078450,  PMID:
31179566).

Section 7 — Anatomical Structures Affected

Primary:  pineal  gland  (UBERON:0001905),  neurohypophysis/posterior  pituitary
(UBERON:0002198),  hypothalamus  (UBERON:0001898),  third/lateral  ventricles
(UBERON:0002285/0002286), basal ganglia (UBERON:0002420); spinal cord (UBERON:0002240)
rare. Body system: nervous/endocrine. Lateralization: often midline/bilateral (bifocal) (PMID:
37452948).

Section 8 — Temporal Development

Onset  pediatric/adolescent,  bimodal  (infancy  +  adolescence);  insidious-to-subacute.
Germinoma  highly  curable;  NGGCT  more  aggressive.  Course:  treatment-induced  remission
common; late relapse (spinal) up to 18 years. Critical intervention window is at diagnosis and
during marker/imaging surveillance (PMID: 37452948, PMID: 42243616).

Section 9 — Inheritance and Population

Incidence  0.45/100,000  children  (Japan)  vs  0.10–0.18  (West);  M:F  ~2.3–4:1.  Mostly  sporadic
somatic; heritable risk via KS/aneuploidy and syndromic birth defects. No classical Mendelian
inheritance pattern (PMID: 24751890, PMID: 18758161).

Section 10 — Diagnostics

Serum/CSF AFP + β-hCG; MRI brain + whole spine; CSF cytology; biopsy when markers non-
diagnostic.  Emerging:  CSF  cfDNA  methylation  classifier,  miR-371a-3p  (blind  to  teratoma).
Differential:  inflammatory/demyelinating  disease  (PMID:  37452948,  PMID:  32642701,  PMID:
31712009).

Section 11 — Outcome/Prognosis

Localized germinoma >90% 5-yr EFS; metastatic germinoma near 100% OS with CSI; NGGCT
>70%.  Relapse:  germinoma  salvage  OS  ~89%  vs  NGGCT  ~36%.  Prognostic  factors:  subtype
(germinoma vs NGGCT), NF1 mutation, PD-1 expression, immune infiltration, extent of RT field.
Late morbidity substantial (PMID: 34724065, PMID: 23824533).
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Section 12 — Treatment

Germinoma:  platinum-based  chemotherapy  (carboPEI/carboplatin+etoposide;  CHEBI:
carboplatin CHEBI:31355, etoposide CHEBI:4911) + whole-ventricular RT (MAXO:0000009) with
dose reduction. NGGCT: intensified chemo + CSI/boost ± second-look surgery. Salvage: high-
dose chemo + autologous SCT ± CSI. Emerging: KIT and PI3K/AKT/mTOR targeted therapy; PD-1/
PD-L1  checkpoint  blockade.  Surgery  (MAXO:0000006)  for  GTS/residual  teratoma;  endocrine
hormone replacement (PMID: 34724065, PMID: 39959669).

Section 13 — Prevention

No primary  prevention  (no  modifiable  cause).  Secondary  prevention  =  early  detection  via
marker/imaging surveillance and awareness of DI as a sentinel symptom. Tertiary = reducing
RT field/dose  to  limit  late  effects;  lifelong  surveillance  for  late  relapse  and second tumors
(PMID: 25266413, PMID: 36610798).

Section 14 — Other Species / Natural Disease

Human disease primarily; comparative biology via murine testicular teratoma (NCBI Taxon
10090).  Orthologous  genes:  Kit,  Kras,  Akt1,  Dnd1,  Dmrt1,  Pten.  No  significant  naturally-
occurring intracranial GCT reported in companion animals. Not zoonotic (PMID: 23784831).

Section 15 — Model Organisms

Mouse  (129  strain,  Ter/Dnd1,  Dmrt1,  Pten  conditionals);  teratomas  via  pluripotency-gene
misregulation.  Recapitulates  teratoma  initiation  but  not intracranial  location,  germinoma
hypomethylation, or NGGCT secretion. Resources: MGI, IMSR. In-vitro surrogates: testicular EC
cell lines (e.g., NCCIT) for chemosensitivity/resistance (PMID: 23784831, PMID: 25546083).

Mechanistic Model / Interpretation

The  findings  cohere  into  a  developmental-origin  model  in  which  a  single  mis-located
progenitor  cell  acquires  a  KIT/RAS/MAPK or  PI3K/AKT/mTOR driver  mutation  and  then
diverges into distinct developmental states that define the histologic subtypes:
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   Embryonic development
            │
   Ectopic/mis-migrated progenitor  ── acquires KIT/RAS/MAPK or AKT/PI3K driver
            │                              (± 12p gain, chromosomal instability)
            ▼
   ┌────────────────────────── COMMON ANCESTRAL CLONE ──────────────────────────┐
   │        (early BRANCHED divergence into different developmental STATES)      │
   ▼                                                                             ▼
 GERMINOMA                                                   NON-GERMINOMATOUS GCT
 • PGC-migration-phase state                                 • embryonic/pluripotent state
 • GLOBAL DNA HYPOMETHYLATION                                • EC / yolk sac / choriocarcinoma /
 • KIT-enriched, marker-poor                                   teratoma / mixed
 • immune-rich (PD-1/PD-L1 high)                             • AFP/β-hCG secreting
 • exquisitely radiosensitive                               • teratoma = miR-371 blind spot
            │                                                             │
            ▼                                                             ▼
 Chemo + whole-VENTRICULAR RT (dose-reduced)                Intensified chemo + CSI/boost
 >90% 5-yr EFS                                              ~70–90% 5-yr EFS
            │                                                             │
            ▼                                                             ▼
 Relapse mostly OUT-OF-FIELD                                GROWING TERATOMA SYNDROME
 (field, not dose, matters)                                (marker-negative, Ki-67 falls,
 Salvage HDCT+SCT OS ~89%                                   surgery is mainstay)
                                                           Salvage HDCT+SCT OS ~36%

Three post-treatment phenomena must be kept conceptually separate:

Phenomenon Markers Biology Management

Growing teratoma
syndrome

Negative/
normalized

Therapy unmasks
differentiated, low-Ki-67
teratoma

Surgical resection

Chemo-selection of
viable malignant
component

May rise
Resistant malignant clone
survives therapy

Intensified
systemic therapy

True relapse
Variable (marker
or miR-371 rise)

Regrowth of malignant
clone, often out-of-field

Salvage HDCT +
SCT ± CSI

The upstream trigger is developmental mis-location plus a MAPK/PI3K driver; the downstream
clinical  manifestations (hydrocephalus,  DI,  Parinaud syndrome) are consequences of tumor
location and mass effect. Germinoma's global hypomethylation is both a diagnostic signature
and a plausible mechanistic link to its PGC-like state and immune-rich microenvironment.
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PMID Topic Supports

28078450
Genome-wide methylation
of iGCTs

Germinoma hypomethylation, PGC state,
common ancestral clone

24896186
Novel mutations (Wang,
Nature)

KIT/RAS >50%, AKT1 gain 19%, incidence, sex
ratio

38409885 WES in Chinese iGCTs
KIT 32% (germinoma 65% vs NGGCT 7%), NF1,
clonal evolution

38012690
Genetics/epigenetics/
immune review

Dual-pathway activation, 12p gain

39959669
Genomic diagnostics/
therapeutics

MAPK activation, KIT as target

34724065
EANO/SNO/EURACAN
consensus

>90% EFS localized germinoma; NGGCT >70%

42234858
SIOP-CNS-GCT-II final
report

EFS 0.94/OS 0.98; boost omission safe

42243616
Long-term outcomes/
recurrence

Whole-ventricular field HR 0.060

32398600 Local RT + IT MTX/HDCT 8/9 relapses out-of-field

24224870 Management (Kortmann) Chemo converts macro→micro; dose reduction

32642701 miR-371a-3p in iGCT Sensitive biomarker

38396829
microRNAs / teratoma
challenge

miR-371 teratoma blind spot

39109622 / 
42488730

Growing teratoma
syndrome

Marker-negative growth; Ki-67 25%→5%

42095539
Presumed immature
teratoma

45% growing disease during treatment

18758161 / 
37366624

KS/aneuploidy; birth defects Genetic risk factors

31179566 / 
39958339

Immune landscape PD-1/PD-L1, prognostic infiltration
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PMID Topic Supports

25546083 / 
15940259

Cisplatin sensitivity/
resistance

p53 hypersensitivity; miR/PI3K resistance
(testicular/in vitro)

23784831 Testicular teratoma models 129-strain, Dnd1/Ter, Dmrt1, Pten

25266413 / 
16530340

DI/bright spot; bifocal Presentation; bifocal-as-locoregional

37452948 / 
37831207

Reviews Staging, presentation, origin

24751890
Kumamoto incidence
survey

0.45/100,000, M:F 2.29:1

23824533 KSPNO S-053 salvage Relapse OS 89% germinoma vs 36% NGGCT

36610798 / 
40347128

Late effects
Endocrine/visual morbidity; radiation
cavernoma

42419530 Advances/future directions Embryonic-cell origin theory

34074342 External metastasis / review Geographic prevalence 15.3% vs 3.6%

Ontology Term Suggestions

Disease: MONDO:0003000 (CNS germ cell tumor).

Anatomy (UBERON): pineal gland (UBERON:0001905), posterior pituitary
(UBERON:0002198), hypothalamus (UBERON:0001898), third ventricle (UBERON:0002285),
lateral ventricle (UBERON:0002286), basal ganglia (UBERON:0002420), spinal cord
(UBERON:0002240).

Cell types (CL): primordial germ cell (CL:0000670), pluripotent stem cell (CL:0002248), T
cell (CL:0000084), regulatory T cell (CL:0000815).

Biological process (GO): MAPK cascade (GO:0000165), PI3K/AKT signaling (GO:0043491),
TOR signaling (GO:0031929), DNA demethylation (GO:0080111), germ cell migration
(GO:0008354), apoptotic process (GO:0006915).

• 

• 

• 

• 
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Phenotype (HPO): Central diabetes insipidus (HP:0000863), Hypopituitarism (HP:0040075),
Hydrocephalus (HP:0000238), Ophthalmoplegia (HP:0000602), Precocious puberty
(HP:0000826), Growth delay (HP:0001510), Visual impairment (HP:0000505).

Chemicals (CHEBI): cisplatin (CHEBI:27899), carboplatin (CHEBI:31355), etoposide
(CHEBI:4911), ifosfamide (CHEBI:5864).

Treatments (MAXO): radiotherapy (MAXO:0000009), chemotherapy (MAXO:0000058),
surgical resection (MAXO:0000006), hematopoietic stem cell transplantation, hormone
replacement therapy.

Limitations and Knowledge Gaps

CNS umbrella vs intracranial evidence base. Virtually all molecular, treatment, and
outcome data derive from intracranial cohorts. Primary spinal CNS GCTs remain
essentially uncharacterized and must not be assumed to share the intracranial biology.

Origin is unresolved. Both PGC and embryonic-cell models rest on state resemblance
(methylation, transcriptome, markers), not lineage tracing. No experiment has directly
demonstrated the human cell of origin.

Cross-context evidence conflation. Much resistance biology (p53, miR-371–373, PI3K/AKT,
OCT4) comes from testicular tumors and cell lines (e.g., NCCIT) rather than patient CNS
tissue; direct CNS-GCT resistance data are sparse.

No faithful intracranial model. Available mouse models are gonadal (testicular teratoma);
they do not reproduce the intracranial midline microenvironment, germinoma
hypomethylation, or NGGCT secretion.

Field-versus-dose not fully resolved. Although field coverage clearly matters, optimal
ventricular field boundaries and minimal effective dose remain formally controversial.

Biomarker gaps. miR-371a-3p is blind to teratoma; no circulating marker reliably detects
mature teratoma or GTS.

Statistical fragility. Rarity yields small cohorts; some regional incidence differences and
single-variant associations (e.g., KRAS Q61L) rest on very few cases.

• 

• 

• 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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Proposed Follow-up Experiments / Actions

Spinal-primary characterization. Assemble a dedicated cohort of primary spinal CNS
GCTs for methylation/WES to test whether intracranial biology generalizes.

Lineage-discriminating single-cell/spatial studies. Apply single-cell multi-omics and
spatial transcriptomics to mixed tumors to map the branched clonal trajectory and directly
test PGC-state vs embryonic-state origin rather than bulk resemblance.

CNS-specific resistance modeling. Derive intracranial GCT organoids/patient-derived
models to test whether testicular resistance mechanisms (miR-371–373, PI3K/AKT, OCT4
loss) operate in CNS disease.

Prospective CSF liquid biopsy. Validate combined CSF cfDNA methylation classifier +
miR-371a-3p for diagnosis, minimal-residual-disease monitoring, and discrimination of GTS
vs true relapse (noting the teratoma blind spot).

Targeted-therapy trials. Test KIT inhibitors in KIT-mutant germinoma, PI3K/AKT/mTOR
inhibitors in AKT1-altered tumors, and PD-1/PD-L1 checkpoint blockade in immune-rich
germinoma, ideally as radiation-sparing strategies.

Prospective field-vs-dose randomization. Formally test ventricular field boundaries and
dose de-escalation to minimize late morbidity while preserving out-of-field control.

Long-term survivorship registries. Systematically capture endocrine, neurocognitive,
vascular (cavernoma), and second-tumor outcomes, with surveillance extending ≥18 years
to capture late spinal relapse.

Report  compiled  from 18  confirmed findings  across  70  reviewed  papers  over  5  investigation
iterations. Evidence types are labeled throughout:  [Human/clinical] (cohorts,  trials,  registries),
[Computational/genomic] (methylation/genomic classifiers),  [In vitro / testicular surrogate] (cell
lines),  and  [Model  organism] (mouse).  Molecular  resemblance  to  primordial  germ  cells  is
interpreted as cell-state similarity rather than proven lineage.
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