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Abstract

Primary CNS germ cell tumors (GCTs) are rare neoplasms predominantly observed in the pediatric and young
adult populations. In line with the hypothesis that the primordial germ cell is the cell-of-origin, histopathological
examinations for this pathology involve a diverse range of components mirroring the embryogenic developmental
dimensions. Chemotherapy and radiotherapy are the mainstays of treatment, with surgery having a limited role
for diagnosis and debulking of residual tissue after treatment. While better management has been achieved over
recent decades by modifying radiation coverage and selecting appropriate chemotherapy, standardization of treat-
ment remains challenging, partly due to the low volume of cases encountered in each institution. As the incidence
is higher in East Asia, including Japan, the Japan Society for Neuro-Oncology established a multidisciplinary
task force to create an evidence-based guideline for CNS GCTs. This guideline provides recommendations for
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multiple dimensions of clinical management for CNS GCTs, with particular focus on diagnostic measures
including serum markers, treatment algorithms including surgery, radiotherapy, and chemotherapy, and
under-investigated but important areas such as treatment for recurrent cases, long-term follow-up proto-
cols, and long-term sequelae. This guideline serves the purpose of helping healthcare professionals keep
up to date with current knowledge and standards of management for patients with this rare disease in daily
clinical practice, as well as driving future translational and clinical research by recognizing unmet needs

concerning this tumor.

Keywords

Primary CNS germ cell tumors (GCTs) are rare neoplasms
mostly affecting pediatric, adolescent, and young adult
populations. Five histological classifications are recog-
nized by the WHO: germinoma; teratoma (mature or im-
mature); yolk sac tumor; choriocarcinoma; and embryonal
carcinoma.” Tumors involving more than one histological
subtype exist as mixed GCTs. Germinoma is the predom-
inant form, accounting for 60-70% of cases, followed by
mixed GCT, while each of the non-germinomatous GCTs
(NGGCTs) other than teratoma is extremely rare.? The
midline structures, namely the neurohypophysis (hypothal-
amus/posterior pituitary) and pineal gland are preferential
sites of occurrence. Simultaneous lesions at both sites are
called “bifocal” tumors, mostly in the form of germinoma
when tumor markers are negative, although exceptions are
recognized.>® Presenting symptoms depend greatly on the
site of occurrence; pineal GCTs are often accompanied by
intracranial hypertension due to obstructive hydrocephalus
at the cerebral aqueduct and upward gaze palsy caused by
compression or infiltration of the quadrigeminal body in the
midbrain.”® Neurohypophyseal GCTs cause symptoms such
as visual field defects and hormonal disorders including dia-
betes insipidus in most cases.®" Paralysis, sensory deficits,
and psychiatric compromises are observed with GCTs at the
basal ganglia or thalamus.’? A locoregional sex predomi-
nance is evident, with most pineal GCTs occurring in male
patients, and neurohypophyseal GCTs showing either an
even distribution or slight female predominance.”®

Imaging, serum/cerebrospinal fluid (CSF) tumor markers
(a-fetoprotein  (AFP), human chorionic gonadotropin
(HCG), and the p-subunit of HCG (B-HCG)) and histopath-
ological characteristics of any surgical specimens are em-
ployed for diagnosis. Each of these diagnostic methods
is crucial, so standardization of diagnostic algorithms is
of pivotal importance to forestall misdiagnosis leading to
under- or over-treatment (Figure 1).

Distinct geographical differences are seen in the inci-
dence of GCT, with 3-8 times higher incidences in East Asia
than in Western countries.® According to the brain tumor
registry in Japan, GCT makes up 2.7% of primary brain tu-
mors, and 15.3% of pediatric brain tumors.' In contrast,
this entity represents only 1-3% of pediatric CNS tumors in
Western countries.’

From a biological perspective, the cell-of-origin for GCT
is hypothesized to be the primordial germ cell (PGC), sur-
viving as ectopic embryonic cells following mis-migration

into CNS structures, and undergoing tumorigenesis.’
This tumorigenesis is explained by genetic abnormal-
ities including mutations in the MAPK and PI3K pathways
and chromosomal instability represented by 12p gain.'6-"®
Global DNA hypomethylation in germinoma is considered
to reflect the same situation in PGCs.2’ Germinoma is char-
acterized by expression of genes related to stem cells and
pluripotency, whereas NGGCTs display features associated
with expression of neural development, the WNT/beta-
catenin pathway, invasion, and epithelial-mesenchymal
transition.?"?2 Characteristic miRNA expressions have
been recognized, including of the miR-371-373 and miR-
302/367 clusters, and have potential clinical utility.?

The 5-year overall survival (OS) rate varies according
to the histological type, but is approximately 90-95% for
germinoma,*?426 so health-related quality-of-life (HR-QOL)
becomes an important issue for survivors who have under-
gone chemo- and radiotherapy (CRT). The prognosis of
NGGCT hasimproved over decades, with 5-year progression-
free survival (PFS) improving to >70%.427-2° Clinical trials are
ongoing in North America through the Children’s Oncology
Group (COG), in Europe through the International Society
of Pediatric Oncology (SIOP), in Korea through the Korean
Society for Pediatric Neuro-Oncology (KSPNO) and in Japan
through the Japan Children's Cancer Group, for each of the
major histological categorizations (mostly germinoma and
NGGCTs). The goal of these trials is to achieve better tumor
control with fewer long-term treatment-related sequelae.
Notably, the classification into two broad treatment groups
of germinoma and NGGCT is now employed in Western
countries, whereas Japan has traditionally leveraged a three-
class histopathology-based classification system to better re-
flect differences in tumorigenic potential.®

International collaborations to set standards of clinical
management have proven fruitful, with five international
GCT symposia held worldwide and consensus processes
undertaken, resulting in the recognition of similar clinical
practices.’® Concurrently, many fields continue to show
variance in clinical practice, partly due to the rarity of clin-
ical encounters and the absence of documented standards.

The Japan Society for Neuro-Oncology (JSNO) launched a
task force to develop a guideline aimed at clinical practitioners
caring for patients with CNS GCTs. Defining the standard of
care and answering outstanding clinical questions are the
purposes of this review. As many uncertain areas remain in
the management of CNS GCTs due to the scarcity of clinical
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trials, this guideline was created to provide the best in up-to-
date evidence and knowledge that experts can share to de-
fine the current standards for disease management.

I
Methods

A multidisciplinary task force was launched by the JSNO,
with contributions from medical experts in multidiscipli-
nary fields including neurosurgery, pediatric oncology,
radiation oncology, and neuropathology. This guideline
is aimed at aiding healthcare professionals involved in
the management of patients with primary CNS GCTs as a
source of knowledge on current standards of care. We as-
sessed the available English/Japanese literature up to
December 31, 2018, extracted mainly from the MEDLINE
database (http://www.ncbi.nlm.nih.gov), but including the
Cochrane Library and Web of Science. Sensitive and spe-
cific keywords, as well as various combinations of key-
words, were used to search the database, including “germ
cell tumor,” “germinoma,” “non-germinomatous,” “intra-
cranial,” “central nervous system,” “radiotherapy,” “chemo-
therapy,” and “surgery” The Medical Information Network
Distribution Service (Minds) guideline was referred to and

utilized in creating this guideline (https://minds.jcghc.or.jp/
docs/minds/guideline/pdf/MindsHB2014.pdf). We chose 6
topics and 10 clinical questions (CQs), as shown inTable 1.
An algorithm map was created to facilitate navigation of
these CQs (Figure 2). Recommendations are outlined along
with strength of evidence (Grades A-D) and level of recom-
mendation (1: strong or 2: weak [suggestion]). Finally, the
guideline was reviewed externally by a wide range of quali-
fied individuals, including medical professionals from other
fields, legal experts, and patient representatives, with revi-
sions to the guideline made according to the suggestions
provided. This article also encompasses recent information
published after the above systematic review, as needed;
such modifications are highlighted as * in the reference list.
Nevertheless, recommendations for each clinical question
are maintained as per the original statement.

|
Subject 1. Diagnosis and Classification

Significance of Tumor Markers (AFP and HCG)

CQ1: Is measurement of tumor markers (AFP and HCG)
useful in the management of CNS GCTs?

Radiological
findings

Pathological findings of
HE(hematoxylin eosin) staining

Immuno-histochemical

. Tumor marker
staining

Germinoma Large undifferentiated cells are
arranged in sheets, lobules, or
regimented cords and trabeculae.
Lymphocytes infiltrated along

fibrovascular septa.

Mature
teratoma

Entirely of fully differentiated,
adult-type tissue elements that
exhibit little or no mitotic activity.

Immature
teratoma

Tumor cells consist of incompletely
differentiated elements resembling
fetal tissues, sometimes admixed
with mature tissues.

Embryonal
carcinoma

Large epithelial cells forming
abortive papillae and glandular
structures with macronuclei.

Choriocarcin
ama

The presence of both cyto-
trophoblastic elements and
syncytiotrophoblastic giants cells
which contain multiple hyper-
chromatic or vesicular nuclei.

Yolk sac
tumor

Primitive-looking epithelial cells
which putatively differentiate
towards yolk sac endoderm set in
a loose, variably cellular, and often
myxoid matrix. Schiller-Duval body.

HCG ()

HCG
AFP

HCG

AFP

Fig. 1
classification.

Imaging, histopathological findings, immunohistochemical findings, and tumor markers summarized according to the WHO histological
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When primary CNS GCT is suspected, measurement of
concentrations of tumor markers (AFP and HCG) in the
blood and CSF is recommended, unless medically contra-
indicated (Grade 1A)

For the diagnosis of primary CNS GCTs, measurement
of tumor markers is the first evaluation conducted when
typical imaging and clinical findings are present. Mild-to-
moderate elevations in HCG can be seen in germinoma,
while highly elevated HCG is a sign of choriocarcinoma.
Elevated AFP is particularly seen in yolk sac tumors, while
immature teratomas may show elevated HCG and AFP3'
Table 2 shows the criteria for using tumor markers to dif-
ferentiate between germinoma and NGGCT in clinical trials
around the globe. Of note, no established values of HCG
and AFP have been able to allow omission of histological
diagnosis when identifying NGGCTs with malignant his-
tological components. Furthermore, HCG elevation can
also be observed in Langerhans cell histiocytosis, so cau-
tion is required, especially in cases showing mild eleva-
tion.32 As criteria for NGGCTs in clinical trials by the COG
and SIOP have encompassed HCG-secreting germinomas,
which seem to show clinical behaviors distinct from those
of NGGCTs in general, caution is needed when comparing
their results with those from the Japanese group using his-
topathological diagnosis as the principle in the treatment
algorithm.

Tumor markers are also useful to differentiate between
tumor progression and “growing teratoma syndrome”
during CRT, as the latter is characterized by normalization
of tumor markers despite tumor growth.3*3% In addition,
monitoring of tumor markers plays a role in evaluating
treatment response,®® and provides a highly sensitive
method of detecting relapse.®’

Necessity of Histopathological Diagnosis

CQ2: Is
CNS GCTs?
When GCT is suspected, histopathological diagnosis is re-
commended to achieve definitive diagnosis (Grade 2C)
While imaging and tumor markers are indispensable for
diagnosis, these noninvasive measures show diagnostic
limitations, as partly discussed in the previous section.
For example, 1 of 85 GCT cases diagnosed onT1-weighted
imaging with/without contrast and the apparent diffusion
coefficient level of MRI was found on histopathological ex-
amination to be non-GCT.2® Regarding bifocal tumors, 3 of
10 cases were histopathologically NGGCTs with normal §3-
HCG and normal or mildly elevated AFP® Furthermore, 3 of
89 bifocal tumor cases with diabetes insipidus and negative
tumor markers (3.4%) were histopathologically NGGCTs.®
Those reports advocate proactive histopathological diag-
nosis for bifocal tumors.® In the SIOP-CNS-GCT-96 trial,
10 of 149 cases (6.7%) diagnosed as NGGCT (and not ma-
ture teratoma) did not meet the criteria of either HCG > 50
IU/L or AFP > 25 ng/ml. All 5 histopathologically confirmed
teratomas showed elevated AFP2 These findings reiterate
that marker-negative NGGCT, marker-positive germinoma,
and non-GCT can be encountered, and diagnoses based
solely on tumor markers, imaging, or clinical findings
display limitations. The potential for overtreatment of

histopathological diagnosis necessary in

patients with germinoma and elevated HCG levels is a con-
cern, as is under-treatment in cases of immature teratoma,
embryonal carcinoma, or mixed tumors including these
components when tumor markers are negative (although
most such cases would undergo histopathological evalua-
tion). That said, controversy remains regarding the neces-
sity of surgical biopsy when NGGCT is strongly suspected.
Notably, surgical exploration can place the patient at risk of
tumor dissemination, as well as surgery-related complica-
tions such as hemorrhage and infection, and inconclusive
histopathological results. Considering these issues, the
guideline basically recommends conducting histopatho-
logical diagnosis, but concurrent CRT may be considered
without histopathological diagnosis when markedly high
tumor markers (see CQ1, Table 2, HCG 2 2000 mlIU/ml
or AFP 2 2000 ng/ml) are observed and both the clinical
course and imaging findings are typical.

Subject 2. Role of Surgery
Germinoma

CQ3: Is aggressive resection of germinoma necessary?
We strongly recommend against aggressive resection of
germinoma (Grade 1B)
As CRT is effective against germinoma, the aim of surgical
intervention is to obtain a tumor specimen allowing his-
topathological diagnosis. The prognosis of germinoma is
known to be noninferior when resection is confined to bi-
opsy rather than debulking. Considering that attempts at
aggressive resection carry certain procedural risks, sur-
gical resection is not recommended. Biopsy procedures
include craniotomy, transsphenoidal, stereotactic, and en-
doscopic surgery, selected depending on tumor location.
As biopsy specimens are usually tiny, the specimen
may not adequately reflect the entire tumor, potentially
leading to under-diagnosis. One in 6 cases diagnosed
with germinoma reportedly showed elevated B-HCG
during follow-up after CRT, suggesting the existence of
NGGCT at presentation.?® Another report found that 1in 16
germinoma cases diagnosed from endoscopically obtained
specimens showed elevated AFP as well as non-complete
response (non-CR) following CRT, resulting in surgical re-
section of residual tumors subsequently diagnosed as im-
mature teratoma. Such reports remind us of the potential
risk of under-treatment in biopsied cases due to underesti-
mation of the entire specimen.* While the guideline holds
that biopsy, not aggressive resection, is recommended
in cases that germinoma is suspected, collection and in-
tegration of clinical presentation, tumor markers, and
histopathology are thus important to minimize the risk of
dismissing NGGCT components, and the more malignant
findings point to the appropriate diagnosis and treatment
when discrepancies are found.

NGGCT

CQa4: Is surgical resection of NGGCT necessary?
1. For mature teratomas, resection is strongly recom-
mended (Grade 1B)
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| Clinical manifestations of CNS germ cell tumors |

!

| Radiological examinations |

{

cQ1 |« | Measurement of tumor markers |
cas |¢ Hydrocephalus () |sssssssnsfsssssnnd Hydrocephalus (+)
Tumor markers () Tumor markers (+) Tumor markers (-)
P . Ventricular drainage or
Biops . L A

- [ Popsy : | endoscopic third ventriculostomy cas
caQ2 : :

% Biopsy

< | . : NGGCT cQ4
CQ3 [« | Germinoma

|
| NGGCT other than mature teratoma | Mature teratoma
cQe6 Chemotherapy and radiation | cQ7 Chemotherapy and radiation | A
Surgery CQ 4-1

Residual tumor (-)

Residual tumor (+)

Residual tumor (=)

ca 1o Follow-up

CcQ 8&9::*

|
l Treatment for recurrence

Fig.2 Flow chart of the management algorithm for CNS GCTs, and position of each clinical question in the chart.

2. For NGGCT other than mature teratoma, resection of
residual tumor following chemo- (and radiotherapy) is
strongly recommended (Grade 1C)

Several reports have described long recurrence-free
survival for patients with mature teratoma after sur-
gical resection alone without adjuvant treatment.3441.42
Reflecting such findings, the Delphi consensus identi-
fied total resection as the decisive treatment for mature
teratoma.3®

As described previously in CQ1, CRT may be con-
sidered without histopathological diagnosis when tumor
markers are extremely elevated, but otherwise histopath-
ological diagnosis is recommended initially to guide the
appropriate treatment. In the COG ACNS0122 study, ra-
diotherapy was conducted if CR was achieved after up-
front chemotherapy. If not CR, second-look surgery was
performed followed by radiotherapy or high-dose che-
motherapy (HDC). Tissues after chemotherapy are usu-
ally teratomas or other nonneoplastic tissues.**** Tumor
growth during CRT with normalization of tumor marker

levels is called “growing teratoma syndrome,” and ne-
cessitates histopathological confirmation and resec-
tion.?*35 As many as 21% of NGGCT cases show growing
teratoma syndrome.3* Considering that a certain propor-
tion of NGGCT cases are clinically diagnosed without
histopathological confirmation before undergoing che-
motherapy, and that growing teratoma syndrome can
be diagnosed based on histopathological evaluation,
resection of residual tumor following CRT is of signifi-
cance in deciphering the following management scheme.
Furthermore, residual tumors have shown higher relapse
rates, corroborating the significance of surgical inter-
vention for residual tumor.?® Of note, residual tumor for
germinoma does not have an unfavorable indication.?®
Usually any enhancing lesion can be recognized as re-
sidual tumor, although size cutoffs in decision-making
regarding intervention remain unexplored. Traditionally,
surgical resection of residual tumor is performed after
CRT in Japan, but after chemotherapy alone in clinical
trials by the COG and SIOP. The optimal timepoint for
second-look surgery should be discussed in the future.
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Surgery for Hydrocephalus

CQ5: Is surgical intervention necessary for CNS GCT-
associated hydrocephalus?

Surgical intervention, such as endoscopic third
ventriculostomy, is strongly recommended to treat hydro-
cephalus (Grade 1B)

Endoscopic third ventriculostomy (ETV) and concurrent
tumor biopsy at the suprasellar and pineal regions are
regarded as safe and effective measures to address ob-
structive hydrocephalus and simultaneously reach a histo-
pathological diagnosis. Surgical complications are usually
minimal,*' obviating the need for ventriculo-peritoneal
shunt (VPS) or external ventricular drainage (EVD).” ETV
was reported to not increase the risk of cerebrospinal dis-
semination associated with the procedure, although this
was based on a relatively small number of publications.*647
In cases where ETV is unfeasible for anatomical reasons
such as a large suprasellar lesion or aberrant position of
the basilar artery, EVD can provide an alternative means of
addressing hydrocephalus. Of note, tumor shrinkage can
be expected in response to CRT, leading to resolution of
hydrocephalus. Regarding the potential risk of extra-CNS
dissemination caused by VPS, systematic appraisal of
extraneural metastases associated with shunting for pri-
mary CNS tumors revealed that 25 of 106 shunt-related
extra-CNS metastases were germinoma, all within the ab-
dominal cavity.*” ETV is thus recommended to treat hydro-
cephalus associated with CNS GCT.

Subject 3. Treatment for Germinoma

Roles of Chemo- and Radiotherapy for
Germinoma

CQ6: Are chemo-

germinoma?

1. Radiation therapy covering the whole ventricular system
together with chemotherapy is strongly recommended
for germinoma without spinal dissemination (Grade 1B)

2. Prophylactic spinal radiotherapy is not recommended
for germinoma without spinal dissemination (Grade 1C)

3. Treating germinoma with chemotherapy alone is
strongly recommended against (Grade 1B)

Germinoma is known to induce tumor progression along

the ventricle wall, and local radiotherapy alone is un-

able to sufficiently prevent recurrence outside the radio-
therapy field.%2648-50 |n the SFOP TGM-TC-90 study, local
radiotherapy with 40-Gy was applied to the tumor area
plus a 2-cm margin after chemotherapy with carboplatin,
etoposide, and ifosfamide for nondisseminated cases,
and recurrence was observed in 10 of 60 cases, 8 of
which were around the ventricles. Local radiotherapy
alone was concluded to carry a high risk of recurrence,
and whole-ventricular irradiation (WVI) was thus neces-
sary.5" Similarly, the SIOP CNS GCT-96 study compared
craniospinal irradiation (CSl) of 24-Gy plus local radi-
otherapy of 16-Gy vs local radiotherapy of 40-Gy plus
chemotherapy for nondisseminated germinomas. Local
tumor recurrence was observed in 4 of 125 patients in

and radiotherapy necessary for

the former, while recurrence was observed in 7 of 65 pa-
tients in the latter group, of whom 6 patients developed
intraventricular recurrences outside the radiotherapy field.
WVI was again recognized as necessary when combined
with chemotherapy.?®

Regarding the dose of radiation, the SIOP CNS GCTll clin-
ical trial and the completed Japanese clinical trial both used
24-Gy WVI as standard, as this is considered the maximum
tolerable dose for the hypothalamic-pituitary system.5? In
contrast, the current COG clinical trial ACNS1123 is using
18-Gy WVI with 12-Gy local radiotherapy for cases with CR
after chemotherapy.2?Those that did not achieve CR under-
went 24-Gy WVI plus 12-Gy local radiotherapy.

CSl has been shown to be effective, and the 5-year
disease-free survival (DFS) rate of germinoma exceeds
90%.4041.5354 However, since very few reports have de-
scribed spinal cord recurrence without prophylactic spinal
radiotherapy, progression of germinoma into the spinal
cord is considered almost absent. In addition, based on a
retrospective study of 180 germinoma cases, spinal radi-
otherapy proved to be of no additional benefit in survival
over local or whole-brain irradiation (WBI).%® Furthermore,
WBI and CSI have tremendous repercussions in terms of
growth and development in children and young adults who
are expected to show long-term survival. Problems such as
cognitive dysfunction and endocrine deficiency can be life-
long burdens for survivors.5¢-%® WBI and CSI should thus
be avoided in patients with germinoma at typical sites
(neurohypophysis, pineal gland, and ventricles), who are
expected to experience long-term survival. Regarding the
treatment of germinomas in the basal ganglia and thal-
amus, regimens may be differentiated. As germinomas in
the basal ganglia and thalamus are likely to infiltrate the
brain parenchyma, WBI (20-24-Gy) is preferable over WVI
in addition to local radiotherapy up to 40-45-Gy.°

Regarding chemotherapy for germinoma, clinical trials
usually employ platinum-based combination therapies
with etoposide and/or additional alkylating drugs such as
ifosfamide. On the grounds of the paucity of evidence re-
garding the superiority of either cisplatin or carboplatin
and of either platinum-based agent plus etoposide or
these two agents plus alkylating agent so far, consid-
ering therapeutic toxicity, we recommend combination
therapy with a platinum-based agent and etoposide for
germinoma. In a clinical trial by the Japanese group, 3
courses of carboplatin and etoposide (CARE), concomi-
tant with 24-Gy of extended local radiotherapy were used
for 75 germinoma cases without spinal dissemination.5?
CR was achieved in 92%, and recurrence was observed
in 12% during a median observation period of 2.9 years.
The 10-year OS rate was 97.5%. This “extended local ra-
diotherapy” is the same as WVI, except the lower half of
the fourth ventricle is not covered. Likewise, a retrospec-
tive study of 20 germinoma cases that underwent chemo-
therapy with carboplatin and etoposide and subsequent
21.6-Gy WVI and local boost (up to 30-30.6-Gy) resulted
in a favorable prognosis, with a 3-year recurrence-free
survival rate of 89% and a 3-year OS rate of 100%.5" An
ongoing clinical study (jRCTs031180223) in Japan is
investigating reducing the dose of WVI to 23.4-Gy with
the CARE regimen. Further attempts at reducing radiation
doses may be considered in future clinical trials.
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A recently conducted COG clinical trial (ACNS1123
stratum 2) is also employing the combination of
carboplatin and etoposide for localized germinoma, fol-
lowed by WVI and local boost with a response-based ra-
diation dose (results not yet published).®? Clinical trials
by the SIOP have alternated administration of carboplatin
and etoposide with ifosfamide and etoposide (CarboPEl).
As favorable treatment response has been observed from
both regimens, evaluating which regimen is better is
difficult.

Attempts have been made to treat germinoma with
strong chemotherapy alone to eliminate the toxicity of ra-
diotherapy. However, approximately half of the cases in
several studies developed recurrence.®3% Chemotherapy
alone is therefore not recommended.

Subject 4. Treatment for NGGCT

CQ7: Are chemo- and radiotherapy effective for NGGCTs?
Chemo- and radiotherapy are strongly recommended for
NGGCT excluding mature teratoma (Grade 1B)

In Japan, NGGCT encompasses all GCTs except pure
germinoma. In contrast, the same terminology is used
in a slightly different fashion by the COG and SIOP; clin-
ical trials define NGGCTs as lesions harboring non-
germinomatous components or those with elevated
tumor markers. Japanese clinical trials have historically
treated GCTs other than germinoma differentially, as ei-
ther intermediate-risk or high-risk. Intermediate risk is
defined as: a) immature teratoma; b) teratoma with ma-
lignant transformation; or ¢) mixed GCT with dominant
germinoma/teratoma components. High risk is defined as
choriocarcinoma, yolk sac tumor, embryonal carcinoma,
mixed GCT with dominance of these malignant compo-
nents, or cases with excessively high tumor marker levels
(see CQ2). This difference in the classification of NGGCT
across continents can obviously result in confusion when
comparing treatment results. Furthermore, NGGCTs range
from those with dominant histological subtypes of yolk sac
tumors, embryonal carcinomas, and choriocarcinomas,
which are often resistant to standard treatment and fare
poorly, to mature teratomas that are cured with surgical
resection alone. This diversity in the NGGCT category con-
tributes to the complex nature of NGGCT treatment.

In Japan, the “University of Tokyo Series” (1963-1994)
and a multicenter prospective study (1995-2003) by the
Japanese Pediatric Brain Tumor Study Group funded
by the former Ministry of Health and Welfare Cancer
Research Grant classified NGGCT cases into interme-
diate- and high-risk groups as described above, leading
to different treatment outcomes. According to the interim
report at the median observation period of 3.7 years (the
final report is expected soon), the intermediate-risk group
showed a PFS rate of 89%, with extended local irradia-
tion/WVI (23.4-Gy) plus local radiotherapy (total, 50.4-
Gy) and combination chemotherapy with CARE.%? For
high-risk NGGCT, CSI and combination chemotherapy
with ifosfamide, cisplatin, and etoposide (ICE) were con-
ducted, obtaining a moderate survival benefit. The current
ongoing clinical study in Japan fundamentally adheres

to the previous protocol, with germinoma showing ele-
vated HCG (generally £50 mIU/ml or less than the institu-
tion standard level) transitioning to the good prognosis
group, and the extended local field of radiotherapy
changed to WVI.

In COG, ACNS0122 used alternating cycles of carboplatin
and etoposide with ifosfamide and etoposide with
36-Gy CSI and 18-Gy local boost. This resulted in 5-year
event-free survival and OS rates of 84 + 4% and 93 + 3%,
respectively.?’ In the COG ACNS1123 trial, the same che-
motherapy regimen was used, but radiation was limited
to 30.6-Gy WVI and local boost to 50.4-Gy for localized
NGGCTs. Comparable results were obtained, with 3-year
PFS and OS rates of 88 + 4% and 92 = 3%, respectively.?®
SIOP CNS GCT-96 used ICE with 54-Gy local irradiation for
localized disease and 30-Gy CSI with local boost to 54-Gy
for disseminated cases. The former group showed 5-year
PFS and OS rates of 72 + 4% and 82 + 4%, respectively, and
the latter group showed 5-year PFS and OS rates of 68 +
9% and 75 + 8%, respectively. That study also identified
AFP > 1000 ng/ml and residual disease following treatment
as unfavorable prognostic factors.?®

The radiation field in the treatment of NGGCT without
spinal dissemination remains controversial.The SIOP study
suggested omitting CSI was sufficient.22 CSI with focal
boost has been the standard treatment in clinical trials in
North America (COG ACNS0122) and Japan, and currently,
the COG and SIOP defer CSI for patients with metastatic
disease only, while treating localized NGGCT using local
radiotherapy (SIOP28) or WVI + local boost (COG).2°

For intermediate-risk NGGCTs, which often represent
mixed GCTs with a germinomatous component, whether
local radiotherapy is sufficient or WVI is necessary (current
protocol) requires further investigation. Treatment results
for high-risk NGGCT remain unsatisfactory, with treat-
ment resistance at an early stage and early recurrence or
dissemination.

Unlike germinoma, NGGCT may occur in very young
children less than 3-4 years old. Different treatment strat-
egies may be necessary for this category of patients, who
are more vulnerable to intense CRT. Such patients should
preferably receive treatment in more-dedicated and spe-
cialized facilities capable of handling surgery and system-
atic CRT, potentially on a clinical trial basis.

Subject 5. Treatment Strategy for
Recurrence

Recurrent Germinoma

CQ8: Is salvage treatment recurrent
germinoma cases?

Treatment aimed at disease cure is strongly recommended
(Grade 1B)

Recurrent germinoma is reportedly curable with salvage
therapies, according to descriptive studies based on case
reports, case series, or retrospective analyses.®® While such
reports have shown the significance of conducting salvage
treatment during recurrence, standardizing treatments
has been difficult. In a report of treatment for 25 recurrent

necessary for
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cases, 17 (68%) were salvaged by treatment. While all 13
cases that received CRT (CSl in 8, local radiotherapy in 4,
and WVI in 1) survived, 7 of 11 cases treated with radio-
therapy alone (local radiotherapy) and 1 case treated with
chemotherapy alone succumbed. All 7 failure cases treated
with radiotherapy alone underwent local radiotherapy. In
contrast, of the 4 survivors, 2 received CSI and the other
2 local radiotherapy. The study concluded that local radi-
otherapy alone may be insufficient.3® Another report ana-
lyzing 11 recurrent cases advocated CS| as a prognostic
factor.6’” The effectiveness of thiotepa-based HDC with
autologous stem-cell rescue was reported for 9 recur-
rent cases, with 7 cases (78%) achieving DFS (median,
48 months). Of these, four did not undergo radiotherapy,
two underwent WBI and one underwent CSI.8 The KSPNO
S-530 clinical trial used HDC for 9 recurrent cases. While
4 of 7 cases treated with HDC alone survived, both cases
treated with radiotherapy following HDC survived.5®

One report suggested that HDC did not cause serious ad-
verse events or drastically impair QOL,%° but the number of
reported cases was small, so standardization of treatment
for recurrent germinoma has yet to be achieved.

Recurrent NGGCT

CQQ9: Is salvage treatment effective for recurrent NGGCTs?
Remission-oriented treatment is recommended, but pal-
liative treatment is also recommended when treatment re-
sponse is unfavorable (Grade 2C)

The prognosis of recurrent NGGCT is undoubtedly se-
vere. Compared with recurrent germinoma cases,
even fewer reports have described salvage of recurrent
NGGCT cases.

In a report examining the effectiveness of thiotepa-
based HDC with autologous stem-cell rescue, 4 of 12
cases (33%) achieved DFS (median, 35 months). HDC was
administered with additional radiotherapy given only to
those cases that had not undergone radiotherapy during
initial treatment.®® In the KSPNO S-530 clinical trial using
HDC for 11 treatment-resistant or recurrent cases, 4 cases
achieved DFS, and all such cases had seen CR following
chemotherapy. These studies concluded that CR following
chemotherapy was most important for prognosis. Of note,
3 of those 4 cases received 23.4-39.6-Gy of CSI at recur-
rence, totaling 75.6-Gy (initial 45-Gy plus 30.6-Gy during
recurrence) to the initial site (pineal gland and hypothal-
amus) in one case. The remaining case did not undergo
additional radiotherapy. For 32 recurrent cases enrolled in
the SIOP CNS GCT-96 clinical trial, the authors compared
5-year OS in 22 cases that received HDC and 10 cases that
received standard chemotherapy (carboplatin or cisplatin,
ifosfamide, etoposide, etc.).’” The 5-year OS was zero for
the latter group, and 3 of 22 patients in the former group
were surviving at 5 years. Radiotherapy was administered
for only one of those surviving cases. Based on this result,
radiotherapy at the time of recurrence did not appear to
impact prognosis.

Salvage treatment for NGGCT at the time of recurrence
can be affected by the initial treatment, particularly the ra-
diotherapy regimen. Even with HDC, remission is achieved
only infrequently. In addition, little knowledge has been ac-
cumulated regarding posttreatment disorders and effects

on QOL. Although cases of successful HDC or combina-
tion high-dose chemo- and radiotherapy have been re-
ported, survival rates remain modest and new therapies
are needed.

Subject 6. Long-Term Prognosis

CQ10: Is follow-up necessary for CNS GCT cases?
Follow-up for as long as possible is strongly recommended
(Grade 1B)

In most reports, follow-up periods for CNS GCT have
extended as far as roughly 10 years. A survival plateau
seems to be reached in 5-10 years.#?7-2%70 Nonetheless,
from a much longer perspective, the Kaplan-Meier sur-
vival curve almost consistently declined at a much faster
rate than that of the general demographics, according to
a report on 405 germinoma and 94 NGGCT cases in the
SEER database (1973-2005).7" Disease-related deaths ac-
counted foronly 16% of the 46 mortalities from germinoma
over 5 years (about half of which were due to recurrence),
and median survival after relapse was 9.1 years. In other
words, death related to the original disease appears to
occur within the first 20 years. Correspondingly, causes of
mortality other than those directly related to the disease
are responsible for the constant decline in survival in later
periods of life. For example, the incidence of mortality
associated with stroke was reported as approximately
59 times higher than the demographic norm, with a me-
dian survival of 23.8 years.”' The cumulative overall risk
of cerebrovascular events was estimated as 12-20% over
the first 20 years postirradiation.”> Glioma is the most
common secondary neoplasm in postirradiation settings,
and meningioma is predominantly a late-presenting sec-
ondary tumor with long latency (18.7 + 10.2 years).”37
Cavernous malformation and melanoma in the irradiated
field are also concerns.*>7% Accordingly, recognizing that
follow-up of CNS GCT has no end appears reasonable,
and lifelong management and care directed at the dis-
ease, treatment-related complications, QOL, and social
welfare are warranted.

Specific matters in follow-up, particularly regarding neu-
rological symptoms, cognitive function, social life, ante-
rior and posterior pituitary functions, fertility, brain and
spine MRI and tumor markers, are discussed separately in
Supplementary Document 1.

Conclusions

This guideline represents the current state of knowledge at
the time of writing.The guideline will be updated according
to ongoing and future clinical trials and retrospective clin-
ical studies sequentially. A multidisciplinary team approach
is necessary for this predominantly pediatric and young
adult neoplasm, which involves not just disease manage-
ment using surgery, chemotherapy, and radiotherapy, but
also ophthalmological, endocrinological, and reproductive
care together with long-term follow-up focusing on disease
relapse, treatment-related side-effects, cognitive function,
and social life. This guideline illuminates the pathway of
care for patients, as well as clarifies unmet needs where
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