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Abstract

Background. The study aimed to evaluate whether simplified chemotherapy followed by dose-reduced irradiation
was effective for treating patients (ages 3-21 years) with localized germinoma. The primary endpoint was 3-year
progression-free survival (PFS) rate.

Methods. Patients with a complete response to chemotherapy with carboplatin and etoposide received 18 Gy WVI
+ 12 Gy boost to the tumor bed. Patients with partial response proceeded to 24 Gy WVI + 12 Gy. Longitudinal cog-
nitive functioning was evaluated prospectively on ALTEO7C1 and was a primary study aim.

Results. One hundred and fifty-one patients were enrolled; 137 were eligible. Among 90 evaluable patients, 74
were treated with 18 Gy and 16 with 24 Gy WVI. The study failed to demonstrate noninferiority of the 18 Gy WVI
regimen compared to the design threshold of 95% 3-year PFS rate, where, per design, patients who could not be
assessed for progression at 3 years were counted as failures. The Kaplan-Meier (KM)-based 3-year PFS estimates
were 94.5 + 2.7% and 93.75 + 6.1% for the 18 Gy and 24 Gy WVI cohorts, respectively. Collectively, estimated mean
1Q and attention/concentration were within normal range. A lower mean attention score was observed at 9 months
for patients treated with 24 Gy. Acute effects in processing speed were observed in the 18 Gy cohort at 9 months
which improved at 30-month assessment.
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Conclusions. While a failure according to the prospective statistical noninferiority design, this study demon-
strated high rates of chemotherapy responses, favorable KM-based PFS and OS estimates in the context of
reduced irradiation doses and holds promise for lower long-term morbidities for patients with germinoma.

e The 2-drug chemotherapy regimen, not requiring hyperhydration, resulted in high

response rates (92.31%) in germinoma.

¢ No ventricular failures were observed with reduced whole ventricular radiation (18
Gy).

e The Kaplan-Meier based 3-years PFS and OS was 94.5 + 2.7% and 100%,

respectively.

Importance of the Study

This is the first and largest prospective study of
a dose reduction strategy in localized germinoma,
a rare disease in North America and Europe. It is a
multicentre study through the COG consortium, on 137
eligible patients across USA, Canada, and Australia.
This trial demonstrated a Kaplan-Meier based 3-year
PFS of 945 + 2.7% with reduced dose of whole

Primary central nervous system (CNS) germ cell tumors
(GCT) comprise approximately 3-5% of primary brain
tumors in children and young adults in Western coun-
tries. Germinomas account for about two-thirds of GCT."?
These tumors may secrete low levels of human chorionic
gonadotropin-beta (hCGp) detectable in the blood and ce-
rebrospinal fluid (CSF) and are considered “pure” in the ab-
sence of teratomatous tissue and any hCGp elevation.® An
international consensus on the level of mild elevation of
hCGp has yet to be achieved.* Germinomas don’t secrete
alpha fetoprotein (AFP).

Historically patients with germinomas were treated
with radiation therapy alone; however, concerning late
effects were observed such as decreased neurocognitive
function, vasculopathies, endocrine dysfunction, and de-
velopment of secondary malignancies.>® Systemic che-
motherapy followed by involved-field radiotherapy (IFR)
has been used but the observation of relapses within
the ventricles and outside the IFR in several studies
prompted the International Society of Pediatric Oncology
(SIOP), French Society of Pediatric Oncology (SFOP), and
Japanese BrainTumor clinical trial groups to change from
IFR to whole ventricular irradiation (WVI) following che-
motherapy for localized germinoma.'0-'3

Various  chemotherapy regimens used for
germinoma, have produced similar survival rates. We
hypothesized that a response-based reduced dose of
WVI and a boost to the tumor bed after a simplified
2-drug chemotherapy regimen not necessitating
hyperhydration'?14-16 would not compromise survival

ventricular irradiation (WVI of 18 Gy) in patients aged
3-21 years. Furthermore, the mandated prospective
evaluation of cognitive abilities within this study sug-
gests improved functioning in patients who received
reduced WVI, paving the way of minimizing deleterious
effects of irradiation on the neurocognitive outcome in
young patients.

and decrease the risk of neurocognitive late effects.
Herein, we present the results of COG ACNS1123,
Stratum 2, a phase |l prospective study for patients
with localized germinoma.

I
Patients and Methods

Study Objectives

The primary objective of Stratum 2 of ACNS1123 for
localized germinoma was to determine the 3-year
progression-free survival (PFS) rate and describe pat-
terns of failure of a simplified chemotherapy regimen fol-
lowed by dose-reduced radiotherapy of 18 Gy, in patients
with complete response at the end of induction, aged 3 to
< 21 years with serum and/or CSF hCGp <50 IU/L. Another
primary objective was to longitudinally evaluate the cog-
nitive, social, and behavioral functioning of children and
young adults with co-enrollment on the COG ALTEQ7C1
study (NCT00772200). Secondary objectives included
estimating the PFS and overall survival (OS) distribution
of localized germinoma patients with serum and/or CSF
hCGp <50 IU/L and serum and/or CSF hCGf > 50 IU/L and
<100 IU/L, respectively.

The study was approved by NCl's Pediatric Central
IRB and local institutional review boards as applicable.
All patients or their legal guardians provided written in-
formed consent and assent prior to enroliment.
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Patients

Patients between 3 and 21 years of age with newly diag-
nosed localized primary germinoma with tumors located
in the suprasellar, pineal, bifocal (pineal + suprasellar)
and ventricles were eligible including those with unilat-
eral contiguous parenchymal extension. No histological
confirmation was required if hCGf in serum and/or CSF
was 5-50 IU/L for unifocal tumors or < 100 IU/L for bi-
focal tumors. Patients with hCGp > 50 IU/L and < 100
IU/L in serum and/or CSF required histological confir-
mation. Patients with histologically proven germinoma
but hCGp > 100 IU/L were excluded. These patients en-
rolled on stratum 1 of the study ACNS1123, results of
which were published by Fangusaro. Patients with
tumors in basal ganglia or thalamus, and patients with
metastatic disease were excluded. Enrollment on the
ALTEO07C1 was required for participation on the thera-
peutic study.

Required Evaluations

MRI of brain and spine with and without contrast, serum
and CSF tumor markers (AFP, hCGp), and lumbar CSF cy-
tology (unless medically contraindicated) were performed
at baseline and at completion of chemotherapy and com-
pletion of irradiation. Neurocognitive assessments were
completed at three time points: 9 (x3) months; 30 (x6)
months, and 60 (+12) months after diagnosis. At the time
of this report, data collection for the 3rd time point was still
ongoing.

Response Criteria

Response assessments were based on MRI and tumor
markers performed after cycles 2 and 4 of chemotherapy,
and within 4-6 weeks of completion of radiation therapy
and are detailed in SupplementaryTable 1. Confirmation of
negative tumor markers at completion of chemotherapy,
even if tumor markers were negative at diagnosis, was
mandatory for response evaluation. A retrospective central
radiology review of all evaluable patients was performed
by two radiologists (D.S; A.B).

Treatment

Chemotherapy consisted of carboplatin (600 mg/
m?2) on day 1 and etoposide (150 mg/m?) on days 1-3
for four 21-day cycles. Following chemotherapy, pa-
tients with complete response (CR) received 18 Gy
WVI with a boost of 12 Gy to the tumor bed (subse-
quently referred to 18 Gy WVI). Second-look surgery
was required for patients with partial response (PR),
stable disease (SD) with > 1.5 ¢cm residual, or pro-
gressive disease (PD) with normalization of hCGp
to remain on therapy. Those with SD or PR with <
1.5 cm residual received 24 Gy WVI with a boost of
12 Gy to the tumor bed (subsequently referred to 24
Gy WVI). Patients who did not achieve CR or PR with

or without second-look surgery or failed to achieve
normal levels of tumor markers following 4 cycles
of chemotherapy were taken off protocol therapy
(Figure 1). Patients could receive proton or photon-
based radiotherapy.

Statistical Design

All eligible and evaluable patients who received 18 Gy
WVI were included in the primary analysis. The primary
objective was to evaluate if the previously reported
3-year PFS rate of 95% could be maintained with the pro-
posed reduced-intensity treatment.'®'® A one-sample
exact binomial test and a noninferiority margin of 8%
(null hypothesis P < .87) led to a sample size of 79 pa-
tients with 90% power and 5% type 1 error. For the pri-
mary analysis, all patients who could not be evaluated
for progression at 3 years were counted as failures. For
success, at least 73 patients needed to be progression-
free at 3 years. Kaplan-Meier (KM) estimates were used
to estimate PFS distribution as a secondary endpoint.
PFS was calculated from the date of treatment initia-
tion to the date of disease progression, death from any
cause, or date of last follow-up.

Neurocognitive evaluations focused on three ALTE07C1
outcomes: processing speed, attention/concentration, and
estimated 1Q based on Block Design and Vocabulary,' as
assessed by the age-appropriate version of the Wechsler
Intelligence Scales. Outcomes from 9- and 30-month as-
sessments of cognitive functioning are available and in-
cluded in this report. Prior to analyses, raw scores were
age-adjusted using general population normative data in
published manuals. Paired t-tests were used to investigate
change over time. Two sample t-tests were used to assess
differences between two independent samples such as pa-
tients treated with 18 Gy versus 24 Gy. The p-values pro-
vided are for two-tailed tests unless otherwise specified
and .05 was used as significance threshold without multi-
plicity adjustments.

Results
Patient Characteristics

Between May 2012, and June 2018, 151 patients were en-
rolled; 137 were eligible and 74 were evaluable for the
primary objective and treated with 18 Gy WVI (Figure 2).
Patient characteristics are shown inTable 1.

Seventy of 137 eligible patients (51%) had negative
hCGp in serum and CSF at diagnosis. Negative markers
were defined according to institutional norm values or in
the absence hereof as < 5 IU/L). Most patients with posi-
tive hCGp (n = 67; 49%) at diagnosis showed marker ele-
vation within CSF only (n = 62); 112 patients (81.75%) had
normal serum hCGf level. Only 6 patients had hCGf eleva-
tion between 50 and 100 IU/L and underwent histological
verification of germinoma. Of the 74 evaluable patients for
18 Gy WVI, 54 were male (72.97%). The median age at en-
rollment was 14.28 (7.05-20.59) years. The most common
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Fig.1 Treatment schematic.

tumor locations were pineal in 30 (40.54%) and suprasellar
in 22 (29.73%), with a male (28/30; 93%) and female (15/22;
68%) predominance in the pineal and suprasellar location,
respectively. Fifteen (20.27%) patients had bifocal tumors
and 7 (9.45%) had ventricular-based lesions (Table 2).

Sixteen of the 74 evaluable patients did not have surgery/
biopsy at baseline and were enrolled either based on ele-
vated hCGp in serum and/or CSF (n = 11), or due to bifocal
location (n = 5). Twenty-two of the 74 evaluable patients
with positive hCGf at baseline had surgery/biopsy, and 3
had hCGp levels exceeding 50 IU/L requiring histological
confirmation.

Sixteen of 25 eligible patients who achieved a PR fol-
lowing chemotherapy and were treated with 24 Gy WVI
were evaluable with a median age of 13.96 (7.13-19.62)
years.

Responses

Response assessment after completion of 4 cycles of che-
motherapy was available in 130 of the 137 eligible patients.
Of the remaining 7 patients, 2 underwent second-look sur-
gery showing nonviable tumor, 1 withdrew consent, and
4 refused further treatment at the discretion of parents or
the treating physician. At the end of chemotherapy evalua-
tion, 81/130 had CR (62.31%), 39/130 (30.00%) had PR, and
10/130 (7.69%) had SD. Elevated hCGp at diagnosis of 45 of

tumor

67 (67.16%) patients had already normalized after 2 cycles
of chemotherapy; all but 5 patients had normalized marker
after 4 cycles. Those 5 patients had serum AFP (ng/ml) and
CSF hCGp (IU/ml) levels below 10 and 5 respectively but
were evaluated as positive by institutional norms. No pa-
tient with normal hCGp at diagnosis developed elevated
abnormal levels after chemotherapy. The number of pa-
tients with complete response increased to 88 patients
after second surgery but 14 of 88 patients were deemed
in-evaluable. Primary reason for in-evaluability was in-
adequate assessment of tumor marker at completion of
chemotherapy.

Of 74 patients evaluable for the primary efficacy objec-
tive and undergoing 18 Gy WVI, 68 (91.89%) had a CR at
the end of chemotherapy on institutional and central ra-
diology review. One of the 6 patients not considered CR
had no institutional radiological response evaluation but
was considered CR on central radiology review. This pa-
tient underwent second-look surgery due to cystic residual
and histology showed nonviable tumor. Of the remaining
five patients, 2 had PR and 3 SD; all had second-look sur-
gery and pathology revealed mature teratoma (n = 3, SD)
or nonviable tumor (n = 2, PR). No cases of growing tera-
toma syndrome occurred. All 11 patients with second-look
surgery due to incomplete response to chemotherapy,
showed fibrosis/scar or mature teratoma and nonviable
germ cell tumor.
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Fig.2 CONSORT diagram.

Table 1. Characteristics of 137 Eigible and 74 Evaluable Patients
Meeting Criteria for 18 Gy WVI

Characteristics Number of patients (%)

Evaluable Eligible

Gender

Female 20 (27) 37 (27)

Male 54 (73) 100 (73)
Age

Median (range), 14.28 (7.05-20.59) 14.09 (4.95-21.46)

years
Race
Asian 7(9) 14.(10)
Black or African Amer- 5(7) 9(7)
ican
Native Hawaiian or 4(5) 8(6)
Pacific Islander
White 49 (66) 86 (63)
Multi 1(1) 1(1)
Unknown 8(8) 19 (14)
All patients 74 (100) 137 (100)

Central radiology review of eligible patients who re-
ceived 24 Gy WVI, revealed 3 patients with CR after che-
motherapy and one patient with metastatic disease at

diagnosis. Hence only 16 patients with PR were evaluable
for primary efficacy assessments.

Treatment Failure/Recurrent Patients

Primary outcome analysis revealed 10 failures within
the first 3 years, among the 74 evaluable patients: 4 pro-
gressed, 4 were lost to follow-up (23.1-31.6 months from
treatment initiation) and 2 withdrew consent (at 18.6
and 23.7 months). Thus, the study failed to meet its pri-
mary efficacy threshold and closed short of the planned
sample size of 79. The estimated 3-year PFS rate based
on the dichotomous endpoint was 86.5% (95% exact Cl:
76.5-93.3%) which failed to demonstrate noninferiority
of the 18 Gy WVI regimen compared to design threshold
of 95%. All 4 progressions occurred outside the radia-
tion field at a median time of 8.91 (2.98 to 19.44) months
postcompletion of 18 Gy WVI. There were 2 spinal and
2 parenchymal relapses; both parenchymal relapses
were along the diagnostic biopsy track combined with
an external drain (EVD) and third ventriculostomy (ETV)
respectively.

A total of 8 relapses occurred among the 137 eligible pa-
tients. Three of 8 (375 %) relapses occurred along the bi-
opsy tract combined with ETV (n = 2) or EVD (n =1). The
patients underwent diagnostic surgery for hCGf negative
germinoma (n = 2) and for a germinoma with CSF hCGp of
80 IU/L according to study protocol. Characteristics of re-
lapsed patients are listed inTable 3.
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Table 2. Tumor Location of 137 Eligible and 74 Evaluable Patients Respectively Treated With 18 Gy WVI Based on Institutional Review

Bifocal Pineal
Gender
Female 3/3 7/2
Male 16/12 58/28
All Patients 19/15 65/30
Toxicity

There were no unexpected toxicities. The most common
toxicities included hematological and electrolyte abnor-
malities, including hyponatremia. No toxic deaths occurred
(SupplementaryTable 2).

Outcome on Cognitive Functioning as Evaluated
by ALTEQ7C1

Processing speed, attention/concentration, and estimated
1Q results for the first 2 planned time points (9 + 3 m and
30 + 6 m postdiagnosis) for patients who received irradia-
tion on this study are reported here (N = 113), regardless of
evaluability for the primary efficacy outcome. The groups
treated with 18 vs. 24 Gy WVI were seen for their 9-month
assessment, on average at 5.10 (SD:2.35) months and 5.42
(SD:3.18) months after starting radiation, respectively.

Performance scores at 9- and 30-month assessment of
children treated with irradiation collectively (18 Gy or 24
Gy) did not differ from general population norms for atten-
tion/concentration (P=.4773 and P=.3262) or estimated IQ
(P=.2315and P=.4154), butwere significantly lowerfor proc-
essing speed at 9 months (mean: 91.82, SD: 16.95, P< .001)
and 30 months (mean: 95.74, SD: 13.92, P = .0139). A sig-
nificant difference in neurocognitive performance between
those treated with 18 Gy vs. 24 Gy was the lower attention/
concentration (P =.0282) in the 24 Gy group at 9 months.
The mean estimated IQ for children treated with 18 Gy at
9 months and 30 months was 100.3 (95%Cl: 96.73-103.81)
and 104.2 (95%Cl: 100.11-108.36), while the mean esti-
mated 1Q for those treated with 24 Gy was 92.80 (95% Cl:
85.35-100.25) and 95.00 (95% CI: 84.33-105.67), respec-
tively (SupplementaryTables 3 and 4).

Results of longitudinal change in neurocognitive
scores in the collective cohort (18 Gy or 24 Gy) from 9- to
30-month assessment showed no significant differences
in attention/concentration; however, processing speed
(P =.0340) and estimated IQ (P =.0119) scores significantly
increased at time 2. The processing speed and estimated
IQ at 30 months was higher than 9-month scores (P=.0464
and P = .0321, respectively) in the 18 Gy patients, but no
difference was detected in patients who were treated with
24 Gy (P=.4979 and P=.1880) (SupplementaryTable 5).

Progression-Free and Overall Survival

Using the Kaplan-Meier approach where patients lost to
follow-up were treated as censored, at a median follow-up

Suprasellar Ventricle All

26/15 1/0 37/20 (27%)
17/7 9/7 100/54 (73%)
43/22 10/7 137/74 (100%)

of 4.08 years (range 0.98-6.09), the 3-year estimated PFS
and OS of the 74 evaluable patients was 94.5 + 2.7% and
100% respectively (Figure 3A). At a median follow-up of
4.46 years (range 2.29-5.90), the 3-year estimated PFS
and OS of the 16 evaluable patients who received 24 Gy
WVI plus boost of 12 Gy to the primary tumor bed was
93.75 + 6.1% and 93.75 + 6.1% respectively (Figure 3B).
Supplementary KM curves demonstrate the 3-year es-
timated PFS and OS for evaluable and in-evaluable pa-
tients treated with 18 Gy and 24 Gy WVI respectively
(Supplementary Figure 1A-D) as well as for patients who
went off treatment early (Supplementary Figure 2).

Discussion

The study failed its primary objective to achieve 3-year PFS
rate of 95% with the reduced irradiation strategy of 18 Gy WVI
and hence failed to demonstrate noninferiority compared to
historical controls.’®® It should be noted however that nei-
ther of the historical studies counted patients who withdrew
consent or were lost to follow-up within the 3-year window as
failures. Hence using a comparison of KM-based PFS and OS,
where patients are censored when lost to follow-up may rep-
resent a more appropriate comparison between the studies.
The observed KM-based 3-year PFS and OS estimates based
on 74 evaluable patients treated with 18 Gy WVI was 94.5 +
2.7% and 100%, respectively (Figure 3A) on our study, which
compares favorably to the 5-year PFS and OS of 91 + 3.9%
and 93.7% + 3.6%, respectively in the radiation only MAKEI
study'® and 88% + 4% and 96% + 3% respectively in the
combined chemotherapy and irradiation SIOP CNS GCT 96
trial.’® Given that recurrences typically happen early, within
first 2-3 years, we believe our 3-year results are promising.
We do acknowledge however that late recurrences have been
reported in retrospective institutional series?>?' and ideally
results of germinoma trials should be updated with longer
follow-up. Moreover, the irradiation doses utilized in the
present trial were 10-20 Gy lower than irradiation doses used
in the historical studies. Furthermore, the simplified 2-drug
chemotherapy regimen was tolerated well and resulted in
response rates of 92.31% (CR+PR) in 130 eligible patients at
the completion of chemotherapy. Historical studies, which
are typically small, describe response rates in the range of
63-84% to different chemotherapeutic regimens?23 but no
information on response rates to chemotherapy has been re-
ported thus far in large prospective studies.'o™

Patients with residual disease more than 1.5 cm after
chemotherapy were required to undergo surgical resection
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Table3 Characteristics of Relapsed Patients

Evaluability

Dose of WVI

(Gy)
18
24

Time to Relapse From
Start of RT (months)

c
o
=]
IS
o
o
4
©
0
o
o
[}
oc

hCG (IU/L) in Serum/ CT Re-

Tumor Location

Gender

Age at dx

Patient

sponse*
CR
CCR

CSF at Diagnosis

Evaluable

Spine 9.98
24.92

©

Male Brain Ventricle

20.21

1

Not evaluable

Primary site

3/2

Female Suprasellar

9.86

No tumor markers after
completion of CT

Evaluable

1.98 24

2/medically PR Positive CSF

Pineal Gland

Female

10.92

contraindicated

27/26.8

Not evaluable

18

11.40

Left parietal

CCR

Female Suprasellar

752

No tumor markers after

completion of CT

Evaluable

18
18
18
24

9.71
4.89
21.32
23.40

Spine

CR

2.41
2/6.3

Bifocal

Male
Male
Male
Male

17.00
9.61

Evaluable

Right parietal

CCR

Pineal Gland

Bifocal

Evaluable

CCR Right frontal

6.3/6.8
46/80

13.82
17.48

Evaluable

Right frontal, pineal, spinal

CCR

Pineal Gland

Bifocal, pineal and suprasellar location; CCR, continued complete response; CR, complete response; PR, partial response; CT, chemotherapy; RT, radiation therapy.

in order to proceed to reduced irradiation and to remain
on ACNS1123 study. None of the 11 study patients with
second-look surgery showed any viable malignant germ
cells. The SIOP working group concluded, based on their
trial results published in 2013 (2 years after the opening of
ACNS1123) that residual disease at the end of treatment
was not associated with a worse prognosis for germinoma
patients.” In view of this conclusion as well as our study
findings, the question arises whether risks associated
with surgical resection of residual lesions in the precar-
ious suprasellar and pineal regions outweigh any poten-
tial benefit. The fact that 18 of the 24 patients were taken
off therapy prior to irradiation due to inability/unwilling-
ness to undergo second-look surgery and/or physician de-
cision, may be reflective of this dilemma (Figure 2). These
24 patients were treated outside ACNS1123 and no irradia-
tion information was collected; in retrospect a regrettable
omission precluding important insights. However, patients
were followed for PFS and OS and no progressions were
reported.

The study suffered from a high rate of in-evaluability
likely related to the rarity of the disease and the fact that it
was the very first Germinoma trial within COG.The reasons
for postchemotherapy in-evaluability in 23 (14 + 9) patients
included discrepant central radiology review and inade-
quate tumor marker re-evaluation (Figure 2). A common
issue was inadequate re-evaluation of serum and/or CSF
markers after completion of chemotherapy in patients with
initial marker negative biopsy-proven germinoma which
rendered those patients in-evaluable for study purposes.
The next Germinoma trial will incorporate real time central
radiology and marker review after completion of chemo-
therapy as a result of the experience from this study.

The prospective evaluation of cognitive functioning re-
vealed possible therapy-related acute effects in processing
speed at 9 months following diagnosis, with improved
functioning at the 30-month assessment in children who
received reduced WVI to 18 Gy. However, current data on
neurocognitive functioning need to be interpreted with
caution due to small sample size, lack of analysis of po-
tential confounding variables (surgical complications, hy-
drocephalus), and limited long-term follow-up data. Thus,
ongoing, systematic collection of neurocognitive data is of
utmost importance to better identify the benefits of irradia-
tion reduction strategies.

Treatment Failure and Recurrence Pattern

None of the 74 evaluable patients treated with 18 Gy WVI
relapsed within the ventricular field or in the primary
tumor region. In the SIOP CNS GCT 96 study, seven of the
65 patients who received chemotherapy and focal radia-
tion relapsed (6 ventricular, 1 spinal), within 34 months of
diagnosis. Relapse of various types of brain tumors within
or along the biopsy/surgical site has been described.?+-28
This study’s observation of 50% (2 of 4) relapses within the
surgical/CSF diversion tract—undertaken at diagnosis—is
concerning. Interestingly, none of the evaluable patients
(6/74) undergoing (second) surgery due to a residual le-
sion larger than 1.5 cm after completion of chemotherapy,
relapsed. Future studies may need to determine if there is
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Fig.3 (A, B) KM curves for 18 and 24 Gy WVI, respectively.

a need for inclusion of diagnostic surgical tracts into the
radiation field. Also, the risk of recurrence should be taken
into consideration when evaluating the need for a biopsy
in cases with classical clinical (e.g. diabetes insipidus)
and radiological germinoma characteristics, negative AFP,
and mild elevation of hCGp. Notably, 16 of 74 evaluable
patients did not undergo diagnostic surgery at baseline,
based on study criteria of elevated tumor markers (11/16)
and bifocal location (5/16) and remain free of progression.
However, the observed difference in number of relapses
in biopsied (4/58) versus nonbiopsied (0/16) patients
is not statistically significant (P = .57) and could be by
chance alone.

This is the first and largest prospective study of a
dose reduction strategy in localized germinoma, using

18 Gy WVI to evaluate outcome, pattern of failures,
and neurocognitive effects of this irradiation strategy.
While a failure according to the prospective statistical
noninferiority design, this study demonstrated high
rates of chemotherapy responses, favorable KM-based
PFS and OS estimates in the context of reduced irra-
diation doses without ventricular failures and holds
promise for lower long-term morbidities for patients
with germinoma.

|
Supplementary Material

Supplementary material is available at Neuro-Oncology
online.
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