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PURPOSE Stratum 1 of ACNS1123 (ClinicalTrials.gov identifier: NCT01602666), a Children’s Oncology Group
phase Il trial, evaluated efficacy of reduced-dose and volume of radiotherapy (RT) in children and adolescents
with localized nongerminomatous germ cell tumors (NGGCTs). The primary objective was to evaluate the impact
of reduced RT on progression-free survival (PFS) with a goal of preserving neurocognitive function.

PATIENTS AND METHODS Patients received six cycles of chemotherapy with carboplatin and etoposide alter-
nating with ifosfamide and etoposide, as used in the Children’s Oncology Group predecessor study (ACNS0122;
ClinicalTrials.gov identifier: NCT0O0047320). Patients who achieved a complete response (CR) or partial re-
sponse (PR) with or without second-look surgery were eligible for reduced RT, defined as 30.6 Gy whole
ventricular field and 54 Gy tumor-bed boost, compared with 36 Gy craniospinal irradiation plus 54 Gy tumor-bed
boost used in ACNS0122.

RESULTS A total of 107 eligible patients were enrolled. Median age was 10.98 years (range, 3.68 to 21.63) and
75% were male. Sixty-six of 107 (61.7%) achieved a CR or PR and proceeded to reduced RT. The 3-year PFS
and overall survival and standard error values were 87.8% =+ 4.04% and 92.4% =+ 3.3% compared with 92%
and 94.1%, respectively, in ACNSO122. There were 10 recurrences, prompting early study closure; however,
after a retrospective central review, only disease in eight of 66 (12.1%) patients eligible for reduced RT
subsequently progressed; six patients had distant spinal relapse alone and two had disease with combined local
plus distant relapse. Serum and CSF a-fetoprotein and B-human chorionic gonadotropin levels were not as-
sociated with PFS.

CONCLUSION Patients with localized NGGCT who achieved a CR or PR to chemotherapy and received reduced

RT had encouraging PFS similar to patients in ACNS0122 who received full-dose craniospinal irradiation.
However, the patterns of failure were distinct, with all patients having treatment failure in the spine.

J Clin Oncol 37:3283-3290. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Germ cell tumors (GCTs) of the CNS are a heteroge-
neous group of tumors most commonly located in
the suprasellar and pineal regions in children and
adolescents.? Classically, CNS GCTs are divided into
two categories: germinoma and nongerminomatous
germ cell tumors (NGGCTs). Whereas germinomas are
histologically more homogenous, NGGCTs can be
classified as embryonal carcinoma, endodermal sinus
tumor, choriocarcinoma, immature teratoma, tera-
toma with malignant transformation, and mixed his-
tology tumors.z*

Patients with CNS NGGCT historically have had worse
outcomes compared with patients with germinoma.

Five-year overall survival (OS) in patients with NGGCT
treated with full-dose craniospinal (CSI) radiotherapy
(RT) alone or chemotherapy alone ranges from 20% to
40%.%° In addition, full-dose CSI in children often
leads to deleterious late effects, such as increased risk
of secondary malignancy, endocrinopathies, reduced
spinal growth, ototoxicity, and neuropsychological
dysfunction.'-*?

Recent international and Children’s Oncology Group
(COQG) trials combining chemotherapy and RT have
reported improved survival, supporting the possibility
of reducing therapy in a subgroup of patients.*>* In
the SIOP CNS GCT 96 (SIOP 96) trial (ClinicalTrials.gov
NCT00293358), patients with NGGCT received four
courses of cisplatin, etoposide, and ifosfamide. Patients
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with localized disease received involved-field RT to 54 Gy,
whereas those with metastatic disease received 30 Gy CSI
with a boost to a total dose of 54 Gy to the primary tumor
and sites of macroscopic metastases.'® Patients with lo-
calized tumors had a b-year progression-free survival
(PFS) and OS (= standard deviation [SD]) of 72% *+ 4%
and 82% * 4%, respectively, whereas patients with
metastatic disease had 5-year PFS and OS of 68% = 9%
and 75% * 8%, respectively.'®> COG ACNS0122 used six
cycles of chemotherapy with carboplatin/etoposide al-
ternating with etoposide/ifosfamide before 36 Gy CSI and
54 Gy to the primary tumor bed.* Five-year event-free
survival (EFS) and OS rates (= SD) for all patients were
84% *+ 4% and 93% * 3%, respectively, which are the
best published outcomes to date.'* Seventy-nine patients
(77.5%) had localized tumors, including bifocal lesions.
Disease in 49 of 79 patients (62%) achieved a CR (40.5%)
or PR (21.5%) to chemotherapy. Three-year EFS rates
were 92% and 94.1% for patients with localized disease
that achieved a CR or PR to chemotherapy, respectively.*
On the basis of these data, we hypothesized it would be
safe to reduce irradiation without affecting survival out-
comes in patients with localized NGGCT and a CR or PR to
chemotherapy.

PATIENTS AND METHODS
Study Objectives

The primary objective was to determine, on the basis of
3-year PFS rates, whether dose and volume of RT could
be safely reduced to 30.6 Gy whole-ventricular irradia-
tion from 36 Gy CSI (as prescribed in ACNS0122), fol-
lowed by involved-field focal boost to 54 Gy, henceforth
referred to as reduced RT, in children with localized
NGGCT and a CR or PR to chemotherapy with or without
second-look surgery. A coprimary objective was to use
the COG ALTEO7C1 study (ClinicalTrials.gov identifier:
NCT00772200) to prospectively and longitudinally model
cognitive, social, and behavioral functioning in children
treated with reduced RT.!® These data will be published
separately. A secondary objective was to estimate the PFS
and OS distributions of patients treated with reduced RT.
The ACNS1123 study also included a germinoma stratum
that will be reported separately. The present study was
approved by all local institutional review boards and all
patients or their legal guardians provided written informed
consent.

Patients

Patients between 3 and 21 years of age with localized CNS
NGGCT and a histologic diagnosis of endodermal sinus
tumor, embryonal carcinoma, choriocarcinoma, immature
teratoma, teratoma with malignant transformation, or mixed
germ cell tumors were eligible to be enrolled in this study. In
the absence of a histologic diagnosis, patients were eligible
if imaging was suggestive of a CNS GCT with the following

3284 © 2019 by American Society of Clinical Oncology

tumor marker elevations: serum and/or CSF B-human
chorionic gonadotropin (B-hCG) level greater than 100
IU/L and serum and/or CSF «-fetoprotein (AFP) level
greater than 10 ng/mL or above the local institutional
normal values. Patients whose tumor had histology con-
sistent with germinoma and tumor markers that met these
criteria were also eligible. Patients must not have received
any previous therapy other than surgery and/or cortico-
steroids. Patients with metastatic disease were excluded,
including disease noted on magnetic resonance imaging
(MRI) or a positive lumbar CSF cytology.

Tests and Examinations

Evaluations included MRI of the brain and spine with and
without contrast at baseline, postoperatively, and after
cycles 2, 4, and 6 of chemotherapy. Serum and CSF AFP
and B-hCG levels, as well as lumbar CSF cytology, were
required at baseline unless clinically contraindicated.
Subsequent serum tumor markers were obtained before
every chemotherapy cycle; CSF tumor marker and lumbar
cytology measurements were repeated after cycle 6 of
chemotherapy.

Treatment

Chemotherapy consisted of carboplatin on day 1 and eto-
poside on days 1 through 3, alternating at 21-day intervals
with cycles of ifosfamide/etoposide on days 1 through 5,
which closely mirrored the COG ACNS0122 chemotherapy
timing. Patients whose disease achieved a CR or PR were
eligible to receive reduced RT. In patients whose disease did
not achieve a CR or PR, second-look surgery was strongly
recommended. If second-look surgery resulted ina CR or PR
and confirmed mature teratoma or scar or fibrosis, the
patient was eligible to receive reduced RT. Patients whose
disease did not achieve a CR or PR or whose second-look
surgery histology revealed viable malignant elements no
longer received protocol treatment (Fig 1).

Response Definitions

Responses were defined on the basis of MRI and tumor
markers and were the same as those used in the COG
ACNSO122 trial. CR was defined as a complete disap-
pearance of disease on imaging, allowing for minimal re-
sidual disease or enhancement of not more than 0.5 cm in
the suprasellar region or not more than 1 cm in the pineal
region. PR was defined as greater than 0.5-cm residual in
the suprasellar region or greater than 1 cm in the pineal
region and at least a 65% decrease in the sum of the
products of the three perpendicular diameters of the lo-
calized target lesion. The CR and PR definitions mandated
normalization of serum and CSF AFP and B-HCG levels.
Stable disease was defined as neither sufficient decrease to
qualify for PR nor increase to qualify for progressive disease
(PD). PD was defined as a 40% or more increase of the
lesion, the appearance of new lesions, and/or increased
tumor markers.
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Enroliment
Chemotherapy A (weeks 0, 6, and 12)
Carboplatin 600 mg/m?on day 1 |
Etoposide 150 mg/m? on days 1-3
6 alternating cycles
of chemotherapy A
and B

Evaluation of
response after 2, 4
and 6 chemotherapy
cycles

Chemotherapy B (weeks 3, 9, and 15)
Ifosfamide 1,800 mg/m? on days 1-5
Etoposide 100 mg/m? on days 1-5

FIG 1. Treatmentschema.
CR, complete response;
PD, progressive disease;
PR, partial response; SD,

CR or PR: 30.6 Gy WVF + boost to 54 Gy
SD or PD: strongly consider second-look surgery

CR or PR after second-look surgery: 30.6 Gy WVF + boost to 54 Gy

stable disease; WVF, whole
SD or PD + second- ventricular field.
look surgery: off
treatment

Statistical Design

All eligible and evaluable patients who received reduced RT
were included in the primary analysis. The study bench-
marks were based on the observed outcome of patients
with localized disease treated while the patients were
participating in the ACNS0122 trial, in which all observed
treatment failures among patients who experienced CR or
PR occurred within the first 3 years.!* The 3-year PFS es-
timate for the 32 patients who experienced CR and the 17
who experienced PR at the time of the ACNS1123 trial
design was 90.6% (95% Cl, 73.7% to 96.9%) and 94.1%
(95% Cl, 65.0% to 99.2%), respectively. Thus the 3-year
PFS rates for these two cohorts of patients were both ex-
cellent and similar, supporting the decision to combine these
groups. The observed 3-year PFS rate for the combined
cohort of 49 patients was 91.8% (95% ClI, 80.4% t0 97.7%).
Using a one-sample exact binomial test with a baseline
3-year PFS of 93% and a noninferiority margin of 11% (null
hypothesis P = .82) led to a sample size of 77 patients to
show noninferiority with 90% power and 5% type 1 error.
This design would reject the null hypothesis if at least 69 of
77 patients were free of disease progression after 3 years.

No interim analyses were planned, because of the expected
accrual rate, high PFS rate, and long observation window;
however, if nine or more patients were documented to have
experienced disease recurrence before 3 years of follow-up
and fewer than 77 patients eligible for the primary analysis
had begun treatment, accrual would be suspended. The
analyses were conducted per protocol and Kaplan-Meier
estimates were used to estimate PFS, which was calculated
from the date the patient began study participation to the
date of disease progression, date of death, or date of last
follow-up, if the patient was censored. Log-log trans-
formation method was used to calculate Cls for PFS.

Journal of Clinical Oncology

RESULTS
Patient Characteristics

Between May 2012 and November 2016, 111 patients
were enrolled; four were ineligible (physician choice [n = 1],
incorrect histology [n = 1], and did not meet eligibility timing
requirements [n = 2]). Eighty of the 107 eligible patients
(74.8%) were male, and the median age was 10.98 (range,
3.68 to 21.63) years (Table 1). The most common tumor
locations were pineal in 58 (54.2%) and suprasellar in

TABLE 1. Patient Demographic Data
Stratum 1: NGGCT

Characteristic No. %
Sex
Female 27 25.23
Male 80 74.77

Age, median (range), years 10.98 (3.68-21.63)

Race
Asian 7.48
Black 5.61
Native Hawaiian or Pacific Islander 0.93
Unknown 14 13.08
White 78 72.9
Ethnicity
Hispanic or Latino 20 18.69
Not Hispanic or Latino 83 77.57
Unknown 4 3.74
All patients 107 100

Abbreviation: NGGCT, nongerminomatous germ cell tumor.
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TABLE 2. Tumor Characteristics
Characteristic No. %

Tumor location

Bifocal 5.61
Brain ventricle 6 5.61
Pineal gland 58 54.21
Suprasellar 37 34.58
Histology
Unknown 22 20.56
Choriocarcinoma 5.61
Embryonal carcinoma 3.74
Endodermal sinus tumor (yolk sac) 2.8
Germinoma* 15 14.02
Germinoma mixed with mature teratoma* 3 2.8
Malignant/immature teratoma 5 4.67
Mixed GCT with malignant GCT elementst 49 45.79
Total 107 100

*Patients with germinoma or germinoma with mature teratoma
histology were only eligible if they had serum and/or CSF B-hCG >100
IU/L and serum and/or CSF a-fetoprotein >10 ng/mL or above the
local institutional normal values.

tMalignant germ cell tumor elements included the presence of one
or more of the following histologies: embryonal carcinoma, endodermal
sinus tumor, choriocarcinoma and immature teratoma, teratoma with
malignant transformation.

37 (34.6%) of the 107 patients. Six patients (5.6%) had
ventricular tumors and an additional six (5.6%) had bifocal
tumors. The most common histology was a mixed histology
in 49 of the 107 tumors (45.8%; Table 2). Histology was
unknown in 22 of 107 patients (20.6%), and these patients
were enrolled on the basis of tumor marker elevation, as
described in Patients and Methods (Table 3).

Responses

Disease in 66 of 107 eligible patients (61.7%) achieved
a CR or PR after chemotherapy and received reduced RT
per protocol. Twenty-four patients underwent second-look
surgery; 17 (70.8%) achieved CR or PR, had mature ter-
atoma or residual scar or fibrosis, and were included in the
total 66 of patients whose disease achieved CR or PR and
received RT. Seven of the 24 patients (29.2%) who un-
derwent second-look surgery did not receive reduced RT

for the following reasons: less than a PR (n = 2), viable
tumor at second-look surgery (n = 2), abnormal tumor
marker (n = 1), delayed RT timing (n = 1), and physician
choice (n = 1).

Survival

The 3-year PFS and OS rates (= standard error) for all 107
eligible patients were 77.3% * 4.1% and 88.4% = 3.2%,
respectively (Fig 2). Neither serum nor CSF AFP and
B-HCG levels nor tumor location or size were associated
with response. The 3-year PFS and OS rates (+ standard
error) of the 66 patients eligible and evaluable for the
primary objective (ie, reduced RT) were 87.80% * 4.0%
and 92.4% =+ 3.3%, respectively (Fig 2).

Treatment Failures and Recurrences

Disease in 41 of 107 patients (38.3%) did not achieve a CR
or PR and thus these patients did not qualify for reduced
RT. Among these 41, 15 had stable disease and nine had
PD after chemotherapy. One patient did not have an end-
of-chemotherapy evaluation documented. In addition,
there were 16 patients whose disease had a CR or PR on
imaging but who did not receive reduced RT (physician
discretion [n = 6], positive tumor markers [n = 71, patient
refusal [n = 2], exceeded protocol timing for RT initiation
[n = 1], and death [n = 1). The 3-year PFS and OS rates
(+ SD) for these 41 patients were 60.2% * 7.8% and
81.7% *+ 6.4%, respectively.

At a median follow-up of 2.97 (range, 1.84 to 5.72) years,
there have been eight recurrences among the 66 eligible
patients who received reduced RT. Six of these re-
currences were distant relapses (in the spine) alone and
two were a combination (distant and local; Table 4; Fig 3).
There were two additional recurrences, one distant and
one combined, that subsequently were found ineligible for
reduced RT on retrospective central review. Upon
learning of the 10 total recurrences, we closed the study to
accrual in September 2016 because the stopping rules
had been met.

The study team initiated a retrospective central review of all
patients enrolled, including baseline eligibility, imaging,
tumor markers, response evaluations, and RT plans. This
review revealed two patients who were inevaluable for the
primary objective. Both patients had elevated serum
B-HCG levels at the end of chemotherapy and should not
have received reduced RT during the study (Table 4). One

TABLE 3. Tumor Marker Levels at Baseline had a level of 19 |U/L and the other had a level of 28 [U/L

Baseline Tumor TotaI'No. of Median Minimum Maximum (normal B-HCG level, < 5 IU/L). Therefore, disease re-
Marker Patients Value Value Value curred in only eight evaluable patients who met all eligibility
Serum hCGB, UL 77 79 0.1 S0 criteria for the primary objective and the stopping rules, in
CSF hCGB, IU/L 76 126.9 0.5 9,999.9 fact, were not met. However, the study team and COG
Serum AFP, ng/mL 9 2576 05 31285 leadership made the decision to permanently close the
CSF AFP. ng/mL 74 18.65 008 4214 NGGCT stratum to avoid enrollment bias and inform the

scientific community of the unique pattern of spinal

Abbreviations: AFP, a-fetoprotein; hCBG, human chorionic gonadotropin. relapse.
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Toxicity

There were no unexpected toxicities. The most common
grade 3 or higher toxicities were anemia, febrile neu-
tropenia, lymphopenia, neutropenia, thrombocytopenia,
leucopenia, hypernatremia, and hyponatremia.

DISCUSSION

A combination of chemotherapy and RT has resulted in
significantly improved outcomes for children with CNS
NGGCT, and response to chemotherapy has consistently
proven prognostic.!®141¢ |n the ACNSQ122 trial, patients

Journal of Clinical Oncology

whose disease had a CR or PR to chemotherapy had ex-
cellent survival.'* In the present study, we asked whether
reduced RT in patients with localized NGGCT with a CR or
PR to chemotherapy would maintain the ACNS0122 sur-
vivals while potentially minimizing late effects of CSI.

In COG ACNS0122, all recurrences were within 3 years of
diagnosis, except one late recurrence, which occurred at
68 months.'* The median follow-up of the 58 patients in the
present study whose disease has not progressed is 2.97
(range, 1.84 to 5.72) years, suggesting most recurrences
may have already happened. It is yet unclear, however, if
the timing of relapses also may have been altered and
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TABLE 4. Characteristics of Patients Eligible for Primary Objective (Reduced RT) With Relapsed Disease

Eligible for
Age Tumor Radiographic Relapse Reduced
Patient (years) Sex Histology Location Response Location RT? Reason for Ineligibility
1 11.75 Male Mixed GCT with malignant Pineal PR Spine Y
GCT elements
17.97 Male Unknown Bifocal CR Brain and spine Y
15.08 Male Unknown Bifocal CR Spine Y
17.56 Male Embryonal carcinoma Suprasellar PR Spine Y
5% 16.61 Male Mixed GCT with malignant Pineal PR Brain and spine N Postchemotherapy serum
GCT elements B-HCG 19 IU/L (normal,
< 5 |U/L)

6* 13.07 Female  Germinoma Suprasellar CR Spine N Postchemotherapy serum
B-HCG 28 IU/L (normal,
< 5 |U/L)

7 10.67 Male Germinoma Pineal CCR Spine Y

8 17.25 Male Mixed GCT with malignant Pineal PR Brain and spine Y

GCT elements
9 596 Male Unknown Ventricle PR Spine Y
10 10.74 Male Embryonal carcinoma Pineal PR Spine

Abbreviations: CCR, continued complete response; CR, complete response; GCT, germ cell tumor; PR, partial response; RT, radiotherapy.
*On retrospective central review, patient subsequently was found ineligible for reduced-dose RT.

whether there will be late relapses. In ACNS0122, 5-year
PFS and OS rates (= standard error) for patients with lo-
calized disease were 91.5% = 4.1% and 97.9% *= 2.1%,
respectively. In the present study, 3-year PFS and OS rates
(= standard error) were 87.8% = 4.0% and 92.4% =
3.3%, respectively. ACNS1123 was not powered to com-
pare resulting PFS with that of ACNSO122; therefore, there
is no P value to report; however, at 3 years, the outcomes
seem similar. This is noteworthy given that the treatments
were almost identical with the exception of RT. The patients
whose disease has not recurred have been spared full-dose
CSI. Although the longitudinal neurocognitive and behav-
ioral data are forthcoming, one can hypothesize that less
than the full CSI dose will reduce these patients’ risk of late
effects and potentially improve their quality of life.

Disease in eight of 66 patients (12.1%) who received re-
duced RT subsequently recurred; all eight recurrences
involved the spine. In the SIOP 96 trial, 27 of 106 patients
with localized disease had disease recurrence—14
locoregional, six combined, and seven distant.!® In the
ACNSO0122 trial, 16 of 102 patients (15.7%) experienced
disease recurrence—10 local, one combined, three dis-
tant, and two with tumor markers alone.!* The pre-
ponderance of distant relapses in our study is concerning
and most likely attributed to the elimination of spinal ir-
radiation. Interestingly, the SIOP 96 data using focal RT did
not show this same pattern of relapse. We hypothesize the
difference may be the chemotherapy. The SIOP 96 trial's
chemotherapy regimen was more dose and time intense as
compared with that of the present study. Although the

3288 © 2019 by American Society of Clinical Oncology

survival outcomes are similar, a direct statistical compari-
son with SIOP 96 is difficult, given the differences in eli-
gibility, staging, and treatment. One potential strategy that
may minimize distant relapses is to intensify induction
chemotherapy, similar to the SIOP strategy.

While COG ACNS1123 was underpowered for a statistical
comparison to COG ACNS0122, a comparison of survival
outcomes was intended. Although the pattern of recurrence
is different between the two studies, approximately the
same fraction of patients experienced disease recurrence.
One hypothesis is that the lack of spinal RT has simply
changed the natural history of recurrence, specifically lo-
cation, in patients with biologically aggressive disease that
would have recurred regardless of the volume or dose of
RT. Another concern is that a lack of staging could have
contributed to missed cytologic metastatic disease; how-
ever, only one of eight patients with recurrence did not
undergo baseline lumbar CSF cytology (because it was
medically contraindicated), suggesting this was not a major
contributing factor. In fact, among the remaining 58 pa-
tients whose disease has not recurred, only five patients
(8.6%) did not have baseline lumbar CSF cytology because
it was medically contraindicated. Although exceedingly
unlikely, the spinal recurrences could also be due to
chance alone, because no direct statistical comparison can
be made to ACNS0122.

Advances in CNS GCT biology may provide insight into why
certain histologically identical tumors behave clinically
differently. For example, distinct mRNA profiles correlate
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FIG 3. Example of spinal recurrence (white arrow) in a patient with
a localized nongerminomatous germ cell tumor who received reduced
radiotherapy.

with GCT histologic differentiation and prognosis.'” The
current accepted COG strategy is to diagnose many of
these patients without tissue since markers alone can
make a diagnosis; therefore, understanding the biology
of high-risk patients may require a paradigm shift. One
possibility is to begin obtaining tissue from all pa-
tients at diagnosis in an effort to identify and then vali-
date molecular markers for future prognostication.
Unfortunately, tissue samples are not available from the
present study cohort to assess molecular differences.
Alternatively, if novel biologic serum or CSF makers are
identified and validated, these could potentially help
prognostication.

Although our data and that of the ACNS0122 trial show
good response rates to chemotherapy, in both trials, ap-
proximately 40% of patients did not achieve a CR or PR.1*
In the ACNSO0122 trial, these patients were to receive
myeloablative consolidation therapy followed by autologous
hematopoietic cell rescue and CSI. Only two patients went
on to receive this therapy in the study, and these two

Journal of Clinical Oncology

patients’ disease achieved a CR between 39 and 53 months
after therapy, suggesting this is an alternative strategy for
patients with a poor response to induction chemotherapy4.
Another consideration for patients whose disease does not
achieve a CR or PR is an intensification of chemotherapy
up front; however, currently, there are no reliable bio-
markers that can identify the group of patients who are
less likely to respond to chemotherapy, making this
strategy difficult.

Unfortunately, our study enroliment, based on initial
statistical design, was not completed: Only 66 of 77 pa-
tients enrolled counted toward the primary objective. If the
same statistical hypothesis is considered with 5% type-1
error, enrollment of 66 patients would attain 82% power. In
that scenario, the rejection boundary would be seven
treatment failures. Although this technically was achieved
in the 66 eligible patients, accrual was not completed to the
target goal, making it difficult to predict if the threshold
would have been met on the basis of the initial statistical
design.

Although a thorough retrospective central review was un-
dertaken, one limitation of the present study was the lack of
a prospective central review in real time, which may have
avoided the two patients who were ineligible for reduced RT
continuing in the trial. Other limitations include the rarity of
this tumor type, which precluded prospective randomized
studies, highlighting the need for continued international
collaboration.'® These small numbers also limit the power
to explore other prognostic factors, such as tumor size,
location, and tumor markers, as they relate to response.
Another important limitation is that little information was
collected regarding treatment strategies after disease re-
currence in this study; hence, we do not know the sal-
vageability of patients with spinal recurrence after reduced
RT beyond the OS outcome. Finally, the follow-up is cur-
rently relatively short and thus longer-term outcomes are
not yet available.

To our knowledge, these data still represent one of the
largest prospective cohorts in this disease. We report en-
couraging survival data in children with localized NGGCT
whose disease achieves a CR or PR to chemotherapy
followed by reduced RT; however, the preponderance of
spinal failures is concerning. We hypothesize we may have
simply altered the pattern of recurrence in those patients
with biologically aggressive disease. It is also noteworthy
that patients without recurrence have been spared full-dose
CSI. By publishing these data now, we hope to provide
pediatric oncologists the most current data for comparison
between reduced RT versus full-dose CSI when discussing
risks and benefits to make the best informed treatment
decisions with their patients and patients’ families.
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