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Abstract

Purpose
Pediatric high-grade glioma (HGG) is a devastating disease with a poor prognosis. The purpose of this
analysis is to evaluate the impact of Radiation Therapy (RT) variables on outcomes of pediatric HGG
patients in the National Cancer Database (NCDB).

Methods
The NCDB was used to select patients age < 22 with histologically proven WHO Grade III and IV gliomas
treated with ≥ 50Gy and < 76Gy RT between 2004 and 2013. RT variables including RT dose, timing
between diagnosis and RT initiation (< 4 weeks, 4–6 weeks, or > 6 weeks), and RT modality were analyzed
along with baseline demographic, tumor and treatment variables to assess the impact on overall survival
in univariate and multivariable analyses.

Results
498 pediatric HGG patients were included. Histologies included glioblastoma (30%), astrocytoma (55%),
oligogendroglioma (5%) and gliomas not otherwise speci�c (10%). The median RT dose was 59.4 Gy (SD
2.9 Gy) starting a median of 4.4 weeks from diagnosis (SD 2.5 weeks). Median follow-up was 19.6
months with 1- and 3-year OS of 78.4% and 40.4%, respectively. On Multivariable analysis, female gender,
older age, and private insurance remained independently associated with lower rate of overall death.
Radiation initiation ≤ 4 weeks from diagnosis, and glioblastoma histology were signi�cantly associated
with higher rate of overall death. There was no relationship between radiation dose or whether radiation
was delivered with proton or photon therapy and overall survival.

Conclusions
Outcomes for pediatric HGG are poor. Early initiation of RT within 4 weeks from diagnosis was negative
associated with overall survival and may be related to unknown prognostic factors.

Introduction
In the United States, brain tumors are the most common pediatric solid tumor and the leading cause of
cancer related death in children less than 14 years old [1]. Pediatric high-grade gliomas (HGG), including
most commonly anaplastic astrocytoma, diffuse astrocytoma and glioblastoma are rare, aggressive glial
cell tumors that account for less than 20% of brain tumors in the pediatric population [2]. These tumor
types are classi�ed by the World Health Organization as Type III or IV, signifying them as highly malignant
with tumor characteristics of hypercellularity, nuclear atypia, and highly metabolic activity [3].
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Pediatric HGGs are biologically distinct from adult glioblastoma yet share the same poor prognosis. In
adult patients, maximal safe surgical resection followed by radiotherapy (RT) with concurrent and
adjuvant temozolomide remains the current standard of care [4]. In pediatric HGG no clear standard
exists, though a similar management strategy is often employed [5]. An initial prospective, randomized
study dating back to 1989 showed an increased 5-year progression-free survival and overall survival for
patients receiving radiotherapy with the addition of chemotherapy compared to RT alone [6]. Subsequent
studies have further investigated a variety of post-surgical chemotherapy regimens in combination with
RT without a clear bene�t, and ongoing protocols continue to test novel systemic agents in molecular
de�ned cohorts of pediatric HGG.

Despite the varying systemic therapy used, RT has remained a standard of care in the de�nitive
management of pediatric HGG, though data addressing the impact of varying RT variables such as dose,
technique, and timing are lacking. The purpose of this analysis is to evaluate the impact of RT variables
on outcomes of pediatric patients with HGG treated with de�nitive RT in the National Cancer Database.

Methods And Materials

Patient selection
The National Cancer Database (NCDB) is a clinical oncology database supported by the American
College of Surgeons and the American Cancer Society. The database includes hospital registry data
aggregated from over 1500 Commission on Cancer (CoC) accredited hospitals and representing more
than 70 percent of newly diagnosed cancer cases in the United States. Using information from the NCDB
participant user data �le containing pediatric and adult brain tumor cases diagnosed between 2004–
2013, patients who met the following inclusion criteria were selected for this analysis: pediatric patients
age < 22, brain tumor location codes excluding the brainstem (ICD-O-3 C710-C719), histologically proven
WHO Grade III and IV high-grade gliomas (astrocytomas, glioblastomas, astroblastomas and
oligodendrogliomas) diagnosed between 2004 and 2013, receipt of RT within 90 days of diagnosis, and
RT doses of ≥ 50Gy and < 76Gy. This identi�ed 208,559 patients and 208,061 patients were excluded for
the reasons as detailed in Table 1. The �nal cohort included 498 patients.
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Table 1
Patient Selection and Exclusion Criteria

Selection and Exclusion Criteria Sample
Size

Excluded

NCDB Brain PUF Cancer Cases 208559 -

Age < 22 23530 185029

Exclude brain stem 19778 3752

Histology of gliomas 5173 14605

Exclude in situ or borderline 5112 61

Grade 3–4 1138 3974

Received Adjuvant RT at least 50 Gy and less than 76 Gy 659 479

Patients with glioma as 1st or only primary cancer 633 26

Exclude patients without follow up data 566 67

Patients who received all treatments at a facility other than facility that
reported cancer case

558 8

Exclude patients who did not have pathologic con�rmation 555 3

Include patients with known chemotherapy treatment status 539 16

Exclude Radiation started 90 days after diagnosis 498 41

Abbreviations: NCDB, National Cancer Database; PUF, participant user �le; RT, radiotherapy

Independent Variables
Radiation treatment parameters used as independent variables for outcomes analysis included radiation
timing in weeks from diagnosis until RT initiation, radiation dose, and radiation modality. Radiation
modality was de�ned as either proton therapy, IMRT photon RT, 3D conformal photon RT, or photon RT
not otherwise speci�ed (NOS). Radiation timing was categorized as < 4 weeks, between 4 and 6 weeks,
and greater than 6 weeks from diagnosis. The cumulative radiation dose including the sum of any dose
described as “regional” or “boost” was analyzed as a continuous variable and de�ned as escalated (> 
59.4 Gy) vs. non-escalated (≤ 59.4 Gy). Additional treatment variables including surgical resection,
receipt of chemotherapy, whether chemotherapy was single agent or multi-agent, and chemotherapy
sequence with radiation therapy were also evaluated along with demographic and tumor characteristics.

Statistical Analyses
Radiation treatment parameters as well as other treatment variables, demographic and tumor
characteristics were presented with descriptive statistics. Univariate and multivariate Cox-proportional
hazard regression models were �tted to evaluate the relationships between the radiation treatment
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parameters and patient characteristics with overall survival. Kaplan-Meier Curves were generated and
compared by Log-rank tests for histology subtype and RT Delay. Similar set of analyses described above
were conduct in the sub-cohort of patients who all received de�nitive surgical treatment, as a sensitivity
test for the robustness of the effect estimates of RT delay. All analyses were conducted with SAS 9.4
(SAS Institute, Inc., Cary, North Carolina) and SAS macros developed by the Biostatistics and
Bioinformatics and Winship Research Informatics Shared Resources at Winship Cancer Institute in
Atlanta, Georgia [7], with a signi�cant level of 0.05.

Results

Patient Population
498 pediatric HGG patients were included in this analysis. Demographic and tumor characteristics, and
treatment variables are shown in Tables 2 and 3, respectively. The median age at diagnosis was 15 years
(range 0–21) and 54% of patients were male. The majority of patients were white (79%) and living in a
metro area (80%). The most common histologies were astrocytoma (55%) and glioblastoma (30%).
Surgery was performed in 73.5% of patients with 90.2% of patients receiving chemotherapy.
Chemotherapy was initiated either before or during radiation in 80.3% of patients, and after RT was
completed in 4.6% of patients. The median RT dose was 59.4 Gy (SD 2.9 Gy) starting a median of 4.4
weeks from diagnosis (SD 2.5 weeks).
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Table 2
Patient Demographic and Tumor Characteristics

Variable Level N (%) = 498

Age at Diagnosis Median (range) 15.00 (0–21.0)

Sex Male 269 (54.0)

Female 229 (46.0)

Charleson-Deyo Score 0 451 (90.6)

1 18 (3.6)

≥ 2 29 (5.8)

Race White 395 (79.3)

Black 66 (13.3)

Other 37 (7.4)

Hispanic Origin Non-Spanish/Non-Hispanic 414 (83.1)

Spanish/Hispanic/Latino 65 (13.0)

Unknown 19 (3.8)

Residence Metro 398 (79.9)

Rural 31 (6.2)

Urban 69 (13.9)

Median Income Quartiles < $38,000 87 (17.5)

$38,000-$47,999 129 (25.9)

$48,000-$62,999 123 (24.7)

≥ $63,000 149 (29.9)

Unknown 10 (2.0)

Primary Payor Private Insurance 317 (63.7)

Government Insurance (Medicaid, etc.) 152 (30.5)

Not insured 18 (3.6)

Unknown 11 (2.2)

Histology Astrocytoma 276 (55.4)

Glioblastoma 149 (29.9)

Gliomas, NOS 51 (10.2)
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Variable Level N (%) = 498

Oligodendrogliomas 22 (4.4)

Tumor Location Cerebrum 373 (74.9)

Ventricle, NOS 13 (2.6)

Cerebellum, NOS 26 (5.2)

Overlapping lesion of Brain 52 (10.4)

Brain, NOS 34 (6.8)

Abbreviations: NOS, not otherwise speci�ed
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Table 3
Treatment Characteristics

Variable Level N (%) = 498

Surgical Procedure No Surgery 132 (26.5)

  Resection 366 (73.5)

Radiation Dose, Gy Mean (SD) 58.50 (2.9)

  Median (range) 59.40 (50–74.0)

RT Timing, weeks Mean (SD) 5.04 (2.47)

  Median 4.43 (0-12.86)

Radiation Modality Photons, NOS* 249 (49.9)

  IMRT 230 (46.2)

  Protons 14 (2.8)

  Stereotactic Radiosurgery 2 (0.4)

  Other, NOS 3 (0.6)

Chemotherapy Single agent chemotherapy 335 (67.3)

  Multi-agent chemotherapy 98 (19.7)

  Chemotherapy, NOS 16 (3.2)

  No chemotherapy 49 (9.8)

Chemotherapy and

RT Sequence

Chemotherapy started before or during RT 400 (80.3)

  Chemotherapy started after RT 23 (4.6)

  Unknown 75 (15.1)

Abbreviations: NOS, not otherwise speci�ed. *Includes Photons, NOS (n = 158), External beam, NOS (n 
= 48), and conformal or 3-D therapy (n = 43)

Overall Survival
The median follow-up was 19.6 months (Q1-Q3: 11.8–44.5). Overall Survival at 1- and 3-years (95% CI)
was 78.4% (74.4%, 81.8%) and 40.4% (35.8%, 45.0%), respectively. On multivariable analysis, older age
(hazard ratio (HR) 0.96 (95% CI 0.94–0.98), p < 0.001), female gender (HR 0.74 (0.58–0.93), p = 0.011),
white race (HR 0.70 (0.50–0.99), p = 0.04), RT Delay of ≥ 6 weeks (HR 0.64 (0.47–0.88), p = 0.006) vs 4–6
week delay from diagnosis (0.61 (0.46–0.80), p < 0.001) were signi�cantly associated with a lower rate of
death. Glioblastoma vs. astrocytoma histology (HR 1.58 (1.21–2.07), p < 0.001) and RT timing of < 4
weeks (HR 1.34 (1.03–1.75), p = 0.028) vs.4–6 weeks from diagnosis, and no surgical resection (HR 1.63
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(1.24–2.16), p < 0.001) were associated with a signi�cantly higher rate of death. Kaplan-Meier curves of
OS according to histology and RT timing are illustrated in Fig. 1. Univariate and multivariable analyses of
OS are listed in Table 4. Only statistically signi�cant relationships are included within the table. There
was no associated on either univariate or multivariable analysis between OS and Hispanic origin, urban
vs. rural residence, median income, year of diagnosis, tumor grade, size of tumor or whether
chemotherapy was received.
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Table 4
Univariate and Multivariable Analysis with Overall Survival

  Univariate Analysis Multivariable
Analysis

  -----------------------------------
------

---------------------------------
----

Covariate Level N Hazard
Ratio
(95% CI)

HR P-
value

Hazard
Ratio
(95% CI)

HR P-
value

Age at Diagnosis   498 0.95
(0.94–
0.97)

< .001 0.96
(0.94–
0.98)

< .001

Sex Female 229 0.78
(0.62–
0.97)

0.025 0.74
(0.58–
0.93)

0.011

Male 269 REF - REF -

Race White 395 0.79
(0.58–
1.08)

0.145 0.70
(0.50–
0.99)

0.042

  Other 37 0.82
(0.49–
1.39)

0.460 0.77
(0.45–
1.34)

0.358

  Black 66 REF - REF -

Charlson-Deyo
Score

2+ 29 1.89
(1.25–
2.85)

0.002    

1 18 1.49
(0.85–
2.61)

0.160    

0 451 REF -    

Primary Payor Private Insurance 317 0.72
(0.57–
0.91)

0.006    

Not insured 18 0.78
(0.42–
1.44)

0.421    

Insurance Status Unknown 11 0.65
(0.28–
1.47)

0.299    

Government Insurance
(Medicaid, Medicare, Other)

152 REF -    
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  Univariate Analysis Multivariable
Analysis

Histology Glioblastoma 149 1.46
(1.15–
1.86)

0.002 1.58
(1.21–
2.07)

< .001

Gliomas 51 0.72
(0.48–
1.07)

0.108 0.87
(0.56–
1.36)

0.459

Oligodendrogliomas 22 0.59
(0.32–
1.09)

0.092 0.61
(0.32–
1.16)

0.177

Astrocytomas 276 REF - REF -

Primary Site C719-Brain, NOS 34 1.45
(0.94–
2.25)

0.097    

C718-Overlapping lesion of
brain

52 1.13
(0.79–
1.60)

0.504    

C716-Cerebellum, NOS 26 1.57
(1.01–
2.46)

0.047    

C715-Ventricle, NOS 13 0.79
(0.35–
1.79)

0.579    

C710-Cerebrum 373 REF -    

Surgical
Procedure

No Surgery 132 REF - 1.63
(1.24–
2.16)

< .001

Resection 366 0.51
(0.40–
0.65)

< .001 REF -

RT Timing Delay Weeks from diagnosis 495 0.87
(0.83–
0.92)

< .001    

RT Delay RT Delay 6 or more Weeks 133 REF - 0.64
(0.47–
0.88)

0.006

RT Timing N/A 3 1.91
(0.47–
7.79)

0.370 1.05
(0.24–
4.55)

0.952

RT Delay Less Than 4
Weeks

186 2.25
(1.68–
3.02)

< .001 1.34
(1.03–
1.75)

0.028
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  Univariate Analysis Multivariable
Analysis

RT Delay 4–6 Weeks 176 1.68
(1.24–
2.27)

< .001 REF -

Sequence of
Chemo and RT
Start

Unknown 75 2.66
(1.35–
5.22)

0.005    

Chemo started
before/during RT

400 1.88
(1.00-
3.53)

0.051    

Chemo started after RT
done

23 REF -    

Abbreviations: NOS, not otherwise speci�ed; RT, radiotherapy; NA, not available.  

Impact of RT Parameters
As previously described, patients treated with earlier RT timing of < 6 weeks from diagnosis demonstrated
a signi�cantly increased risk of death on both univariate and multivariate analysis (Table 4, Fig. 1b). To
evaluate whether this �nding could be attributed to patients not undergoing surgical resection receiving
earlier RT, the impact of RT timing was also evaluated in the subgroup of patients who underwent
surgical resection. Among the 366 patients receiving surgery, both RT delay of < 4 week (HR 2.52 (1.70–
3.72), p < 0.001) and RT delay of 4–6 weeks (2.08 (1.43–3.04), p < 0.001) were similarly associated with
an increased risk of death as opposed to RT delay of > 6 weeks on multivariable analysis.

Radiation dose escalation ≥ 59.4 Gy versus RT dose < 59.4 Gy was not signi�cantly associated with OS
on univariate (HR 0.80 (0.62–1.04), p = 0.093) or multivariable analysis (HR 0.99 (0.74–1.32), p = 0.942).
Patients who received escalated dose RT were more likely to have glioblastoma histology (p = 0.004) and
be of greater age (p < 0.001), and less likely to have a Charles-Deyo Score of ≥ 2 (p = 0.012) (results not
shown on tables). There was also no association between OS and RT modality (Protons vs. IMRT vs. 3-D
conformal therapy or external beam/photons NOS).

Discussion
Pediatric HGG are a heterogenous group of patients that comprise a small fraction of pediatric cancer,
but account for a majority of pediatric cancer deaths under the age of 20. Over the past 50 years multiple
treatment options have been investigated including gross tumor resection, radiation therapy, and
biological and chemotherapy agents. However, the overall prognosis for pediatric HGG patients remains
poor with outcomes highly dependent on the tumor histology and patients with glioblastoma
demonstrating the worst overall survival.



Page 13/16

In this study, most pediatric HGG patients received trimodality therapy, including surgical resection,
chemotherapy and radiation therapy in accordance with current standard practice. Tumor resection was
performed in 73.5% of patients and was associated with improved overall survival on multi-variable
analysis. The Children’s Cancer Study Group (CCG) 945 study has previously demonstrated the
importance of surgical resection. Patients with greater than 90% gross tumor resection had improved 5-
year progression free survival of 35% compared to only 17% for those with less than 90% tumor resection
[5, 8]. While the occurrence of surgical resection was an important prognostic variable in this analysis, the
extent of the resection was not available for the majority of patients in this dataset and so was not
analyzed here. Complete resection remains di�cult for pediatric HGG due to the tumor volumes being ill-
de�ned, irregularly shaped, invasive, or in situations in which the surgeon cannot complete a safe
resection (e.g. midline tumors) [9, 10].

Radiotherapy is an essential part of the treatment for pediatric HGG. Between 1966 and 1975, multiple
Brain Tumor Study Group protocols evaluated the e�cacy of RT. Patients who received no RT were
compared to groups receiving escalating doses ranging from 45Gy to 60Gy. Patients that received no RT
had a median survival of 18.0 weeks while those that receive 50Gy to 60Gy showed a median survival of
28.0 weeks and 42.0 weeks, respectively [11]. Though different dose fractionations have been
investigated, the use of hyperfractionation or accelerated fractionation RT dose delivery has not improved
outcomes [12], and therefore, the conventional dose of 54-60Gy total dose in 1.8-2.0Gy per day for
approximately 6 weeks remains the current standard of care for pediatric HGG.

More recently, RT dose escalation using advanced IMRT or proton therapy techniques to deliver a
simultaneous integrated boost of 75Gy has been studied in adult glioblastoma patients with favorable
outcomes demonstrated on small single institution studies [13, 14]. This concept is currently being
compared to conventional RT doses in a randomized fashion for adult glioblastoma patients receiving
concurrent and adjuvant temozolamide in the NRG Oncology BN001 trial (NCT02179086). We sought to
evaluate whether a RT dose response could be detected among pediatric HGG patients in this analysis.
Patients in this study receive a median RT dose of 59.4Gy. Though a trend with improved OS and higher
radiation dose was seen on univariate analysis, the results were not statistically signi�cant, and no
association was found on multi-variable analysis. Further, more-detailed analyses would be required to
evaluate the potential impact of RT dose escalation on tumor control and patterns of failure in pediatric
HGG, which is not feasible in this population-based dataset.

The results of this study demonstrate that initiation of RT earlier than 6 weeks after diagnosis is
associated with a higher rate of death, a �nding that was true among all patients and when limited to the
subcohort of patients who underwent surgical resection. It should be noted that all patient received RT
within 90 days of diagnosis, as initiation of treatment later than that was considered an exclusion criteria.
This is a novel �nding that to our knowledge has not been previously identi�ed among pediatric HGG,
though recent studies in adult glioblastoma using the NCDB found similar results [15]. This study is
limited in its retrospective design and the �nding could be attributed to selection bias with patients
demonstrating more aggressive histologies, more concerning imaging �ndings or more aggressive
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clinical course initiating RT earlier. We attempted to minimize potential bias by evaluating the impact of
RT timing among the subgroup of patient receiving surgical resection only, and the same results were
found. However, the extent of surgical resection is unknown and patients with sub-total resection and a
higher burden of disease remaining after surgery may have poorer outcomes and may also been more
likely to receive earlier initiation of RT. Additional prognostic variables, such as tumor molecular
characteristics, are unknown and may have impacted the study results in unknown ways. While there is
no clear clinical hypothesis to explain why RT initiation at > 6 weeks from diagnosis would lead to
improved outcomes as compared with 4–6 weeks from diagnosis in and of itself, it is reasonable to
conclude that RT timing of > 6 weeks may not be detrimental for some pediatric HGG patients.

No signi�cant difference in outcomes were seen between patients treated with photons vs. proton
therapy, though only 2.8% of patients in this cohort received proton therapy. Proton therapy is becoming
increasingly available and utilized for pediatric brain tumor patients in the United States. Though
outcome data for pediatric HGG patients treated with proton therapy is limited, these results suggest there
is no detriment to the use of proton therapy as opposed to IMRT or 3D conformal photon techniques in
pediatric HGG.

Conclusions
Outcomes for pediatric HGG are poor and novel treatment approaches are needed to improve outcomes.
Glioblastoma histology, absence of surgical resection, and RT timing of less than 6 weeks from diagnosis
were signi�cantly associated with an increased risk of death in this population-based analysis. Early
initiation of RT may be associated with poor prognostic factors not available in this population-based
dataset. No bene�t to RT dose escalation above 59.4Gy or difference in outcomes according to whether
RT was delivered with photon or proton therapy was found.
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Figures

Figure 1

Kaplan Meier Analysis of Overall survival according to tumor histology (a) and timing of RT initiation
from diagnosis (b).


