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Abstract
Introduction  Surgical resection of high-grade brainstem gliomas is challenging and treatment mostly involves radiation 
and chemotherapy. In this study, we utilized registry data to determine prognostic features and impact of chemotherapy and 
radiation on overall survival.
Methods  The National Cancer Database was queried from 2006 to 2015 for adult cases with histologically confirmed 
high-grade brainstem glioma. Covariates including patient demographics, comorbidities, tumor characteristics and treat-
ment parameters were captured. Multivariable Cox proportional hazards regression was performed to identify predictors of 
survival.
Results  A total of 422 patients were analyzed. Most patients (66.6%) underwent postoperative radiation with chemotherapy, 
9.2% underwent radiation alone, while the remaining had no postoperative treatment (24.2%). Overall median survival was 
9.8 months (95% CI 8.8–12). Survival was longer (p < 0.001) in the radiation + chemotherapy group (median: 14.2 months, 
95% CI 11.7–17.1) compared to radiation alone (median: 5.7 months, 95% CI 3.7–12) and no postoperative treatment 
(median: 1.8 months, 95% CI 1.4–4) groups. In multivariable analysis, increasing age was associated with worse survival 
(HR: 1.87, 95% CI 1.47–2.37, p < 0.001), whereas radiation + chemotherapy was associated with lower mortality compared 
to radiation alone (HR: 0.67, 95% CI 0.46–0.98, p = 0.038). In subgroup analysis, postoperative chemotherapy with radia-
tion was associated with significant survival benefit compared to radiation alone for grade IV (HR: 0.46, 95% CI 0.28–0.76, 
p = 0.003), but not for grade III tumors (HR: 0.87, 95% CI 0.48–1.58, p = 0.65).
Conclusion  Analysis from a national registry illustrated the effectiveness of radiation with chemotherapy for adult patients 
with high-grade brainstem gliomas, particularly grade IV. Further research should identify specific patient profiles and 
molecular subgroups that are more likely to benefit from multimodality therapy.
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Introduction

In contrast to their pediatric counterpart, brainstem gliomas 
are relatively rare central nervous system (CNS) tumors in 
adults, comprising 1.5–2% of all brain tumors [1, 2]. Infiltra-
tive gliomas represent the most common pathologic subtype, 
accounting for 45–50% of all lesions [3–6]. Among them, a 
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World Health Organization (WHO) low grade (grade II) his-
tology is observed in most cases (70%), in contrast to pediat-
ric patients where grade IV gliomas account for 50–60% of 
all cases [6, 7]. Median survival has been reported to range 
from 7 years in low-grade tumors to 1 year for higher-grade 
lesions [3]. Brainstem gliomas may also carry significant 
morbidity secondary to involvement of the lower cranial 
nerves, cerebellar peduncles and upper spinal cord.

Compared to infiltrative low grade brainstem gliomas, 
high grade lesions appear in older adults (age > 40) [3, 4]. 
Prior studies have identified relevant clinical and radiologi-
cal predictors of overall survival for high-grade adult brain-
stem gliomas, including duration of symptoms, contrast 
enhancement and IDH mutation status [8–10]. However, 
the impact of available treatment modalities on prognosis 
is less clear. The scope of surgical treatment is limited to 
stereotactic biopsy, and shunt placement in certain cases 
with hydrocephalus [9]. The main modality of treatment is 
radiation; however high-grade brainstem gliomas have been 
suggested to be highly radio-resistant with only a minority 
of patients showing clinical improvement [3]. It has been 
previously proposed that chemoradiation might confer sur-
vival benefit compared to patients receiving radiation alone; 
however, present data are mostly limited to small retrospec-
tive case series and are insufficient to draw firm conclusions 
[8]. To address this knowledge gap, we analyzed data from 
a national cancer registry in order to determine the impact 
of chemotherapy and radiation on overall survival of high-
grade brainstem gliomas.

Materials and methods

Data source

The National Cancer Database (NCDB) is one of the largest 
cancer registries in the United States, established in 1989, 
currently capturing 70% of all newly diagnosed malignan-
cies in the US annually and containing almost 34 million 
cases from over 1500 hospitals [11]. Data are collected from 
selected health registries accredited by the American Can-
cer Society and the Commission on Cancer of the Ameri-
can College of Surgeons [12]. It was developed mainly for 
surveillance and quality improvement in cancer care and 
captures a large number of cancer cases with de-identified 
data. It can be used to identify high risk groups, to study can-
cer care over time, patterns of care, and related patient out-
comes [11, 13]. Data reporting to NCDB has a high degree 
of standardization; information is abstracted from the patient 
charts by Certified Tumor Registrars who undergo special-
ized training for the registry operations. If data is missing, 
the registrars can reach out to physicians to complete the 
patient record [14]. The NCDB Participant User File data is 

de-identified and therefore exempt from Institutional Review 
Board approval. Furthermore, the American College of Sur-
geons has executed a Business Associate Agreement that 
includes a data use agreement with each of its Commission 
on Cancer accredited hospitals.

Inclusion and exclusion criteria

The NCDB registry was queried for all adult patients (i.e. 
age ≥ 18) with a histologically-confirmed diagnosis of high-
grade brainstem glioma (grade III or IV) between 2006 and 
2015. Cases were identified using the International Clas-
sification of Disease for Oncology, 3rd edition (ICD-O-3) 
pathology codes [9401, 9440, 9441, 9442, 9451 (Supple-
mental Table 1)] in combination with the topology code 
designating tumor location in the brainstem (C71.7). Dif-
fuse intrinsic gliomas were out of the scope of this study. 
The codes have been previously shown to be accurate in 
capturing primary high-grade brain tumors [15]. For this 
study, patients who were deemed too sick to receive surgery 
(n = 12), radiation (n = 5) or chemotherapy (n = 13), as well 
as those who received palliative treatment (n = 27) or for 
whom information about treatment was missing (n = 13), 
were excluded from the analysis.

Primary outcome

The primary outcome measure was duration of survival at 
last follow-up, defined as the timeframe from time of diag-
nosis until death or censoring due to loss to follow-up or 
administrative limitations.

Covariates

Data regarding the following variables were also collected: 
(i) patient demographics: age, sex, race, Charlson-Comor-
bidity Index (CCI; 0, 1, 2, 3+), zip-code household income 
(stratified into four categories: < $38,000, $38,000–$47,999, 
$48,000–$62,999 and > $63,000), insurance status and dis-
tance between residence and the treatment facility, (ii) tumor 
characteristics: size in mm (defined as the largest tumor 
diameter on imaging, typically based on contrast enhance-
ment) and histology; (iii) hospital characteristics: type of 
facility type based on designation from the Commission on 
Cancer [community cancer programs, comprehensive com-
munity cancer programs, academic/research facilities and 
integrative network cancer care programs (definitions pro-
vided in Supplemental Table 2)] and U.S. census region of 
reporting facility; (iii) treatment parameters: receipt of radia-
tion + chemotherapy, radiation dosage, single- vs multiple-
agent chemotherapy, days from diagnosis to starting treat-
ment. The number of patients who received chemotherapy 
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alone was extremely small (n = 5) precluding meaningful 
analysis, and were therefore excluded from the final analysis.

Statistical analysis

Descriptive statistics (medians with interquartile ranges for 
continuous variables; frequencies with proportions for cat-
egorical variables) are presented. Outcome was examined in 
an as-treated fashion. Cox proportional hazards regression 
models were constructed in order to evaluate the effect of 
treatment on overall survival adjusting for age, sex, race, 
CCI, insurance type and tumor size. Kaplan–Meier survival 
curves for different treatment groups were constructed and 
compared using the log-rank test. Assumptions of propor-
tional hazards were evaluated by examining the Schoen-
feld residuals and log–log plots of survival against time. 
When significant interactions were found, those interaction 
terms were included in the final model at time-dependent 
covariates. Collinearity among all independent variables was 
evaluated with the variance inflation factor. Coefficient for 
age was calculated using the interquartile range effect (i.e. 
change in risk of death for 75th vs 25th percentile), which 
allows for modeling nonlinear relationship of the predictor 
with the outcome of interest.

The interaction term between tumor grade and treatment 
received was statistically significant (p = 0.038). Therefore, 
we performed subgroup analysis in order to investigate the 
differential effect of radiation + chemotherapy within grade 
III and grade IV tumors. Finally, missing variables were 
imputed using multiple imputation from the rms package, 
which employs a combination of additive regression, boot-
strapping and predictive mean matching [16]. A total of 
ten imputed datasets were created and imputation-specific 
coefficients were subsequently pooled to produce a single 
result. Given anaplastic oligodendrogliomas have distinctly 
different molecular phenotype from astrocytomas, analysis 
was repeated excluding those cases; however, results were 
found to be similar and therefore not shown.

Statistical analysis was performed using R Statistical 
Computing software version 3.1.2 (Vienna, Austria; https​://
www.R-proje​ct.org/). p values < 0.05 were considered sta-
tistically significant.

Results

Baseline characteristics

A total of 422 patients met criteria and were included in the 
analysis (Table 1). Median age was 51 years (IQR: 36–62.5) 
and 60% were males (n = 254). The majority of patients were 
Whites (n = 352, 85%) and were covered by private insur-
ance (n = 260, 62%). Approximately 9% of patients were 

Hispanics (n = 35). The most common category of median 
zip-code household income was ≥ $63,000 (n = 141, 34%), 
followed by $48,000–$62,999 (n = 128, 30%). In terms of 
overall health status, most patients did not have other Charl-
son Index comorbidities (n = 317, 75%). Academic center 
comprised the most frequent facility type (n = 178, 60%) and 
the most common facility region was the South (n = 116, 
39%), followed by the Midwest (n = 72, 24%). Median dis-
tance travelled was 18 miles (IQR: 7–53), while median 
follow-up was 9.3 months (IQR: 3.6–21).

The overwhelming majority of patients were diagnosed 
with glioblastoma (n = 261, 62%) or anaplastic astrocytoma 
(n = 152, 36%) (Table 2). Median tumor size was 27 mm 
(IQR: 21–37). With regard to treatment received, most 
patients underwent both radiation + chemotherapy (n = 281, 
66%), whereas 24% of patients (n = 102) did not receive 
either (Table 2). Finally, thirty-nine patients (9%) under-
went radiation alone. The most common chemotherapeutic 
regimen consisted of a single-agent (n = 253, 91%). Median 
time to radiation or chemotherapy was 26 (IQR: 17–40) and 
27 (IQR: 18–43) days, respectively. Median radiation dosage 
was 54 Gy (IQR: 45–58).

Radiation with chemotherapy vs radiation alone

Significant differences were observed between the three 
cohorts in regards to age, with patients receiving radia-
tion + chemotherapy (median: 47  years, IQR [35–60]) 
or radiation alone (median: 49 years, IQR [4–62]) being 
younger compared to those that did not receive any postop-
erative treatment (median: 61 years, [QR: 46–71]). Signifi-
cant differences were also observed with regard to insurance 
status (overall p < 0.001), CCI (overall p = 0.007) and dis-
tance travelled (overall p = 0.048). The distribution of tumor 
histology was also significantly different between the three 
cohorts (overall p < 0.001); glioblastoma was found to be 
more frequent in radiation + chemotherapy (62%), whereas 
anaplastic astrocytoma was more common in the radiation 
alone group (51%).

Survival analysis

Median overall survival was 9.8 months (95% CI 8.8–12). 
We observed significant difference between the three 
groups (p < 0.001); survival was significantly longer in the 
radiation + chemotherapy cohort (median: 14.2 months, 
95% CI 11.7–17.1), followed by radiation alone (median: 
5.7 months, 95% CI 3.7–12) and no postoperative treat-
ment (median: 1.8  months, 95% CI 1.4–4). Survival 
curves for the different treatment groups are shown in 
Fig. 1a. Furthermore, patients with grade IV tumors had 
significantly shorter survival (median: 8.9 months, 95% 
CI 7.7–10.2) compared to those with grade III tumors 
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(median: 14.2 months, 95% CI 10.3–18.8) (Supplemental 
Fig. 1). No difference was observed with regard to chem-
otherapeutic regimen employed (single: 13.7 [95% CI 
11.2–17.5] vs multiple 14.2 [95% CI 10.5–21.9], p = 0.39) 
(Supplemental Fig. 2).

In multivariable analysis (Table 3), increasing age (HR 
1.87, 95% CI 1.47–2.37, p < 0.001) was associated with 
worse survival, whereas radiation + chemotherapy (HR 0.67, 
95% CI 0.46–0.98, p = 0.038) was associated with lower haz-
ards of death compared to radiation alone. Sex, insurance, 

Charlson Comorbidity Index and tumor size were found to 
have no significant effect on mortality.

Subgroup analysis by tumor grade

Similar survival patterns were noted within grade III and 
grade IV cases. In grade IV group, patients undergoing 
radiation + chemotherapy lived significantly longer (median: 
12.4, 95% CI 9.6–15.8) compared to those that received 
radiation alone (median: 4.6 months, 95% CI 3.6–12.0) 

Table 1   Summary of patient demographics and comorbidities

Bold denotes statistical significance
CCI Charlson Comorbidity Index, IQR interquartile range

Variable All
N = 422

None
N = 102

RT alone
N = 39

RT and Chemo
N = 281

p-value

Age, median [IQR] 50.5 [36.0; 62.8] 61.0 [46.0; 70.8] 49.0 [33.5; 62.0] 47.0 [35.0; 60.0] < 0.001
Male sex, n (%) 254 (60.2%) 59 (57.8%) 23 (59.0%) 172 (61.2%) 0.83
Race, n (%) 0.81
 White 352 (85.2%) 84 (84.0%) 33 (84.6%) 235 (85.8%)
 Black 43 (10.4%) 13 (13.0%) 4 (10.3%) 26 (9.49%)
 Other 18 (4.36%) 3 (3.00%) 2 (5.13%) 13 (4.74%)

Hispanic ethnicity, n (%) 35 (8.77%) 8 (8.42%) 4 (10.8%) 23 (8.61%) 0.89
Insurance status, n (%) < 0.001
 Private insurance 256 (62.0%) 43 (43.0%) 22 (59.5%) 191 (69.2%)
 Medicare 86 (20.8%) 38 (38.0%) 9 (24.3%) 39 (14.1%)
 Medicaid 49 (11.9%) 12 (12.0%) 5 (13.5%) 32 (11.6%)
 Uninsured 14 (3.39%) 5 (5.00%) 1 (2.70%) 8 (2.90%)
 Other 8 (1.94%) 2 (2.00%) 0 (0.00%) 6 (2.17%)

Median zip-code income, n (%) 0.30
 < $38,000 69 (16.4%) 21 (20.8%) 9 (23.1%) 39 (13.9%)
 $38,000–$47,999 83 (19.7%) 22 (21.8%) 9 (23.1%) 52 (18.5%)

$48,000–$62,999 128 (30.4%) 31 (30.7%) 11 (28.2%) 86 (30.6%)
 ≥ $63,000 141 (33.5%) 27 (26.7%) 10 (25.6%) 104 (37.0%)

CCI, n (%) 0.007
 0 317 (75.1%) 66 (64.7%) 31 (79.5%) 220 (78.3%)
 1 51 (12.1%) 12 (11.8%) 6 (15.4%) 33 (11.7%)
 2 40 (9.48%) 15 (14.7%) 2 (5.13%) 23 (8.19%)
 3+ 14 (3.32%) 9 (8.82%) 0 (0.00%) 5 (1.78%)

Facility type, n (%) 0.52
 Community 10 (3.34%) 2 (2.35%) 3 (11.5%) 5 (2.66%)
 Comprehensive community 80 (26.8%) 22 (25.9%) 6 (23.1%) 52 (27.7%)
 Academic 178 (59.5%) 53 (62.4%) 15 (57.7%) 110 (58.5%)
 Integrated 31 (10.4%) 8 (9.41%) 2 (7.69%) 21 (11.2%)

Hospital region, n (%) 0.13
 Midwest 72 (24.1%) 23 (27.1%) 4 (15.4%) 45 (23.9%)
 Northeast 54 (18.1%) 11 (12.9%) 9 (34.6%) 34 (18.1%)
 South 116 (38.8%) 39 (45.9%) 9 (34.6%) 68 (36.2%)
 West 57 (19.1%) 12 (14.1%) 4 (15.4%) 41 (21.8%)

Distance travelled, median [IQR] 18.0 [7.02;52.9] 25.6 [10.1;70.0] 11.8 [5.75;46.7] 15.8 [7.00;42.8] 0.048
Duration of follow-up, median [IQR] 9.23 [3.56;21.2] 1.74 [0.83;8.76] 5.68 [2.14;18.1] 12.7 [6.67;24.4]  < 0.001
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or no treatment (median: 1.4 months, 95% CI 1.1–2.5) 
(p < 0.001) (Fig. 1b). Within grade III tumors, patients 
undergoing radiation + chemotherapy also lived significantly 
longer (median: 17.3, 95% CI 13.4–25.1) compared to radia-
tion alone (median: 5.9 months; 95% CI 3.2–40.9) and no 
postoperative treatment (median: 4.3, 95% CI 2.4–29.7) 
(p = 0.01) (Fig. 1c). In multivariable proportional hazards 
analysis, the effect of postoperative chemotherapy with 
radiation remained significant for grade IV (HR 0.46, 95% 
CI 0.28–0.76, p = 0.003), but not for grade III tumors (HR 
0.87, 95% CI 0.48–1.58, p = 0.65) (Table 3). However, the 
hazard ratio of no treatment versus radiation alone was non-
significant (HR 1.25, 95% CI 0.82–1.89, p = 0.30).

Discussion

In the present analysis, we sought to investigate the role of 
chemotherapy and radiation in adult patients with histolog-
ically-confirmed high-grade brainstem gliomas. Overall, we 
found that age and type of treatment received were signifi-
cant predictors of overall survival. However, we found that 
the impact of treatment was different for grade III and grade 
IV tumors. Among grade IV tumors, radiation + chemother-
apy was associated with significant survival benefit com-
pared to radiation alone, while radiation by itself did not 
improve survival as compared to no treatment. Among grade 
III tumors, radiation conferred a significant survival benefit 
compared to no treatment on adjusted analysis.

We also did not have sufficient evidence to indicate if the 
addition of chemotherapy to radiation improves survival for 
grade III tumors. The unadjusted analysis showed longer 
median survival (17.3 months vs 5.9 months), however the 
adjusted hazard ratio for mortality was not significant (HR 
0.87, 95% CI 0.48–1.58, p = 0.65). This may be have been 

observed due to the limited number of patients with grade 
III tumors receiving radiation alone compared to those 
undergoing chemoradiation. Interim findings from the CAT-
NON trial have indicated that addition of temozolomide to 
radiation significantly improved 5-year survival in grade 3 
astrocytomas, even in 1p/19q non co-deleted tumors which 
have lower chemosensitivity [17]. However, we did not have 
information on the specific chemotherapeutic agent used for 
patients included in our cohort, although standard practice 
would suggest most cases receive temozolomide.

Our findings are similar to a retrospective single-institu-
tional series of adult brainstem gliomas (n = 143) by Theeler 
et al. [8] The authors showed that patients with brainstem 
glioblastomas (grade IV, n = 28) treated with the Stupp 
regimen (concurrent radiation and chemotherapy followed 
by adjuvant temozolomide) had significantly longer sur-
vival (median OS: 23 months) as compared to those who 
were treated with radiation alone (median OS: 4 months). 
However, only an unadjusted analysis was performed and 
the study was limited by a small sample size. The authors 
also observed a significantly longer survival for patients in 
their series, as compared to our analysis, both for grade III 
(median OS: 21 vs 14 months) and grade IV tumors (median 
OS: 14.8 vs 8.9 months). This discrepancy may be attrib-
uted to younger median age (36 vs 50 years) and facility 
type in that study (i.e. single integrated network cancer pro-
gram). Most patients in the series (n = 118) also had field 
radiotherapy (median dose: 54 Gy) included as part of their 
treatment regimen, including all cases where a biopsy was 
not performed (n = 42) and diagnosis of brainstem glioma 
was made only radiographically. In another single-arm ret-
rospective study of 15 patients with recurrent “low-grade” 
adult brainstem gliomas, treatment with temozolomide 
at the time of tumor progression resulted in radiographic 
responses in 40% of patients with median PFS and OS of 9.5 

Table 2   Summary of tumor characteristics and treatment parameters

Bold denotes statistical significance

Variable ALL
N = 422

None
N = 102

RT alone
N = 39

RT and Chemo
N = 281

p-value

Histology, n (%) 0.001
 9401—Anaplastic astrocytoma 150 (35.5%) 26 (25.5%) 20 (51.3%) 104 (37.0%)
 9440—Glioblastoma 261 (61.8%) 69 (67.6%) 18 (46.2%) 174 (61.9%)
 9441—Giant cell glioblastoma 1 (0.24%) 0 (0.00%) 0 (0.00%) 1 (0.36%)
 9442—Gliosarcoma 5 (1.18%) 5 (4.90%) 0 (0.00%) 0 (0.00%)
 9451—Anaplastic oligodendroglioma 5 (1.18%) 2 (1.96%) 1 (2.56%) 2 (0.71%)

Tumor size (largest diameter), mm 27.0 [21.0; 37.0] 28.0 [21.8; 39.2] 29.5 [20.0; 42.8] 27.0 [21.2; 34.0] 0.24
Days to treatment, median [IQR]
 Days to radiation 26.0 [17.0; 40.0] NA 29.5 [10.2; 57.0] 26.0 [18.0; 40.0]
 Days to chemotherapy 27.0 [18.0; 43.0] NA NA 27.0 [18.0;43.0]

Radiation dosage in cGy, median [IQR] 5400 [4500; 5800] NA 4590 [3000; 5400] 5400 [4500; 5800]
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and 14.4 months respectively [9]. Limited evidence in the 
form of small case series and case reports have also pointed 
to clinical and radiographic improvement following antian-
giogenic therapy such as bevacizumab or apatinib [18, 19]. 
This may suggest that both temozolomide and bevacizumab 
may be beneficial in carefully selected adult patients with 
brainstem gliomas.

The differential effect of chemotherapy and radiation in 
grade III versus grade IV adult brainstem gliomas is also 
important to consider from a surgical management stand-
point. It suggests that a biopsy should be attempted when-
ever feasible, to ascertain the histological grade and set 
treatment expectations. MRI alone is suggested to have a 
low diagnostic accuracy for differentiating between high 
and low-grade brainstem lesions [20]. With improvement in 
imaging techniques, guided stereotactic brainstem biopsies 
have become relatively safe with low perioperative morbid-
ity (1.4–2.5%) and rare mortality (0.6%) [21, 22].

Our analysis also suggested that increasing age at diag-
nosis and higher histological grade were associated with 
shorter overall survival. These results are in tandem with 
prior analyses investigating prognostic markers of over-
all survival in brainstem gliomas [8–10, 23, 24]. Effect 
of age is important to note, since patients receiving radia-
tion + chemotherapy were likely to be younger and this may 
have improved survival in this group. Multivariable analy-
sis adjusting for age still suggested that the survival ben-
efit was significant for grade IV tumors. Tumor size and 
Charlson Comorbidity Index did not correlate with overall 
survival. These results might be due to inconsistency in what 
was measured—T2 lesion vs enhancing lesion, unmeas-
ured confounding in tumor characteristics carrying prog-
nostic importance, such as radiological features (contrast 
enhancement, infiltrating vs focal) and relative involvement 
of brainstem structures (pons vs midbrain vs medulla). We 
did not observe significant differences with regard to racial 
or insurance status; nevertheless, investigating the impact of 
socioeconomic differences on survival of patients with high-
grade brain tumors is extremely important and we therefore 
encourage continued research in future studies.

Strengths and limitations

The present analysis represents the largest study to date 
investigating markers of overall survival in high-grade adult 
brainstem gliomas. National databases allow pooling of a 
large number of cases which may not be otherwise feasible 
in single-institutional studies. However, there are limita-
tions as well. First, the NCDB only captures data from CoC-
accredited hospitals, so the results are not population-based. 
Whether centralization of care is associated with improved 
outcomes for this challenging pathology also remains to be 
elucidated in future studies. Second, there may be residual 

Fig. 1   a Kaplan–Meier survival curves for different treatment groups 
across grade III and IV tumors. b Kaplan–Meier survival curves 
across different treatment groups for grade IV tumors. c Kaplan–
Meier survival curves across different treatment groups for grade III 
tumors. RT radiation



309Journal of Neuro-Oncology (2020) 146:303–310	

1 3

confounding as the data lacks granularity on important clini-
cal information, such as specific radiation and chemothera-
peutic regimens used. Information about recurrence is also 
not available in the database, thereby precluding analysis 
of progression-free survival, limiting any inferences about 
salvage therapies such as bevacizumab. Third, we could not 
adjust for other important radiological features which might 
be relevant for survival analysis-such as contrast enhance-
ment and infiltrating versus focal nature of the lesion. 
Fourth, there were significant amount of missing data for 
the Karnofsky performance scale and extent of resection 
with surgery [24]. The latter might be less important, as 
surgical treatment of brainstem gliomas almost universally 
involves a stereotactic biopsy or subtotal resection, given 
the significant associated surgical morbidity of attempted 
gross total resection [25]. That said, some brainstem gliomas 
may be classified as such based on extension of a primarily 
cerebellar lesion into the brainstem—something we are una-
ble to evaluate in this data. Fifth, there was no information 
of molecular markers such as MGMT and IDH mutations, 
although it has been suggested that IDH mutations are very 
rare in brainstem gliomas (6–8%) [8, 26]. Whether there is 
a modifying effect of these markers on response to treat-
ment remains to be clarified in future studies. Sixth, there 
is always a risk for grade misclassification based on sam-
pling approach and adequacy. Finally, despite shorter sur-
vival with radiation than chemoradiation in grade 4 lesions, 
the no-treatment group did demonstrate a tail of long-term 
survivors. Further evaluation will be needed to ascertain 
whether this finding results from an unforeseen confounder 
or represents a biologically meaningful observation. In 

multivariable analysis, patients that received no treatment 
were also observed to have slightly lower hazard of death 
compared to radiation alone, albeit statistically non statisti-
cally significant. This could potentially be attributed to the 
relatively small number of patients with grade IV tumors 
receiving radiation alone (n = 21), thereby decreasing sta-
tistical power to detect survival benefit in favor of radiation.

Conclusions

The findings of the present analysis illustrate the effective-
ness of radiation with chemotherapy for adult patients with 
high-grade brainstem gliomas, particularly WHO grade IV. 
Further research should aim on identifying specific patient 
profiles and molecular subgroups in this specific location 
that are more likely to benefit from multimodality therapy.
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Table 3   Results of multivariable cox proportional hazards regression analysis for entire cohort and separately for grade III and grade IV tumors

Bold denotes statistical significance
CCI Charlson Comorbidity Index, CI confidence interval

Variable All grades Grade III Grade IV

HR (95% C.I.) p-value HR (95% C.I.) p-value HR (95% C.I.) p-value

Age (75:25th percentile) 1.87 (1.47–2.37) < 0.0001 2.25 (1.51–3.34) < 0.001 1.58 (1.23–2.02) < 0.001
CCI: 1 vs 0 1.32 (0.96–1.83) 0.09 1.39 (0.76–2.53) 0.28 1.30 (0.87–1.94) 0.20
CCI: 2 vs 0 0.89 (0.61–1.3) 0.55 0.57 (0.29–1.11) 0.10 1.22 (0.76–1.97) 0.41
CCI: 3+ vs 0 0.96 (0.52–1.75) 0.89 0.68 (0.23–2.02) 0.48 1.06 (0.51–2.21) 0.87
Medicare vs private insurance 1.06 (0.75–1.49) 0.73 0.95 (0.49–1.93) 0.94 0.99 (0.65–1.52) 0.97
Medicaid vs private insurance 1.08 (0.74–1.58) 0.69 1.001 (0.56–1.80) 0.99 1.18 (0.73–1.91) 0.51
Uninsured vs private insurance 1.42 (0.77–2.59) 0.26 1.96 (0.66–5.79) 0.23 1.21 (0.56–2.61) 0.62
Other vs private insurance 1.16 (0.51–2.63) 0.72 0.50 (0.07–3.68) 0.50 1.44 (0.57–3.59) 0.44
Size (75:25th percentile) 0.94 (0.78–1.15) 0.59 0.80 (0.5–1.16) 0.24 1.0004 (0.83–1.20) 0.99
None vs radiation alone 1.25 (0.82–1.89) 0.30 2.04 (1.01–4.12) 0.048 0.83 (0.48–1.44) 0.52
Chemotherapy and radiation vs 

radiation alone
0.67 (0.46–0.98) 0.038 0.87 (0.48–1.58) 0.65 0.46 (0.28–0.76) 0.0026

Grade III vs IV 0.77 (0.61–0.98) 0.031 NA NA NA NA
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