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Abstract
Background. Adult intracranial ependymoma is rare, and the role for adjuvant radiotherapy (RT) is not well defined.
Methods. We used the National Cancer Database (NCDB) to select adults (age ≥ 22 years) with grade 2 to 3 intra-
cranial ependymoma status postresection between 2004 and 2015 and treated with adjuvant RT vs observation. 
Four cohorts were generated: (1) all patients, (2) grade 2 only, (3) grade 2 status post–subtotal resection only, (4) 
and grade 3 only. The association between adjuvant RT use and overall survival (OS) was assessed using multivar-
iate Cox and propensity score matched analyses.
Results. A total of 1787 patients were included in cohort 1, of which 856 patients (48%) received adjuvant RT and 
931 (52%) were observed. Approximately two-thirds of tumors were supratentorial and 80% were grade 2. Cohorts 
2, 3, and 4 included 1471, 345, and 316 patients, respectively. There was no significant association between adju-
vant RT use and OS in multivariate or propensity score matched analysis in any of the cohorts. Older age, male sex, 
urban location, higher comorbidity score, earlier year of diagnosis, and grade 3 were associated with increased 
risk of death.
Conclusions. This large NCDB study did not demonstrate a significant association between adjuvant RT use and 
OS for adults with intracranial ependymoma, including for patients with grade 2 ependymoma status post–sub-
total resection. The conflicting results regarding the efficacy of adjuvant RT in this patient population highlight the 
need for high-quality studies to guide therapy recommendations in adult ependymoma.
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Ependymoma is a rare CNS tumor that accounts for ap-
proximately 2% to 3% of primary CNS tumors diagnosed in 
the United States each year.1 The World Health Organization 
(WHO) classifies ependymomas by histology, molecular find-
ings, and grade.2 The classification of “ependymoma” is con-
sidered grade 2 and “anaplastic ependymoma” is considered 
grade 3.2 Recently, RELA fusion status has also been incorpo-
rated into the pathologic diagnosis and can be either grade 
2 or 3.2 Although ependymoma occurs both in children and 
adults, the location, grade, and underlying biology of tumors 

have distinct patterns based on age. Childhood ependymoma 
has a high probability of being located intracranially (approx-
imately 80% of cases) and being anaplastic (approximately 
30% of cases).3,4 This is in contrast to adults, in whom approxi-
mately 50% to 60% of cases are located in the spinal cord and/
or cauda equina and only about 5% of cases are anaplastic.

Much of the recent research into the molecular classification 
and biology-based prognosis of intracranial ependymoma has 
been derived from and applied to the pediatric population.5–7 
There are demonstrated differences in the molecular subtype of 
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ependymoma that correlates with tumor location and patient 
age, but the therapeutic implications of these differences are 
not yet well delineated.8 Additionally, virtually all the prospec-
tive studies published on ependymoma that guide therapy re-
commendations have included primarily pediatric patients.9

The literature regarding adult ependymoma is sparse 
in comparison and consists largely of single- or multi-
institutional retrospective studies limited by small patient 
numbers or population-based studies that have been lim-
ited by data quality and/or methodologic issues.4,10–16

This dearth of evidence is reflected in recent European 
Association of Neuro-Oncology (EANO) consensus guide-
lines for ependymoma in which the controversy regarding 
the role of adjuvant radiotherapy (RT) for adults with in-
tracranial grade 2 ependymoma is acknowledged and the 
recommendation to administer adjuvant RT for adults with 
subtotally resected grade 2 intracranial ependymoma is 
based on class III evidence with a C level recommendation.17

The goal of the present study was to evaluate the role 
of adjuvant RT in adults (age ≥ 22 years) with intracranial 
ependymoma by assessing the association of adjuvant 
RT with overall survival (OS) in a large national cohort of 
patients with particular attention to patients with grade 2 
ependymoma.

Materials and Methods

Data Collection and Cohort Definition

We conducted the analysis using the National Cancer 
Database (NCDB). The NCDB is a national hospital-based 
cancer registry that includes nearly 70% of incident cancer 
cases in the United States.18 Deidentified information re-
lated to patient, tumor, and treatment parameters and OS 
outcomes are collected from more than 1500 Commission 
on Cancer–accredited cancer programs. Owing to the pub-
licly available deidentified nature of the NCDB database, 
this study was institutional review board exempt and pa-
tient consents were not needed.

We defined “adult” as age 22 years or older based on the 
inclusion of patients aged 1 to 21 years on recent pediatric 
Children’s Oncology Group protocols including ACNS012119 
and ACNS0831. We included adult patients (age ≥ 22 years) 
with grade 2 or 3 ependymoma (International Classification 
of Diseases for Oncology, Third Edition [ICD-O-3] histology 
codes 9391 (ependymoma–WHO grade II), 9392 (anaplastic 
ependymoma–WHO grade III), and 9393 (papillary 
ependymoma–WHO grade II). Tumor grade was defined 
based on ICD-0-3 histology code definitions. Tumor location 
was limited to intracranial as defined by ICD-0-3 topograph-
ical code C71.X. Other criteria were year of diagnosis 2004 
to 2016 and no evidence of metastatic disease at diagnosis 
(CS_mets_at_dx value of 00, 10, or 99). To account for im-
mortal time bias, we excluded patients who did not have 
known vital status or who died within 90 days of initial sur-
gery.20 We additionally excluded patients who received ad-
juvant RT modalities other than external beam RT, who had 
unknown RT dose delivered, who received nonstandard 
RT dosing (standard defined as 45-66 Gy), or who did not 
start RT within 6 months of surgery. An additional 9 patients 
were excluded because of unknown median household 

income quartile based on zip code (n = 8) and unknown dis-
tance from home zip code to treatment facility (n = 1). This 
resulted in a cohort of 1787 patients (Fig. 1).

Predictor Variables

Variables included in the analysis included patient age, sex, 
race, insurance status, median household income based 
on zip code, proportion of residents with no high school 
diploma based on zip code, urban/rural category, distance 
from home zip code to facility, Charlson/Deyo comorbidity 
index, year of diagnosis, primary site (supratentorial vs 
infratentorial), tumor grade (2 vs 3), tumor size (≤  4  cm 
vs >4  cm), extent of resection (subtotal resection [STR] 
vs gross total resection [GTR]), and facility type. Variables 
with missing data were categorized to include a variable 
level for unknown status in the analyses. Chemotherapy 
use was rare (5.6% of the overall cohort received chemo-
therapy), with very small patient numbers receiving che-
motherapy in the various cohorts. As a result, we did not 
include chemotherapy use as a predictor variable.

Statistical Analyses

Patients were grouped according to receipt of RT (adjuvant 
RT vs observation). Continuous variables were reported as 
median with interquartile range [IQR]) and categorical vari-
ables were reported as number and percentage. Variables 
were compared using the chi-square test or Wilcoxon rank 
sum test, as appropriate.

The primary end point was to compare OS within co-
horts based on receipt of adjuvant RT. The event for OS was 
death from any cause and the interval was from diagnoses 
to death or last known alive.

Given that grade and extent of resection are well-
documented strong prognostic variables in intracranial 
ependymoma,21 we elected to stratify cohorts according 
to these variables to determine the effect of adjuvant RT 
within patient subsets. Four patient cohorts were gen-
erated in total: all patients (cohort 1), those with grade 2 
ependymoma only (cohort 2), grade 2 ependymoma status 
post-STR only (cohort 3), and grade 3 ependymoma only 
(cohort 4, Fig. 1). We did not subdivide grade 3 by extent 
of resection because of resultant small numbers of pa-
tients who did not receive adjuvant RT and the consensus 
recommendation to administer adjuvant RT for grade 3 
ependymoma regardless of extent of resection.17,22

Before matching, we performed a Cox proportional hazards 
model for OS including all predictor variables with backward 
selection (P = 0.1 to stay) within cohorts 1 and 4. We forced 
the variable of interest (adjuvant RT vs observation) into the 
model to obtain the adjusted hazard ratio (HR) of interest.

We used propensity score matching within each cohort to 
reduce imbalance in predictor variables between the patient 
cohort receiving adjuvant RT and those who were observed 
postoperatively. In cohort 1, propensity scores were estimated 
with a multivariate logistic regression model in which adju-
vant therapy (adjuvant RT vs observation) was regressed on 
all variables outlined in the Predictor Variables section. The 
same process occurred in the other cohorts, except tumor 
grade was excluded for cohorts 2 and 4, and tumor grade and 
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extent of resection were both excluded in cohort 3. Propensity 
score matching used the nearest-neighbor method with a 
caliper distance of 0.2 without replacement to perform a 1:1 
match between adjuvant RT and observation.23

After matching, estimation of OS was performed using 
the Kaplan-Meier method. The association between receipt 
of RT and OS was evaluated using the Cox univariate pro-
portional hazards model stratified on matched pair within 
each patient cohort.

Statistical analyses were performed using R version 3.2.5 
and SPSS version 24 (IBM). All tests were 2-sided, and a P 
value < .05 was considered statistically significant.

Results

Patient Characteristics

A total of 1787 patients were included in cohort 1 (Fig. 1). 
Cohort 2 (grade 2), cohort 3 (grade 2 status post-STR), and 
cohort 4 (grade 3)  included 1471, 345, and 316 patients, 
respectively. In cohort 1, a total of 856 patients (48%) re-
ceived RT and 931 (52%) were observed postoperatively. 

Approximately two-thirds of tumors were supratentorial 
and 80% were grade 2. There were substantial missing data 
for tumor size (28% unknown) and extent of resection (49% 
unknown), which is common among NCDB studies of pri-
mary CNS tumors.24–26 There were significant imbalances 
in several variables between the adjuvant RT and observa-
tion groups in cohort 1 at baseline, including in Charlson/
Deyo comorbidity score, primary site, grade, tumor size, 
age, distance from home zip code to facility, and median 
follow-up interval (Table 1). The median follow-up period 
for all patients was 53 months (IQR: 24.1-92). Similar imbal-
ances between groups were found for cohorts 2, 3, and 4 at 
baseline. For patients who received adjuvant RT in cohort 
1, the median RT dose was 54 Gy (IQR: 54-59.4 Gy).

Survival Analysis in Cohort 1 (All Patients)

The multivariate model for OS in the unmatched cohort 1 
demonstrated older age, male sex, urban vs metro loca-
tion, higher Charlson/Deyo comorbidity score, earlier year 
of diagnosis, and grade 3 were significantly associated 
with increased risk of death (Table 2). Adjuvant RT was not 
associated with OS (HR: 1.19, P = .11).

  
Years 2004–2016

Intracranial location (C71.X)
Ependymoma histology (ICD-0-3 9391-9393)

n = 4242

Adult intracranial ependymoma treated with
adjuvant standard dose external beam RT or

observation
n = 1796

Excluded:
• Missing median household income
  (n = 8)
• Missing distance to facility (n = 1)

Excluded:
• Age ≤ 21 years (n = 1608)
• Postoperative mortality within
   90 days or no vital status known
  (n = 615)
• Use of RT modality other than
  external beam (n = 42)
• Unknown RT dose or did not start
  RT within 6 months of surgery
  (n = 80)
• Metastatic disease (n = 33)
• Non-standard RT dose (n = 68)  

Cohort 1 survival analysis
n = 1787

Cohort 2 survival analysis
Grade 2 subgroup

n = 1471

Cohort 2 survival analysis
Grade 2 s/p subtotal resection subgroup

n = 345

Cohort 4 survival analysis
Grade 3 subgroup

n = 316

Fig. 1 Patient selection flowchart. ICD indicates International Classification of Diseases; RT, radiotherapy; s/p, status post.
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Table 1 Patient and tumor characteristics for unmatched and propensity score matched cohort 1

Unmatched Cohort Matched Cohort

Variable Observation No. (%)  
or Median (IQR)

Adjuvant RT No. (%)  
or Median (IQR)

P Observation No. (%)  
or Median (IQR)

Adjuvant RT No. (%) 
or Median (IQR)

P

No. 931 (52.1%) 856 (47.9%)  672 672  

Facility type   .08   .99

 Community 20 (2.1%) 17 (2%)  15 (2.2%) 13 (1.9%)  

  Comprehensive 
community

199 (21.4%) 162 (18.9%)  133 (19.8%) 138 (20.5%)

 Academic/research 346 (37.2%) 283 (33.1%)  222 (33%) 221 (32.9%)

 Integrated network 74 (7.9%) 83 (9.7%)  63 (9.4%) 65 (9.7%)

 Unknown 292 (31.4%) 311 (36.3%)  239 (35.6%) 235 (35%)

Sex   .15   .55

 Male 518 (55.6%) 447 (52.2%)  348 (51.8%) 359 (53.4%)  

 Female 413 (44.4%) 409 (47.8%)  324 (48.2%) 313 (46.6%)

Race   .28   .84

 White 801 (86%) 718 (83.9%)  566 (84.2%) 564 (83.9%)  

 Black 82 (8.8%) 79 (9.2%)  65 (9.7%) 62 (9.2%)

 Other 48 (5.2%) 59 (6.9%)  41 (6.1%) 46 (6.8%)

Insurance status   .07   .83

 No insurance 45 (4.8%) 53 (6.2%)  41 (6.1%) 41 (6.1%)  

 Private 563 (60.5%) 553 (64.6%)  423 (62.9%) 435 (64.7%)

 Government 304 (32.7%) 238 (27.8%)  199 (29.6%) 185 (27.5%)

 Unknown 19 (2%) 12 (1.4%)  9 (1.3%) 11 (1.6%)

Median income by zip 
code

  .3   .98

 <$38 000 145 (15.6%) 125 (14.6%)  102 (15.2%) 99 (14.7%)  

 $38 000-$47 999 217 (23.3%) 201 (23.5%)  166 (24.7%) 162 (24.1%)

 $48 000-$62 999 264 (28.4%) 217 (25.4%)  171 (25.4%) 171 (25.4%)

 ≥$63 000 305 (32.8%) 313 (36.6%)  233 (34.7%) 240 (35.7%)

No high school diploma 
by zip code, %

  .28   .8

 ≥ 21 161 (17.3%) 147 (17.2%)  120 (17.9%) 120 (17.9%)  

 13-20.9 234 (25.1%) 197 (23%)  156 (23.2%) 156 (23.2%)

 7-12.9 301 (32.3%) 262 (30.6%)  215 (32%) 201 (29.9%)

 < 7 235 (25.2%) 250 (29.2%)  181 (26.9%) 195 (29%)

Facility setting   .12   .87

 Metro 741 (79.6%) 699 (81.7%)  543 (80.8%) 545 (81.1%)

 Urban 132 (14.2%) 125 (14.6%)  102 (15.2%) 100 (14.9%)

 Rural 21 (3.3%) 18 (2.1%)  17 (2.5%) 14 (2.1%)

 Unknown 27 (2.9%) 14 (1.6%)  10 (1.5%) 13 (1.9%)

Charlson/Deyo 
comorbidity

  .001   .83

 0 733 (78.7%) 719 (84%)  563 (83.8%) 566 (84.2%)  

 1 147 (15.8%) 85 (9.9%)  73 (10.9%) 67 (10%)  

 ≥ 2 51 (5.5%) 52 (6.1%)  36 (5.4%) 39 (5.8%)  

Year of diagnosis   .29   .89

 2004-2006 219 (23.5%) 191 (22.3%)  151 (22.5%) 157 (23.4%)  

 2007-2009 249 (26.7%) 209 (24.4%)  178 (26.5%) 179 (26.6%)  

 2010-2012 247 (26.5%) 225 (26.3%)  179 (26.6%) 167 (24.9%)  
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Table 1 Continued

Propensity score matching yielded 672 pairs (n = 1344) 
in the matched cohort 1. All variables were well balanced 
in the matched cohort 1 except for longer median distance 
from home zip code to facility in the observation group 
(median 17.3 vs 14.3  miles, P  =  .05, Table 1). The 3- and 
5-year OS with adjuvant RT was 83.4% and 79.3% com-
pared with 86.4% and 81.8% with observation. Adjuvant RT 
was not associated with OS in the matched cohort 1 (HR: 
1.15, 95% CI: 0.86-1.53, P = .35).

Survival Analysis in Cohort 2 (Grade 2)

Propensity score matching yielded 569 pairs (n = 1138) in the 
matched cohort 2. All variables were well balanced except 
for longer median distance from home zip code to facility 
in the observation group (median 18 vs 14.2 miles, P = 0.01, 
Supplemental Table 1). For patients who received adjuvant 
RT in the matched cohort 2, the median RT dose was 54 Gy 
(IQR: 54-55.8 Gy). The 3- and 5-year OS with adjuvant RT was 
86.3% and 82.4% compared with 90.6% and 88.4% with ob-
servation. Adjuvant RT was not associated with OS in the 
matched cohort 2 (HR: 1.3, 95% CI: 0.93-1.82, P = .13).

Survival Analysis in Cohort 3 (Grade 2 Status 
Post–Subtotal Resection)

Propensity score matching yielded 136 pairs (n = 272) in 
the matched cohort 3.  All variables were well balanced 
(Supplemental Table 2). For patients who received adjuvant 

RT in the matched cohort 3, the median RT dose was 54 
Gy (IQR: 54-59.4 Gy). The 3- and 5-year OS with adjuvant 
RT was 84.1% and 78.1% compared with 90.4% and 89.1% 
with observation (Fig. 2). Adjuvant RT was not associated 
with OS in the matched cohort 3 (HR: 1.63, 95% CI: 0.67-
3.92, P = .28).

As part of a sensitivity analysis, we also categorized ad-
juvant RT by RT dose (45-53.9 Gy, 54-59.3 Gy, and 59.4-66 
Gy) in the propensity score matched cohorts 1 and 3 and 
there was no statistically significant association between 
receipt of adjuvant RT at any specific dose level and OS in 
these analyses (data not shown).

Survival Analysis in Cohort 4 (Grade 3)

Adjuvant RT was administered to 246 of 316 patients (78%) 
in the unmatched cohort 4. Sample size was limited in this 
analysis because of the relatively small number of patients 
who were observed. We conducted a multivariate analysis 
in the unmatched cohort 4 in addition to propensity score 
matching to evaluate prognostic factors within this specific 
cohort and make full use of the data for the adjuvant RT anal-
ysis given the limited patient numbers. Multivariate analysis 
demonstrated significantly higher risk of death for older age, 
male sex, no insurance, supratentorial location, and STR. 
Receipt of adjuvant RT was not associated with OS (HR: 0.84, 
95% CI: 0.58-1.22, P = .36, Supplemental Table 3). Propensity 
score matching yielded 67 pairs (n = 134) in the matched co-
hort 4. All variables were well balanced (Supplemental Table 
4). For patients who received adjuvant RT in the matched 

Unmatched Cohort Matched Cohort

Variable Observation No. (%)  
or Median (IQR)

Adjuvant RT No. (%)  
or Median (IQR)

P Observation No. (%)  
or Median (IQR)

Adjuvant RT No. (%) 
or Median (IQR)

P

 2013-2015 216 (23.2%) 231 (27%)  164 (24.4%) 169 (25.1%)  

Tumor location   .04   .54

 Supratentorial 563 (60.5%) 559 (65.3%)  408 (60.7%) 419 (62.4%)  

 Infratentorial 368 (39.5%) 297 (34.7%)  264 (39.3%) 253 (37.6%)  

Tumor grade   < .001   .23

 2 861 (92.5%) 610 (71.3%)  602 (89.6%) 588 (87.5%)  

 3 70 (7.5%) 246 (28.7%)  70 (10.4%) 84 (12.5%)  

Tumor size, cm   < .001   .14

 ≤ 4 434 (46.6%) 351 (41%)  321 (47.8%) 299 (44.5%)  

 > 4 197 (21.2%) 314 (36.7%)  180 (26.8%) 213 (31.7%)  

 Unknown 300 (32.2%) 191 (22.3%)  171 (25.4%) 160 (23.8%)  

Extent of resection   .26   .64

 Subtotal 213 (22.9%) 221 (25.8%)  168 (25%) 173 (25.7%)  

 Gross total 246 (26.4%) 230 (26.9%)  173 (25.7%) 158 (23.5%)  

 Unknown 472 (50.7%) 405 (47.3%)  331 (49.3%) 341 (50.7%)  

Age, y 50 (37-62) 45 (34-58) < .001 47 (34-58) 46 (34-58) .77

Distance to facility, miles 20.4 (7.6-50.6) 14.2 (6.1-33.6) < .001 17.3 (7-41.9) 14.3 (6.4-34.6) .05

Median follow-up, mo 57.5 (26.2-94.6) 50.5 (21.7-86.5) .01 57 (26.5-93.2) 55.6 (24.1-94.3) .61

Abbreviations: IQ, interquartile range; RT, radiotherapy.
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cohort 4, the median RT dose was 59.4 Gy (IQR 59.2-60 Gy). 
The 3- and 5-year OS with adjuvant RT was 57.4% and 44.2% 
compared with 56.8% and 32.5% with observation (Fig. 3). 
Adjuvant RT was not associated with OS in the matched co-
hort 4 (HR: 0.79, 95% CI: 0.49-1.26, P = .32).

Discussion

This NCDB retrospective cohort study included a large 
population of adult patients with intracranial ependymoma 
with the goal of determining the effect of adjuvant RT on 

  
Table 2 Multivariate analysis of overall survival in unmatched cohort 1 (n = 1787)

Variable Hazard Ratio 95% CI P

Age, continuous 1.04 1.03-1.04 <.001

Sex (female vs male) 0.69 0.56-0.84 <.001

Insurance status    

 No insurance Reference   

 Private 0.7 0.44-1.13 .14

 Government 1.08 0.66-1.76 .77

 Unknown 1.56 0.76-3.2 .22

Facility setting:    

 Metro Reference   

 Urban 1.3 1.01-1.67 .04

 Rural 1.4 0.89-2.19 .14

 Unknown 1.48 0.84-2.61 .17

Charlson/Deyo comorbidity    

 0 Reference   

 1 1.6 1.23-2.08 <.001

 ≥ 2 1.72 1.24-2.37 .001

Year of diagnosis, continuous 0.96 0.93-0.99 .01

Tumor grade (3 vs 2) 4.4 3.52-5.5 <.001

Adjuvant therapy (adjuvant RT vs observation) 1.19 0.96-1.47 .11

Abbreviation: RT, radiotherapy.

  

  
1.0

0.8

0.6

0.4

0 2 4

Time, y
Number at risk

6 8

136
136

Observation
Adjuvant RT

Observation
Adjuvant RT

97
98

58
55

24
18

0
0

O
ve

ra
ll 

su
rv

iv
al

0.2

0.0

Fig. 2 Overall survival in propensity score matched cohort 3 
(grade 2 ependymoma status post–subtotal resection) by receipt 
of adjuvant radiotherapy (RT)
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Fig. 3 Overall survival in propensity score matched cohort 4 
(grade 3 ependymoma) by receipt of adjuvant radiotherapy (RT)
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OS. We were not able to demonstrate an association be-
tween adjuvant RT and OS in the overall cohort or in 
the restricted cohorts of grade  2 ependymoma, grade 2 
ependymoma status post-STR, or grade 3 ependymoma. 
Multivariate analysis did demonstrate several predictor 
variables that were significantly associated with worse OS, 
including older age, male sex, earlier year of diagnosis, and 
grade 3 histology. Within the grade 3 cohort, supratentorial 
location and STR were also statistically significantly asso-
ciated with increased risk of death.

Owing to the rarity of the disease, the literature regarding 
adjuvant therapy for adult intracranial ependymoma is lim-
ited to retrospective single- or multi-institutional studies and 
population-based studies that demonstrate variable results 
as to the efficacy of adjuvant RT. The consensus guidelines 
for adjuvant RT reflects this with conflicting recommenda-
tions between societies based on generally low-rated evi-
dence. The EANO guidelines recommend observation for 
adults with grade 2 intracranial ependymoma status post-
GTR and adjuvant RT for patients with grade 2 ependymoma 
status post-STR or grade 3 regardless of extent of resection.17 
However, the National Comprehensive Cancer Network re-
commends adjuvant RT for grade 2 or grade 3 intracranial 
ependymoma regardless of extent of resection.22

There is mixed evidence regarding the role of adjuvant 
RT in this population. Metellus et al demonstrated no dif-
ference in OS or progression-free survival (PFS) based 
on receipt of adjuvant RT in 114 adults with grade 2 intra-
cranial ependymoma both in univariate and multivariate 
analyses, but there was a significant benefit in both end 
points in univariate analysis within the STR subgroup.10 
Dützmann and colleagues studied 33 adult patients with 
grade 2 intracranial ependymoma, and adjuvant RT was 
not associated with PFS or OS in the overall cohort or in 
the STR subgroup.12 The largest multi-institutional ret-
rospective study (Vera-Bolanos et al) included 153 adults 
with intracranial ependymoma. They found that adjuvant 
RT was associated with statistically significantly improved 
PFS regardless of extent of resection primarily for patients 
with infratentorial tumor location adjusting for age and 
grade.13 OS was not reported in their study.

Our study shows no demonstrable OS benefit for adju-
vant RT in grade 2 intracranial ependymoma and more spe-
cifically in grade 2 ependymoma status post-STR. We also 
did not demonstrate an OS benefit with adjuvant RT in the 
grade 3 ependymoma cohort, but that analysis was limited 
by the high proportion of patients with grade 3 tumors re-
ceiving adjuvant RT and resultant small patient numbers in 
the RT vs observation analysis. Nonetheless, the HR and OS 
point estimates did favor adjuvant RT in the grade 3 cohort.

A previous study on this subject using the NCDB was pub-
lished by Nuño et al in 2016.14 That study did not find an OS 
benefit with adjuvant RT in multivariate analysis or in uni-
variate analyses stratified by grade or extent of resection. 
Though the results of their study are similar to ours, the 
differences in patient selection and statistical methodology, 
and consequently the ability to make conclusions, are sig-
nificant and worth discussing. First, the patient population 
used for the OS analysis in the Nuño study were diagnosed 
between 1998 and 2006.14 The NCDB no longer provides 
case data from before 2004 because of significant changes 
in data capture made in 2003 and 2004 that improved the 

quality of NCDB data, including comorbidity adjustment, 
required reporting of RT modality and treatment details, 
and inclusion of staging and site-specific details.18 Second, 
OS data were available for only approximately 60% of the 
included cohort (799 of 1318 patients). Patient, tumor, and 
treatment characteristics at baseline were presented for the 
larger cohort stratified by tumor grade, but predictor vari-
able balance for the larger cohort or the OS cohort stratified 
by adjuvant RT vs observation (the association of interest) 
were not assessed or presented in the paper, which severely 
limits evaluation of residual confounding. Third, the patient 
cohort selection as reported by Nuño and colleagues14 did 
not exclude patients with early mortality, thereby retaining 
risk of immortal time bias, did not restrict the adjuvant RT 
group to known and standard RT dosing, thereby poten-
tially including nonstandard or palliative courses in the RT 
group, which would bias toward the null, and did not re-
port the extent of missing data (ie, tumor size and extent 
of resection) in the OS cohort and how that was accounted 
for. Lastly, the Nuño study14 performed only a multivariate 
analysis in the OS cohort and univariate analyses of adju-
vant RT vs observation stratifying by grade and extent of 
resection. There were no additional efforts to reduce the in-
fluence of selection bias and confounding by treatment in-
dication by using other methods such as propensity score 
matching, as was performed in the present study. For all 
these reasons, we feel that our study design, statistical ana-
lyses, and results are more internally and externally valid 
compared to the prior NCDB-based study.

The limitations of NCDB-based studies are well known 
and inherent to their retrospective nature, and include risk 
of misclassification and miscoding because of the data-
base structure, risk of selection bias and confounding by 
treatment indication because of nonrandomized treatment 
assignment, lack of central pathology review, relatively 
high levels of missing data for certain variables including 
extent of resection and tumor size (not uncommon in 
NCDB studies of primary CNS tumors), and lack of recur-
rence or cancer-specific survival data. Additionally, more 
granular information on extent of resection including 
percentage extent of resection, specific definition of GTR 
used, and postoperative imaging modality used was not 
available. The high level of missing data for extent of re-
section is noteworthy and is specific to patients treated 
before 2010, which is the year the NCDB started regu-
larly capturing extent of resection for patients with pri-
mary brain tumors. All patients in cohort 3 (grade 2 status 
post-STR) were treated on or after 2010 because of the 
requirement for known extent of resection in this cohort. 
We used rigorous patient selection criteria to generate a 
homogeneous and externally valid study population and 
employed multiple methods of adjustment, including mul-
tivariate analysis, propensity score matching, and stratifi-
cation by grade and extent of resection to minimize risk of 
confounding. The propensity score matched cohorts 1, 2, 
and 4 had similar proportions for GTR, STR, and unknown 
extent of resection between arms. This minimizes bias as 
much as possible, but there is still residual potential con-
founding due to the undetermined true extent of resection 
for patients coded as unknown, which may not be equal 
between arms. However, all patients in cohort 3 had known 
extent of resection (all underwent STR) and there was no 
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observed benefit for adjuvant RT in this cohort. An addi-
tional strength of this study is the large patient population, 
which allows for adjusting for multiple covariates and sub-
group analyses, not possible with smaller patient cohorts.

Conclusions

This large NCDB observational study did not demonstrate 
a statistically significant association between adjuvant RT 
and OS for adults with intracranial ependymoma status 
postresection. This was also true more specifically for pa-
tients with grade 2 ependymoma status post-STR. Older age, 
male sex, urban vs metro location, higher Charlson/Deyo co-
morbidity score, earlier year of diagnosis, and grade 3 were 
statistically significantly associated with increased risk of 
death. The conflicting evidence in this space highlights the 
needs for high-quality studies with detailed pathology and 
treatment information to guide therapy recommendations in 
adult ependymoma. In the absence of these trials and based 
on the current literature, we recommend observation for 
adult patients with grade 2 intracranial ependymoma status 
post-GTR, consideration and discussion of adjuvant RT for 
patients with grade 2 tumors status post-STR based on risk 
factors and patient preference, and adjuvant RT for grade 3 
disease regardless of extent of resection.
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