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Abstract

Objective: Although adjuvant radiation therapy is the standard of care in treatment of localized grade II/III ependymoma,
the appropriate dose to which to treat remains controversial. Excellent local control has been demonstrated after treatment to
5940 cGy, but there is no randomized evidence evaluating the effect of dose escalation on overall survival (OS). To address
this question, we utilized the National Cancer Database (NCDB) to evaluate the effect of radiation dose escalation on OS in
patients with localized ependymoma.

Materials and Methods: Patients > 2 years of age with localized World Health Organization (WHO) grade II and III ependy-
moma treated from 2010 to 2015 were identified from the NCDB and dichotomized into cohorts receiving 5400 cGy and
= 5940 cGy. OS was compared using the Kaplan-Meier estimator and multivariable Cox proportional hazards analysis.

Results: A total of 548 patients met study criteria. Of these, 196 (36%) received 5400 cGy and 352 (64%) received = 5940
cGy. Gross total resection was performed in 105 cases (54%) and 238 patients (43%) were < 18 years of age. On multivariable
survival analysis, there was no difference in OS between patients receiving 5400 cGy and those receiving = 5940 cGy (hazard
ratio [HR] =0.74, 95% conformity index [CI]: 0.39-1.40,p =0.36).

Conclusions: In this assessment of the NCDB, dose-escalated radiation of = 5940 cGy was not associated with improved
OS among patients with localized high-grade ependymoma. Further prospective study of the role of dose escalation in local-
ized ependymoma is warranted.

pendymoma is a rare primary
Emalignancy of the central ner-
vous system (CNS), which has
an annual incidence of approximately
2-4 new cases per million with a peak

age of approximately 5 years in chil-
dren and 55 years in adults.'? The cur-

rent standard of care for management
of World Health Organization (WHO)
grade II/IIl ependymoma includes max-
imal feasible resection followed by ra-
diation therapy. While treatment to a
dose of 5400 cGy is generally standard,
progression-free survival (PFS) is only
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about 40% at 5 years.*° Therefore, dose
escalation is an active area of interest in
ependymoma management. A recent
phase II study using dose-escalated ra-
diation to 5940 cGy reported excellent
local control, further supporting the po-
tential benefits of higher doses.”

The benefits of dose escalation may
be limited by late toxicities associated
with radiation therapy to the CNS 3-10
In particular, risk of radiation necro-
sis may be correlated with increasing
dose and volume delivered to the brain-
stem.!"!? Currently, there is no random-
ized evidence that evaluates the effect
of dose escalation above 5400 cGy
on overall survival (OS) in localized
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ependymoma. Therefore, we sought
to evaluate the effect of radiation dose
escalation on OS in patients with lo-
calized ependymoma utilizing the Na-
tional Cancer Data Base (NCDB).

Materials and Methods
Data Source

The study population was identi-
fied from the NCDB, a national cancer
registry sponsored by the American
College of Surgeons and American
Cancer Society that draws upon hos-
pital registry data from Commission
on Cancer-accredited facilities in the
United States.'*!5 Data are collected
prospectively from cancer registries
with nationally standardized data-cod-
ing definitions.'®

Study Population

Inclusion criteria (Figure 1) con-
sisted of patients >2 years of age at di-
agnosis with localized supratentorial
or infratentorial WHO grade II and III
ependymoma treated with surgical re-
section and adjuvant external-beam
radiation therapy from 2010 to 2015.
Dates were restricted to this time period
to account for changes in practice based
on a phase II dose-escalation study pub-
lished in 2009.7 In addition, information
regarding extent of resection was not
available for intracranial tumors prior
to 2010. Patients < 2 years old were
excluded given that this group is often
treated to lower dose due to concern
for CNS toxicity.” Those who received
< 5400 cGy or > 6800 cGy were ex-
cluded as such doses may fall outside
of the conventional dose range for treat-
ment of ependymomas.'” Patients who
received radiation to extracranial sites,
had unknown dose data, or were not
known to have received radiation ther-
apy were also excluded.

Patient Cohorts and Variables

The overall cohort was divided into
1) a standard dose cohort that received
5400 cGy and 2) a dose escalated radi-

from 2010-2015 (n=1,993)

Patients with Grade Il or lll ependymoma in the NCDB

Drop if age <2 years (n=150)

No surgical resection (n=372)

Received radiation to extracranial sites (n=649)
Unknown status radiation therapy receipt (n=27)
Received <5400 cGy or >6800 cGy (n=181)
Unknown dose of radiation therapy (n=66)

Final Study Cohort
(n=548)

Received 5400 cGy
(n=196)

Received 25940 cGy
(n=352)

FIGURE 1. Consolidated standards of reporting trials (CONSORT) diagram. NCDB = National

Cancer Data Base

ation cohort that received = 5940 cGy.
Covariates analyzed included gender,
age, race, insurance status, treatment
facility geographic location, distance
to facility, education levels, income
(median income in patients’ zip codes),
Charlson-Deyo comorbidity score,
tumor location (cerebrum, ventricle,
cerebellum, brainstem, brain not other-
wise specified), tumor size and grade,
extent of surgical resection, receipt of
chemotherapy, and year of diagnosis.

Aims/Endpoints

The primary endpoint was OS in pa-
tients treated to doses = 5940 cGy com-
pared to those treated with 5400 cGy.
OS was defined as the time from diag-
nosis until death or last follow-up. As a
secondary aim, we evaluated factors as-
sociated with receipt of dose-escalated
radiation therapy.

Statistical Analysis

Baseline demographic and clinical
characteristics between cohorts were
compared using the chi-squared test for
categorical variables and rank-sum tests

for continuous variables. A multivari-
able logistic regression model was con-
structed using all baseline covariates
reaching a univariable analysis thresh-
old significance of p < 0.1 to assess the
independent effect of each covariate
on the likelihood of being treated with
dose-escalated radiation therapy.

The Kaplan-Meier estimator and
log-rank tests were used to assess OS
between study cohorts. A Cox propor-
tional hazards model was constructed
using all variables achieving a thresh-
old significance of p < 0.1 on univari-
able analysis to assess the independent
effect of radiation dose on hazard of
death. Patients diagnosed in 2015 were
excluded from survival analysis due to
insufficient follow-up data.

To more robustly account for base-
line differences between study co-
horts, a matched cohort of 338 patients
(all 169 patients who received 5400
c¢Gy matched with 169 patients who
received = 5940 cGy) was identified
using 1-to-1 nearest neighbor propen-
sity score-matching without replace-
ment.' Propensity scores were derived
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Table 1. Baseline Characteristics, Study Cohorts
Pts receiving Pts receiving Total (%) p (x2)
5400 cGy (%) >5940 cGy (%)

Total no. 196 36 352 64 548 100

Sex 0.31
Male 114 58 189 54 303 55
Female 82 42 163 46 245 45

Age (years) <0.001
<18 48 24 190 54 238 43
>18 148 76 162 46 310 57

Race 0.61
Non-Hispanic White 134 68 221 63 355 65
Non-Hispanic Black 21 11 42 12 63 11
Hispanic 27 14 60 17 87 16
Other 14 7 29 8 43 8

County Size 0.84
Metropolitan 168 86 302 86 470 86
Urban 21 11 34 10 55 10
Rural 2 1 7 2 9 2
Unknown 5 3 9 3 14 3

Distance to Treatment 0.22
Median (IQR) 16 8 17 5 16 3

Insurance Status 0.04
Commercial Insurance 108 55 210 60 318 58
Medicare 23 12 19 5 42 8
Medicaid 39 2 89 25 128 23
Uninsured 13 7 16 5 29 5
Other/Unknown 13 7 18 5 31 6

Education 0.99
>21% 4 21 727 2 113 21
13%-20.9% 45 23 80 23 125 23
7%-12.9% 61 31 108 31 169 31
<7% 49 25 92 26 14 26

Income ($) 0.64
<38,000 3B 18 66 19 101 18
38,000-47,999 37 19 7B 21 112 20
48,000-62,999 47 24 85 24 132 24
>63,000 76 39 126 36 202 37
Unknown 1 1 0 0 1 0

Key: PTs = patients, IQR = interquartile range, NOS = not otherwise specified

using multivariable logistic regression
methods and denoted the probability of
any patient receiving 5400 cGy. An ab-
solute standardized difference of < 0.1
was accepted as a measure of adequate
balance between matched covariates.'
Cox survival analysis was then re-
peated in the matched cohort to assess
the robustness of the traditional multi-
variable analysis.

A two-tailed p-value < 0.05 was
considered statistically significant. All

statistical analyses were performed
using Stata SE, version 14.0 (College
Station, Texas).

Results
Patient Characteristics

A total of 548 patients met study
inclusion criteria (Table 1). Of these,
196 (36%) were treated with standard
dose radiation therapy and 352 (64%)
were treated with dose-escalated ra-
diation. Most patients were >18 years

old (n =310, 57%) and the median age
of the cohort was 24 years (interquar-
tile range [IQR], 8-24). Most patients
had tumors in the cerebrum (n = 165,
30%), brainstem (n = 127, 23%), or
unspecified location (n = 139, 25%).
Tumors were most commonly >4 cm
(n=265,48%) and grade 3 (n = 258,
47%). Most patients underwent gross
total resection (n =312, 57%) and did
not receive chemotherapy (n = 433,
79%).
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Table 1. Baseline Characteristics, Study Cohorts (continued)
Pts receiving Pts receiving Total (%) p (x2)
5400 cGy (%) >5940 cGy (%)
Charlson/Deyo Comorbidity Score 0.017
0 166 85 310 88 476 87
1 23 12 23 7 46 8
2 7 4 9 3 16 3
3 0 0 10 3 10 2
Location of Tumor <0.001
Cerebrum 24 12 141 40 165 30
Ventricle 40 20 3r M 7 14
Cerebellum 23 12 17 5 40 7
Brainstem 68 35 59 17 127 23
BrainNOS 414 2 % 28 139 25
Size (cm) <0.001
<4 2 4 N 26 182 33
>4 2 3 193 55 265 48
Unknown 32 16 69 20 101 18
Grade <0.001
2 134 68 17 33 251 46
3 39 2 219 62 258 a7
Unknown 23 12 16 5 39 7
Type of Surgery 0.38
Subtotal 60 31 89 25 149 27
Gross total 105 54 207 59 312 57
Biopsy 31 16 5% 16 87 16
Receipt of Chemo <0.001
No 176 90 257 73 433 79
Yes 18 9 83 24 101 18
Unknown 2 1 12 3 14 3
Year of Diagnosis 0.54
2010 31 16 64 18 9 17
2011 30 15 58 16 88 16
2012 39 20 64 18 103 19
2013 38 19 63 18 101 18
2014 3116 0 N 7 13
2015 27 14 63 18 90 16
Key: PTs = patients, IQR = interquartile range, NOS = not otherwise specified

Factors Associated with Receipt of
Dose-escalated Radiation Therapy

On multivariable analysis, grade III
disease was associated with receipt of
dose-escalated radiation therapy (odds
ratio [OR] 3.55, 95% conformity index
[CI]2.16-5.83,p <0.001) (Table 2). Fac-
tors that predicted for a decreased likeli-
hood of dose-escalated radiation therapy
included age >18 years (OR = 0.36,
95% C10.22-0.59,p <0.001), and tumor
location outside of the cerebrum. Notably,

extent of resection was not associated
with dose-escalated radiation therapy.

Overall Survival

The median follow-up time for the
entire cohort was 36.1 months (IQR,
24.4-51.8 months). The median 5-year
OS was 79.6% for the standard dose co-
hort and 74.9% for the dose-escalated
cohort (p = 0.86, Figure 2). No signif-
icant differences in OS were observed
after propensity matching (p = 0.86, Fig-

ure 3). On univariable analysis, gross
total resection (GTR) was associated
with improved survival compared to
biopsy alone (OR =0.53,95% CI10.31-
0.93, p=0.026). On multivariable anal-
ysis, there was no difference between
treatment with dose-escalated as com-
pared to standard dose radiation therapy
in the overall cohort (hazard ratio [HR]
=0.74,95% [conformity index] CI 0.39-
1.40, p =0.36) or after propensity score
matching (HR =0.83,95% C10.44-1.57,
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Table 2. Factors Associated with Receipt of > 5940 cGy
— Multivariable —

OR[95% Cl] p

Age (years)

<18 - -

>18 0.36[0.22,0.59] <0.001
Charlson/Deyo Comorbidity Score

0 - -

1 0.9210.44,1.90] <0.001

2 1.02[0.31,3.37] 0.15

3 0.89[0.34,3.92] 018
Location of Tumor

Cerebrum - -

Ventricle 0.30[0.14,0.63] 0.001

Cerebellum 0.2410.09, 0.57] 0.001

Brainstem 0.24[0.12,0.47] <0.001

BrainNOS 0.50[0.26,0.97] 0.042
Grade

2 - -

3 3.55[2.16,5.83] <0.001

Unknown 0.561[0.26,1.22] 0.15
Tumor size

<4cm - -

>4cm 1.55[0.96, 2.50] 0.08

Unknown 1.81[0.98,3.31] 0.06
Receipt of Chemo

No - -

Yes 1.3210.70, 2.50] 0.41

Unknown 3.431[0.57,20.5] 018

Key: Cl = conformity index, NOS = not otherwise specified
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FIGURE 2. Overall survival after receipt of 5400 cGy compared to > 5940 cGy (log-rank
p=0.86).

p =0.57). GTR was not associated with
OS (HR =0.61,95% C10.34-1.11,p =
0.11) (Table 3). Grade III disease was
significantly associated with decreased
OS (HR =2.41,95% CI 1.25-4.62,p =
0.008) (Figure 4, p =0.005)

Discussion

In this analysis of 548 patients with
localized WHO grade II or III ependy-
moma identified from a national cancer
registry, we found no difference in OS
after receipt of dose-escalated radiation
therapy.

Radiation therapy has been shown to
improve OS and PFS in patients with
localized ependymoma.?’ While there
have been no randomized comparisons
of radiation dose, dose response has
been observed in select retrospective
studies. In an initial report from the
Children’s Hospital of Philadelphia,
local control was 32% for patients who
received > 4500 cGy as compared to 0%
for those who received lower doses.!” A
subsequent study from the same institu-
tion demonstrated improved PFS after
receipt of = 5400 cGy.* However, even
after receipt of postoperative radiation
therapy, patients remain at risk of local
failure. In a recent study, patients who
received radiation had a 58% risk of iso-
lated local recurrence .

Dose escalation has been evaluated
in numerous studies in order to improve
local control and survival outcomes.
On the Pediatric Oncology Group pro-
tocol 9132, the potential benefits of
dose escalation were evaluated using
a hyperfractionated regimen of 6960
cGy (120 cGy twice daily). Patients
had a 5-year event-free survival (EFS)
of 52%, which compared favorably
to historical controls.?? On an Italian
Association of Pediatric Hematology
Oncology (AEIOP) protocol, patients
without residual disease were treated
to 7040 ¢Gy (110 ¢Gy twice daily).?
Those with residual disease were treated
with systemic therapy followed by the
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FIGURE 3. Propensity score matched overall survival after receipt of 5400 cGy compared to >

5940 cGy (log-rank p = 0.86)
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FIGURE 4. Overall survival by grade (log rank p = 0.005).

same radiation therapy. The 5-year PFS
was 56% (95% CI1 41-70%), 65% for
those without residual disease (95% CI
49-82%) and 35% for those with resid-
ual disease (95% CI 10-61%). A sub-
sequent AEIOP protocol attempted to
improve results for patients with residual
disease.!” Patients who underwent gross
total resection received adjuvant radia-

tion to 5940 cGy using standard fraction-
ation while those with residual disease
after surgery received chemotherapy fol-
lowed by 5940 cGy to the resection cav-
ity and an 800 cGy boost in 2 fractions
of 400 cGy each to any residual disease.
For the whole series, 5-year EFS and
OS were 65.4% (95% CI 57.7-74.0%)
and 81.1% (95% CI 74.6%-88.2%). The

5-year probability of local relapse was
20.7% (95% C114.8-29.1%).

Dose escalation to 5940 cGy using
standard fractionation was also evalu-
ated in a phase II study from St. Jude’s
utilizing conformal radiation therapy.’
Given concern for toxicity, patients <
18 months after gross total resection
were treated to 5400 cGy. The estimated
7-year local control and OS were 83.7%
(95% C173.9-93.5%) and 81.0% (95%
CI71.0-91.0%), respectively. Based on
these impressive results, dose-escalated
radiation therapy to 5940 cGy has be-
come a common treatment regimen and
has been adopted in an ongoing national
pediatric ependymoma protocol for pa-
tients = 18 months in age, or < 18 months
with subtotal resection.?

Increased radiation dose, however,
may result in several late side effects of
CNS radiation which can be debilitating
or fatal. Pediatric patients may experi-
ence a decline in intelligence quotient
which has been associated with total
dose and dose per fraction.?>-?¢ Radi-
ation damage to critical structures can
also result in endocrine and sensory
changes.?’-3! Radiation necrosis is of
significant concern given proximity of
many infratentorial tumors to the brain-
stem and has been reported in 2.5% of
patients with ependymoma treated with
dose-escalated radiation therapy.” This
risk has been correlated with dose and
volume, especially the maximal dose
and dose to 50% and 10% of the brain-
stem.'""'2In general, the entire brainstem
may be treated to 5400 cGy using con-
ventionally fractionated photon therapy
without significant risk of permanent
neurologic deficits. Smaller volumes
may be irradiated to maximum doses
of 5900 cGy and risk significantly in-
creases with maximal dose > 6400
¢Gy."? Given concern for increased risk
of brainstem necrosis using proton ra-
diation, more stringent brainstem con-
straints have been proposed.'!

Other factors associated with OS in
pediatric and adult ependymoma include
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Several shortcomings limit the gen-

. . . eralizability of the current study. First,

Table 3. Factors Associated with Overall Survival there is inherent selection bias that

— Multivariable — — Propensity Score — cannot be controlled in the setting of a

Matched Cohort retrospective, observational study. In

. HR [95% Cl] P HR [95% Cl] p particular, bias toward treating patients

Ose . . . .

with higher grade disease with dose-es-

5400 cGy ) . . - calated radiation may have influenced
>5900 cGy 0.74[0.39,1.40]  0.36 0.83[0.44,1.57] 057 .

Age (years) outcomes seen on this study. Factors
<18 - - such as extent of resection, tumor lo-
>18 1.64[0.94,2.871  0.08 cation, and histopathologic grade are

Race determined by the treating facility and
White - not subject to central review, which may
Eliz([")tlnic ggg %8%21 131% ggi alter baseline patient characteristics

POt given the relatively subjective nature

Insurg;]hc%rStatus 031(009,1.05] 006 of these features. Genetic information,
Commercial Insurance which may affect the overall pI'OgIlOSiS,
Medicare 2561[1.28,5. 11] 0.008 was not available for inclusion in this
Medicaid 1.30[0.70,2.43]  0.40 analysis.

Uninsured 210[0.92,4.79]  0.078 In addition, given the available data
Other/Unknown . 261(0.92,7.36]  0.070 within the NCDB, no assessment of

Char(l)s on/Deyo Comorbidiy Score ) other treatment-related outcomes in-
1 1.21 [0 52 2 81] 0.66 cluding local COIltI'Ol, PFS, or tOXiCity
2 0.33[0.04,270]  0.30 could be made. While there are risks of
3 2.80[1.02,7.66] 0.045 dose-escalated radiation therapy, tox-

Location of Tumor icities from local failure and salvage
Cerebrum ‘ therapies may justify use of higher
\(éemrt;C:? 8?? [8 ;g ;%] ggg dose radiation even in the absence of
Breariensete#]m 0.90 %0 101 95} 0'79 an OS benefit. Furthermore, the lim-
Brain NOS 138 [0 74 2 55] 031 ited follow-up of this study may not

Grade be enough to observe a meaningful
2 - - difference in OS. Finally, although
3 241[1.25,4.62] 0.008 the NCDB captures a large volume
Unknown 159[0.68,3.72] ~ 0.28 of cancer cases, there is a lack of par-

EXtené.Of Resecltlon ticipation of many large independent

lopsyonly ) o children’s hospitals, which may bias
Subtotal resection 1.00[0.50,1.99] 0.9 Its. This lack of vediatri .
Gross total resection 061[0.34,1.11] 011 results. This fack of pediatric cases 13

Receipt of Chemo evident in our data where the majority
No - - of patients are > 18 years, which is not
Yes 1.56[0.91,2.70]  0.11 representative of the epidemiology of
Unknown 0.62[0.08,4.75] 065 this disease.

In conclusion, we show no OS ben-
Key: Cl = conformity index, NOS = not otherwise specified efit to dose-escalated radiation ther-
apy in a population of pediatric and

greater extent of resection, low-grade
disease, and supratentorial location.*>7
In this series, grade III disease was asso-
ciated with decreased OS and increased
likelihood of receiving dose-escalated ra-
diation therapy. In multiple studies, GTR

compared to subtotal resection has been
associated with significantly improved
0S.57 While GTR was associated with
OS in univariable analysis, no association
with extent of resection and OS was ob-
served on multivariable analysis.

adult patients with localized, high-
grade ependymoma identified from the
NCDB. Given possible toxicities as-
sociated with dose-escalated radiation
in the CNS, additional study to deter-
mine which patients may benefit from
dose-escalated therapy is warranted.
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