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Abstract

Background. Although surgery plays a crucial diagnostic role in World Health Organization (WHQ) grade Il 1p/199-
codeleted oligodendrogliomas, the role of maximal tumor surgical resection remains unclear, with early retrospec-
tive series limited by lack of molecular classification or appropriate control groups.

Methods. The characteristics, management, and overall survival (OS) of patients >20 years old presenting with histology-
proven WHO grade Il 1p/19g-codeleted oligodendrogliomas during 2010-2016 were evaluated using the National Cancer
Database and validated using multi-institutional data. Patients were stratified by watchful waiting (biopsy only) versus
surgical resection. OS was analyzed using Kaplan—Meier methods and risk-adjusted proportional hazards.

Results. Five hundred ninety adults met inclusion criteria, of whom 79.0% (n = 466) underwent surgical resection. Of
patient and tumor characteristics, younger patients were more likely to be resected. Achieving gross total resection
(GTR; n =320) was significantly associated with smaller tumors, management at integrated network cancer programs
(vs community cancer programs), and Medicare insurance (as compared with no, private, or Medicaid/other govern-
ment insurance) and independent of other patient or tumor characteristics. In risk-adjusted analyses, GTR, but not
subtotal resection (STR), demonstrated improved OS (vs biopsy only: hazard ratio 0.28, 95% Cl: 0.09-0.85, P= 0.02).
Conclusions. WHO grade Il 1p/19g-codeleted oligodendrogliomas amenable to resection demonstrated improved
OS with GTR, but not STR, compared with biopsy-only watchful waiting. The OS benefits of GTR were independent
of age, tumor size, or tumor location. Medicare-insured and integrated network cancer program patients were sig-
nificantly more likely to have GTR than other patients, suggesting that insurance status and care setting may play
important roles in access to timely diagnosis or innovations that improve maximal resection.

Key Points
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Importance of the Study

Early retrospective series assessing the role of extent of
resection in the management of WHO grade Il 1p/19g-
codeleted oligodendrogliomas were limited by the rarity
of these tumors, lack of molecular classification, pooling
of different types of diffuse low-grade gliomas, difficulty
in establishing appropriate control groups, and sub-
standard assessments. Herein, we examine predictors

World Health Organization (WHO) grade Il diffuse infiltrating
low-grade gliomas (LGGs) represent a heterogeneous spec-
trum of tumors that comprise about 4.5% of all primary brain
tumors."?The diagnosis of grade Il diffuse LGG has recently
been updated to incorporate molecular classification in the
2016 WHO guidelines with prognostic significance, to in-
clude isocitrate dehydrogenase (/DH) mutations and whole-
arm chromosomal 1p/19q codeletion, thereby subdividing
LGGs into grade Il IDH-mutant and 1p/19qg-codeleted oligo-
dendroglioma, grade Il IDH-mutant diffuse astrocytoma,
and, rarely, grade Il IDH-wildtype diffuse astrocytoma.
These tumors are characterized by slower growth rates,
younger age of presentation, less focal neurologic deficits,
and longer survival than their higher-grade (ie, grades Il
and IV) glioma counterparts—all of which are important fac-
tors in deciding the individual risk-benefit balances of re-
section, radiotherapy, and chemotherapy for each patient.
LGG patients are often further stratified by age and extent
of resection (EOR) into low risk (ie, younger than 40 years,
with gross total resection [GTR]) and high risk (older than
40 years or with subtotal resection [STR]).

The management of LGGs has been evolving in recent
years, with many of the key randomized controlled trials
of LGGs largely predicated on older histologic classifica-
tion.>¢ Early studies have been limited by the relative
rarity of these tumors, variable assessments of EOR, and
importantly, the lack of molecular classification contrib-
uting to the pooling of different types of LGGs.”-® Although
surgery plays a crucial diagnostic role in LGGs, the bene-
fits of maximal tumor resection remain unclear. The deci-
sion is particularly complex for asymptomatic LGGs, which
are frequently diagnosed incidentally during the radio-
graphic workup of patients with head trauma, headache,
or other neurologic symptoms.The incorporation of 1p/19q
status in US registry data as of 2010 permits a robust eval-
uation of the predictors and roles of maximal tumor resec-
tion inWHO grade Il 1p/19g-codeleted oligodendrogliomas
nationally.

Materials and Methods
Data Source and Study Design

The National Cancer Database (NCDB) is hospital based,
curated by the Commission on Cancer (CoC), and com-
prises more than 70% of newly diagnosed cancers in the
United States. Patients presenting with histologically

and outcomes of maximal resection in a national cohort
of WHO grade Il 1p/19g-codeleted oligodendroglioma
patients and find an 0OS benefit for GTR, but not STR,
compared with biopsy alone. Additionally, we identify a
novel and significant role of insurance status and hos-
pital type in access to maximal resection for low-grade
oligodendrogliomas.

diagnosed diffuse gliomas between 2010 and 2016 were
identified and defined by the histological codes of the
International Classification of Diseases for Oncology,
third revision (ICD-O-3, v3.1) (ie, codes 9380/3, 9382/3,
9400/3, 9401/3, 9450/3, and 9451/3), involving all brain site
codes (ie, 71.0-71.9), as previously described.'® Diffuse
oligodendrogliomas were identified using primary brain-
specific factors, including loss of heterozygosity/deletion
of both chromosome arms 1p and 19q and WHO grade II.
Data on 1p/19q and brain cancer site-specific EOR were
available in the US registry as of 2010, from which biopsy-
only was defined as local excision (biopsy) of tumor, le-
sion, or mass, with specimen sent to pathology; STR as
subtotal resection of tumor, lesion, or mass of brain; and
GTR as radical, total, gross resection of tumor, lesion, or
mass in brain. In the case of multiple debulking surgeries
for the same nonprogression nonrecurrent primary, EOR
was encoded as the cumulative result of those surgeries.
Exclusion criteria included a previous diagnosis of cancer,
age at diagnosis <20 years, and diagnosis at an index in-
stitution and treatment entirely elsewhere. Patients who
received chemotherapy or radiotherapy within a year of
diagnosis were excluded in order to prevent confounding
of the benefits of surgical resection. In order to validate
the findings from these national data, grade Il IDH-mutant
and 1p/19g-codeleted oligodendrogliomas diagnosed from
2005 to 2016 were evaluated from 3 tertiary care institu-
tions (Brigham and Women's Hospital, Dana-Farber Cancer
Center, and Massachusetts General Hospital).

Variables and Statistical Analyses

The clinicopathologic factors, including age at diagnosis,
sex, race/ethnicity, Charlson-Deyo comorbidity index, in-
surance status, hospital type, tumor location and size, and
Karnofsky performance scale (KPS) score were summar-
ized and compared by %? test and t-test as appropriate.
Definitive surgical treatment was stratified as biopsy only
(ie, watchful waiting), STR, or GTR. Whether a patient un-
derwent watchful waiting (ie, biopsy only, no surgical re-
section) or surgical resection and whether EOR was STR
or GTR were assessed by multivariable logistic regression,
which was risk-adjusted similar to previously described
methodology.™

Overall survival (OS) was measured from the date of
diagnosis to the date of death, with patients censored at
the date of most recent follow-up. For multi-institutional
data, progression-free survival (PFS) was measured
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from the date of diagnosis to the date of radiographic
progression, with patients censored at the date of most
recent follow-up. Unadjusted differences in OS were
estimated by Kaplan-Meier methods and compared by
log-rank tests. Multivariable Cox proportional hazards
were used to assess the association between surgery
and OS, risk-adjusted for clinicopathologic variables.
The NCDB excludes survival data for patients diagnosed
in the final year of the dataset—which for this dataset
was 2016 —due to limited follow-up. Statistical analyses
were conducted using Stata v14.2, with 2-sided P-values
<0.05 designated as significant. This study was approved
by the Partners HealthCare institutional review board
(#2015P002352).

Results

Characteristics of WHO Grade II 1p/19qg-
Codeleted Oligodendrogliomas Managed with
Biopsy versus Surgery

A total of 590 adults were diagnosed with WHO grade |
1p/19g-codeleted oligodendroglioma from 2010-2016 and
met inclusion criteria, of whom 21.0% (n = 124) underwent
biopsy only and 79.0% (n = 466) were managed with sur-
gical resection (Table 1). In multivariable logistic analysis,
only younger age at diagnosis (50-59 y vs 40-49 y: odds
ratio [OR] 0.44, 95% CI: 0.23-0.87, P = 0.02) and more re-
cent diagnosis (2016 vs 2010: OR 2.97, 95% Cl: 1.16-7.63,
P =0.02) were associated with resection (Table 1). Sex, in-
surance status, comorbidity index, race/ethnicity, tumor
location, tumor size, and facility type were not significant
predictors of undergoing resection versus biopsy only
(all P> 0.05;Table 1). There were also no significant differ-
ences between KPS score (encoded for only 15% of cases,
y? P =0.99), postoperative length of stay (median 3 days,
interquartile range [IQR]: 2-5, vs median 3 days, IQR 2-4;
t-test P=0.49), or 30-day readmission rates (4.1% vs 6.9%;
2 P = 0.26) between biopsy-only and resected cases,
respectively.

A multi-institutional cohort of WHO grade Il 1p/199g-
codeleted oligodendrogliomas was included (Table 2) in
order to further investigate differences between biopsy
only (n = 4; 7.1%) and surgical resection (n = 52; 92.9%)
and to help validate the national findings. In this cohort,
only tumor location (frontal lobe situated: 25.0% vs 71.2%,
y? P = 0.01) varied significantly between biopsy-only and
resection cases, respectively. Sex, age at diagnosis, in-
surance status, tumor size, involvement of eloquent neu-
roanatomy, KPS, and incidental presentation (biopsy-only
25.0% vs resection 19.2%, %2 P = 0.78) were not substan-
tially different (all x?2 P> 0.05). Forty of the cases were en-
coded into the registry, of which the positive predictive
value of EOR coding by brain cancer site-specific EOR vari-
able was 87.5% (two STR cases were encoded as GTRs, two
GTR cases were encoded as local excision, and one STR
case only had the initial biopsy encoded). All 4 biopsy-only
cases, including the 2 registry-encoded cases, were desig-
nated by the corresponding neuro-oncology/neurosurgery
teams as watchful-waiting management.

Predictors of Extent of Resection in WHO Grade II
1p/19qg-Codeleted Oligodendrogliomas

Of the 466 patients managed with surgical resection, GTR
was reported in 68.7% (n = 320). Time from initial clinical
or radiographic diagnosis to definitive surgery (STR me-
dian 6.5 days, IQR 0-36.5; GTR median 14 days, IQR 0-42;
t-test P = 0.40) and postoperative length of stay (STR me-
dian 3 days, IQR 2-4; GTR median 3 days, IQR 2-4; t-test
P = 0.20) did not significantly vary by EOR. In unilateral
oligodendrogliomas, the lesion was located on the left
in 51.2% of STR and 45.6% of GTR cases (2 P = 0.29).
Characteristics of patients achieving GTR versus STR are
reported in Table 3, with no significant differences be-
tween sex, race/ethnicity, age at diagnosis, year of diag-
nosis, comorbidity index, or tumor location (all P> 0.05) in
multivariable logistic analyses.

However, Medicare-insured patients who underwent
resection (80.0% had GTR), were significantly more likely
to achieve GTR than patients who were either privately
insured (68.7% had GTR; OR 3.20, 95% CI: 1.08-9.46,
P=0.04), insured by Medicaid/other government insurance
(66.7% had GTR; OR 3.75, 95% ClI: 1.05-13.35, P = 0.04), or
uninsured (60.0% had GTR; OR 5.13, 95% Cl: 1.40-18.84,
P = 0.01) (Table 3). Tumor size also impacted success of
EOR—larger tumors were less likely to achieve GTR: 76.5%
of 2.1-4.0 cm tumors (reference) and 88.5% of <2.0 cm
(OR 2.02, 95% CI: 0.56-7.32, P = 0.29) achieved GTR com-
pared with 66.1% of 4.1-6.0 cm (OR 0.51, 95% CI: 0.29-0.91,
P =0.02) and 53.9% of >6.0 cm tumors (OR 0.30, 95% ClI:
0.15-0.60, P = 0.001). GTR was also more likely at CoC-
designated integrated network cancer program hospitals
(85.7% of resected cases achieved GTR) compared with
CoC-designated community cancer programs (61.3% had
GTR; OR 4.35, 95% CI: 1.18-16.07, P = 0.03). In the multi-
institutional cohort, there was no difference in sex, age at
diagnosis, insurance status, tumor location or size, elo-
quent neuroanatomy involvement, KPS, or incidental pres-
entation between cases that achieved GTR versus STR (all
%2 P> 0.05).

Overall Survival in Patients by Extent of
Resection

For OS analyses, the median follow-up was 41.5 months
(IQR: 23.8-61.6), with 4.7% (n = 24) reaching endpoint. The
unadjusted 5-year OS rates were: biopsy-only 92.4% (95%
Cl: 84.4-96.4), STR 90.1% (95% Cl: 79.9-95.3), and GTR
96.5% (95% Cl: 91.7-98.6; P=0.03) (Fig. 1).The subset of pa-
tients who died differed substantially from their censored
compatriots: 29.2% were 60+ years old (vs 7.2%, P< 0.001);
62.5% had tumors >4.1 cm (vs 45.2%, P = 0.04); and 16.7%
were uninsured (vs 8.8%, P = 0.003). In resected patients,
the unadjusted 5-year OS rates only varied significantly by
age for GTR (ie, considered high-risk cases if 40+ years old,
P =0.0003; Figure 2A), but not STR (ie, high-risk, P= 0.37;
Fig. 2B).

In risk-adjusted multivariable Cox regression, being pri-
vately insured was associated with an OS benefit (refer-
ence uninsured; hazard ratio [HR] 0.24, 95% Cl: 0.06-0.92,
P = 0.04), whereas sex, age at diagnosis, race/ethnicity,
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Table 1 National characteristics of WHO grade Il oligodendrogliomas, stratified by resection

Biopsy only, n Resection, n Univariable 2 P-value
% % Multivariable Logistic Regression
95% ClI

Sex 124 466 0.80

Female (ref male) 42.7 44.0 1.00 (0.65-1.53) 0.99
Age, y 124 466 0.08

median, y (IQR) 38 (29-52) 39 (31-49) n/a

<40 53.2 50.6 1.22 (0.57-2.61) 0.61

40-49 17.7 26.6 Reference

50-59 21.0 13.7 0.44 (0.23-0.87) 0.02

>60 8.1 9.0 1.15 (0.41-3.21) 0.80
Year of diagnosis 124 466 0.41

2010 12.9 9.4 Reference

20M 12.1 14.4 1.79 (0.77-4.12) 0.17

2012 21.8 15.7 1.20 (0.56-2.60) 0.64

2013 16.1 16.1 1.38 (0.62-3.06) 0.43

2014 18.6 18.7 172 (0.78-3.77) 0.18

2015 9.7 11.6 2.00 (0.82-4.86) 0.13

2016 8.9 14.2 2.97 (1.16-7.63) 0.02
Comorbidity index 124 466 0.73

0 83.1 85.4 Reference

1 12.1 9.7 0.80 (0.40-1.58) 0.52

2 4.8 4.9 0.83 (0.30-2.30) 0.72
Race/ethnicity 123 464 0.52

White, non-Hispanic 82.1 84.5 Reference

Nonwhite 17.9 15.5 0.96 (0.54-1.7) 0.88
Primary payor 121 462 0.03

Not insured 11.6 76 Reference

Private insurance 62.8 75.6 1.77 (0.87-3.62) 0.12

Medicare 9.9 76 0.94 (0.32-2.78) 0.91

Medicaid/other government 15.7 8.9 0.72 (0.30-1.72) 0.45
Tumor location 124 466 0.78

Frontal lobe 65.3 68.5 Reference

Temporal lobe 1.3 8.4 0.64 (0.32-1.28) 0.21

Parietal lobe 1.3 11.6 1.05 (0.563-2.06) 0.89

Other/overlapping 12.1 11.6 0.96 (0.49-1.88) 0.90
Tumor size, cm 124 466 0.17

median (IQR) 4 (3-5) 4 (4-6) n/a

<2.0 8.1 5.6 0.85 (0.35-2.05) 0.72

2.1-4.0 33.9 34.8 Reference

4.1-6.0 32.3 24.0 0.77 (0.46-1.31) 0.34

>6.0 7.3 11.2 1.78 (0.78-4.03) 0.17

n/a 18.6 24.5 1.38 (0.75-2.52) 0.30
Facility type 124 466 0.21

Community cancer center 14.5 9.4 Reference

Academic/NCl-designated 25.8 33.9 1.93 (0.94-3.95) 0.07

Integrated network care program 6.5 6.0 1.46 (0.52-4.12) 0.48

Suppressed due to age <40 y* 53.2 50.6 Omitted due to collinearity
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Table1 Continued
Biopsy only, n
% %
KPS** 13 76
<70 77 6.6
70-80 23.1 22.4
90-100 69.2 711

NCI = National Cancer Institute.

Resection, n

Univariable y2 P-value
Multivariable Logistic Regression
95% CI
0.99

n/a

*NCDB suppresses facility data for patients younger than 40 y to help ensure de-identification; as a result, in multivariable analysis, this factor is

collinear with the age <40 factor.

**KPS was encoded for only 15% of cases and so was excluded from multivariable analyses.

comorbidity index, year of diagnosis, tumor location, and
facility type had no impact (all P < 0.05; Table 4). Tumors
>6.0 cm displayed worse risk-adjusted OS (reference
2.1-4.0 cm: HR 4.56, 95% Cl: 1.27-16.40, P = 0.02). Notably,
GTR, but not STR, conferred a risk-adjusted OS benefit in
comparison to biopsy only (HR 0.28, 95% CI: 0.09-0.85,
P =0.02) and was independent of age at diagnosis. In the
multi-institutional cohort, there were no deaths and no sig-
nificant difference in progression-free survival by EOR (log-
rank P = 0.90) during a median follow-up of 55.3 months
(IQR: 33.0-79.1).

Discussion

Although WHO grade Il diffuse gliomas demonstrate
markedly slower growth and improved survival com-
pared with their high-grade counterparts, they never-
theless represent malignant disease that eventually
leads to disease relapse, malignant transformation to a
higher-grade pathology, and ultimately mortality."'2 The
estimated OS for diffuse LGG is 5-10 years from initial
diagnosis.”® Diffuse LGGs represent a heterogeneous
set of tumors that are now subdivided into grade Il IDH-
mutant and 1p/19g-codeleted oligodendroglioma, grade
Il IDH-mutant diffuse astrocytoma, and, rarely, grade Il
IDH-wildtype diffuse astrocytoma. Oligodendroglioma,
WHO grade I, is characterized by IDH mutation, alpha
thalassemia/mental retardation syndrome X-linked
(ATRX) wildtype, and whole-arm codeletion of 1p and
19q. Prior studies of management in LGG patients were
limited by the use of older histology-only classification
schema, which resulted in heterogeneous and inaccu-
rate LGG study populations.'This pooling of diffuse LGG
subtypes may have obscured the effects of surgical man-
agement in these prior studies. Despite many recent ad-
vances in classification and management, the benefit of
maximal resection, particularly for incidental or asymp-
tomatic LGGs, remains unclear.'?'3 In this analysis, we
examined the role of early surgical resection and EOR
in a large national cohort of patients with WHO grade I
1p/19g-codeleted oligodendrogliomas, augmented by a
multi-institutional cohort for validation.

Surgery versus Biopsy for Initial Management
of WHO Grade II 1p/19g-Codeleted
Oligodendrogliomas

Early studies of surgery versus biopsy have been limited
by the rarity of diffuse LGGs, lack of molecular classifica-
tion, pooling of different diffuse LGG subtypes, difficulty
in establishing appropriate control groups, and variable
assessments of EOR.7-? Although surgery has a critical di-
agnostic role in diffuse LGGs, the benefits of substantive
tumor resection remain uncertain. The decision is particu-
larly challenging for young patients with asymptomatic dif-
fuse LGGs, which are often diagnosed incidentally during
the radiographic workup of patients with headache, head
trauma, or other neurological complaints.’” Many of the
biopsy-only cases in our cohort likely represented inciden-
tally diagnosed oligodendrogliomas; although there was
no association between incidental presentation and EOR
in our multi-institutional cohort. In our multivariable ana-
lyses, only younger age and more recent diagnosis were
associated with a higher rate of surgical resection in the
national cohort.

There has yet to be a randomized trial specifically com-
paring biopsy and surgery for the management of newly
diagnosed WHO grade Il 1p/19g-codeleted oligodendrog
liomas.’?'3'% Due to tumor heterogeneity, biopsy alone
may undersample diffuse gliomas, leading to inappro-
priate classification and management, with prior studies
suggesting that such discordance is more prevalent with
contrast-enhancing tumors.'®'7 Despite the absence of
level | evidence, upfront maximal resection for LGG—par-
ticularly in the setting of symptomatic lesions—has be-
come largely accepted on the basis of prior retrospective
studies.”® There have been 2 “nearrandomized” studies
comparing biopsy and surgery for diffuse LGG where
researchers compared OS between patients treated in
centers that prefer biopsy versus those that preferred re-
section.’™'8 In the Norwegian study, biopsy was independ-
ently associated with worse OS (HR 1.8, 95% CI: 1.1-2.9,
P=0.03), when adjusting for the patient's Pignatti score—a
composite LGG prognosis score incorporating age, tumor
location and size, histology, and presence of neurologic
deficit.”® In the German study, resection was a predictor
of improved OS on univariable but not multivariable
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Table2 Characteristics of multi-institutional WHO grade I
oligodendrogliomas, stratified by EOR

Total (n) 4 30 22
Sex 0.57
Female (ref  75.0 46.7 50.0
male)
Age,y 0.47
median (IQR) 42 (33-50) 38(32-52) 40 (31-47)
<40 25.0 56.7 45.5
40-49 25.0 13.3 31.8
50-59 50.0 20.0 13.6
>60 0 10.0 9.1
Primary payor 0.83
Notinsured 0 3.3 0
!’rivate 100.0 73.3 86.4
insurance
Medicare 0 10.0 4.6
Medicaid 0 13.3 9.1
Tumor location 0.08
Frontal lobe 25.0 73.3 68.1
Temporal lobe 25.0 10.0 9.1
Parietal lobe 0 10.0 18.2
Other/ 50.0 6.7 4.6
overlapping
Tumor size, cm 0.16
median (IQR) 7.0 (3.7-7.3) 5.6 (4.0-7.1) 5.0 (3.6-5.8)
<2.0 0 0 4.6
2.1-4.0 25.0 23.3 18.2
4.1-6.0 0 26.7 59.1
>6.0 50.0 33.3 9.1
n/a 25.0 16.7 9.1
Eloquent 0.83
location
Yes (ref no) 25.0 20.0 273
Incidental 0.83
Yes (ref no) 25.0 16.7 22.7
KPS 0.15
<70 0 0 4.8
70-80 66.7 22.7 9.5
90-100 33.3 713 85.7

analysis.’™ However, stratification by volume of residual
tumor demonstrated that a residual tumor volume of
>15 cm?® was associated with worse OS (HR 3.8, 95% ClI:
1.1-13.0, P = 0.03), when adjusting for age and histology.
When taking into account molecular classification, reas-
sessment of a prior retrospective cohort also demonstrated
improved OS in patients managed with surgical resection
in IDH-mutated, 1p/19g-codeleted oligodendrogliomas,

compared with biopsy.'®'" We find that GTR, but not STR,
independently demonstrated improved OS relative to
biopsy-only watchful waiting.

Maximal Resection for WHO Grade II 1p/19q-
Codeleted Oligodendrogliomas

Given the progressive nature of diffuse LGGs, most pa-
tients managed with biopsy alone will eventually require
surgical resection, either for tumor progression (estimated
growth rate of 4 mm/y) or for malignant transformation.?°
The impact of EOR on PFS has been inconsistent in the
literature, with some studies showing an association and
others a lack thereof.?’-?” However, multiple studies have
found OS benefits of GTR in diffuse LGG."3152123.26-30Thege
OS benefits are posited to be from, in part, GTR's reduc-
tion of the number of neoplastic cells able to transform,
and thereby delaying malignant transformation of diffuse
LGGs." In a pooled analysis of diffuse LGGs, both larger
tumor size and STR were independent predictors of ma-
lignant transformation.?® In a prospective case series of
111 patients with diffuse LGG, smaller tumors and resec-
tion achieving <1 cm of residual tumor were independ-
ently associated with improved 0S.2% Similarly, in a series
of 216 diffuse LGG patients, both GTR and smaller tumors
were independently associated with OS and malignant-
progression free survival benefits.?’ These results may also
reflect the wide variability in methods for assessing EOR."?
There have notably been few volumetric analyses of the
impact of EOR on OS in LGG patients: in one study, diffuse
LGG patients with >90% EOR had increased OS relative to
those with <90% EOR (5-y 0S: 97% vs 76%)."%2"27 We have
previously shown that increased postoperative residual
tumor volume is associated with worse OS in WHO grade
Il 1p/19g-codeleted oligodendrogliomas (HR 1.05/cm?3, 95%
Cl: 1.00-1.09, P=0.03).8'The integration of non—fluid atten-
uated inversion recovery T2-weighted imaging, volumetric
segmentation, and standardized definitions could help
improve the accuracy of EOR evaluation in diffuse LGG
undergoing surgery.3?

Postoperative watchful-waiting approaches for adju-
vant therapies are poorly defined in diffuse LGGs. In order
to prevent confounding by adjuvant therapies, our ana-
lyses included only patients who underwent biopsy or
surgery without adjuvant radio/chemotherapy within a
year of initial diagnosis, and so likely represent patients
who were managed with postoperative watchful waiting.
In 7% and 11% of our national cohort of WHO grade Il
oligodendrogliomas, adjuvant radiotherapy and chemo-
therapy, respectively, were initially part of the treatment
plan but either not administered or refused by the patient.
Early intervention with radiotherapy has been found to im-
prove PFS and seizure control rate, but with minimal OS
benefit in the European Organisation for Research and
Treatment of Cancer (EORTC) 22845 trial.® Focusing on
high-risk diffuse LGGs, clinical trials (including Radiation
Therapy Oncology Group [RTOG] 9802, EORTC 22033-
26033, and RTOG 0424) have shown survival benefits
with chemotherapy and radiotherapy.3® Given the impact
of age on 5-year OS rates in resected patients, our ana-
lyses suggest that older WHO grade Il 1p/19g-codeleted
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Table 3 National characteristics of resected WHO grade Il oligodendrogliomas, stratified by EOR

Univariable 2 P-value

Multivariable Logistic Regression

95% ClI

Sex 146 320 0.72

Female (ref male) 45.2 43.4 0.84 (0.55-1.30) 0.43
Age, y 146 320 0.57

median (IQR) 39 (31-50) 40 (32-48) n/a

<40 52.1 50.0 1.34 (0.569-3.03) 0.49

40-49 22.6 28.4 Reference

50-59 15.1 13.1 0.75 (0.37-1.51) 0.42

>60 10.3 8.4 0.42 (0.16-1.13) 0.09
Year of diagnosis 146 320 0.48

2010 11.0 8.8 Reference

20M 13.0 15.0 1.42 (0.60-3.41) 0.43

2012 14.4 16.3 1.60 (0.68-3.75) 0.28

2013 18.5 15.0 1.08 (0.47-2.49) 0.86

2014 18.5 18.8 1.18 (0.52-2.71) 0.69

2015 14.4 10.3 1.00 (0.42-2.42) 1.00

2016 10.3 15.9 2.06 (0.84-5.06) 0.1
Comorbidity index 146 320 0.68

0 84.9 85.6 Reference

1 8.9 10.0 1.1 (0.54-2.29) 0.78

2 6.2 44 0.92 (0.33-2.54) 0.87
Race/ethnicity 146 320 0.38

White, non-Hispanic 86.3 83.1 Reference

Nonwhite 13.7 16.9 1.42 (0.77-2.63) 0.26
Primary payor 146 320 0.34

Not insured 9.6 6.6 Reference

Private insurance 75.3 75.3 1.60 (0.74-3.47) 0.23

Medicare 4.8 8.8 5.13 (1.40-18.84) 0.01

Medicaid/other government 10.3 9.4 1.37 (0.49-3.81) 0.55
Tumor location 146 320 0.26

Frontal lobe 63.0 70.9 Reference

Temporal lobe 1.0 7.2 0.67 (0.32-1.40) 0.29

Parietal lobe 11.6 1.6 0.88 (0.45-1.71) 0.70

Other/overlapping 14.4 10.3 0.69 (0.37-1.31) 0.26
Tumor size, cm 146 320 0.002

median (IQR) 5 (4-6) 4 3-5) n/a

<2.0 2.1 72 2.02 (0.56-7.32) 0.29

2.1-4.0 26.0 38.8 Reference

4.1-6.0 36.0 23.1 0.51 (0.29-0.91) 0.02

>6.0 16.4 8.8 0.30 (0.15-0.60) 0.001

n/a 29.5 22.2 0.45 (0.26-0.78) 0.005
Facility type 146 320 0.17

Community cancer center 11.6 8.4 Reference

Academic/NCl-designated 33.6 34.1 1.46 (0.67-3.18) 0.34

Integrated network care program 2.7 75 4.35 (1.18-16.07) 0.03

Suppressed due to age <40 y* 52.1 50.0 Omitted due to collinearity
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Table3 Continued

KPS** 24 52
<70 12.5 3.9
70-80 29.2 19.2
90-100 58.3 76.9

NCI = National Cancer Institute.

Univariable y2 P-value

Multivariable Logistic Regression
95% Cl

0.18

*NCDB suppresses facility data for patients younger than 40 y to help ensure de-identification; as a result, in multivariable analysis, this factor is

collinear with the age <40y factor.

**KPS was encoded for only 15% of cases and so was excluded from multivariable analyses.

L
< 54 oo T
= | T -1
= F—
<
a 94 Bx ______
-—- STR
— GTR
85 T T T T 1
0 12 24 36 48 60
Overall survival (mos)
Number at risk
Bx 113 98 85 69 49 36
STR 131 109 90 77 52 31
GTR 269 236 209 158 108 71

Fig. 1

Improved unadjusted 0S estimates with GTR. GTR (solid line; n =269) of WHO grade Il 1p/19g-codeleted oligodendrogliomas demon-

strated significantly improved unadjusted 0S compared with biopsy-only (dotted line; n = 113) or STR (dashed line; n =131) in Kaplan—Meier
estimates (log-rank test P=0.03; with the corresponding number-at-risk table).

oligodendroglioma patients who undergo resection
may especially benefit from the early addition of adju-
vant therapy and, as high-risk patients, may have been
suboptimally managed, whereas younger patients dem-
onstrated favorable short-term OS rates with surgical re-
section alone. Our data confirm the high-risk nature of
low-grade oligodendrogliomas that undergo only STR, re-
gardless of age, and suggest that in the early setting, GTR
patients aged 41-60 years behave similarly to canonical
low-risk cases.

The Relationships of Tumor and Patient
Characteristics with Maximal Resection

Diffuse LGG size has often been correlated with outcomes
in the literature, which we confirmed in our analyses: larger
tumors were less likely to achieve GTR and were associ-
ated with worse OS in multivariable analyses. Using tumor
sidedness as a surrogate for dominance, left-sided tumors

were equally likely to be totally resected as right-sided tu-
mors, and there was no difference in EOR by cerebral lobar
location of the oligodendroglioma. The lack of granularity
about tumor location and involvement of eloquent struc-
tures in the NCDB limited detailed evaluation of the rela-
tionship between oligodendroglioma location and EOR in
our analyses. Studies have consistently shown that diffuse
LGGs located in eloquent or near-eloquent areas are as-
sociated with decreased likelihood of achieving GTR and
that diffuse LGGs in non-eloquent locations are associated
with improved 0S.2'2227 |n those studies, when controlling
for involvement of eloquent structures, GTR continued to
be associated with longer 0S.??2 In our multi-institutional
cohort, eloquent location was not associated with EOR.
Increasingly, the incorporation of intraoperative mapping
and/or imaging has enhanced the EOR for diffuse LGGs lo-
cated in eloquent, as well as non-eloquent, areas.?*3°
Notably, our findings suggest that nationally, insurance
status is an independent predictor of both EOR and OS in
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40-49 31 23
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60+ 14 13
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18 16 12 7
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Fig.2 0S estimates stratified by age in STR and GTR. The unadjusted 0S rates only varied significantly by age for (A) GTR, with an 82.8% 5-year
0S for 60+ year olds (dash-dotted line, 95% Cl: 55.4-94.2, P=0.0003), compared with <40 year olds 96.1% (dotted line, 95% Cl: 84.3-99.1), 40-49 year
olds 98.6% (solid line, 95% ClI: 90.3-99.8), and 50-59 year olds 100.0% (gray dashed line, no endpoints reached after a median of 40.5 mo of fol-

low-up), but not for (B) STR (P=0.37).

WHO grade Il 1p/19g-codeleted oligodendrogliomas treated
in the US, with Medicare-insured patients more likely to un-
dergo GTR, but privately insured patients to be independ-
ently associated with improved OS. Although insurance
status had no impact on the biopsy-only versus surgical
resection decision, resected oligodendroglioma Medicare-
insured patients were significantly more likely than all
other patients to have GTR over STR. Insurance status was
not associated with EOR in the multi-institutional cohort,
but because Massachusetts has mandated minimum health
insurance coverage for all residents (only one patient in
the cohort was uninsured), our cohort represents a skewed
sample set. Additionally, although most WHO grade Il
1p/19g-codeleted oligodendrogliomas were managed in
academic medical centers, only CoC-designated integrated
network cancer programs were associated with higher

rates of GTR compared with community cancer programs.
OS was not associated with hospital type.

There has been limited research into the relationships
between socioeconomic status, management strategies,
and outcomes for diffuse LGGs. One study, analyzing data
from a national administrative claims database, suggested
that Medicare patients with malignant primary brain tu-
mors (of all histologic subtypes) were more likely to have
surgery at low-volume hospitals, whereas privately in-
sured patients were more likely to have surgery at high-
volume hospitals; but the study was unable to assess the
impact of insurance status on EOR.33The study's data also
suggested that insurance status was a significant predictor
of inpatient mortality for patients undergoing craniotomy
for brain tumors, with private insurance reducing the risk
of mortality. Our results suggest that, for patients with
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Table 4 Risk-adjusted predictors of 0S in WHO grade Il Table4 Continued
oligodendroglioma patients

Multivariate Cox Regression

Multivariate Cox Regression

HR 95% ClI P-value

o X
il B e Integrated network  0.65 (0.06-6.62)  0.72
Extent of Resection care program
Biopsy only Reference Suppressed due to omitted due to collinearity
*
STR 0.67 (0.23-1.95)  0.46 age <40y
GTR 0.28 (0.09-0.85)  0.02 NCI = National Cancer Institute.
Sex *NCDB suppresses facility data for patients younger than 40 y to help
ensure de-identification; as a result, in multivariable analysis, this
Female (ref male) 0.47 (0.18-1.22) 0.12 factor is collinear with the age <40y factor.
Age,y
<40 0.54 (0.11-2.65) 0.45
40-49 Reference WHO grade Il 1p/19g-codeleted oligodendrogliomas, insur-
50-59 1.76 (0.49-6.37)  0.39 ance status may play an important role in timely diagnosis
60 2.89 (0.59-14.17)  0.19 and access to newer technologies that may increase GTR

rates, such as intraoperative mapping and/or imaging and

Year of diagnosis improved volumetric imaging. Although access to care has

2010 Reference been associated with outcome disparities for many cancer
201 0.20 (0.04-1.19)  0.08 and brain tumor types, we demonstrate the first such data
2012 0.72 (0.16-3.27)  0.67 that access may contrlpute to the 'manage.me'nt a'nd out-
) o4 comes of low-grade oligodendrogliomas—indicating that
013 9 (0.73-11.9) 013 further research in this field is needed.3*3
2014 1.42 (0.26-7.86) 0.69
2015 1.01 (0.10-10.43) 0.99 N .
Limitations
Comorbidity index
0 Reference The breadth of national registry-based cancer databases,
1 2.40 (0.72-7.97) 0.15 like the NCDB, Ls esp(.ecie:IIy Sl:jited for exla.rr-winirjg -rareT
tumor types, where single and even multi-institutiona
2 .01 0.57-16.01 .2 . .
3.0 (0.57-16.01) 0.20 studies are underpowered. Nevertheless, the NCDB is
Race/ethnicity constrained by several important limitations. Survival
White, non-Hispanic  Reference outcome data are restricted to OS, which precludes the
Nomwhite 0.80 (0.22-2.92) 0.74 analysis of diffuse LGG PFS or malignant transformation

rates. Likewise, information about tumor management is

Primary payor . .
restricted to the initial treatment courses, and the effects

NS TS RIS of subsequent treatments cannot be accounted for. Details
Private insurance 0.24 (0.06-0.92)  0.04 about symptomatology, incidental presentation, involve-
Medicare 0.53 (0.09-2.95)  0.47 ment of eloquent structures, operative considerations, and
Medicaid/other 0.22 (0.02-2.23)  0.20 methods of EOR determination are notably lacking in the
government NCDB. In this national cohort, 5% of STR and 2% of GTR

had an initial surgical procedure/diagnostic that preceded
the definitive resection (by a median of 49 and 20 days, re-

Tumor location

Frontal lobe Reference . . . .
spectively). In the remaining cases, the definitive resection
Temporal lobe 0.64 (0.32-1.28)  0.21 was encoded as the initial surgical procedure. Although
Parietal lobe 1.05 (0.53-2.06)  0.89 it is possible that these few patients represent crossover
Other/Overlapping  0.64 (0.32-1.28)  0.21 from a watchful-waiting or biopsy-only group to maximal

resection, the median time from initial to definitive sur-

Tumor size, cm .
gery would suggest that a majority of cases perhaps repre-

—— D (0.10-9.03)  0.98 sented a diagnostic biopsy followed by definitive resection.
2.1-4.0 Reference To help address these limitations, we examined a multi-
4.1-6.0 0.91 (0.23-3.65)  0.90 institutional cohort of WHO grade |l 1p/19g-codeleted
-6.0 456 (127-164)  0.02 oligodendrogliomas. Many of the biopsy-only cases in the
national cohort likely represent oligodendrogliomas that

L] il (T were incidentally diagnosed—indeed, 25% of our multi-
Facility type institutional biopsy-only cases were incidentally diagnosed,
Community cancer  Reference whereas the other 75% presented with seizures. In all 4
center biopsy-only multi-institutional cases, the treating neuro-
Academic/ 1.13 (0.36-3.55)  0.84 oncologist or neurosurgeon designated the management

NCl-designated as watchful waiting. Nationally, the KPS, 30-day readmission
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rate, and postoperative length of stay did not vary signifi-
cantly between biopsy-only and resected cases, suggesting
that the resected oligodendrogliomas did not present with
markedly worse clinical features that would necessitate sur-
gery.Additionally, in our multi-institutional cohort, there were
no significant differences in the incidental diagnosis rate,
KPS, or involvement of eloquent neuroanatomy between
biopsy-only and surgical resection. In our multi-institutional
cases that were encoded for inclusion into national cancer
registries including the NCDB, registrars based the EOR de-
termination on the neuro-oncologist's, neurosurgeon's, and/
or neuroradiologist's postoperative interpretation, as de-
tailed in the operative, clinical, or radiology notes. Due to
the complexities of determining EOR, registry encoding of
such data can be suboptimal: 13% of our registry-encoded
multi-institutional cases were erroneously encoded for
EOR. Additionally, the NCDB also does not yet incorporate
IDH status for diffuse gliomas, so oligodendrogliomas are
defined herein solely by their 1p/19g-codeleted status.3®
Another limitation is that our findings relate to short-term all-
cause OS. Given the relatively short follow-up in our study,
it is possible that factors associated with long-term cancer-
specific survival may change.

Conclusions

Herein we investigate the predictors and outcomes of max-
imal resection in a national cohort of patients with WHO
grade |l 1p/19g-codeleted oligodendrogliomas. Compared
with biopsied-only cases, GTR, but not STR, was associ-
ated with an OS benefit, and was independent of patient
age, tumor size, tumor location, or treating hospital type.
Older patients in particular may benefit from the early ad-
dition of adjuvant chemoradiotherapy. Patients insured
through Medicare and managed at an integrated network
cancer program were significantly more likely to have a
GTR, whereas private insurance demonstrated an inde-
pendent OS benefit, suggesting that insurance status and
care setting may play important roles in access to timely
diagnosis or innovations that improve maximal resection
inWHO grade Il 1p/19g-codeleted oligodendrogliomas.

Keywords

diffuse oligodendroglioma | WHO grade Il | extent of resec-
tion | surgery | watchful waiting
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