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Abstract

Background: Population-based analyses of patterns of care and survival of older patients diagnosed with grade II-III oligoden-
droglioma (OLI) or astrocytoma (AST) can aid clinicians in their understanding and care of these patients. Methods: We
identified patients diagnosed between 2006 and 2015 with primary glioma diagnoses (OLI or AST) who were older than
65 years using the latest release of the Surveillance, Epidemiology, and End Results-Medicare–linked database. Medicare
claims were used to identify cancer treatments (surgery, chemotherapy, and radiation therapy) from 2006 to 2016. Kaplan-
Meier methodology was used to describe overall survival (OS). Cox proportional hazards regression was used to associate var-
iables of interest, including treatments in a time-dependent manner, with OS. Hazard ratios (HRs) and 95% confidence inter-
vals (CIs) from multivariable, cause-specific competing risk models identified associations with treatments. All statistical
tests were 2-sided. Results: We identified 1291 patients comprising 158 with OLI, 1043 with AST, and 90 with mixed
histologies. Median OS was 6.5 (95% CI¼6.1 to 7.3) months for the overall cohort, 22.6 (95% CI¼13.9 to 33.1) months for OLI,
and 5.8 (95% CI¼5.3 to 6.4) months for AST. Patients who received surgery and patients who received both chemotherapy
and radiation therapy in combination experienced better OS (HR¼0.87, 95% CI¼0.79 to 0.96, and HR¼0.58, 95% CI¼0.35 to
0.96, respectively). Over the time frame studied, there was a 4.0% increase per year in prescription of chemotherapy (P¼ .03)
and a 2.0% improvement in OS for each calendar year (P¼ .003). Conclusions: We provide population-based evidence that
patients older than 65 years with grade II-III glioma have experienced increased chemotherapy use as well as improvement
in survival over time.

Oligodendrogliomas (OLI) and astrocytomas (AST) are lower
grade (II-III) primary brain neoplasms, which constitute approx-
imately 35% of all gliomas in the United States with ASTs occur-
ring 3 times more frequently than OLIs (1). These specific brain
tumors are more common in younger patients with median
ages at diagnosis of 43 and 48 years (2), respectively, with 70%-
90% diagnosed in patients younger than 65 years (3,4). Because
of a lack of prospective trials (5), there is controversy regarding
the optimal management of older patients with OLI including
the timing of radiotherapy and utility of chemotherapy; and
there is no standardized treatment for older patients with AST,
with many clinicians extrapolating from treatment of older
patients with glioblastoma multiforme (6).

Population-based studies of glioma do not typically focus on
older patients, though a few have. A study of patients 65 years

and older with OLI from 1973 to 2012 reported decreasing all-
cause mortality over time, highest mortality for patients 85 and
older, and an associated univariable survival benefit with sur-
gery (7). A study of patients older than 65 years with AST found
that the oldest patients (75 years and older) were more likely to
receive limited treatment and that survival varied by treatment
combinations (8). The study on patients 65 years and older with
OLI relied on Surveillance, Epidemiology and End Results (SEER)
treatment variables, which have only moderate sensitivity to
identify treatments received (9), and neither study incorporated
the timing of treatments received, inevitably leading to biased
conclusions (10,11).

More than a decade ago, we described the prognosis and pat-
terns of care in older patients with OLI or AST using SEER-
Medicare (12). Now, using a recent release of SEER-Medicare
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data, we aim to describe contemporary patterns of care and es-
timate overall survival in older patients with these gliomas. We
identify factors associated with receipt of different treatment
types and associate treatments with overall survival. Finally, we
describe trends of care and survival over time to better aid clini-
cians in their understanding and care of patients older than
65 years with OLI and AST, a group of patients commonly ex-
cluded from randomized clinical trials (13).

Methods

Design

This was a population-based cohort study using SEER data
linked with Medicare claims from 2006 through 2016. The SEER
registries include more than 25% of all patients diagnosed with
cancer in the United States. Medicare is the primary health in-
surer for Americans 65 years and older and covers medical care
including, but not limited to, inpatient hospital treatment, out-
patient care, and physician services. The SEER-Medicare–linked
database is a unique resource offering a large population-based
cohort, which can be used to longitudinally evaluate health out-
comes (14). We used Medicare claims from the physician and
supplier file, outpatient standard analytic file, provider analysis
and review file, and the Part D event file. The Memorial Sloan
Kettering institutional review board deemed this study exempt
from review and waived the need for informed consent.

Cancer Cohort

We identified our cohort using the SEER-Medicare–linked data-
bases from January 1, 2006, to December 31, 2015. We selected
patients diagnosed with a primary brain cancer from the SEER
Patient Entitlement and Diagnosis Summary file utilizing
the siterwho1 variable (Brain: 31010). Furthermore, OLIs were
identified with International Classification of Diseases 3rd edi-
tion (ICD-O-3) histologic type hist1 code of 9450 or 9451, and
ASTs were identified with codes 9400-9420. Exclusions were
made if any of the following occurred: patient lacked Part A or B
Medicare coverage or belonged to a health maintenance organi-
zation in the year prior to OLI or AST diagnosis or through
follow-up; OLI or AST diagnosis was made only at the time
of death; month of OLI or AST diagnosis was missing; or
OLI or AST diagnosis was made before age 66 years (could not
calculate comorbidity status in the year prior to brain cancer di-
agnosis). The SEER program collects sociodemographic charac-
teristics, including age at OLI or AST diagnosis, sex, race, year of
OLI or AST diagnosis, marital status, cancer grade, geographic
region, and census tract poverty level from registry records, and
these variables were available in the SEER Patient Entitlement
and Diagnosis Summary file. Categories of race were deter-
mined by the SEER race recode variable and were as follows:
Black, Other, Unknown, and White. The race category “other”
included American Indian, Alaska Native, Asian, and/or Pacific
Islander. We used the World Health Organization grading based
on ICD-O-3 histologic type codes to classify patients as grade II
(histologic type codes 9450, 9400, 9410, 9411, 9420, and 9413),
grade III (histologic type codes 9451 and 9401), or mixed grade
(histologic type code 9382). Isocitrate dehydrogenase (IDH) mu-
tation status was not available. For direct comparison with our
previous publication (12), we also identified cancer grade with
the SEER International Classification of Diseases 2nd edition
(ICD-O-2) grade codes. Although explicit values of surgical

margins cannot be determined from the SEER-Medicare data
(15), there is some precedent in the literature using SEER surgery
codes to define broad categories of surgical extent (4,16). To fur-
ther detail those with Medicare claim codes for surgery in an ex-
ploratory analysis, we used the following surgery codes from
the SEER registry: local excision and/or biopsy (code 20), subto-
tal resection (codes 21, 40), and gross total resection (codes 30,
55). Although there have been minor modifications to the codes
in each edition of the SEER Program Coding and Staging Manual,
the general definitions have remained relatively consistent
(4,16).

Claims

We used Medicare claims from the physician and supplier file,
outpatient standard analytic file, provider analysis and review
file, and the Part D event file. Claims information was available
through December 31, 2016, which was the end of follow-up.
Claim codes (ICD-9) used for surgery, radiotherapy, and chemo-
therapy have been previously described (12). Analogous ICD-10
codes were also used as applicable (Supplementary Table 1,
available online). Charlson comorbidity score in the year prior
to OLI or AST diagnosis was calculated (17).

In an exploratory analysis, for the subset of patients
with complete Part D coverage from glioma diagnosis until
death or last follow-up, we explored oral chemotherapeutic
temozolomide (TMZ) and procarbazine, lomustine (cyclonexyl-
chloroethyl-nitrosourea [CCNU]), vincristine (PCV), which is ad-
ministered orally and intravenously. These codes are detailed
in Supplementary Table 2 (available online).

Statistical Analyses

Statistical measures such as means, medians, ranges, and pro-
portions were used to characterize the cohort under study over-
all and by glioma subtype. For the overall cohort and by glioma
subtype, Kaplan-Meier methodology was used to present overall
survival (OS) from date of primary glioma diagnosis until death
for those who died prior to administrative follow-up (December
31, 2016) or until last administrative claim date (December 31,
2016) for those who were alive. OS comparison across glioma
subtype was compared using the log-rank test.

Cox proportional hazards modeling was used to associate var-
iables of interest with OS for the overall cohort and by glioma di-
agnosis. Wald v2 tests were performed to generate P values for
the association of variables of interest with OS. A time-dependent
covariable was used for chemotherapy and radiation to incorpo-
rate the timing of the treatment as well as if the patient received
the treatment. In addition to treatments, other variables included
in the OS Cox models were age at first primary glioma diagnosis,
sex, race, marital status, geographic registry region, census tract–
based poverty, glioma subtype (for the overall cohort model only),
tumor grade, Charlson comorbidity index in the year prior to gli-
oma diagnosis, and year of glioma diagnosis. The appropriateness
of the assumption of hazards proportionality was diagnosed with
visual inspection of the log-minus-log plots and Schoenfeld resid-
uals for each time-independent variable.

To investigate treatment patterns, cumulative incidence
rates and corresponding 95% confidence intervals (CIs) were es-
timated separately for each treatment (surgery, radiation ther-
apy [RT], and chemotherapy) in the competing risks setting.
Follow-up time was calculated from glioma diagnosis until
treatment of interest, death (as a competing event), or last
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administrative follow-up (December 31, 2016), whichever oc-
curred first. Comparison of cumulative incidence curves for
each treatment type (separately) across glioma subtypes was
performed with Gray’s test.

To associate variables of interest with receipt of treatment
for the overall cohort and by glioma subtype, a cause-specific
approach was used to account for the competing risk of death.

Receipt of each individual treatment (surgery, RT, and chemo-
therapy) was modeled separately. Variables included in these
models were age at first primary glioma diagnosis, sex, race,
marital status, geographic registry region, census tract–based
poverty, glioma subtype (for the overall cohort model only), tu-
mor grade, Charlson comorbidity index in the year prior to gli-
oma diagnosis, and year of glioma diagnosis. Wald v2 tests were

Table 1. Cohort characteristics

Variable Alla Oligodendrogliomas Astrocytomas
No. (%) No. (%) No. (%)

Comorbidity index
0 715 (55.4) 93 (58.9) 569 (54.6)
1 277 (21.5) 34 (21.5) 229 (22)
�2 299 (23.2) 31 (19.6) 245 (23.5)

Chemotherapyb

No 951 (73.7) 108 (68.4) 771 (73.9)
Yes 340 (26.3) 50 (31.6) 272 (26.1)

RTb

No 412 (31.9) 48 (30.4) 340 (32.6)
Yes 879 (68.1) 110 (69.6) 703 (67.4)

Surgeryb

No 769 (59.6) 63 (39.9) 670 (64.2)
Yes 522 (40.4) 95 (60.1) 373 (35.8)

Age at diagnosis, y
66-69 299 (23.2) 44 (27.8) 234 (22.4)
70-74 373 (28.9) 41 (25.9) 293 (28.1)
75-79 300 (23.2) 73 (46.2)c 250 (24)
80-84 219 (17) 175 (16.8)
�85 100 (7.7) 91 (8.7)

Geographic location
West or Midwest 718 (55.6)c 94 (59.5)c 583 (55.9)c

South 334 (25.9) 35 (22.2) 273 (26.2)
Northeast 239 (18.5) 29 (18.4) 187 (17.9)

Marital status
Married 752 (58.2) 90 (57) 609 (58.4)
Unmarried 481 (37.3) 68 (43)c 389 (37.3)
Unknown 58 (4.5) 45 (4.3)

Census tract poverty level
�10% 579 (44.8) 66 (41.8) 474 (45.4)
<10% or unknown 712 (55.2)c 92 (58.2)c 569 (54.6)c

Race
Black 48 (3.7) c 42 (4)
Other/Unknownd 58 (4.5)c c 47 (4.5)c

White 1185 (91.8) c 954 (91.5)
Sex

Male 688 (53.3) 84 (53.2) 554 (53.1)
Female 603 (46.7) 74 (46.8) 489 (46.9)

Year of diagnosis
Continuous 1291 (100) 158 (100) 1043 (100)

Subtype and WHO grade
OLI, II 83 (6.4) 83 (52.5) e

OLI, III 75 (5.8) 75 (47.5) e

Mixed 90 (7) e e

AST, II 521 (40.4) e 521 (50)
AST, III 522 (40.4) e 522 (50)

aThere are 90 patients with mixed histology who are included in the “All” column along with astrocytomas and oligodendrogliomas. AST ¼ astrocytoma; OLI ¼ oligo-

dendroglioma; RT ¼ radiation therapy; WHO ¼World Health Organization.
bEver received.
cAgreement with SEER-Medicare does not allow the reporting of results fewer than 11 patients because of privacy. Some cells are omitted entirely or collapsed or com-

bined to circumvent back calculation of reportable patients. The majority of patients with oligodendroglioma were White.
dOther race includes American Indian, Alaska Native, Asian, and/or Pacific Islander.
eOLI grade II, OLI grade III, and mixed categories do not apply to the astrocytoma cohort. Similarly, AST grade II, AST grade III, and mixed categories do not apply to the

oligodendroglioma cohort.
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performed to generate P values for the association of variables
of interest with receipt of individual treatments.

All tests were 2-sided with an alpha level of statistical signif-
icance set at 0.05. Analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

Results

Patient Characteristics

We identified 1291 patients diagnosed aged older than 65 years
with primary OLI (n¼ 158, 12.2%), AST (n¼ 1043, 80.8%), or

mixed histologies (n¼ 90, 7.0%) from 2006 to 2015. Of these,
40.4% were AST grade II, 40.4% were AST grade III, 6.4% were
OLI grade II, 5.8% were OLI grade III, and 7.0% had mixed histol-
ogy (Table 1). There were 688 male patients (53.3%) and 603 fe-
male patients (46.7%). There were 48 Black patients (3.7%), 58
patients with Other or Unknown race (4.5%), and 1185 White
patients (91.8%).

Treatment Patterns

Using cumulative incidence to account for the competing
risk of death, we estimated 2-year incidence of surgery was

Figure 1. Cumulative incidence curves of specific treatments for patients older than 65 years by glioma type. A) Shows the cumulative incidence of surgery in patients

older than 65 years with oligodendroglioma or astrocytoma. Patients with oligodendroglioma were more likely to receive surgery compared with patients with astrocy-

toma. B) Shows the cumulative incidence of radiation therapy in patients older than 65 years with oligodendroglioma or astrocytoma. The cumulative incidence of ra-

diation therapy did not differ by disease type. C) Shows the cumulative incidence of chemotherapy in patients older than 65 years with oligodendroglioma or

astrocytoma. The cumulative incidence of chemotherapy did not differ by disease type. P values were calculated using a 2-sided Gray’s test. AST ¼ astrocytoma; OLI ¼
oligodendroglioma.
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40.1% (95% CI¼ 37.5% to 42.8%), which was statistically signifi-
cantly different by subtype with 2-year incidence of surgery of
60.1% for OLI (95% CI¼ 52.4% to 67.8%) and 35.4% for AST (95%
CI¼ 32.5% to 38.3%; P< .001) (Figure 1, A). In the multivariable
model, OLI grade III had an increased association of receiving
surgery compared with OLI grade II (HR¼ 1.92, 95% CI¼ 1.27 to
2.91) (Table 2).

We estimated 2-year incidence of RT was 67.2% (95%
CI¼ 64.6% to 69.8%), which did not statistically significantly
vary by glioma subtype (Figure 1, B). In the multivariable model,
all other subtypes had an increased association of receiving RT
when compared with OLI grade II, with AST grade III more than
2 times more likely than OLI grade II to receive RT (HR¼ 2.24,
95% CI¼ 1.65 to 3.04) (Table 2). We estimated the 2-year rate of
chemotherapy was 24.4% (95% CI¼ 22.0% to 26.7%), and similar
trends were seen in the multivariable model for glioma subtype
and chemotherapy as were seen for RT (Figure 1, C).

Year of diagnosis was not associated with receipt of RT or
surgery, but there was a 4.0% increased association for each cal-
endar year with receipt of chemotherapy (HR ¼ 1.04, 95% CI ¼
1.01 to 1.08; P¼ .03). This was driven by the AST cohort (results
not shown). Older ages were less likely to receive RT (ages 80-84
years: HR ¼ 0.72, 95% CI¼ 0.57 to 0.90; and ages 85 years and
older: HR ¼ 0.39, 95% CI¼ 0.27 to 0.57), marginally less likely to
receive chemotherapy (ages 80-84 years: HR ¼ 0.56, 95%
CI¼ 0.37 to 0.84; and ages 85 years and older: HR ¼ 0.60, 95%
CI¼ 0.34 to 1.07), but not less likely to receive surgery (ages 80-
84 years: HR ¼ 0.86, 95% CI¼ 0.65 to 1.15; and ages 85 years and
older: HR ¼ 0.71, 95% CI¼ 0.47 to 1.08) (Table 2).

Overall Survival

Median overall survival was 6.5 (95% CI¼ 6.1 to 7.3) months for
the overall cohort, 22.6 (95% CI¼ 13.9 to 33.1) months for 158 OLI

Table 2. Predictors of treatments in the overall cohort

Variable

Surgery Radiation Chemotherapy

HR (95% CI)a Pa HR (95% CI)a Pa HR (95% CI)a Pa

Comorbidity
index
0 Referent .85 Referent .18 Referent .77
1 1.07 (0.85 to 1.33) 1.17 (0.99 to 1.39) 1.03 (0.78 to 1.35)
�2 1.03 (0.83 to 1.28) 1.03 (0.86 to 1.23) 0.91 (0.67 to 1.23)

Age at diagnosis,
y
66-69 Referent .27 Referent <.001 Referent .06
70-74 1.02 (0.81 to 1.29) 1.10 (0.92 to 1.31) 0.90 (0.69 to 1.17)
75-79 1.07 (0.83 to 1.37) 0.90 (0.74 to 1.09) 0.85 (0.63 to 1.16)
80-84 0.86 (0.65 to 1.15) 0.72 (0.57 to 0.90) 0.56 (0.37 to 0.84)
�85 0.71 (0.47 to 1.08) 0.39 (0.27 to 0.57) 0.60 (0.34 to 1.07)

Marital status
Married Referent .87 Referent .20 Referent .11
Unmarried 1.02 (0.84 to 1.24) 0.90 (0.78 to 1.05) 0.76 (0.59 to 0.98)
Unknown 1.11 (0.75 to 1.65) 0.79 (0.56 to 1.11) 0.95 (0.57 to 1.59)

Census tract pov-
erty level
<10% Referent .40 Referent .43 Referent .24
�10% 0.97 (0.81 to 1.17) 0.96 (0.83 to 1.11) 0.83 (0.65 to 1.05)
Unknown 0.45 (0.14 to 1.43) 1.44 (0.75 to 2.74) 1.25 (0.45 to 3.46)

Race
Black 1.02 (0.65 to 1.62) 0.83 (0.58 to 1.19) 1.33 (0.78 to 2.26)
Otherb/
Unknown

0.84 (0.53 to 1.33) .76 0.78 (0.55 to 1.11) .24 0.77 (0.43 to 1.36) .38

White Referent Referent Referent
Sex

Male Referent .65 Referent .53 Referent .78
Female 0.96 (0.80 to 1.15) 0.96 (0.83 to 1.10) 0.97 (0.77 to 1.21)

Subtype and
WHO grade
OLI, II Referent <.001 Referent <.001 Referent <.001
AST, II 0.76 (0.54 to 1.08) 1.66 (1.22 to 2.25) 1.33 (0.85 to 2.08)
OLI, III 1.92 (1.27 to 2.91) 1.91 (1.30 to 2.79) 1.47 (0.84 to 2.59)
AST, III 0.72 (0.51 to 1.02) 2.24 (1.65 to 3.04) 2.17 (1.40 to 3.37)
Mixed 1.41 (0.93 to 2.14) 1.62 (1.11 to 2.36) 0.83 (0.44 to 1.53)

Year of diagnosis
Continuous 0.99 (0.96 to 1.02) .67 1.01 (0.99 to 1.03) .38 1.04 (1.01 to 1.08) .03

aAdjusted for comorbidity index in the year prior to glioma diagnosis, age at glioma diagnosis, geographic location, marital status, census tract poverty level, race, sex,

glioma subtype and WHO grade, and year of glioma diagnosis. Two-sided Wald v2 tests were performed to generate P values for the association of variables with receipt

of individual treatments. AST ¼ astrocytoma; CI ¼ confidence interval; HR ¼ hazard ratio; OLI ¼ oligodendroglioma; WHO ¼World Health Organization.
bOther race includes American Indian, Alaska Native, Asian, and/or Pacific Islander.
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patients, and 5.8 (95% CI¼ 5.3 to 6.4) months for 1043 AST
patients (P < .001). Survival varied by subtype and grade as well
(Figure 2). Using SEER grade for direct comparison with our pre-
vious publication (12), median OS for OLI grade II was 29.4 (95%
CI¼ 1.3 to 67.1) months, 15.5 (95% CI ¼ 10.2 to 28.3) months for
OLI grade III, 10.4 (95% CI ¼ 6.9 to 19.7) months for AST grade II,
and 5.1 (95% CI ¼ 4.7 to 5.8) months for AST grade III.

In the multivariable setting, older age, male sex, and higher
comorbidity index was associated with worse OS (Table 3).
Patients who received surgery and patients who received both
chemotherapy and RT in combination experienced better OS
(HR¼ 0.87, 95% CI¼ 0.79 to 0.96, and HR ¼ 0.58, 95% CI¼ 0.35 to
0.96, respectively). In a separate multivariable model, we exam-
ined the effect of surgery type and found that patients with
gross total resection experienced better OS (HR ¼ 0.85, 95% CI ¼
0.74 to 0.97) compared with patients with no surgery. This was
driven largely by patients with AST (HR ¼ 0.78, 95% CI ¼ 0.66 to
0.92), and although there was a similar pattern for patients with
OLI, it was not statistically significant (HR ¼ 0.97, 95% CI ¼ 0.67
to 1.42). Importantly, each year of diagnosis was associated
with a 2.0% decrease in risk of death (HR ¼ 0.98, 95% CI ¼ 0.96 to

0.99; P¼ .003), an association also seen separately for AST and
OLI.

Discussion

Using a recent release of population-based SEER-Medicare data,
we identified a 2.0% improvement in survival each calendar
year from 2006 to 2015. Median OS improved a range of 1 to
6 months for OLI grade III, AST grade II, and AST grade III from
1994-2002 (12) to 2006-2015. While not comprising results on
only older patients, Dong et al. (4) also found that OS has im-
proved for grade II and III astrocytoma patients from 1999 to
2010, and Brandel et al. (18) reported improved OS for grade III
oligodendroglioma patients from 1999 to 2012. Although sur-
vival did not improve for OLI grade II, it is most likely an anom-
aly because of the exceedingly small number in this SEER-based
histological group in the latest SEER-Medicare release.
Furthermore, the 95% confidence interval in our current study
included the median OS published previously for OLI grade II.

The cohort under study included patients diagnosed from
2006 to 2015. Previous reports from 2003 and 2007 demonstrated

Figure 2. Kaplan-Meier survival curves for patients older than 65 years by glioma type and World Health Organization grade. Numbers of patients at risk are provided

by group. Some numbers are omitted entirely because of data use agreement with SEER-Medicare, which does not allow the reporting of results fewer than 11 patients,

either directly or indirectly. Patients with oligodendroglioma grade II tumors experienced the best survival, and patients with astrocytoma grade III tumors experienced

the worst survival. The P value was calculated using a 2-sided log-rank test. AST ¼ astrocytoma; OLI ¼ Oligodendroglioma; SEER ¼ Surveillance, Epidemiology, and End

Results.
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Table 3. Predictors of survival in the overall cohort and by subtype

Variable

All Oligodendrogliomas Astrocytomas

HR (95% CI)a Pa HR (95% CI)b Pb HR (95% CI)b Pb

Comorbidity
index
0 Referent <.001 Referent .02 Referent .008
1 1.14 (1.02 to 1.28) 1.66 (1.14 to 2.43) 1.11 (0.98 to 1.25)
�2 1.23 (1.09 to 1.37) 1.40 (0.93 to 2.13) 1.21 (1.07 to 1.37)

Chemotherapy
and RTc

Chemo only Referent <.001 Referent <.001 Referent <.001
Neither 1.74 (1.06 to 2.87) 1.25 (0.44 to 3.50) 1.87 (1.05 to 3.33)
RT only 0.87 (0.53 to 1.44) 0.56 (0.20 to 1.58) 0.93 (0.52 to 1.66)
Chemo þ RT 0.58 (0.35 to 0.96) 0.38 (0.13 to 1.11) 0.58 (0.32 to 1.04)

Surgery
No Referent .004 Referent .49 Referent .004
Yes 0.87 (0.79 to 0.96) 0.89 (0.65 to 1.23) 0.86 (0.77 to 0.95)

Age at diagnosis,
y
66-69 Referent .01 Referent <.001 Referent .17
70-74 1.16 (1.02 to 1.32) 2.21 (1.46 to 3.35) 1.09 (0.95 to 1.26)
75-79 1.26 (1.10 to 1.44) 1.96 (1.31 to 2.94) 1.18 (1.02 to 1.36)
80-84 1.21 (1.04 to 1.40) 1.08 (0.66 to 1.76) 1.18 (1.00 to 1.39)
�85 1.11 (0.90 to 1.35) 2.04 (0.85 to 4.89) 1.04 (0.84 to 1.29)

Marital status
Married Referent .65 Referent .03 Referent .41
Unmarried 1.02 (0.92 to 1.13) 1.49 (1.06 to 2.11) 0.97 (0.87 to 1.09)
Unknown 0.92 (0.73 to 1.15) 2.00 (1.01 to 3.95) 0.85 (0.66 to 1.09)

Census tract pov-
erty level
<10% Referent .13 Referent .22 Referent .01
�10% 1.10 (1.00 to 1.21) 0.74 (0.53 to 1.04) 1.16 (1.04 to 1.29)
Unknown 1.26 (0.82 to 1.95) 0.78 (0.25 to 2.44) 1.52 (0.90 to 2.57)

Race
Black 0.88 (0.69 to 1.11) 1.32 (0.52 to 3.40) 0.85 (0.66 to 1.09)
Otherd/
Unknown

0.78 (0.62 to 0.98) .06 0.43 (0.15 to 1.21) .23 0.90 (0.70 to 1.15) .32

White Referent Referent Referent
Sex

Male Referent .02 Referent .007 Referent .10
Female 0.90 (0.81 to 0.99) 0.63 (0.45 to 0.88) 0.92 (0.82 to 1.02)

Subtype and
WHO grade
OLI, II Referent <.001 Referent <.001 e e

OLI, III 1.81 (1.38 to 2.39) 2.21 (1.59 to 3.07) e e

Mixed 1.53 (1.17 to 2.00) e e e e

AST, II 2.06 (1.67 to 2.54) e e Referent <.001
AST, III 2.88 (2.33 to 3.56) e e 1.41 (1.27 to 1.56)

Year of diagnosis
Continuous 0.98 (0.96 to 0.99) .003 0.93 (0.88 to 0.99) .02 0.98 (0.96 to 0.99) .008

aAdjusted for comorbidity index in the year prior to glioma diagnosis, treatment, age at glioma diagnosis, geographic location, marital status, census tract poverty level,

race, sex, year of glioma diagnosis, and glioma subtype and WHO grade. Two-sided Wald v2 tests were performed to generate P values for the association of variables

with overall survival. AST ¼ astrocytoma; CI ¼ confidence interval; HR ¼ hazard ratio; OLI ¼ oligodendroglioma; RT ¼ radiation therapy; WHO ¼ World Health

Organization.
bAdjusted for comorbidity index in the year prior to glioma diagnosis, treatment, age at glioma diagnosis, geographic location, marital status, census tract poverty

level, race, sex, year of glioma diagnosis, and WHO grade. Two-sided Wald v2 tests were performed to generate P values for the association of variables with overall

survival.
cTime-dependent variable.
dOther race includes American Indian, Alaska Native, Asian, and/or Pacific Islander.
eOLI grade II, OLI grade III, and mixed categories do not apply to the astrocytoma cohort. Similarly, AST grade II, AST grade III, and mixed categories do not apply to the

oligodendroglioma cohort.
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that older patients with malignant glioma benefited from sur-
gery with regard to OS (19,20). The 2005 National Comprehensive
Cancer Network guidelines also recommended maximal safe
resection where feasible for grades II and III gliomas (21). Thus,
it follows that we identified no increase in surgery over
time and that surgery was associated with more favorable OS.
Interestingly, we found a decreased risk of death associated with
surgery across subtypes, though this was not statistically signifi-
cantly reduced for patients with OLI. Furst et al. (7) reported sim-
ilar findings in a SEER study of older patients with OLI, though
the time frame studied was from 1973 to 2012 and other treat-
ments were not modeled as covariates.

At the outset of the time frame currently under study, RT
had been shown to improve progression-free survival but not
OS for patients with low-grade gliomas (22,23). However, by the
end of our study period in 2015, the National Comprehensive
Cancer Network guidelines recommended maximal safe resec-
tion where feasible for low-grade gliomas followed by RT and
PCV or RT and TMZ for those older than 40 years (21). For
patients with grade III OLI, at the beginning of our study period,
2 clinical trials had reported PCV and RT was no better than RT
alone with regard to OS (24,25). By the end of our study period
herein, however, the trial data matured to reveal that PCV
and RT doubled survival compared with RT alone (26-28).
While these results accumulated, TMZ became widely available
and the chemotherapeutic of choice for anaplastic oligodendro-
gliomas (29). Grade III AST, which is typically treated using
glioblastoma multiforme guidelines (30,31), would have been
influenced by the Stupp protocol published in 2005 recommend-
ing RT and TMZ (32). Considering these published results and
changing guidelines over our study period, it is not surprising
that we identified no increase in radiation over time but
reported a 4% increase in chemotherapy with each calendar
year from 2006 to 2015.

We recently published a SEER-Medicare report on patients
older than 65 years with glioblastoma (33). Although the overall
focus differed based on glioma histology, we did find interesting
similarities between our study on glioblastoma and the current
study of lower-grade gliomas. Older patients with glioblastoma
were less likely to receive standard of care treatment than their
younger counterparts. Furthermore, older patients who received
standard of care treatment had improved survival. A standard
of care treatment regimen does not exist in the same manner
for patients with OLI and AST as it does for those with glioblas-
toma. Nevertheless, we note that prior publications report 60%-
70% of all lower-grade glioma patients receiving surgery (34,35),
whereas in the current report, only 40% of patients older than
65 years with lower-grade glioma received surgery. We also ob-
served an improved survival associated with surgery in our cur-
rent older population.

In 2016, the World Health Organization classification for
grade II and III gliomas was modified to include IDH mutation
status. This revision from a histologically based categorization
to a molecularly based categorization reclassified a substantial
proportion of gliomas (36,37). Following this reclassification, it
has become well established that IDH mutant gliomas are more
sensitive to RT and chemotherapy, which may explain why IDH
mutations predict favorable outcomes in gliomas (38). IDH mu-
tation status was not available in the current SEER-Medicare
data release analyzed herein, but we suspect to see similar
trends in future reports.

We report an improved survival over our study period with a
corresponding increase in prescription of chemotherapy.
Barnholtz-Sloan et al. (8) reported on patients older than

65 years with AST in SEER-Medicare and demonstrated reduced
mortality in patients with surgery, RT, and chemotherapy,
though these results were from an earlier time frame (1991-
1999) and treatment timing was not incorporated. We cannot be
certain that our reported change in chemotherapy prescription
patterns caused the improvement in survival, however, we do
posit that this is plausible, particularly considering that combi-
nation chemotherapy and RT resulted in a 42.0% reduced risk of
death in our cohort.

Our study has some limitations. First, the linked SEER-
Medicare databases do not provide information on performance
status or molecular markers, which can guide treatment deci-
sions and affect prognosis. Second, the administrative nature of
these datasets prevents us from providing information on treat-
ment preferences of individual patients and attitudes of pro-
viders toward recommendations. Third, we were not able to
investigate specific chemotherapies commonly used such as
TMZ or PCV because of a limited number of patients reported as
having Medicare claims for these specific regimens. Fourth,
these results are, by design, applicable only to patients aged
66 years and older. It is unclear if age may modify the effect of
treatment on survival, and we are unaware of any publications
exploring the interaction in glioma allcomers. However, our
results come from national population-based data that covers
approximately 35% of the US population. In addition, 93% of
SEER patients older than age 65 years have linked Medicare
claims data, suggesting our findings are robust and widely ap-
plicable to the population we studied (14,39).

Utilizing the linked SEER-Medicare database, we character-
ized treatment patterns and prognosis of patients older than
65 years with oligodendroglioma or astrocytoma using a popula-
tion-based study design. We found that treatment patterns
changed over the period with more chemotherapy being pre-
scribed, and we found survival patterns changed over the period
with decreased risk of death.
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