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Abstract

BACKGROUND: The current study was conducted to evaluate the patterns of care and survival
of older adults with oligodendroglioma (OLI) and astrocytoma (AST) from a large population-
based registry.

METHODS: The authors identified a cohort of OLI and AST patients aged =65 years from
Surveillance, Epidemiology and End Results (SEER) cancer registry data linked with Medicare
claims between 1994 and 2002. Patients with a diagnosis of glioblastoma were excluded. The
impact of demographic characteristics and comorbidities on the probability of undergoing surgical
resection, radiotherapy (RT), and chemotherapy within 6 months of diagnosis was assessed using
multivariate logistic regression.

RESULTS: A total of 1067 patients (891 with AST and 176 with OLI) were included; the median
survival was 9 months for patients with low-grade AST, 4 months for patients with anaplastic
AST, 57 months for patients with low-grade OLI, and 9 months for patients with anaplastic OLI.
Approximately 54% of patients underwent resection at the time of diagnosis; 66% received RT,
and 13% received chemotherapy within 6 months of diagnosis. In a multivariate regression
analysis, age and tumor grade were found to be the most significant predictors of resection, RT, or
chemotherapy. Patients with anaplastic tumors were treated with resection, RT, and chemotherapy
more often than patients with low-grade tumors, and OLI patients received chemotherapy more
frequently than AST.

CONCLUSIONS: Data from the current study suggested that histologic diagnosis and tumor
grade retained significant prognostic value in this elderly AST and OLI population. Furthermore,
age and tumor grade were found to influence the probability of undergoing surgery, RT, and
chemotherapy in this cohort.
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The incidence of gliomas is highest among older adults, and glioblastoma (grade IV glioma)
represents the overwhelming majority of cases in this age group.12 In contrast, grade Il
(low-grade) and 111 (anaplastic) astrocytomas (ASTs) and oligodendrogliomas (OLIs) are
more common in younger patients; the peak incidence of grade Il gliomas occurs between
ages 30 and 40 years and the peak incidence of grade I11 gliomas occurs between ages 40
and 50 years. However, the elderly segment of the general population is growing faster than
any other age group, and the number of both AST and OLI cases in older adults is expected
to increase.3# One epidemiologic study has demonstrated that the peak incidence of
anaplastic AST occurs in patients aged >65 years.?

Although maximal safe surgical resection is recommended for the majority of glioma
patients when feasible, to our knowledge the role and timing of radiotherapy (RT) and
chemotherapy remain unclear; this is especially true for the elderly population, which is
relatively understudied and under-represented in clinical trials. Moreover, older patients with
gliomas tend to have shorter survival and are at a higher risk of treatment toxicity. The
National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines® suggest
that patients with grade Il gliomas who are aged >45 years and who undergo maximal safe
resection should be considered for RT,” or adjuvant chemotherapy, due to a more aggressive
tumor biology of these tumors in this age group; in contrast, younger patients may not
require immediate therapy and can be followed with surveillance imaging. For patients with
grade 111 gliomas, the NCCN recommends RT with or without chemotherapy followed by
either observation or post-RT chemotherapy. OLI are more sensitive to chemotherapy, which
some neuro-oncologists recommend as first-line treatment.8

The variability in treatment guidelines for patients with grade Il and 111 OLI and AST makes
it difficult to know which therapies are offered to older patients in the general population
and which factors influence the administration of these therapies. Moreover, because the
survival of older patients with grade Il and I11 gliomas is perceived to be short, the value of
histologic subtypes and grading to guide therapy in this population is disputed. Some
authors argue that grade 111 gliomas in the elderly are as aggressive as grade IV tumors® and
that grade Il gliomas in these patients have a rapid progression to high-grade histology and
death and should be treated more aggressively. The objective of the current study was to
evaluate the survival and patterns of care in patients aged =65 years with low-grade and
anaplastic AST and OLI in a large population-based registry.

MATERIALS AND METHODS

Data Sources

Surveillance, Epidemiology, and End Results (SEER) registries are a comprehensive source
of cancer data collected from population-based cancer registries covering 26% of the United
States (US) population. Data collected includes individual demographics, tumor site, grade,
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and histology. Overall completeness of case ascertainment in SEER is 98%. Medicare, the
primary health insurer for Americans aged =65 years, covers medical care including, but not
limited to, inpatient hospital treatment and outpatient and physician services. Among
individuals aged =65 years in SEER, approximately 93% also have been identified in the
Medicare enrollment file. These linked registries provide an ideal data set for analyzing
patterns of cancer care in the United States. Medicare claims from the following 3 sources
were used: physician/supplier file, outpatient standard analytic file, and the Medicare
provider analysis and review file. Data from the 2006 release of the linked SEER-Medicare
database were used.10

Study Cohort

Treatment

We identified a cohort of patients aged =65 years who were diagnosed with either AST or
OLI from SEER registry data that were linked with Medicare claims between 1994 and
2002, which is the most recent period of SEER-Medicare linked data available. Using the
second edition of the International Classification of Diseases for Oncology, a diagnosis of
AST was defined as codes 9400 through 9420, and a diagnosis of OLI was defined as codes
9450 through 9451. Patients with glioblastoma multiforme (codes 9440-9444) were
excluded in this study. Patients were excluded for any of the following: diagnosis made only
at the time of death, missing month of diagnosis, patient in a health maintenance
organization (HMO) at the time of diagnosis, or patient lacked Part B Medicare coverage.
Medicare is not directly billed for services of patients in HMOs, and therefore data are
incomplete in these patients. In addition, outpatient information regarding RT and
chemotherapy are unavailable for individuals who lack Part B Medicare coverage.

Inpatient, outpatient, and physician claims within the first 6 months of a diagnosis of either
AST or OLI determined the initial treatment delivered. Treatments were identified by
International Classification of Diseases—Ninth Revision—Clinical Modification diagnosis and
procedure codes, Healthcare Common Procedure Coding System (HCPCS) codes, revenue
center, and diagnosis-related group (Table 1). Treatments included surgical resection, RT,
and chemotherapy.

Demographic Factors

Demographic characteristics were extracted from SEER registry data and included age at
and year of diagnosis, gender, marital status, race, census tract poverty level, metropolitan/
nonmetropolitan residence, prior cancers, comorbidity index, and tumor grade. Census tract
poverty level was determined according to the percentage of population living at or below
the federal poverty level in a patient’s census tract of residence. This was dichotomized
(<10% vs =10%). Comorbidity was evaluated using the Romano modification of the
Charlson comorbidity index based on inpatient Medicare claims in the 12 months before
diagnosis. The Charlson comorbidity index is a reliable predictor of mortality in elderly
patients; a higher comorbidity index is associated with lower survival.11.12 Tumor grade was
dichotomized (low grade vs anaplastic), in which low grade was defined as either well-
differentiated or moderately differentiated and anaplastic was defined as either poorly
differentiated or undifferentiated according to SEER criteria.
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Statistical Analysis

Multivariate logistic regression analysis was used to identify predictors of receipt of surgical
resection, RT, and chemotherapy. Survival was calculated from the time of diagnosis until
death from any cause or until the date of last follow-up. Date of death was identified from
Medicare enrollment records, with complete follow-up for vital status through December 31,
2004. Patients alive at the time of last follow-up were censored. We used Kaplan-Meier
analysis to evaluate overall survival in patients with AST and OLI. The log-rank test was
used to measure differences in survival among groups. A Pvalue <.05 was considered
statistically significant. All statistical analyses were performed using SAS software (version
9.2; SAS Institute Inc, Cary, NC).

RESULTS

From the linked SEER-Medicare database, we identified a cohort of 1467 patients aged =65
years who were diagnosed with AST or OLI between 1994 and 2002. After exclusions were
made for those with a diagnosis made at the time of death, those missing the month of
diagnosis, those enrolled in an HMO at the time of diagnosis, or those lacking Medicare Part
B coverage, the final cohort was comprised of 1067 patients. There were 891 patients with
AST and 176 with OLI, and 68% of patients had a diagnosis of anaplastic glioma. The
majority of the cohort was white (90.5%), and the group of patients most recently diagnosed
between 2000 and 2002 was larger because of SEER’s expansion in 2000. Approximately
14% of patients had at least 1 prior cancer, and 26% had a Charlson comorbidity score of >1
(Table 2).

As shown in Table 2, after adjusting for other factors, the odds of receiving surgical
resection decreased with increasing age (P = .0003). Those patients with an anaplastic tumor
underwent surgical resection more often (£ < .0001). Within 6 months of the time of the
initial diagnosis, 66% of patients received RT and 13% received chemotherapy. Patients who
were older were less likely to receive RT or chemotherapy. Patients with a diagnosis of
anaplastic glioma were more likely to receive RT and chemotherapy (Table 2). Unmarried
patients were less likely to receive RT (£ =.004). Women had lower odds of receiving
chemotherapy (P =.008), and those with a diagnosis of OLI were more likely to receive
chemotherapy (P=.01).

The median follow-up for the surviving patients was 43 months. During the period of
observation, 92% of the cohort died. The median survival for all patients was 5 months; the
median survival for patients with low-grade AST (n = 145) was 9 months (95% confidence
interval [95% CI], 8-13 months), that for patients with anaplastic AST (n = 639) was 4
months (95% CI, 4s-5 months), that for patients with low-grade OLI (n = 35) was 57 months
(95% ClI, 19 months to not reached), and that for patients with anaplastic OLI (n = 84) was 9
months (95% CI, 6-11 months) (Fig. 1A). In addition, the overall survival of patients with
AST and OLI was better compared with patients with glioblastoma in the SEER-Medicare
linked data (~ < .0001) (results not shown). Although patients with glioblastoma multiforme
and high-grade AST both had median survivals of4 months,13 their survival curves were
different (log-rank test, = .002; results not shown). Older age was associated with shorter
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survival rates (P< .0001) (Fig. 1B). Unmarried patients had shorter survival rates compared
with those who were married (P=.002) (Fig. 1C).

DISCUSSION

The SEER-Medicare database provided a unique opportunity to describe the patterns of care
in elderly patients with low-grade and anaplastic gliomas. We found that, among elderly
Medicare recipients with low-grade and anaplastic gliomas, age and tumor grade were
associated with decisions regarding resection, RT, and chemotherapy use. Although the
median survival for elderly patients with low-grade and anaplastic AST and OLI is shorter
compared with younger patients, data from the current study clearly suggest that histologic
diagnosis and tumor grading retains significant prognostic value in this age group.
Increasing age is a known negative prognostic factor in both low-grade and high-grade
gliomas, and it is not surprising that older patients had shorter survival times.14-16 However,
older patients also underwent resection and RT and received chemotherapy at lower rates,
which may also account for their shorter survival. It is interesting to note that age appears to
affect the prognosis of low-grade AST more significantly than low-grade OLI. For example,
a population study of patients of all ages found a median survival of 5.6 years in patients
with low-grade AST and 11.6 years in patients with low-grade OLI,17 compared with 0.75
years and 4.75 years, respectively, in patients in the current study aged =65 years.

Maximum safe resection is considered a standard approach for both low-grade and
anaplastic AST and OLLI, although close observation for asymptomatic patients with low-
grade gliomas is also acceptable® and may explain the slightly lower rates of surgical
resection for this group compared with patients with high-grade tumors (52% vs 59%) or the
poor ability of magnetic resonance imaging/computed tomography to predict low-grade
gliomas in the elderly. Another possibility is that low-grade gliomas are often more
infiltrative and may be less easily resectable than high-grade tumors. RT has a definite
therapeutic role in patients with anaplastic gliomas, and 74% of patients with high-grade
tumors received RT within 6 months of diagnosis compared with 57% of patients with low-
grade tumors. To the best our knowledge, the best timing for RT in patients with low-grade
gliomas remains unclear; a phase 3 clinical trial indicated no significant difference in median
survival among patients who received RT postoperatively or at the time of disease
recurrence, and therefore the reduced use of RT in the population in the current study does
not necessarily reflect an unwillingness to treat older patients.18

To our knowledge, the role and timing of chemotherapy are unclear for both low-grade and
high-grade AST and OLI. For example, upfront adjuvant procarbazine, lomustine, and
vincristine (PCV) was reported to demonstrate no survival benefit in patients with grade 111
AST or OLI.1%-21 However, chemotherapy is widely used in the United States at the time of
the initial diagnosis of anaplastic gliomas, especially in younger patients who can tolerate
the treatment better. A study of a cohort of 147 patients aged >18 years with newly
diagnosed anaplastic gliomas who were treated in North American academic and community
settings between 1997 and 2000 demonstrated that 54% received systemic chemotherapy
compared with 15% in the current SEER-Medicare cohort of patients aged =65 years.?2 The
availability of temozolomide, a well-tolerated oral alkylating agent with a better safety
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profile than PCV or nitrosoureas, may increase the use of chemotherapy in older patients
with gliomas. There was a higher use of chemotherapy in OLI patients compared with
patients with AST (19% vs 12%), likely reflecting the knowledge that OL s are relatively
more chemosensitive tumors.

Age was found to be 1 of the most important predictors of the receipt of any treatment
modality in the current study; older age was associated with a lower odds of undergoing
surgical resection, receipt of RT, or receipt of chemotherapy. Concerns regarding increased
morbidity and toxicity in very elderly patients likely contribute to the lower rates of
treatment noted in this group. Elderly patients may also decline more aggressive treatments
because therapies are often only palliative. Although 26% of patients had a Charlson
comorbidity index =1, which correlates with shorter survival, this index did not predict
receipt of therapy. It is possible that other elderly features such frailty, which is not easily
measured or captured in this index, influence treatment decisions more significantly than a
comorbidity index.

We found an association between being unmarried and having an increased risk of death.
Unmarried patients received RT less frequently, which may account for the disparity in
survival noted between married and unmarried patients. Prior SEER and SEER-Medicare
analyses of glioblastoma patients found that unmarried patients were less likely to be treated
with surgical resection, RT, and chemotherapy and had a shorter survival than married
patients.13:23 Because unmarried individuals may have less social support, a
multidisciplinary approach with social workers and case managers might be warranted.
Future research is indicated to determine whether targeted psychosocial interventions will
improve outcomes for unmarried patients with glioma.

There are several limitations to the current analysis, including unavailable data regarding
performance status, extent of surgical resection, and treatment-related toxicity. Performance
status is an independent prognostic factor and frequently guides treatment. Consequently, the
independent impact of resection, RT, and chemotherapy on survival could not be assessed
because performance status is 1 of the most important factors in determining receipt of
treatment. We also were unable to analyze the treatment preferences of individual patients or
their physicians’ attitudes and recommendations. The grading of gliomas into low grade and
anaplastic was not based on the more widely used World Health Organization (WHO)
system, but we believe the SEER grading used herein (low grade and anaplastic) closely
resembles the WHO (grade Il and grade I11) system as demonstrated by the survival rates of
each group. Moreover, this study did not include the pathologic entity mixed glioma
(oligoastrocytoma) described in the WHO system, cancer registries do not have central
pathology review, and agreement among neuropathologists can vary significantly.24 Despite
these limitations, SEER is considered the best cancer registry because the data are audited
extensively for accuracy and completeness and have a high level of validity; this quality
control has been an integral part of the program since its inception in 1973. Medicare claims
data also have a high level of accuracy, especially for expensive reimbursed procedures such
as neurosurgery, RT, and chemotherapy.
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Tumor grading and histologic classification remain important prognostic factors for elderly
glioma patients and should guide treatment in this population. Conservative management
with more aggressive treatment at the time of disease recurrence or progression may be
indicated for some patients, especially those with low-grade OLI who, even in this age
group, demonstrated a median survival approaching 5 years. Further investigations into the
role of tumor biology, better patient stratification for treatment, and more effective and less
toxic therapies are needed for elderly patients with glioma.
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