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We compare survival estimates for population-based gli-
oma cases by using two diagnostic coding schemes, (1) 
the International Classification of Diseases, Oncology, 
second edition (ICD-O-2) as reported by the Surveil-
lance, Epidemiology, and End Results (SEER) program 
and (2) central neuropathology review diagnosis based 
on the World Health Organization II classification. In 
addition, among review categories, we estimate survival 
in relation to several patient demographic and treatment 
factors. Eligible cases included adults residing in the San 
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Francisco Bay SEER Area with newly diagnosed, histo-
logically confirmed glioma during the years 1991–1994 
and 1997–1999. The study group included participating 
subjects for whom subsequent central neuropathology 
review confirmed glioma. We determined treatments, 
vital status, and other factors by using registry, inter-
view, medical record, and active follow-up data. Sur-
vival differences between anaplastic astrocytoma (AA) 
and astrocytoma were apparent from review diagno-
ses (median months of survival for AA, 13.0 [95% CI, 
9.9–19.5], and astrocytoma, 101.3 [95% CI lower limit, 
42.1; upper limit not yet reached]), but not with ICD-O-2 
diagnoses reported by SEER (median months of survival 
for AA, 16.6 [95% CI, 12.0–20.7], and astrocytoma, not 
otherwise specified, 17.2 [95% CI, 10.6–71.6]). This find-
ing emphasizes the need for improvements in coding for 
nonglioblastoma astrocytomas to provide better popula-
tion survival estimates. When review diagnosis was used, 
younger age and resection (vs. biopsy) were statistically 
significant for all histology groups analyzed by multi-
variable Cox proportional hazard models. Additional 
statistically significant variables were as follows: among 
517 glioblastoma patients, radiation treatment and being 
married; among 105 AA patients, inclusion of chemo-
therapy in the initial treatment; and among 106 patients 
with nonanaplastic oligodendroglial tumors, college 
education. Further consideration of impact of marital 
status, education, and other social factors in glioma 
survival may be warranted. Neuro-Oncology 8, 12–26, 
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Others and we have reviewed the epidemiology of 
brain cancer, of which glioma is the most com-
mon form (Berleur and Cordier, 1995; Bondy et 

al., 1994; Bunin, 2000; Davis and McCarthy, 2000; Davis 
et al., 1999; Inskip et al., 1995; Preston-Martin, 1996; 
Wrensch et al., 2002). Glioma refers to tumors thought 
to be of glial cell origin and includes astrocytic tumors 
(WHO classification astrocytoma grades I, II [astrocy-
toma], III [AA, anaplastic astrocytoma], and IV [GM, 
glioblastoma]), oligodendrogliomas, ependymomas, and 
mixed gliomas (CBTRUS, 2002; Kleihues and Cavenee, 
1997; Louis and Stemmer-Rachamimov, 2000). Survival 
from GM, the most common form of glioma in adults, is 
very poor, with median survival of only 3.5 months for 
those 65 or older at diagnosis, and only 10 months for 
those under age 65, according to Surveillance, Epidemiol-
ogy, and End Results (SEER) data for 1981–1991 (Davis 
et al., 1998). Furthermore, survival for those diagnosed 
with GM has not demonstrably improved in the United 
States for more than 30 years (Davis et al., 1998). His-
tologic type and grade, age, extent of resection, tumor 
location, radiation therapy, and some chemotherapy pro-
tocols have been consistently and convincingly linked to 
survival (CBTRUS, 2002; Curran et al., 1993; Davis et 
al., 1998, 1999; Horn et al., 1999; Lamborn et al., 2004; 
Levin et al., 2001; Scott et al., 1998a). Analyses of GM 
and AA patients enrolled in Radiation Therapy Oncology 
Group trials and other multi-institutional clinical trials 
have also shown that KPS at diagnosis and other mea-
sures of mental and physical functionality (Curran et al., 
1993; Scott et al., 1998a, b) may be associated with sur-
vival. Studies from Radiation Therapy Oncology Group 
study groups and other clinical trial groups provide use-
ful information on prognostic factors from cases whose 
pathology has been centrally reviewed and for patients 
who qualify for and are treated in clinical trials. How-
ever, since the majority of patients do not enter clinical 
trials, the results cannot be readily generalized to the gen-
eral population of patients with glioma.

A multinational survival study from 17 European 
registries (1985–1989) showed that women had some-
what better survival from primary malignant brain 
tumors than did men in all except two countries (Sant et 
al., 1998), with relative five-year survival rates of 20% 
for women and 17% for men. Ethnicity also seems to 
be linked with survival, with African Americans hav-
ing higher five-year survival rates than whites (38% vs. 
30%) (Davis et al., 1999). Studies based on population 
registry data have a disadvantage in that pathologic 
diagnoses are subject to considerable variability depend-
ing on numerous factors such as the pathologist’s neu-
ropathology training (Aldape et al., 2000) and the time 
period and the place in which the diagnosis was made, as 

diagnostic criteria have varied over time and geographic 
region (Coons et al., 1997; Karak et al., 2000). Popu-
lation registries also do not generally have as complete 
treatment data as are available in clinical trials.

Investigators are currently trying to identify and 
understand tumor markers or other patient character-
istics that might influence survival or response to treat-
ment (e.g., Bhowmick et al., 2004; Cairncross et al., 
1998; Freije et al., 2004; Kyritsis et al., 1995; Lin et al., 
1998; Nigro et al., 2005; Okcu et al., 2004; Puduvalli et 
al., 2000; Sano et al., 1999; Sigurdson et al., 1998; Sim-
mons et al., 2001; Tang et al., 2005; Wei et al., 1997).

In this article, we make the following comparisons 
and estimates. (1) We compare survival of population-
based cases from the San Francisco Bay Area in which 
patients were interviewed and in which central neuro-
pathology review was conducted (the study group) to 
survival of those who were otherwise eligible but not 
included in the study group. (2) Within the study group, 
we compare survival estimates based on the Interna-
tional Classification of Diseases, Oncology, second edi-
tion (SEER ICD-O-2), diagnoses and those based on the 
central neuropathology review diagnosis. (3) For histo-
logic groups with sufficient numbers of cases, we esti-
mate survival in relation to several patient demographic 
and treatment factors.

Methods

The UCSF Committee for Human Research approved 
methods for both the initial subject recruitment and 
follow-up for survival. Individual hospital institutional 
review boards also approved methods for medical record 
abstraction.

Subjects

Eligibility criteria and ascertainment methods for the gli-
oma cases have been previously described (Wiemels et al., 
2002; Wrensch et al., 1997). Briefly, any adult (age .20)  
newly diagnosed with glioma (ICD-O morphology 
codes 9380–9481) between August 1991 and April 
1994 (series 1) and May 1997 and August 1999 (series 2) 
who resided in any of six San Francisco Bay Area coun-
ties at the time of diagnosis was eligible to participate. 
Potentially eligible cases were identified by using a rapid 
case ascertainment (RCA) program available through 
a SEER participating registry, the Northern California 
Cancer Center (Fremont) (NCCC). Median time from 
diagnosis to recruitment was 98 days. The study group 
included consenting patients or their proxies who were 
interviewed about a variety of factors, who gave writ-
ten consent to obtain and review pathology specimens 
and records, and whose review confirmed an eligible 
diagnosis. The remaining cases (referred to as SEER eli-
gible only) were not included in the study group either 
because consent was not obtained, central neuropathol-
ogy review was not possible or revealed a diagnosis not 
eligible for the study, or cases were identified after the 
study closed.
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Neuropathology Review

Pathology records and specimens were obtained from 
diagnosing hospitals, and a neuropathologist reviewed 
all tumors: Richard Davis (University of California, San 
Francisco [UCSF]) reviewed cases diagnosed between 
1991 and 1994 (series 1), and Kenneth Aldape reviewed 
cases diagnosed between 1997 and 1999 (series 2). 
Tumors were classified according to the WHO criteria 
described by Kleihues et al. (1993a, b) with use of a cod-
ing form developed for this study. GM corresponds to 
WHO grade IV, AA to WHO grade III, and astrocy-
toma to WHO grade II. The corresponding ICD-O-2 
codes are 9440 and 9401 for GM and AA, respectively. 
For astrocytoma, there is not an exact correspondence 
between the WHO criteria grade II and the ICD-O-2 
code 9400. Details of the review of series 1 were previ-
ously published by Aldape et al. (2000), who also devel-
oped criteria for grouping ICD-O-2 histologic catego-
ries used by SEER to compare to the categories from the 
neuropathology review.

Determination of Vital Status

In December 2002, NCCC-SEER initially provided vital 
status data they routinely obtain through California 
State mortality tapes and the National Death Index. For 
those not identified as deceased, we sent a letter to the 
last known address and followed this with a telephone 
call. We searched the California Department of Motor 
Vehicles, UCSF medical records, and Internet search 
engines for those whose contact information was no lon-
ger valid. We also updated mortality from SEER in July 
2004. For those contacted and determined to be alive  
(n 5 152), the date of returned postcard or the last phone 
contact was their last known date alive. For six cases in 
which we could not locate the patient, we used the date 
of last contact as determined by NCCC-SEER. To sum-
marize, patient survival time was either date of death or 
date of last contact. For patients not known to be dead, 
the patient was censored as of the date of last contact.

Determination of Treatment Information

Three sources of data, NCCC-SEER, medical record 
abstraction, and clinical trials database from UCSF, 
were used to assign treatment and other clinical charac-
teristics. NCCC-SEER treatment information includes 
summary data for surgery, radiation, and chemotherapy. 
According to SEER guidelines, NCCC collects curative 
treatment information that is planned and given within 
the first course of therapy (within the first four months) 
following diagnosis. If the first plan of treatment fails, 
and subsequent therapy is planned and given, that treat-
ment is not recorded by NCCC. Primary treatment data 
as summarized by NCCC-SEER was categorized as fol-
lows for this study: surgery—biopsy only or resection 
(the method of coding data by SEER precluding reliable 
classification into subtotal versus total resection); radia-
tion therapy—none noted, external beam, implants, iso-
topes, or not otherwise specified; and chemotherapy—

none noted, single or double agent, or not otherwise 
specified.

Medical record abstraction variables included KPS 
at time of diagnosis, tumor location, surgical resec-
tion (total, partial, or biopsy), radiation (types: external 
beam, radiosurgery, or brachytherapy, and total dose), 
chemotherapy (type and whether given before radiation 
[neoadjuvant] or during or after radiation [adjuvant]), 
and date of first relapse. KPS was not available for many 
subjects and is not included in most analyses in this arti-
cle. The UCSF Neuro-Oncology Service database con-
tained these data for patients entered in clinical trials. 
If any of the three data sources (SEER-NCCC, medical 
records, and UCSF Neuro-Oncology Service) indicated 
a resection, surgery was classified as resection; cases not 
classified as having resection were classified as having 
biopsy only. Radiation treatment was coded as given if 
that was reported in any of the three sources of informa-
tion. If any of the three sources indicated chemotherapy 
being given, it was coded as given, with the following 
exceptions. Chemotherapy treatment status as recorded 
in SEER was recoded from “given” to “not given” for 
patients for whom the only chemotherapy agent listed 
in the hard-copy abstracts provided by NCCC was 
hydroxyurea or 5-bromo-2'-deoxyuridine (BUDR), 
which are radiation sensitizers, or the date chemother-
apy was first given came on or after the date of relapse 
noted in the medical record or clinical trial database.

Data Management and Statistical Methods

We estimated median or lowest quartile months of sur-
vival and 95% confidence limits (CLs) and percent of 
subjects alive at two years by histologic diagnosis from 
the two coding systems (SEER ICD-O-2 and central 
review) with Kaplan–Meier life-table methods (Kalb-
fleisch and Prentice, 1980) using SAS PROC LIFETEST 
(SAS Institute, 1990). Lowest quartile is presented for 
histologies in which median months of survival have not 
yet been reached. We compared distributions of time to 
death for the study group with time-to-death distribu-
tions for SEER-eligible-only diagnostic subgroups that 
included at least 30 cases, using Cox proportional haz-
ards regression models (Cox, 1972) estimated with SAS 
PROC PHREG (Stokes et al., 1995), adjusting for age at 
diagnosis, gender, and white versus nonwhite ethnicity. 
For the study group, we also computed Cox regressions 
to compare distributions of time to death as a function 
of age and other treatment and demographic factors 
of interest. Cox proportional hazards regression esti-
mates a hazard ratio (HR) for each factor included in 
the model. For example, the HR associated with hav-
ing radiation therapy is the probability of death at any 
point in time for a person alive at that point in time who 
has had radiation therapy divided by the probability of 
death at that time for a patient, also alive at that point, 
who did not have radiation therapy. In the multivariable 
model, which includes multiple independent variables, 
the probability is adjusted for the other factors in the 
model. Initially, age was evaluated as a prognostic factor. 
All other variables were analyzed by using age-adjusted 



Wrensch et al.: Glioma survival in a population-based study with neuropathology review

	 Neuro-Oncology	 ■	 january 2006� 15

models. Age-adjusted models were run for diagnostic 
categories with a minimum of 30 subjects, and multi-
variable models were used for homogeneous diagnos-
tic categories with a minimum of at least 100 subjects. 
The associations of marital status with treatment vari-
ables were evaluated with age-, gender-, and ethnicity- 
adjusted odds ratios by using SAS PROC LOGISTIC 
and with KPS using age- gender-, and ethnicity-adjusted 
means by using PROC GLM. Results were considered 
statistically significant if P < 0.05. No adjustment was 
made for multiple comparisons.

Results

Comparison of SEER-Eligible Cases  
and the Study Group

The NCCC RCA program reported 1349 potentially 
eligible subjects during the study recruitment periods 
(1991–1994 and 1997–1999), and the SEER registry tape 
obtained in July 2004 reported 1316 subjects as fulfill-
ing eligibility criteria. The two sources identified a total 
of 1549 individuals; since 200 of these were identified by 
SEER after study recruitment ended, no attempt to con-
tact these subjects was made. Of the remaining 1349, a 
total of 226 were found to be ineligible because of age, a 
prior glioma diagnosis (i.e., recurrent disease), diagnosis 
date before the ascertainment period, or wrong county 
of residence. This left 1123 subjects, of whom we inter-
viewed 900 patients or their proxies (80%), 211 refused, 
and 12 could not be contacted. Pathology review could 
not be completed for 14, either because consent was 
not obtained or because the pathology materials were 
insufficient or could not be obtained, and 13 cases were 
determined to be ineligible after review. The study group 
therefore included 873 (900 – 27) subjects interviewed 
with central neuropathology review and confirmed gli-
oma. Six of these subjects were not included on the SEER 
tape, but discussions with the registry could not resolve 
why they had been omitted. For this article, we consider 
1322 subjects as eligible (1316 on the SEER July 2004 
tape plus six identified through RCA with confirmed 
central pathology review), of whom 873 (66%) are in 
the study group and 449 (34%) are not (Table 1).

Compared to subjects in SEER-eligible-only cases, 
the 873 subjects in the study group were, on average, 
younger at diagnosis (Table 1) and were somewhat more 
likely to be white. Among patients with SEER-eligible 
diagnoses of GM or astrocytoma, not otherwise speci-
fied (NOS), those in the study group had significantly 
better survival than did those not in the study group 
(age-, gender-, ethnicity-adjusted HR 5 0.83 [0.71–0.97]  
for GM; HR 5 0.53 [0.32–0.87] for astrocytoma, NOS 
[Table 1]). There were no significant survival differ-
ences between the two groups for AA, oligodendroglial 
tumors, or other glioma. However, HR estimates for 
some of these tumors were of the same order of mag-
nitude as observed for GM, but with the study group 
having poorer survival as compared to the SEER-eligible 
group (HRs between 1.2 and 1.3 [Table 1]).

Study Group Survival Estimates Based on Central 
Neuropathology Review Versus SEER ICD‑O-2 
Diagnosis Coding Systems

With central review diagnoses, a progressive increase can 
be observed in the median months of survival, from GM 
to AA to astrocytoma, with nonoverlapping 95% CLs 
(Table 2). On the other hand, while there is a comparable 
difference in median months of survival between GM 
and AA based on SEER diagnoses, the median months 
of survival for AA and astrocytoma, NOS, are nearly 
the same, with widely overlapping CLs (Table 1; see 
the column “Included in SFBGS”). These comparisons 
by diagnostic coding system also are shown in Fig. 1.  
Also note that the largest differences in numbers of cases 
categorized by the two diagnostic coding systems were 
for the review diagnosis category astrocytoma and the 
SEER ICD-O-2 category astrocytoma, NOS; specifically, 
for cases in the study group, review diagnosis coded 43 
for astrocytoma and 1 for astrocytoma, NOS (Table 2), 
whereas SEER ICD-O-2 coded 2 for astrocytoma and 
62 for astrocytoma, NOS (Table 1).

Study Group Age-Adjusted and Multivariable  
Survival Analyses

Study Group GM. Two GM patients could not be 
included in multivariable analyses because they lacked 
data on education. In univariate (age) or age-adjusted 
analyses of 517 patients, younger age, resection, radia-
tion therapy, chemotherapy, being married at the time 
of diagnosis, and participation in a UCSF treatment 
protocol were significantly associated with improved 
survival (Table 3). In multivariable analyses including 
gender and ethnicity and all these variables (except par-
ticipation in a UCSF treatment protocol), younger age, 
resection, and radiation therapy were highly statisti-
cally significant (P , 0.001). Being married at the time 
of diagnosis was significant (P 5 0.05), and diagnosis at 
an academic hospital was nearly significantly associated 
with improved survival (P 5 0.07) (Table 3). For chemo-
therapy, the HR approached the null in multivariable 
analysis. In a separate multivariable analysis including 
the same variables except diagnosis at an academic hos-
pital, participation in a UCSF treatment protocol was 
not statistically significantly associated with survival  
(HR 5 0.85; P 5 0.21) (Table 3, note 4). Marital status was 
not related to either chemotherapy or extent of surgery, 
but married subjects were about twice as likely to have 
received radiation treatment (age-, gender-, ethnicity- 
adjusted odds ratio for receiving radiation therapy 
for married versus unmarried cases was 2.01 [95% 
CI, 1.23–3.29]). The multivariable analysis in Table 
3 shows, however, that the association of marital sta-
tus with survival exists (with a similar HR) even when 
adjusted for radiation treatment. In a subset of 428 GM 
cases with KPS scores, married patients had a mean 
KPS of 71 as compared to 64 for unmarried patients  
(P , 0.003). In a model including variables shown in 
Table 3 plus KPS, the HR (95% CI) for marital status 
moved toward the null (0.94 [0.76–1.16]), and higher 
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Table 1. Comparisons of subjects eligible for and included in the San Francisco Bay Area Adult Glioma Study (SFBGS), 1991–2000, with 
survival follow-up through July 2004

	 SEER Eligible Cases

	 Not Included in SFBGS1	 Included in SFBGS1 

	 	 	 	 Median 	 	 	 	 Median	 Hazard	
	 	 	 Median	 Months 	 	 	 Median	 Months of	 Ratio3 Included/	
Seer ICD-O-2	 	 N	 Age at	 of Survival	 	 N	 Age at	 Survival	 Not Included in 	
Histology Groups2	 N (%)	 Died	 Diagnosis	 95% CL	 N (%)	 Died	 Diagnosis	 95% CL	 SFBGS 95% CL

Glioblastoma multiforme	 252	(56)	 241	 66	 5.2	 500	(57)	 492	 62	 7.3	 0.83

	 	 	 	 	 4.6–6.1	 	 	 	 	 6.7–8.2	 0.71–0.97

Anaplastic astrocytoma	 48	(11)	   34	 48	 16.3	 117	(13)	   94	 49	 16.6	 1.2

	 	 	 	 	 10.0–43.5	 	 	 	 	 12.0–20.7	 0.83–1.8

Astrocytoma	 0		 	 	 NA	 2	(0)	 	 25	 NA	

Astrocytoma, NOS	 47	(10)	   34	 46	 13.5	 62	(7)	   43	 55	 17.2	 0.53

	 	 	 	 	 9.2–52.4	 	 	 	 	 10.6–71.6	 0.32–0.87

	 	 	 	 	 Lowest 	 	 	 	 	 Lowest	
	 	 	 	 	 quartile 	 	 	 	 	 quartile 	
	 	 	 	 	 months of 	 	 	 	 	 months of	
	 	 	 	 	 survival	 	 	 	 	 survival	
	 	 	 	 	 95% CL	 	 	 	 	 95% CL	

Fibrillary astrocytoma	 5	(1)	     3	 31	 12.6	 8	(1)	     3	 33	 38.3	 NC
	 	 	 	 	 10.8–52.2	 	 	 	 	 7.0–***	
Anaplastic 	
  oligodendroglioma	 12	(3)	     6	 46	 13.9	 19	(2)	   13	 46	 8.8	 1.3
	 	 	 	 	 6.7–***	 	 	 	 	 7.9–19.8	 0.45–3.6
Oligodendroglioma	 28	(6)	     5	 37	 92.5	 74	(8)	   19	 41	 91.4	 1.3
	 	 	 	 	 65.9–***	 	 	 	 	 45.1–***	 0.44–3.7
Anaplastic oligoastrocytoma	    NA	 	 	 NA	 NA		 	 	 NA	 NA

Oligoastrocytoma	 14	(3)	     5	 38	 71.4	 43	(5)	   14	 36	 54.7	 1.0
	 	 	 	 	 41.2–***	 	 	 	 	 25.0–***	 0.34–2.9
Ependymoma	 11	(2)	     6	 55	 22.3	 10	(1)	     5	 43	 15.1	 NC
	 	   	 	 	 2.8–68.1	 	 	 	 	 0.1–***	
Juvenile pilocytic 	
  astrocytoma	 7	(2)	     2	 23	 30.1	 14	(2)	     2	 33	 ***	 NC
	 	 	 	 	 0.3–***	 	 	 	 	 80.7–***
Medulloblastoma	 8	(2)	     4	 34	 74.6	 11	(1)	     2	 29	 ***	 NC
	 	 	 	 	 40.2–118.8	 	 	 	 	 5.1–***

	 	 	 	 	 Median 	 	 	 	 	 Median	
	 	 	 	 	 months	 	 	 	 	 months	
	 	 	 	 	 of survival 	 	 	 	 	 of survival	
	 	 	 	 	 95% CL	 	 	 	 	 95% CL

Other	 17	(4)	   13	 45	 9.1	 13	(2)	   10	 45	 11.0	 1.1
	 	 	 	 	 4.0–39.6	 	 	 	 	 4.1–24.5	 0.43–2.9
Total	 449		 353	 58	 	 873		 697	 55	 	
% Female	 43%	 	 	 	 44%	

% White	 79%	 	 	 	 90%	 	 	 	 	

Abbreviations: CL, confidence limits; ICD-O-2, International Classification of Diseases-Oncology, 2nd ed.; NA, not available; NC, not calculated because fewer than 30 subjects 

total; NOS, not otherwise specified; SEER, Surveillance, Epidemiology, and End Results; SFBGS, San Francisco Bay Area Adult Glioma Study.

1Eligible cases are those reported in the SEER registry tape, July 2004, with histologic newly diagnosed glioma during the study catchment time and area. Subjects included in the 

study are those who participated and for whom study neuropathology review confirmed glioma diagnosis.

2 SEER diagnoses are based on ICD-O-2 codes as follows with categories combined by Kenneth Aldape in accordance with those used by the Central Brain Tumor Registry of 

the United States (www.cbtrus.org): Glioblastoma multiforme includes glioblastoma multiforme 9440 (n = 731), giant cell glioma 9441 (n = 3) and gliosarcoma 9442 (n = 18); 

anaplastic astrocytoma includes anaplastic astrocytoma 9401 (n = 146) and gemistocytic astrocytoma 9411 (n = 19); astrocytoma includes only protoplasmic astrocytoma 

9410 (n = 2); astrocytoma, NOS, 9400 (n = 109); fibrillary astrocytoma 9420 (n = 13); anaplastic oligodendroglioma 9451 (n = 31); oligodendroglioma 9450 (n = 102); mixed 

oligoastrocytoma 9382 (n = 57); ependymoma includes ependymoma, NOS, 9391 (n = 17) and anaplastic ependymoma 9392 (n = 4); juvenile pilocytic astrocytoma 9421 (n = 

21); medulloblastoma includes 9470 (n = 13), desmoplastic medulloblastoma 9471 (n = 1), and primitive neuroectodermal tumors (PNET) 9473 not of the cerebrum (including 

overlapping sites) (n = 5); and other includes glioma, NOS, 9380 (n = 20), subependymoma 9383 (n = 2), choroid plexus papilloma 9390 (n = 1), pleomorphic xanthoastrocytoma 

9424 (n = 1), astroblastoma 9430 (n = 1), and PNET 9473 in the cerebrum (n = 5). Survival data and demographic data are from the SEER registry tape.

3Hazard ratios from Cox regressions are adjusted for age, gender, and ethnicity within histologic groups with 30 or more cases. Boldface values are statistically significant.

***Lowest quartile or upper 95% confidence limit not yet reached.
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Table 2. Subject characteristics within study neuropathology review diagnosis1: The San Francisco Bay Area Adult Glioma Study (SFBGS) 
1991–2000, with survival follow-up through July 2004

	 	                       SFBGS Neuropathology Review and Survival Data1 

	 	 	 	 Median Months of Survival		

Review Histologic Diagnosis1	 N (%)	 N Died	 Median Age at Diagnosis	 95% CL

Glioblastoma multiforme	 519 (59)	 516	 63	 7.2

	 	 	 	 6.6–7.9

Anaplastic astrocytoma	 105 (12)	   85	 52	 13.0

	 	 	 	 9.9–19.5

Astrocytoma	 43 (5)	   24	 42	 101.3

	 	 	 	 42.1–***

Astrocytoma, NOS	 1 	     1	 59	 12.5

	 	 	 	 ***

	 	 	 	 Lowest Quartile Median 	
	 	 	 	 Months of Survival	
	 	 	 	 95% CL

Fibrillary astrocytoma	 0	 	 	

Anaplastic oligodendroglioma	 26 (3)	   14	 50	 18.1

	 	 	 	 14.4–47.8

Oligodendroglioma	 67 (8)	   25	 42	 70.1

	 	 	 	 22.7–101.3

Anaplastic oligoastrocytoma	 16 (2)	   10	 42	 28.5

	 	 	 	 10.1–74.1

Oligoastrocytoma	 40 (5)	   18	 40	 60.6

	 	 	 	 16.4–128.1

Ependymoma	 8 (1)	     2	 40	 ***

	 	 	 	 0.0–***

Juvenile pilocytic astrocytoma	 15 (2)	     1	 32	 ***

Medulloblastoma	 10 (1)	     1	 30	 ***

	 	 	 	 21.3–***

	 	 	 	 Median Months of Survival	
	 	 	 	 95% CL

Other2	 23 (3)	   14	 53	 20.0

	 	 	 	 8.6–***

Total	 873 	 711	 55	

% Female	 44%

% White	 83%	 	 	

Abbreviation: CL, confidence limits.

1Review diagnoses were based on neuropathology review by Richard Davis for cases diagnosed in 1991–1994 and by Kenneth Aldape for cases diagnosed in 1997–1999 by using 

criteria defined in the text. Among these, note that SEER  (Surveillance, E pidemiology, and End Results) diagnosis fibrillary astrocytoma did not have a corresponding review 

diagnosis. Survival data are from SEER registry data plus active study follow-up, and demographic data are from questionnaires.

2The 23 cases classified as “other” include dysembryoplastic neuroepithelial tumor (n = 2), glial neoplasm (n = 1), glioma, not otherwise specified (NOS) (n = 1), gliosarcoma 

(n = 4), low-grade glioma (n = 2), malignant glioma (n = 2), malignant neoplasm (n = 1), primitive neuroectodermal tumor (n = 1), pleomorphic xanthoastrocytoma (n = 2), 

subependymal giant cell astrocytoma  (n = 1), anaplastic glioma (n = 1), subependymoma (n = 1), other (n = 1), and ganglioglioma (n = 3).

***Lowest quartile or upper 95% confidence limit not yet reached. Survival data are from SEER  registry data plus active study follow-up, and demographic data are from 
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KPS was significantly associated with better survival 
HR (0.73 [0.69–0.78]).

Study Group AA. Among 105 patients in the study 
group with AA, younger age, resection versus biopsy, 
chemotherapy, and radiation therapy were significantly 
associated with improved survival in univariate or age-
adjusted analyses (Table 4). In multivariable analyses, 
younger age (P , 0.001), chemotherapy (P 5 0.01), and 
resection (P 5 0.002) were the only variables significantly 
associated with improved survival (Table 4), although 
having radiation therapy was nearly significant with an 
estimated twofold improved survival (P 5 0.06).

Study Group Oligodendroglial Tumors. The proportion 
of subjects diagnosed with oligodendroglioma versus oli-
goastrocytoma changed between series, likely reflecting 
somewhat different diagnostic criteria of the two review 
pathologists. Specifically, in series 1, 34 patients (7%) 
were centrally reviewed as oligodendroglioma (includ-
ing anaplastic oligodendroglioma) and 47 (10%) as 
oligoastrocytoma (including anaplastic). In series 2, 58 
patients (14%) were centrally reviewed as oligodendro-
glioma, and only 10 (2%) had review diagnosis of oligo
astrocytoma. Because the total percentage of gliomas 
with oligodendroglial component was similar for the 

two series (17% of tumors in series 1 and 16% of tumors 
in series 2) and because there were too few tumors in 
the oligoastrocytoma category for separate analysis, we 
estimated univariate and age-adjusted HRs for tumors 
diagnosed as oligodendroglioma and for tumors with 
any oligodendroglial component (Table 5 for those not 
considered to be anaplastic and Table 6 for those consid-
ered to be anaplastic oligodendroglial tumors).

In analyses of 66 patients with nonanaplastic oligo-
dendroglioma, younger age and resection were signifi-
cantly associated with improved survival (Table 5). In 
analyses of 106 patients with tumors with any nonana-
plastic oligodendroglial tumors (40 with oligoastro-
cytoma plus the 66 with oligodendroglioma described 
above), younger age, resection, and having graduated 
from college were significantly associated with improved 
survival in univariate or age-adjusted analyses (Table 5). 
For patients with anaplastic oligodendroglial tumors, 
younger age, resection, and not having chemotherapy 
were significantly associated with improved survival in 
univariate or age-adjusted analyses (Table 6). We did 
not conduct separate survival analyses of other histo-
logic categories because the numbers of subjects were 
too small for meaningful analysis.

Fig 1. Median months of survival and 95% confidence limits (CLs) for San Francisco Bay Area Adult Glioma Study 
subjects diagnosed from 1991 to 2000 and followed through June 2004, according to SEER ICD-O-2 and the study 
neuropathology review diagnosis of astrocytic gliomas. Note that the upper 95% CL for astrocytoma in the Neuro
pathology Review Diagnosis data has not yet been reached. Abbreviations: A, astrocytoma; A, NOS, astrocytoma not 
otherwise specified; AA, anaplastic astrocytoma; GM, glioblastoma.
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Table 3. Cox regression of survival among glioblastoma patients, San Francisco Bay Area Adult Glioma Study, 1991–20001

	 	 	 Median	 Percent	
Demographic	 	 N	 Months	 Surviving	
or Treatment	 N2 	 Died3 	 of 	 Two	

Factor	 (517)	 (514)	 Survival4	 Years4	 Univariate HR	 Multivariable HR5	 Multi-P6

Age at diagnosis 	
  (10 years)7	 	 	 	 	 1.40 (1.30–1.50)	 1.27 (1.18–1.37)	 <0.001

20–29	     6	     6	 16	 33	 	 	

30–39	   27	   24	 11	 15	 	 	

40–49	   75	   75	 13	 11	 	 	

50–59	 120	 120	 10	 10	 	 	

60–69	 113	 113	   7	   6	 	 	

70–79	 140	 140	   4	   1	 	 	

80–89	   33	   33	   3	   0	 	 	

90–99	     3	     3	   3	   0	  	  	  

	 	 	 	 	 Age-Adjusted HR	 	

Ethnicity	  	  	  	  	  	  	  

White	 434	 433	   7	   7	 	 	

Nonwhite	   83	   81	 10	   7	 0.93 (0.73–1.18)	 0.88 (0.69–1.13)	 0.32

Gender	 	 	 	 	 	 	

Female	 226	 225	   6	   6	 	 	

Male	 291	 289	   8	   8	 0.94 (0.79–1.12)	 0.96 (0.80–1.15)	 0.67

Surgery	  	  	  	  	  	  	  

Biopsy	 141	 141	   4	   1	 	 	

Resection	 376	 373	   9	   9	 0.56 (0.46–0.68)	 0.56 (0.46–0.69)	 <0.001

Chemotherapy	 	 	 	 	 	

No	 406	 405	   6	   5	 	 	

Yes	 111	 109	 10	 13	 0.80 (0.64–1.00)	 0.96 (0.77–1.21)	 0.75

Radiation	  	  	  	  	  	  	  

No	   94	   94	   2	   0	 	 	

Yes	 423	 420	   9	   8	 0.20 (0.15–0.25)	 0.21 (0.16–0.27)	 <0.001

Diagnosis at an 	
  academic hospital	 	 	

No	 398	 397	   7	   6	 	 	

Yes	 119	 117	 10	 11	 0.87 (0.71–1.08)	 0.82 (0.66–1.02)	 0.07

College graduate	  	  	  	  	  

No	 326	 324	   6	   6	 	 	

Yes	 191	 190	   9	   8	 0.84 (0.70–1.01)	 0.89 (0.74–1.07)	 0.20

Married	 	 	 	 	 	 	

No	 168	 167	   5	   5	 	 	

Yes	 349	 347	   8	   8	 0.78 (0.64–0.94)	 0.83 (0.68–1.00)	 0.05

UCSF protocol	  	  	  	  	  	  

No	 437	 435	   7	   6	 	 	

Yes	   80	   79	 10	 11	 0.78 (0.61–1.00)	 See note 5	

Abbreviations: HR, hazard ratio; UCSF, University of California, San Francisco.

1Boldface values are statistically significant. Median (range) months of follow-up for those alive is 138 (82–145).

2Number of cases.

3Number deceased.

4Kaplan-Meier estimates of median months of survival and percent surviving two years or more.

5Multivariable model includes age, ethnicity, gender, surgery, chemotherapy, radiation, being diagnosed at an academic institution (i.e., Stanford or UCSF), college graduation, 

and marital status. In an alternative multivariable model that included all these variables except diagnosis at an academic hospital and included being on a UCSF protocol, the HR 

for being on a UCSF protocol was 0.85 (0.65–1.10; P = 0.21).

6P value for each variable in the multivariable model.

7HR for 10-year age variable calculated by using continuous age data.
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Table 4. Cox regression of survival among anaplastic astrocytoma patients, San Francisco Bay Area Adult Glioma Study, 1991–20001

	 	 	 Median	 Percent	
Demographic	 	 N	 Months	 Surviving	
or Treatment	 N2 	 Died3 	 of 	 Two	

Factor	 (105)	 (85)	 Survival4	 Years4	 Univariate HR	 Multivariable HR5	 Multi-P6

Age at diagnosis 	
  (10 years)7	 	 	 	 	 1.68 (1.44–1.95)	 1.52 (1.26–1.83)	 <0.001
20–29	   6	   3	 **	 83	 	 	
30–39	 25	 16	 37	 64	 	 	
40–49	 18	 13	 36	 56	 	 	
50–59	 23	 21	   8	   4	 	 	
60–69	 21	 20	   5	 10	 	 	
70–79	   8	   8	   3	 13	 	 	
80–89	   4	   4	   3	   0	 	 	
90–99	  	  	  	  	  	  	  

	 	 	 	 	 Age-Adjusted HR	 	

Ethnicity	  	  	  	  	  	  	  
White	 80	 64	 14	 34	 	 	
Nonwhite	 25	 21	 10	 32	 1.19 (0.72–1.96)	 1.01 (0.59–1.74)	 0.97
Gender	 	 	 	 	 	 	
Female	 50	 40	 15	 36	 	 	
Male	 55	 45	 12	 31	 0.92 (0.60–1.42)	 0.93 (0.59–1.46)	 0.75
Surgery	  	  	  	  	  	  	  
Biopsy	 33	 33	   5	 12	 	 	
Resection	 72	 52	 20	 43	 0.45 (0.28–0.73)	 0.43 (0.25–0.74)	 0.002
Chemotherapy8	 	 	 	 	 	
No	 69	 63	   8	 25	 	 	
Yes	 36	 22	 26	 50	 0.50 (0.30–0.84)	 0.49 (0.28–0.84)	 0.01
Radiation8	  	  	  	  	  	  	  
No	 12	 10	   2	 25	 	 	
Yes	 93	 75	 16	 34	 0.43 (0.22–0.86)	 0.50 (0.25–1.03)	 0.06
Diagnosis at an 	
  academic hospital	 	 	 	
No	 76	 63	 11	 26	 	 	
Yes	 29	 22	 30	 52	 1.10 (0.64–1.88)	 1.18 (0.66–2.11)	 0.58
College graduate8	  	  	  	  	  	  
No	 62	 51	 11	 27	 	 	
Yes	 43	 34	 17	 42	 0.97 (0.62–1.51)	 0.86 (0.53–1.39)	 0.53
Married	 	 	 	 	 	 	
No	 38	 33	 13	 32	 	 	
Yes	 67	 52	 14	 34	 0.76 (0.49–1.18)	 1.05 (0.65–1.69)	 0.85
UCSF protocol	  	  	  	  	  	  
No	 90	 76	 12	 32	 	 	

Yes	 15	   9	 21	 47	 0.64 (0.31–1.34)	 See note 4	

Abbreviations: HR, hazard ratio; UCSF, University of California, San Francisco.

1Boldface values are statistically significant.

2Number of cases.

3Number deceased.

4Kaplan-Meier estimates of median months of survival and percent surviving 2 years or more. Median (range) months of survival for those alive is 81 (21–151). **Median months 

of survival not yet reached.

5Multivariable model includes age, ethnicity, gender, surgery, chemotherapy, radiation, being diagnosed at an academic institution (i.e., Stanford or UCSF), college graduation, 

and marital status. In an alternative multivariable model that included all these variables except diagnosis at an academic hospital and included being on a UCSF protocol, the HR 

for being on a UCSF protocol was 1.11 (0.50–2.45; P = 0.80).

6P value for each variable in the multivariable model.

7HR for 10-year age variable calculated by using continuous age data.

8Unadjusted HRs were 0.35, 0.55, and 0.83 for chemotherapy, radiation, and graduating college; generally matching the age and multivariable adjusted results and consistent 

with the relative differences in median survival. 
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Table 5. Cox regression of survival among nonanaplastic oligodendroglioma and nonanaplastic oligoastrocytoma patients, San Francisco 
Bay Area Adult Glioma Study, 1991–20001

 	 	 	Oligodendroglioma	 	 	 	      Oligodendroglioma and Oligoastrocytoma	
	 	 	 Median	 Percent	 	 	 	 Median	 Percent	
Demographic	 	 N	 Months	 Surviving	 	 	 N	 	 Months	 Surviving	
or Treatment	 N2	 Died3	 of 	 Two 	 Univariate HR	 N2	 Died3 	 of 	 Two 	 Univariate HR                 	
Factor	 (66)	 (25)	 Survival4	 Years4	 P Value	 (106)	 (43)	 Survival4	 Years4	 P Value

Age at diagnosis 	
  (10 years)5	 	 	 	 	 1.69 (1.26–2.28)	  	 	 	 	 1.67 (1.33–2.11)
20–29	   8	   2	   80	   88	 0.0005	 14	   2	 **	 93	 <0.0001
30–39	 21	   5	 **	   90	 	 34	 10	 **	 91	
40–49	 18	   5	 **	 100	 	 29	 11	 128	 97	
50–59	 10	   6	 131	   80	 	 17	 11	 131	 71	
60–69	   5	   4	   21	   40	 	   7	   5	   61	 57	
70–79	   3	   2	   10	   33	 	   4	   3	   12	 25	
80–89	   1	   1	     6	     0	  	   1	   1	     6	   0	  

	 	 	 	 	 Age-Adjusted HR	 	 	 	 	 Age-Adjusted HR	
 	  	  	  	  	 P Value	  	  	  	  	 P Value

Ethnicity	 	 	 	 	 	  	 	 	 	
White	 55	 22	 127	 84	 	 90	 37	 131	 83	
Nonwhite	 11	   3	 **	 82	 1.00 (0.29–3.43)	 16	   6	 147	 88	 0.63 (0.26–1.54)
	  	  	 	  	 0.99	  	 	 	  	 0.32
Gender	  	  	  	 	  	  	  	  	 	  
Female	 25	   9	 127	 80	 	 41	 17	 127	 80	
Male	 41	 16	 131	 85	 0.68 (0.29–1.59)	 65	 26	 136	 86	 0.55 (0.29–1.04)
	  	  	 	 	 0.37	  	 	 	 	 0.07
Surgery	  	  	  	  	  	  	  	  	  	  
Biopsy	   7	   5	   21	 43	 	 16	 13	 29	 56	
Resection	 59	 20	 131	 88	 0.29 (0.10–0.82)	 90	 30	 151	 89	 0.29 (0.15–0.56)
	  	  	 	  	 0.02	  	 	 	  	 0.0002
Chemotherapy	  	  	 	 	  	  	  	 	  
No	 56	 24	 127	 82	 	 88	 39	 131	 83	
Yes	 10	   1	 **	 90	 0.29 (0.04–2.16)	 18	   4	 **	 89	 0.73 (0.26–2.07)
	  	  	 	  	 0.23	  	 	 	  	 0.55
Radiation	  	  	  	  	  	  	  	  	  	  
No	 20	   3	 **	 95	 	 25	   4	 **	 92	
Yes	 46	 22	 101	 78	 2.31 (0.68–7.82)	 81	 39	 128	 81	 2.19 (0.77–6.18)
 	  	  	  	  	 0.18	  	  	  	  	 0.14
Diagnosis at 	
  an academic 	
  hospital	 	  	 	 	 	
No	 48	 22	 101	 81	 	 74	 31	 131	 82	
Yes	 18	   3	 151	 89	 0.32 (0.09–1.15)	 32	 12	 136	 88	 0.83 (0.42–1.65)
	  	  	 	  	 0.08	  	 	 	  	 0.59
College graduate	  	  	  	  	  	  	  	  
No	 29	 14	 127	 72	 	 48	 25	 127	 75	
Yes	 37	 11	 131	 92	 0.50 (0.22–1.13)	 58	 18	 151	 91	 0.47 (0.25–0.87)
	  	  	 	 	 0.10	  	 	 	 	 0.02
Married	  	  	  	  	  	  	  	  	  	  
No	 25	   7	 **	 84	 	 43	 14	 136	 84	
Yes	 41	 18	 101	 83	 1.52 (0.63–3.66)	 63	 29	 127	 84	 1.37 (0.72–2.60)
 	  	  	  	  	 0.35	  	 	  	  	 0.34
UCSF protocol	  	  	  	  	  	  	  	  	  
No	 61	 24	 127	 84	 	 99	 40	 136	 84	
Yes	   5	   1	 **	 80	 0.63 (0.08–4.90)	   7	   3	 **	 86	 1.63 (0.48–5.46)

	  	  	  	  	 0.65	  	  	  	  	 0.62

Abbreviations: HR, hazard ratio; UCSF, University of California, San Francisco.

1Boldface values are statistically significant.

2Number of cases.

3Number deceased.

4Kaplan-Meier estimates of median months of survival and percent surviving two years or more. **Median months of survival not yet reached.

5HR given for 10-year age groups calculated by using continuous age data. Median (range) months of follow-up for those alive is 75 (29–154) for oligodendroglioma and 83 

(29–154) for oligodendroglioma and oligoastrocytoma. 
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Discussion

Representativeness of Study Group Participants

Differences in survival within SEER diagnostic catego-
ries among the study group and SEER-only cases could 
indicate systematic bias in ascertainment or recruitment 
of subjects. We found that the survival time of the study 
group was somewhat better for the most common gli-
oma diagnosis, GM, and for astrocytoma, NOS; thus, 
there appears to be a modest bias in our study group for 
recruitment of those with better survival. Because of the 
often rapid mortality associated with GM, it is not unex-

pected that, even with RCA, a proportion of subjects 
would die prior to contact or that their families might 
be less willing to participate as proxies. For example, in 
this study 252 (34%) of 752 SEER ICD-O-2 eligible GM 
cases were not included in the study (Table 1). Of these, 
92 were reported to us after the study closed. Of those 
included, proxies participated on behalf of 197 (40%) 
of 519 review diagnosis GM cases. It is a significant and 
ongoing challenge to enroll population-based subjects 
(or their proxies) with such rapidly fatal cancers as GM. 
For the lower grade tumors, such as AA, anaplastic oligo
dendroglioma, and oligodendroglioma, the somewhat 
poorer survival of the study group compared to that of 

Table 6. Cox regression of survival among anaplastic oligodendroglioma and anaplastic oligoastrocytoma patients, San Francisco Bay Area 
Adult Glioma Study, 1991–20001

	 	 	 Median	 Percent	
Demographic	 	 N	 Months	 Surviving	
or Treatment	 N2 	 Died3 	 of 	 Two	

Factor	 (42)	 (24)	 Survival4	 Years4	 Univariate HR	 P Value 

Age at diagnosis 	
  (10 years)5	 	 	 	 	 1.92 (1.41–2.62)	 <0.0001
20–29	   4	   1	 **	 100	 	
30–39	   9	   2	 **	 100	 	
40–49	 10	   6	 54	   70	 	
50–59	   9	   6	 40	   67	 	
60–69	   5	   4	 12	   40	 	
70–79	   4	   4	 15	   25	 	
80–89	   1	   1	   0	     0	 	

 	  	  	  	  	 Age-Adjusted HR	 P Value

Ethnicity	 	 	 	 	 	
White	 37	 22	 67	   68	 	
Nonwhite	   5	   2	 **	   80	 0.74 (0.17–3.19)	 0.68
Gender	 	 	 	 	 	
Female	 19	 11	 48	   68	 	
Male	 23	 13	 77	   70	 0.79 (0.35–1.8)	 0.58
Surgery	 	 	 	 	 	
Biopsy	   5	   5	 17	   20	 	
Resection	 37	 19	 77	   76	 0.26 (0.08–0.79)	 0.02
Chemotherapy6	 	 	 	 	 	
No	 24	 13	 77	   67	 	
Yes	 18	 11	 58	   72	 2.79 (1.09–7.13)	 0.03
Radiation6	 	 	 	 	 	
No	   5	   2	 **	   60	 	
Yes	 37	 22	 67	   70	 1.06 (0.23–4.78)	 0.94
Diagnosis at an 	
  academic hospital	 	 	 	 	 	
No	 22	 15	 53	   64	 	
Yes	 20	   9	 77	   75	 0.81 (0.34–1.92)	 0.63
College graduate	 	 	 	 	 	
No	 24	 15	 44	   58	 	
Yes	 18	   9	 91	   83	 0.74 (0.31–1.74)	 0.49
Married	 	 	 	 	 	
No	 16	   9	 67	   63	 	
Yes	 26	 15	 66	   73	 0.56 (0.23–1.36)	 0.20
UCSF protocol	 	 	 	 	 	
No	 35	 19	 74	   66	 	

Yes	   7	   5	 45	   86	 2.29 (0.78–6.75)	 0.13

Abbreviations: HR, hazard ratio; UCSF, University of California, San Francisco.

1Boldface values are statistically significant. Median (range) months of follow-up for those alive is 74 (63–150).

2Number of cases.

3Number deceased.

4Kaplan-Meier estimates of median months of survival and percent surviving two years or more. ** Median months of survival not yet reached.

5HR given for 10-year age groups calculated by using continuous age data.

6Note that unadjusted HR for chemotherapy = 1.17 and for radiation = 1.47; thus, age adjustment had a marked effect on HR estimates. 
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the SEER-only cases could be due to differences among 
hospitals in rapid reporting of cases. Thus, there appears 
to be a modest, though not statistically significant, bias 
in our study for recruitment of those with somewhat 
poorer survival in these diagnostic groups.

Comparison of the SEER and Centrally Reviewed 
Diagnostic Categories Among the Study Group

Comparison of the study group survival estimates by 
using the central review diagnostic categories versus the 
SEER ICD-O-2 diagnoses could indicate the extent to 
which differential classification of tumors might influ-
ence survival estimates. In this study, for astrocytic 
tumors, the review diagnosis codes performed better 
than the SEER ICD-O-2 codes at discriminating sur-
vival. In particular, median survival for the SEER cat-
egory astrocytoma, NOS, was virtually indistinguish-
able from that for AA, whereas with the central review 
diagnoses, astrocytoma had substantially better survival 
than AA. These findings highlight the often expressed 
need (Aldape et al., 2000; Bruner et al., 1997; Coons et 
al., 1997; Karak et al., 2000; McCarthy et al., 2002) for 
specialist neuropathology review to accurately classify 
astrocytic tumors (especially those not classified as GM) 
in order to provide meaningful survival information 
through population resources. Mechanisms for insti-
tuting population-wide neuropathology review and/or 
revising ICD-O coding criteria for certain subgroups of 
glioma should be explored and evaluated.

Treatment and Demographic Factors Associated  
with Survival in the Study Group

As expected, survival of GM patients was significantly 
improved by younger age at diagnosis, surgical resection 
versus biopsy only, and radiation therapy in multivari-
able analysis (CBTRUS, 2002–2003; Curran et al., 1993; 
Davis et al., 1998, 1999; Horn et al., 1999; Lamborn et 
al., 2004; Levin et al., 2001; Scott et al., 1998a). In the 
study group, although chemotherapy and treatment on 
a UCSF protocol were favorable prognostic indicators 
in age-adjusted analyses, they moved toward the null 
in multivariable analysis, suggesting that patients with 
a more favorable prognosis might have been preferen-
tially provided chemotherapy or placed on a protocol. 
Interestingly, being married at diagnosis was a favorable 
prognostic indicator in multivariable analysis, although 
in the subset of patients with KPS scores, the association 
moved toward the null when KPS was included in the 
model. Also, since the association of marital status with 
GM was of moderate statistical significance (P 5 0.05)  
and was not apparent for AA or nonanaplastic oligo-
dendroglial tumors, the possibility remains that this 
association could be due to chance, given the number of 
comparisons made in this report. If not due to chance, 
the fact that the association of marital status and GM 
survival appeared to be confounded with KPS at time of 
diagnosis suggests that the improved survival for mar-
ried GM patients might result from earlier diagnosis 
while their KPS was higher. However, other aspects of 
marriage such as social support might influence KPS and 

subsequent survival; in this circumstance, KPS could 
be an intermediate causal factor (not a confounder) by 
which marital status might influence survival. Although 
the impact of social factors has been extensively studied 
in relation to survival for other cancer sites (Banerjee et 
al., 2004; Charalampopoulou et al., 2004; De Boer et 
al., 1999; Rosengren and Wilhelmsen, 2004; Smedslund 
and Ringdal, 2004; Soler-Vila et al., 2003; Spiegel et al., 
1989; Ward et al., 2004), little information is available 
about the association of social factors and glioma sur-
vival. Thus, our results also point to the need for further 
exploration and evaluation of these factors in clinical 
trials and epidemiologic investigations of brain tumors.

For the approximately 100 participants in the study 
group with AA, only surgical resection versus biopsy, 
chemotherapy, and younger age remained as significantly 
favorable prognostic indicators after multivariable anal-
ysis. However, statistical power for some of the other 
variables may have been weak, and it is worth noting 
that there was an estimated twofold benefit of radiation 
therapy after adjustment for other factors. No notable 
benefits for education, marital status, or diagnosis at an 
academic hospital or treatment on a UCSF protocol were 
noted in the multivariable analysis.

For the 106 patients with nonanaplastic oligodendrog-
lial tumors, younger age and surgical resection versus 
biopsy were significantly associated with better survival. 
Interestingly, those patients who were college graduates 
also showed significantly better survival in age-adjusted 
comparisons. For the 42 patients with anaplastic oligo-
dendroglial tumors, only younger age and surgical resec-
tion were statistically significant, but the statistical power 
for other variables was low, given the small numbers of 
cases. Clearly, multi-institutional studies will be needed 
to clarify other factors associated with this relatively rare 
form of glioma. We cannot assess the impact of tumor 
loss of 1p or 19q on survival (such tumors are known 
to be associated with more favorable survival [van den 
Bent, 2004]), as these data are not routinely available, 
and we also cannot assess the extent to which loss of 1p 
or 19q might be confounded with other variables con-
sidered. Given that loss of 1p or 19q influences response 
to chemotherapy, lack of information on these tumor 
markers precludes further discussion of our finding that  
those not given chemotherapy had better survival.

As noted in the introduction and above, survival esti-
mates from population registry and clinical trials have 
different strengths and limitations: Registry data lack 
consistent and predictive pathology diagnoses for some 
histologies and have limited treatment data, whereas 
clinical trials, having stringent pathology criteria and 
detailed treatment data, are not readily generalizable 
because many glioma patients are not treated in these 
trials. Given that this article reports results from a 
cohort and not a clinical trial, a general limitation of 
the cohort approach is noteworthy: Patients with par-
ticularly good or poor prognoses may be given different 
treatments, and those with especially poor survival may 
not live long enough to institute the recommended treat-
ments. This would tend to inflate the observed benefit of 
certain treatments in this cohort design in comparsion to 
the corresponding benefits observed in clinical trials.
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Summary and Conclusions

To summarize, most of the prognostic variables identified 
were as expected because of other population or clini-
cal studies of glioma. Comparisons of the study group 
with SEER-eligible-only cases indicated that recruitment 
somewhat favored GM patients and astrocytoma, NOS, 
patients with better survival. Within the study group, 
comparison of survival estimates using the SEER ICD-
O-2 codes versus central review diagnosis for non-GM 
astrocytomas supports efforts both to standardize and 
improve neuropathologic coding criteria used by reg-
istries and perhaps to have brain tumors reviewed by 
pathologists with specialty training in neuropathology 
and specific interest/experience in CNS tumor diagno-
sis. Finally, the findings that having graduated from col-
lege in cases of patients with oligodendroglial tumors 
and being married at time of diagnosis in cases of GM 
patients are associated with improved survival, if not 
due to chance from multiple comparisons or simple con-
founding by KPS, suggest that these factors and perhaps 
other social factors deserve further consideration in epi-
demiological and clinical studies of brain tumors.
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