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Background. In 2005, maximum safe surgical resection,
followed by radiotherapy with concomitant temozolo-
mide (TMZ), followed by adjuvant TMZ became the
standard of care for glioblastoma (GBM). Furthermore,
a modest, but meaningful, population-based survival im-
provement for GBM patients occurred in the US between
1999 (when TMZ was first introduced) and 2008. We hy-
pothesized that TMZ usage explained this GBM survival
improvement.
Methods. We used national Veterans Health Adminis-
tration (VHA) databases to construct a cohort of GBM
patients, with detailed treatment information, diagnosed
1997–2008 (n ¼ 1645). We compared survival across 3
periods of diagnosis (1997–2000, 2001–2004, and
2005–2008) using Kaplan–Meier curves. We used pro-
portional hazards models to calculate period hazard
rate ratios (HRs) and 95% confidence intervals (CIs),
adjusted for demographic, clinical, and treatment
covariates.
Results. Survival increased over calendar time (stratified
log-rankP , .0001).Afteradjusting forageandCharlson
comorbidity score, for cases diagnosed in 2005–2008
versus 1997–2000, the HR was 0.72 (95% CI, 0.64–
0.82; p-trend , .0001). Sequentially adding non-TMZ
treatment variables (ie, surgery, radiotherapy, non-
TMZ chemotherapy) to the model did not change this
result. However, adding TMZ to the model containing
age, Charlson comorbidity score, and all non-TMZ treat-
ments eliminated the period effect entirely (HR ¼ 1.01;
95% CI, 0.86–1.19; p-trend ¼ 0.84).

Conclusions. The observed survival improvement
among GBM patients diagnosed in the VHA system
between 1997 and 2008 was completely explained by
TMZ. Similar studies in other populations are warranted
to test the generalizability of our finding to other patient
cohorts and health care settings.

Keywords: brain neoplasms, glioblastoma, survival,
temozolomide, time trends.

I
n 1999, the US Food and Drug Administration ap-
proved the alkylating agent temozolomide (TMZ)
for the treatment of recurrent anaplastic astrocyto-

ma.1 Between 1999 and 2005, off-label use of TMZ for
treatment of glioblastoma multiforme (GBM) became in-
creasingly widespread,2–6 culminating in the adoption in
2005 of maximum safe surgical resection, followed by ra-
diotherapy with concomitant TMZ, followed by adju-
vant TMZ as the new standard of care.7 This treatment
advance was based on a landmark phase III trial in
which patients with newly diagnosed, microscopically
confirmed GBM were randomized to receive radiothera-
py alone or radiotherapy plus concomitant and adjuvant
TMZ.8 Median survival was 12.1 months in the group
that received radiotherapy alone compared with 14.6
months in the group that received radiotherapy plus
TMZ.

However, efficacy in a clinical trial does not guarantee
effectiveness in the general population. Using GBM cases
diagnosed between 1993 and 2007 in the Surveillance,
Epidemiology and End Results (SEER) Program data-
base, wepreviously demonstrated a modest, but meaning-
ful, population-based survival improvement for GBM
patients in the US that began in 1999–2001 and contin-
ued through 2005–2007.9 Others have also utilized
SEER to demonstrate this survival improvement.10–12
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Although we showed a close ecologic association
between increasing TMZ usage and improved survival,9

we were unable to directly test the hypothesis that TMZ
usage explained the improved survival because SEER
does not include information on chemotherapy treat-
ment. We proposed that the rising TMZ usage in 1999–
2007 was the most likely explanation for the survival
improvement, but we could not rule out the possibility
that other treatment advances, such as greater extent of
surgical resection13–17 or more aggressive treatment of
recurrent disease,18,19 also contributed.

In the current study, we constructed a cohort of pa-
tients diagnosed with GBM between 1997 and 2008, in-
cluding detailed treatment and follow-up information,
based on national Veterans Health Administration
(VHA) databases. We utilized this cohort to directly test
the hypothesis that TMZ usage explained the GBM sur-
vival improvement observed during this period.

Materials and Methods

Study Population

All cancer cases diagnosed or treated at VHA medical
centers are reported to the Veterans Affairs Central
Cancer Registry (VACCR). We obtained the VACCR
records for all glioma cases (International Classification
of Diseases for Oncology, third edition [ICD-O-3]20 mor-
phology codes between 9380 and 9460, with behavior
code 3 [malignant]) diagnosed between 1997 and 2007
and for most cases diagnosed in 2008.

We used each VHA patient’s unique identifier to link
our VACCR glioma cohort with data from other VHA na-
tional databases, including pharmacy, inpatient and out-
patient encounters (at VHA facilities and at non-VHA
facilities when paid for by the VHA), and the diagnosis
and procedure codes associated with the encounters.

The current study included microscopically confirmed
GBM cases diagnosed between 1997 and 2008. We
defined GBM as ICD-O-3 morphology codes 9440–
9442 in combination with ICD-O-3 topography code
C71 (brain). We excluded 11 cases diagnosed by autopsy
only and 17 cases with insufficient treatment information.
In addition to its standard coded variables, the VACCR da-
tabase includes text fields describing pathology, surgery,
radiation therapy, chemotherapy, and diagnostic proce-
dures. We required that cases be coded as microscopically
confirmed in the VACCR diagnostic confirmation field or
that microscopic confirmation be clearly indicated in the
pathology textfield.We also required that the VACCR sur-
gical diagnostic procedure field, VACCR surgical treat-
ment field, VACCR surgery text field, or procedure codes
associated with inpatient oroutpatient encounters indicate
that a biopsy was performed.

We assumed the VACCR morphology field was correct
unless review of the pathology text field indicated other-
wise. Through this review, we determined 14 cases to
have been miscoded as GBM. The pathology text field for
these cases indicated “anaplastic astrocytoma,” “low-
grade glioma,” “glioblastoma grade II,” “astrocytic

neoplasm with no necrosis seen,” or “WHO grade III.”
Furthermore, we reclassified 65 cases coded in the registry
as non-GBM gliomas to be GBM. Most of the pathology
text fields for these cases indicated “glioblastoma” or “as-
trocytoma, grade IV.” Some text fields indicated high-
grade or malignant glioma or astrocytoma with necrosis
and/or endothelial/vascular proliferation, which are pa-
thognomonic for GBM.21 Our final GBM cohort included
1645 cases. This study was approved by institutional
review boards at the VA Connecticut Healthcare System
and Yale School of Medicine. The study was granted a
waiver of informed consent.

Variables

For all variables, coders were blind to the outcome (sur-
vival). For each subject, we compared information on
sex, date of birth, race/ethnicity, and marital status from
the VACCR, inpatient encounter, and outpatient encoun-
ter records. The few discrepancies among data sources
were resolved using the best available evidence. For
example, if sex was coded as male in the VACCR record
but as female in most or all inpatient and outpatient en-
counter records, we considered the sex to be female; if
Hispanic ethnicity was coded as unknown in the VACCR
recordbut as Hispanic in inpatient oroutpatient encounter
records, we considered the ethnicity to be Hispanic.

We obtained the following sociodemographic variables
from the VACCR: Veterans Integrated Service Network
(VISN)of the reportingVHAmedical center (theVHAisor-
ganized into21geographicallybasedVISNs);primarypayer
at diagnosis; and diagnosis/treatment facility, which indi-
cates whether diagnosis and/or first course of treatment
took place at the reporting VHA medical center or else-
where. We obtained data on individual annual income
from the inpatient encounter closest within 1 year of the
GBM date of diagnosis. Income was converted to 2008
dollars using Consumer Price Index conversion factors.22

We used two measures of comorbidity. We obtained
“service-connected disability” (determined to help estab-
lish eligibility for VHA benefits and measured as a percent-
age in 10% increments) from inpatient and outpatient
encounter records, selecting the value recorded closest in
time to the date of GBM diagnosis, but restricted to the
year prior to diagnosis. If no such value was recorded, we
allowed a value within 30 days after the date of diagnosis.
We calculated a Charlson comorbidity score23,24 from
International Classification of Diseases, 9th revision25

(ICD-9) diagnosis codes recorded in inpatient and outpa-
tient encounter records ranging from 2 years before to
30 days after the GBM date of diagnosis. The following di-
agnoses (as determined by ICD-9 codes) are included in the
score: myocardial infarction, congestive heart failure, pe-
ripheral vascular disease, cerebrovascular disease, demen-
tia, chronic pulmonary disease, rheumatologic disease,
peptic ulcer disease, mild liver disease, and diabetes (1
point each); diabetes with chronic complications, hemiple-
gia or paraplegia, renal disease, and any malignancy (2
points each); moderate or severe liver disease (3 points);
and metastatic solid tumors and AIDS (6 points each).
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We required that a comorbid condition be recorded in 1 in-
patientencounteror inat least2outpatient encounterson2
different days. We completely excluded from the index cal-
culation ICD-9code191(malignantneoplasmofbrain), as
well as comorbid conditions recorded during the period 90
days before to 30 days after the GBM date of diagnosis that
might have been caused by or confused with GBM (ie, de-
mentia, cerebrovascular disease, hemiplegia or paraplegia,
and secondary malignant neoplasms of brain and spinal
cord).

We obtained data on treatment (surgery, radiotherapy,
and chemotherapy) from a variety of data sources. We ob-
tained typeand dateof surgery, radiotherapy (yes/no), and
radiotherapydates fromthe VACCR(bothcodedvariables
and text fields) and from ICD-9 procedure codes and
CurrentProceduralTerminology26 codes recorded in inpa-
tient and outpatient encounter records. We determined
extent of resection from VACCR codes and the VACCR
surgery text field. This variable was primarily based on
the surgeon’s impression as determined from the operative
report, but in some instances was based on the postopera-
tiveMRIreport.Weobtained typeanddatesofchemother-
apy mainly from the pharmacy database but also utilized
VACCR coded variables and text fields.

To reconcile differences among the various data
sources, we utilized the best available evidence based on
decision rules for each treatment variable. For example,
if the VACCR code indicated no resection, but procedure
codes indicateda resection,wecoded the subject ashaving
had a resection. This could occur if the reporting facility
was not the treatment facility. Similarly, if the VACCR
code indicated radiotherapy but there were no radiother-
apy procedure codes, we coded the subject as having re-
ceived radiotherapy. This could occur if radiotherapy
was performed by an outside facility and was not paid
for by the VHA, but by Medicare, for example.

We defined date of GBM diagnosis as the earliest
surgery date at which a microscopic diagnosis was
made. We calculated age at diagnosis from the date of
birth and date of diagnosis. The VACCR includes data
on vital status and date of death or last contact. We
updated these dates through September 2011 by linkage
with the national VHA vital status database.

Available records did not allow us to determine the
dateof GBM recurrence, sowewereunable to directlydis-
tinguish between first course chemotherapy and chemo-
therapy administered for recurrent disease. Instead, we
defined chemotherapy as first course if it was the initial
course administered and was started ,6 months after
diagnosis or ,4 months after the end date of radiothera-
py. All other chemotherapy was defined as later course. In
distinguishing between first and later course, we took into
consideration typical patterns of care. For example,
within the first course time window, adjuvant TMZ ad-
ministered following concomitant TMZ and radiothera-
py was considered to be first course, but bevacizumab
(now standard therapy for recurrence27) administered
after termination of TMZ, or TMZ administered after
termination of carmustine (which occurred before TMZ
became first course standard of care), was considered to
be later course.

Statistical Analyses

The study endpoint was overall survival. We measured
survival time as the time from the date of GBM diagnosis
to the date of death or date of last contact. We categorized
our primary predictor variable, calendar year of diagno-
sis, into 3 four-year periods: 1997–2000, 2001–2004,
and 2005–2008.

We used SAS v9.2 for analyses. All statistical tests were
2-sidedwitha ¼ 0.05.WeusedPROCPHREGtoestimate
hazard rate ratios (HRs) and 95% confidence intervals
(CIs) for death from Cox proportional hazards regression
models. Multivariate Cox models included period of diag-
nosis (our primary predictor variable), age at diagnosis
(≤39 y, 40–44, 45–49, . . . 80–84, 85+) and baseline
Charlson comorbidity score (0, ≥1, unknown). We
found no meaningful alteration in the period of diagnosis
HRs adjusted for age and Charlson comorbidity score by
further adjusting for sex, race/ethnicity (non-Hispanic
White, Hispanic White, Black, other/unknown), marital
status (married, single, divorced/separated, widowed,
unknown), VISN of reporting facility, income ($0, quar-
tiles of income .$0, unknown), primary payer (VA,
other), diagnosis/treatment facility (4 categories: diagno-
sis and first course of treatment took place at the reporting
VHA medical center [reporting/reporting], diagnosis took
place at the reporting center/first course of treatment took
place elsewhere [reporting/elsewhere], elsewhere/report-
ing, and elsewhere/elsewhere), and service-connected dis-
ability (percent, unknown), so these covariates were not
included in the final multivariate models. We calculated a
P-value forperiodofdiagnosis trend(p-trend)by including
periodofdiagnosis inthemodelasasingleordinalvariable.

Treatment covariates in the multivariate models includ-
ed surgery (biopsy only, partial resection, gross total resec-
tion, resection not otherwise specified), radiotherapy (yes,
no, unknown), first course non-TMZ chemotherapy (yes,
no, unknown), later course non-TMZ chemotherapy
(yes, no, unknown), first course TMZ chemotherapy (yes,
no, unknown), and later course TMZ chemotherapy (yes,
no, unknown). In these analyses, we did not distinguish
between concomitant and adjuvant first course TMZ. We
modeled each treatment as a time-updated covariate,
such that it held the value of 0 before the treatment start
date, and the value of 1 on and after the start date. This
allowed treatment effects (especially chemotherapy) not
to be influenced by cases that did not receive treatments
because patients did not live long enough.

We used PROC LIFETEST to generate Kaplan–Meier
survival curves according to period of diagnosis and to
calculate the percent of subjects alive at 1 year and 2
years (and 95% CIs), median survival (and interquartile
range), and a log-rank test and stratified log-rank test
(by age and baseline Charlson comorbidity score) of ho-
mogeneity across periods of diagnosis.

We performed Kaplan–Meier survival and Cox pro-
portional hazards analyses both for the full cohort of
1645 cases and for a restricted cohort of 932 cases
treated with resection and radiotherapy. Because patients
in the restricted cohort were deemed eligible for these
treatments by their physicians and were willing to
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Table 1. Baseline demographic and clinical characteristics of cases by period of diagnosis

Characteristic Number (%)

All Years Period of Diagnosis

(1997–2008) 1997–2000 2001–2004 2005–2008 Pa

Deaths/Cases 1618/1645 516/518 582/586 520/541

Sex

Male 1598 (97) 500 (97) 568 (97) 530 (98) .34

Female 47 (3) 18 (3) 18 (3) 11 (2)

Age at diagnosis, y

25–54 323 (20) 133 (26) 122 (21) 68 (13) ,.0001

55–64 548 (33) 133 (26) 198 (34) 217 (40)

65–74 441 (27) 155 (30) 135 (23) 151 (28)

75+ 333 (20) 97 (19) 131 (22) 105 (19)

Race/ethnicity

Non-Hispanic White 1368 (83) 437 (84) 477 (81) 454 (84) .29

Hispanic White 73 (4) 25 (5) 20 (3) 28 (5)

Black 165 (10) 50 (10) 68 (12) 47 (9)

Other/unknown 39 (2) 6 (1) 21 (4) 12 (2)

Marital status

Married 900 (55) 280 (54) 311 (53) 309 (57) .71

Single 175 (11) 61 (12) 59 (10) 55 (10)

Divorced/separated 452 (27) 143 (28) 171 (29) 138 (26)

Widowed 112 (7) 32 (6) 43 (7) 37 (7)

Unknown 6 (0.4) 2 (0.4) 2 (0.3) 2 (0.4)

Geographic regionb

Northeast 185 (11) 53 (10) 68 (12) 64 (12) .18

Midwest 349 (21) 110 (21) 139 (24) 100 (18)

South 706 (43) 217 (42) 255 (44) 234 (43)

West 405 (25) 138 (27) 124 (21) 143 (26)

Income

$0 195 (12) 68 (13) 71 (12) 56 (10) .24

Q1 (median $6288) 332 (20) 117 (23) 122 (21) 93 (17)

Q2 (median $14 595) 331 (20) 106 (20) 124 (21) 101 (19)

Q3 (median $27 245) 332 (20) 107 (21) 116 (20) 109 (20)

Q4 (median $47 472) 332 (20) 90 (17) 117 (20) 125 (23)

Unknown 123 (7) 30 (6) 36 (6) 57 (11)

Primary payer

VA 1351 (82) 455 (88) 476 (81) 420 (78) ,.0001

Other 294 (18) 63 (12) 110 (19) 121 (22)

Diagnosis/treatment facilityc

Reporting/reporting 1070 (65) 345 (67) 391 (67) 334 (62) ,.0001

Reporting/elsewhere 93 (6) 20 (4) 29 (5) 44 (8)

Elsewhere/reporting 413 (25) 103 (20) 147 (25) 163 (30)

Elsewhere/elsewhere 69 (4) 50 (10) 19 (3) 0

Service-connected disability

0% 1108 (67) 346 (67) 404 (69) 358 (66) .013

10%–40% 224 (14) 65 (13) 82 (14) 77 (14)

50%–100% 206 (13) 45 (9) 70 (12) 91 (17)

Unknown 107 (7) 62 (12) 30 (5) 15 (3)

Charlson comorbidity score

0 735 (45) 261 (50) 251 (43) 223 (41) .0006

≥1 832 (51) 223 (43) 305 (52) 304 (56)

Continued
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Table 1. Continued

Characteristic Number (%)

All Years Period of Diagnosis

(1997–2008) 1997–2000 2001–2004 2005–2008 Pa

Deaths/Cases 1618/1645 516/518 582/586 520/541

Unknown 78 (5) 34 (7) 30 (5) 14 (3)
aChi-square test (with unknowns excluded) comparing the proportions of demographic and clinical characteristics across the 3 periods of
diagnosis.
bBased on geographic location of the VISN of the reporting VHA medical center.
cIndicates whether diagnosis and first course of treatment occurred at the reporting VHA medical center (reporting) vs another facility
(elsewhere).

Table 2. Treatment received by cases by period of diagnosis

Characteristic Number (%)

All Years Period of Diagnosis

(1997–2008) 1997–2000 2001–2004 2005–2008 Pa

Deaths/Cases 1618/1645 516/518 582/586 520/541

Surgery

Biopsy only 426 (26) 118 (23) 149 (25) 159 (29) ,.0001

Partial resection 654 (40) 201 (39) 246 (42) 207 (38)

Gross total resection 271 (16) 66 (13) 101 (17) 104 (19)

Resection NOS 294 (18) 133 (26) 90 (15) 71 (13)

Radiotherapy

No 404 (25) 123 (24) 163 (28) 118 (22) .054

Yes 1203 (73) 380 (74) 410 (70) 413 (76)

Unknown 38 (2) 15 (3) 13 (2) 10 (2)

Median months to radiotherapy 0.9 0.8 0.9 1.0

Non-TMZ chemotherapyb

First course

No 1476 (90) 434 (84) 526 (90) 516 (95) ,.0001

Yes 145 (9) 73 (14) 51 (9) 21 (4)

Unknown 24 (1) 11 (2) 9 (2) 4 (1)

Median months to treatment 1.3 1.6 1.2 0.0

Later course

No 1534 (93) 494 (95) 554 (95) 486 (90) ,.0001

Yes 87 (5) 13 (3) 23 (4) 51 (9)

Unknown 24 (1) 11 (2) 9 (2) 4 (1)

Median months to treatment 11.5 11.5 9.7 12.2

TMZ chemotherapy

First course

No 1063 (65) 497 (96) 414 (71) 152 (28) ,.0001

Yes 562 (34) 17 (3) 162 (28) 383 (71)

Unknown 20 (1) 4 (1) 10 (2) 6 (1)

Median months to treatment 1.2 3.9 1.4 1.0

Later course

No 1521 (92) 490 (95) 529 (90) 502 (93) .16

Yes 82 (5) 23 (4) 37 (6) 22 (4)

Unknown 42 (3) 5 (1) 20 (3) 17 (3)

Median months to treatment 11.2 9.7 10.3 13.7

Abbreviations: NOS, not otherwise specified.
aChi-square test (with unknowns excluded) comparing the proportions of treatment modalities across the 3 periods of diagnosis.
bIncludes carmustine (BCNU), lomustine (CCNU), procarbazine, vincristine, carboplatin, cisplatin, hydroxyurea, irinotecan,
cyclophosphamide, etoposide, topotecan, gemcitabine, paclitaxel, tirapazamine, capecitabine, crisnatol mesylate, motexafin gadolinium,
talampanel, bevacizumab, erlotinib, Gliadel wafer, tamoxifen, isotretinoin, tretinoin, thalidomide, O6-benzylguanine, methotrexate.
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undergo these treatments, they may be more homoge-
neous with respect to eligibility for and willingness to
undergo TMZ chemotherapy, possibly lowering the po-
tential impact of confounding by indication (ie, patients
with a better prognosis were more likely to be treated
with TMZ).28

Results

Of the 1645 cases in the cohort, 1618 (98.4%) died
during the observation period. Table 1 shows baseline de-
mographic and clinical characteristics of cases. Ninety-
seven percent of cases were male. The majority of cases
were between ages 55 and 74 years at diagnosis; age at
diagnosis increased over calendar time due to the aging
of the VHA population. More than four-fifths of cases
were non-Hispanic White. Overall, more than a quarter
of cases had service-connected disability and about half
had a Charlson comorbidity score ≥1 (indicating at
leastone majorcomorbidity); theseproportions increased
over calendar time.

Table 2 shows the treatment received by cases.
One-quarter of cases had a biopsy, but no resection; this
proportion increased over calendar time. About three-
quarters of cases received radiotherapy during the first
course of treatment. Only 9% of cases received first
course non-TMZ chemotherapy; this proportion de-
creased over calendar time, corresponding with the in-
creased use of first course TMZ. About one-third of
cases received first course TMZ; as expected, the propor-
tion receiving first course TMZ increased over calendar
time, from only 3% in 1997–2000 to more than two-
thirds in 2005–2008. In the restricted cohort of 932
cases treated with resection and radiotherapy, 46% re-
ceived first course TMZ, with the proportion increasing
from 5% in 1997–2000 to 92% in 2005–2008 (not
shown in table).

Median time fromdiagnosis date to initiationofchemo-
therapy was 1.3 months for first course non-TMZ
chemotherapy, 1.2 months for first course TMZ chemo-
therapy, 11.5 months for later course non-TMZ chemo-
therapy, and 11.2 months for later course TMZ
chemotherapy (Table 2). Eighty-three percent of the sub-
jects receiving first course TMZ chemotherapy initiated
chemotherapy concomitant with first course radiotherapy
(not shownin table).More than90%of the subjects receiv-
ing first course TMZ chemotherapy initiated chemothera-
py within 16 weeks of diagnosis, as did 84% of subjects
receiving first course non-TMZ chemotherapy (not
shown in table).

Figure 1 shows Kaplan–Meier survival plots accord-
ing to period of diagnosis; associated survival statistics
are shown in Table 3. We observed survival to be superior
amongcasesdiagnosed in2005–2008(eg,2-year survival
doubled from 5.2% in 1997–2000 to 10.2% in 2005–
2008 in the full cohort and from 7.9% to 15.3% in
cases treated with resection and radiotherapy).

Table 4 shows treatment effects on survival by treat-
ment modality: surgery, radiotherapy, first course
non-TMZ chemotherapy, and first course TMZ

chemotherapy. HRs were generated from separate multi-
variate Cox models for each treatment modality, adjusting
for period of diagnosis, age, and Charlson comorbidity
score (but not for other treatment modalities). In the full
cohort, the HRs for treatment with resection (compared
withbiopsyonly), radiotherapy, andfirst courseTMZ che-
motherapy were each about 0.5 or less and highly statisti-
cally significant (each P , .0001). The HR for first
course non-TMZ chemotherapy was 0.83 (P ¼ .036).
For the restricted cohort of cases treated with resection
and radiotherapy, the HR was 0.60 (P , .0001) for first
course TMZ chemotherapy and 0.87 (P ¼ .17) for first
course non-TMZ chemotherapy. Because treatment mo-
dalities were not modeled simultaneously in the same
Cox model, the HRs did not take into account correlation
among treatment modalities.

Table 5 shows period of diagnosis HRs, with 1997–
2000 serving as the reference period. For the full cohort,
in the univariate model, we observed a significantly de-
creased HR for cases diagnosed in 2005–2008, consistent
with the Kaplan–Meier results. When we added age and
Charlson comorbidity score to the model, this period
effect was accentuated, with an HR of 0.72 (95% CI,

Fig. 1. Kaplan–Meier survival plots according to period of diagnosis.

(A) Full cohort (n ¼ 1645). (B) Restricted cohort (treated with

resection and radiotherapy) (n ¼ 932).
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0.64–0.82) for cases diagnosed in 2005–2008, a period
effect P , .0001, and a p-trend ,.0001.

The period effect (significantly improved survival over
calendar time) did not meaningfully change when we
sequentially added the non-TMZ treatment variables
(surgery, radiotherapy, first course non-TMZ chemother-
apy) to the model (Table 5). However, adding first course
TMZ chemotherapy to the model containing the baseline
covariates and all non-TMZ treatments eliminated the
period effect entirely, with an HR for cases diagnosed in
2005–2008 of 1.01 (95% CI, 0.86–1.19), a period
effect P-value of .60 and a p-trend of .84. Thus, first
course TMZ chemotherapy completely accounted for
the improved survival observed over calendar time.

For the restricted cohort of cases treated with resection
and radiotherapy, the period effect when first course
TMZ chemotherapy was not included in the model was
more pronounced than for the full cohort. When we
added first course TMZ chemotherapy to the model, the
period effect was again entirely abolished (Table 5).

Results of alternative analyses (data not shown) were
similar to the analyses presented in Table 5. These analy-
ses included omitting first course non-TMZ chemothera-
py from the final model in Table 5, including second
course TMZ chemotherapy in the final model and
second course non-TMZ chemotherapy in the final 2
models. Furthermore, in the full cohort, adding radiother-
apy alone to the base model, without the surgery covari-
ate, did not meaningfully alter the period effect, but
when first course TMZ chemotherapy was then added
to the model with radiotherapy, the period effect was
abolished.

Discussion

In this national VHA population of GBM patients, we ob-
served a statistically significant improvement in survival
among cases diagnosed in 2005–2008 compared with
cases diagnosed in 1997–2000, along with a significant
trend of increasing survival over calendar time.
Consistent with our hypothesis, we found this survival im-
provement to be completely explained by TMZ chemo-
therapy. Others have observed better survival among
non–clinical trial29 or population-based30 patients
treated after surgery with radiotherapy and TMZ com-
pared with radiotherapy alone. However, to our knowl-
edge, this is the first study to show that TMZ totally
explained the improved survival that has occurred on a
population level since the turn of the century. Although it
is possible that a factor tightly correlated with TMZ use,
and not TMZ itself, was responsible for the increased sur-
vival, it is not at all apparent what such a factor would be.

In relative terms, the survival improvement among
VHA GBM cases diagnosed in 2005–2008 compared
with 1997–2000 was similar to the survival improvement
observed in the US general population of GBM cases.9–12

However, as we found, and as already reported by
others,31 the absolute survival among VHA cases was
substantially worse, with a median survival of 6.4
months among VHA cases versus 9.7 months in the
general GBM population (SEER) among cases diagnosed
in 2005–2008.10 This survival difference is unlikely to be
due to VHA cases receiving inferior medical care, given
that for other types of cancer, most studies have found
quality of care32,33 and/or survival32,34,35 to be the

Table 3. Survival statistics by period of diagnosis

Kaplan–Meier Survival Statistics

Deaths/Cases 1-y, % (95% CI) 2-y, % (95% CI) Median, mo
(interquartile range)

Full cohort

All years (1997–2008) 1618/1645 25.3 (23.2–27.4) 7.3 (6.1–8.6) 5.8 (2.6–12.1)

Period of diagnosis

1997–2000 516/518 24.3 (20.7–28.1) 5.2 (3.5–7.4) 5.5 (2.6–11.8)

2001–2004 582/586 22.4 (19.1–25.8) 6.5 (4.7–8.7) 5.7 (2.5–11.7)

2005–2008 520/541 29.4 (25.6–33.3) 10.2 (7.8–13.0) 6.4 (2.8–13.2)

Log-rank test Pa .0039

Stratified log-rank test Pb ,.0001

Restricted cohort (treated with resection and radiotherapy)

All years (1997–2008) 910/932 37.5 (34.3–40.5) 11.2 (9.3–13.4) 9.4 (5.3–14.9)

Period of diagnosis

1997–2000 303/305 33.8 (28.5–39.1) 7.9 (5.2–11.2) 8.3 (4.7–13.6)

2001–2004 324/327 34.3 (29.2–39.4) 10.7 (7.6–14.3) 9.2 (5.3–14.6)

2005–2008 283/300 44.7 (39.0–50.2) 15.3 (11.4–19.6) 10.6 (6.1–16.9)

Log-rank test Pa .0001

Stratified log-rank test Pb ,.0001
aCompares the Kaplan–Meier survival proportions across the 3 periods of diagnosis.
bCompares the Kaplan–Meier survival proportions across the 3 periods of diagnosis, controlling for age at diagnosis (≤39 y, 40–44,
45–49, . . . 80–84, 85+) and baseline Charlson comorbidity score (0, ≥1, unknown).
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Table 4. Treatment HRs and 95% CIs for death

HR (95% CI) (each column represents a separate multivariate Cox modela)

Model 1: Surgeryb Model 2: Radiotherapyc Model 3: First Course Non-TMZ
Chemotherapyd

Model 4: First Course TMZ
Chemotherapye

Full cohort: 1618 deaths/1645 cases

Biopsy only
(424/426)f

1.00 (reference) No (402/404) 1.00 (reference) No (1451/1476) 1.00 (reference) No (1058/1063) 1.00 (reference)

Partial resection
(641/654)

0.53 (0.46–0.60) Yes (1179/1203) 0.51 (0.45–0.59) Yes (143/145) 0.83 (0.69–0.99) Yes (540/562) 0.52 (0.45–0.60)

Gross total
resection
(263/271)

0.41 (0.35–0.48) P ,.0001 P .036 P ,.0001

Resection NOS
(290/294)

0.45 (0.39–0.53)

P ,.0001

Restricted cohort (treated with resection and radiotherapy): 910 deaths/932 cases

No (778/798) 1.00 (reference) No (489/491) 1.00 (reference)

Yes (116/118) 0.87 (0.71–1.06) Yes (406/426) 0.60 (0.49–0.73)

P .17 P ,.0001

Abbreviation: NOS, not otherwise specified.
aAdjusted for period of diagnosis (1997–2000, 2001–2004, 2005–2008), age at diagnosis (≤39 y, 40–44, 45–49, . . . 80–84, 85+), and baseline Charlson comorbidity score (0, ≥1, unknown),
with no adjustment for other treatments.
bSurgery (biopsy only, partial resection, gross total resection, resection NOS), modeled as a time-updated variable.
cRadiotherapy (no, yes, unknown), modeled as a time-updated variable.
dFirst course non-TMZ chemotherapy (no, yes, unknown), modeled as a time-updated variable.
eFirst course TMZ chemotherapy (no, yes, unknown), modeled as a time-updated variable.
fDeaths/cases; in each model, numbers in categories may not add to the total number in the cohort because results for the unknown category are not shown.
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Table 5. Period of diagnosis HRs and 95% CIs for death

Univariate HR
(95% CI)

Multivariate HR (95% CI)

Deaths/
Cases

Basea Base 1 Surgeryb Base 1 Surgery 1
Radiotherapyc

Base 1 Surgery 1
Radiotherapy 1
First Course
Non-TMZ Chemod

Base 1 Surgery 1 Radiotherapy 1
First Course Non-TMZ Chemo 1
First Course TMZ Chemoe

Full cohort: 1618 deaths/1645 cases

Period of diagnosis

1997–2000 516/518 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

2001–2004 582/586 0.96 (0.85–1.08) 0.91 (0.80–1.02) 0.91 (0.81–1.03) 0.92 (0.81–1.04) 0.91 (0.80–1.03) 1.06 (0.93–1.21)

2005–2008 520/541 0.82 (0.73–0.93) 0.72 (0.64–0.82) 0.70 (0.62–0.80) 0.74 (0.65–0.84) 0.73 (0.64–0.83) 1.01 (0.86–1.19)

Period effect P .0040 ,.0001 ,.0001 ,.0001 ,.0001 .60

Trend P .0015 ,.0001 ,.0001 ,.0001 ,.0001 .84

Restricted cohort (treated with resection and radiotherapy): 910 deaths/932 cases

Period of diagnosis

1997–2000 303/305 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

2001–2004 324/327 0.87 (0.75–1.02) 0.81 (0.69–0.95) 0.81 (0.69–0.95) 0.81 (0.69–0.96) 0.80 (0.68–0.94) 1.05 (0.87–1.25)

2005–2008 283/300 0.71 (0.60–0.83) 0.60 (0.51–0.71) 0.61 (0.52–0.73) 0.62 (0.52–0.73) 0.60 (0.51–0.72) 1.02 (0.79–1.31)

Period effect P .0002 ,.0001 ,.0001 ,.0001 ,.0001 .86

Trend P ,.0001 ,.0001 ,.0001 ,.0001 ,.0001 .86

Abbreviations: Chemo, chemotherapy; CI, confidence interval; HR, hazard rate ratio; TMZ, temozolomide.
aAdjusted for age at diagnosis (≤39 y, 40–44, 45–49, . . . 80–84, 85+) and baseline Charlson comorbidity score (0, ≥1, unknown).
bAdditionally adjusted for surgery (biopsy only, partial resection, gross total resection, resection not otherwise specified), modeled as a time-updated covariate.
cAdditionally adjusted for radiotherapy (no, yes, unknown), modeled as a time-updated covariate.
dAdditionally adjusted for first course non-TMZ chemotherapy (no, yes, unknown), modeled as a time-updated covariate.
eAdditionally adjusted for first course TMZ chemotherapy (no, yes, unknown), modeled as a time-updated covariate.
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same as or superior in the VHA versus other facilities.
Furthermore, the proportions of VHA cases receiving re-
section,9 radiotherapy,9 and TMZ chemotherapy28 were
comparable to the proportions receiving these treatments
in the general population of GBM patients.

The disparity in GBM survival between VHA and
general population patients was not the focus of the
current study, but clearly warrants further research.
Possible explanations include greater comorbidity and/or
lower performance status among VHA cases. The percent
of GBM cases with a Charlson comorbidity score ≥1 was
51% in the current VHA cohort compared with 30% in a
sample of GBM cases from SEER.28 Unfortunately, we
did not have information on performance status, a known
important prognostic factor for GBM.29,36,37 Most cases
in our cohort did not receive later course chemotherapy
(Table 2). This may have contributed to the survivaldispar-
ity or may have been a result of later course chemotherapy
not being clinically indicated due to high comorbidity and/
or low performance status.

We observed confounding toward the null of the
period effect by age and Charlson comorbidity score.
Thus, in the univariate analysis, the point estimate for
the HR for 2005–2008 compared with 1997–2000 was
0.82 (Table 5). However, after adjusting for age and
Charlson comorbidity score, the point estimate fell to
0.72 (Table 5), reflecting both the decreasing proportion
of younger patients (who are known to have better sur-
vival9–12) and the increasing proportion of patients
with comorbidity over calendar time (Table 1).
Similarly, the Kaplan–Meier survival plots (Fig. 1) re-
flected a univariate examination of survival that did not
take age or comorbidity into account. Thus, in the full
cohort, the log-rank P-value was .0039, whereas the
log-rank P-value stratified for age and Charlson comor-
bidity score was ,.0001 (Table 3).

Our study had the strength of utilizing several sources
of information from national VHA databases. First, the
VACCR pathology text field allowed us to perform
quality control on the ICD-O-3 morphology codes and
thus refine the classification of cases as GBM. Second,
using the national vital status database, we updated
follow-up through September 2011. Third, linking the
VACCR with other national VHA databases enabled us
to includecovariatesnot collectedbyVACCR(eg, service-
connected disability, Charlson comorbidity score) and to
construct a treatment history for each case that was sub-
stantially more complete than that contained in the
VACCR database alone. Importantly, construction of
the non-TMZ and TMZ chemotherapy treatment histo-
ries would not have been possible without the pharmacy
database, which was the primary data source for these
variables. Nevertheless, although we captured treatments
received at non-VHA facilities paid for by the VHA, we
most likely missed some treatment that took place in
non-VHA facilities not paid for by the VHA.

We were unable to directly distinguish between first
course chemotherapy and later course chemotherapy

administered for recurrent disease because we were
unable to determine date of recurrence. However, it is
not likely that there was substantial misclassification of
first course versus later course chemotherapy. For 83%
of the subjects we classified as having received first
course TMZ chemotherapy, the chemotherapy was initi-
ated concomitant with first course radiotherapy, indicat-
ing that the TMZ was, indeed, first course. Furthermore,
more than 90% of the subjects we classified as having re-
ceived first course TMZ chemotherapy initiated chemo-
therapy within 16 weeks of diagnosis, as did 84% of
subjects we classified as having received first course
non-TMZ chemotherapy.

Our cohort was predominantly non-Hispanic White
male, reflecting the preponderance of males in the overall
VHA population and the higher GBM incidence rate in
non-Hispanic Whites compared with non-Whites.38

Veterans served by VHA tend to have substantial comor-
bidity, service-connected disabilities, and limited econom-
ic resources.39,40 Thus, GBM patients in the VHA may not
be representative of GBM patients from the general US
population.

In summary, we observed a survival improvement
among GBM patients diagnosed in the national VHA
system between 1997 and 2008 that was completely ex-
plained by TMZ chemotherapy. Similar studies in other
populations are warranted to test the generalizability of
our finding to other patient cohorts and health care
settings.
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