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A B S T R A C T

Purpose
The Veterans Health Administration (VHA) provides high-quality preventive chronic care and
cancer care, but few studies have documented improved patient outcomes that result from
this high-quality care. We compared the survival rates of older patients with cancer in the VHA
and fee-for-service (FFS) Medicare and examined whether differences in the stage at
diagnosis, receipt of guideline-recommended therapies, and unmeasured characteristics explain
survival differences.

Patients and Methods
We used propensity-score methods to compare all-cause and cancer-specific survival rates for
men older than age 65 years who were diagnosed or received their first course of treatment for
colorectal, lung, lymphoma, or multiple myeloma in VHA hospitals from 2001 to 2004 to similar
FFS-Medicare enrollees diagnosed in Surveillance, Epidemiology, and End Results (SEER) areas in
the same time frame. We examined the role of unmeasured factors by using sensitivity analyses.

Results
VHA patients versus similar FFS SEER-Medicare patients had higher survival rates of colon cancer
(adjusted hazard ratio [HR], 0.87; 95% CI, 0.82 to 0.93) and non–small-cell lung cancer (NSCLC;
HR, 0.91; 95% CI, 0.88 to 0.95) and similar survival rates of rectal cancer (HR, 1.05; 95% CI, 0.95
to 1.16), small-cell lung cancer (HR, 0.99; 95% CI, 0.93 to 1.05), diffuse large–B-cell lymphoma
(HR, 1.02; 95% CI, 0.89 to 1.18), and multiple myeloma (HR, 0.92; 95% CI, 0.83 to 1.03). The
diagnosis of VHA patients at earlier stages explained much of the survival advantages for colon
cancer and NSCLC. Sensitivity analyses suggested that additional adjustment for the severity of
comorbid disease or performance status could have substantial effects on estimated differences.

Conclusion
The survival rate for older men with cancer in the VHA was better than or equivalent to the survival
rate for similar FFS-Medicare beneficiaries. The VHA provision of high-quality care, particularly
preventive care, can result in improved patient outcomes.

J Clin Oncol 30:1072-1079. © 2012 by American Society of Clinical Oncology

INTRODUCTION

The Veterans Health Administration (VHA) is the
largest integrated health care system in the United
States and serves an estimated 6 million veterans
yearly. The VHA underwent a major reorganization
in the mid-1990s that emphasized improved pri-
mary and outpatient care. Since then, studies have
demonstrated the provision of high-quality preven-
tive and chronic care in the VHA.1-3 Recent evidence
showed that the VHA also provides high-quality
care for cancer, which is a complex illness that often
requires multiple specialty services.4,5 For example,
we recently found higher rates of surgery for colon
cancer and recommended chemotherapy for diffuse

large–B-cell lymphoma and bisphosphonates for
multiple myeloma among older male VHA pa-
tients compared with similar men enrolled in FFS
Medicare and similar rates of other guideline-
recommended therapies for patients with colorectal,
prostate, hematologic, and lung cancers.4

However, little is known about whether the
improved processes of care translate into improved
patient outcomes in the VHA. Studies in the early
1990s to mid-1990s found lower rates of recom-
mended invasive care for cardiac patients in the
VHA, with mixed findings about the impact for
outcomes.6-8 A recent review of studies published
since 1990 found that the survival rate was generally
equivalent for VHA patients and patients in other
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settings,3 which raised the question of why improved processes of care
have not resulted in better outcomes. However, most of these studies
examined care before the VHA reorganization and could not control
for clinical or socioeconomic differences between VHA and non-
VHA patients.

We examined survival rates for older veterans with lung, colorec-
tal, or hematologic cancers who were diagnosed or treated in the VHA
compared with similar patients with cancer enrolled in FFS Medicare.
We also examined whether differences in the stage at diagnosis or
cancer treatments were mediators of differences in survival rates and
explored the role of unmeasured differences between VHA and non-
VHA patients in the explanation of outcome differences.

PATIENTS AND METHODS

Data

VHA. The Department of Veterans Affairs (VA) Central Cancer Regis-
try collects uniformly reported information on all patients who were diag-
nosed with or received their first course of treatment for cancer at a VA
Medical Center. We linked registry data with VHA encounter data that cov-
ered hospitalizations, outpatient visits, and contracted care. Because previous
studies have demonstrated that elderly VHA patients often receive care
through Medicare9-11 as well as the VHA, we also obtained Medicare claims
data for inpatient and outpatient care for Medicare-eligible VHA patients.

FFS Medicare. We used the Surveillance, Epidemiology, and End Re-
sults (SEER) –Medicare data for this analysis.12 SEER registrars collect uni-
formly reported data from population-based cancer registries that cover
approximately 28% of the United States.13 The data are merged with Medicare
claims data, which successfully links files for more than 94% of SEER patients
age 65 or older.12

The study was approved by the Harvard Medical School Committee on
Human Studies.

Cohorts

We studied patients with colon, rectal, non–small-cell lung cancer
(NSCLC), small-cell lung cancer, diffuse large–B-cell lymphoma, and multiple
myeloma. We created disease-specific cohorts by identifying all male patients
age 66 years and older with a first diagnosis of the cancer of interest during 2001
to 2004. We excluded patients with histology that suggested a primary cancer
other than the cancer of interest, cancers diagnosed at autopsy or by death
certificate only or when the reporting source was unknown, and patients with
incomplete data (including no administrative data between 45 days before
diagnosis through 195 days after diagnosis because we were concerned data
were incomplete). For the FFS-Medicare cohort, we also excluded patients
who were not enrolled in both parts A and B of Medicare or enrolled in a
Medicare health maintenance organization in the year before diagnosis (to
ensure complete data on comorbid illness before diagnosis). The numbers of
patients excluded for these reasons are included in the Data Supplement.

Survival Rates

For the FFS-Medicare cohorts, dates of death were included in Medicare
enrollment and death-certificate data, including the cause of death, from a
National Death Index match. For the VA cohort, we obtained vital status data
from Medicare enrollment data, the National Death Index (including the
cause of death), and VA administrative sources. We computed the time to
death as a result of all causes and the time to death as a result of cancer. We
censored patients alive as of December 31, 2005 (the last date with complete
vital status data available from all sources). In analyses of the time to death as a
result of cancer, we censored patients who died as a result of other causes when
they died.

Mediating Factors

We examined whether the stage at diagnosis and tumor size, which were
obtained from registry data, explained observed survival differences. For diag-
noses made in 2001 to 2003, we used the modified American Joint Committee

on Cancer stage. Starting in 2004, both VHA and SEER registries used collab-
orative stage groupings.14 The stage at diagnosis was collected for patients with
lymphoma only in 2004 and was not available for multiple myeloma patients
in all years. For small-cell lung cancer patients, we categorized patients with
stage I to III cancer as having limited-stage cancer and patients with stage IV
cancer as having extensive-stage cancer.

We also examined whether differences in the use of guideline-
recommended therapies15-20 explained survival differences. Specifically, we
examined curative surgery for stage I to III colon cancer, stage I to III rectal
cancer, and stage I and II NSCLC, adjuvant chemotherapy for stage III colon
cancer, adjuvant chemotherapy and radiation therapy for stage II and III
rectal cancer, chemotherapy and radiation therapy for limited-stage small-cell
lung cancer, and cyclophosphamide, doxorubicin, vincristine, and prednisone
chemotherapy for diffuse large–B-cell lymphoma as described elsewhere.4

Patient Characteristics

We obtained information about age, race/ethnicity, marital status, and
history of previous cancer from registry data. We characterized comorbid
illnesses on the basis of inpatient and outpatient encounters during the year
before diagnosis by using the Klabunde modification of the Charlson
score.21,22 Information on sociodemographic indicators was obtained from
2000 Census data for the zip code of each patient.

Analyses

Veterans were eligible for care through the VHA primarily because of
service-related disabilities or economic disadvantage, and thus, older patients
with cancer treated in the VHA differed from FFS-Medicare patients with
respect to many important sociodemographic and clinical characteristics. We
used a propensity-score23,24 approach to account for differences in character-
istics of patients at the time of their cancer diagnosis to estimate the effect of
receiving care through the VHA compared with what would have been ob-
tained had they decided to receive non-VHA care through FFS Medicare.

To conduct the propensity-score adjustment, we first used a logistic
regression model to calculate the propensity of being treated in the VHA on the
basis of age, race, marital status, Charlson score, previous cancer, census
region, quarter-year of diagnosis, and census variables that described socioeco-
nomic conditions in the zip code of the residence of the patient. We used
regression coefficients and observed covariates to estimate the propensity for
each man to be treated in the VHA (p). We applied a standardized mortality
ratio propensity-score weight that equaled 1 for VHA patients and the propen-
sity odds [p � (1 � p)] for FFS-Medicare patients.25,26 This application gave
additional weight to FFS-Medicare patients who most resemble VHA patients
so that the weighted distribution of characteristics in the two cohorts was well
balanced and equaled that of the original VHA cohort (Data Supplement).
Thus, the standardized mortality ratio–weighted effects estimated the survival
rate in a typical VHA patient had they received care under FFS Medicare.

We compared all-cause and cancer-specific survival rates by plotting
weighted Kaplan-Meier survival curves for VHA and Medicare patients and
tested for differences by using a weighted Cox proportional hazard model with
VHA or FFS-Medicare status as the only covariate. CIs were computed by
using a robust variance estimator that accounts for unequal weighting of
observations and the correlation among patients within treatment settings. We
used the hospital that reported the cancer diagnosis as the clustering unit for
VHA patients because outpatient care in the VHA tends to occur at clinics
associated with inpatient facilities. For FFS-Medicare patients, we used the
hospital service area as a proxy for the local practice setting.

Mediating Effects

To investigate the ability of differences in stage at diagnosis or receipt of
recommended therapy to mediate the relationship between the treatment
setting and survival rates, we replicated the analyses and included these vari-
ables in the propensity score analysis. We compared adjusted hazard ratios
(HRs) estimated by using the new propensity-score weights to those estimated
by using original propensity-score weights to determine whether HRs were
attenuated or exacerbated when differences in stage or therapies was equalized
between VHA and FFS-Medicare patients.

Survival of Patients With Cancer in the VHA
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Table 1. Patient Demographics and Clinical Characteristics by Cohort

Demographic or Clinical

Characteristic

Colon Cancer Rectal Cancer NSCLC Small-Cell Lung Cancer

Non-Hodgkin’s

Lymphoma Multiple Myeloma

VHA

SEER-

Medicare VHA

SEER-

Medicare VHA

SEER-

Medicare VHA

SEER-

Medicare VHA

SEER-

Medicare VHA

SEER-

Medicare

N 7,003 20,734 1,757 4,562 13,434 31,868 2,111 4,669 613 3,192 900 3,170

Age, %

66-69 years 17.8 15.0 18.1 17.8 21.9 18.3 24.4 21.2 16.0 14.4 18.6 16.9

70-74 years 28.0 23.3 30.4 25.6 30.5 27.3 32.6 28.7 24.6 22.6 25.0 24.8

75-79 years 28.5 25.2 28.1 25.3 29.2 26.9 27.6 28.0 29.2 25.9 28.4 25.5

80-84 years 19.2 20.9 18.5 18.5 15.0 18.0 12.4 15.1 23.0 22.7 23.1 19.6

� 85 years 6.5 15.7 5.0 12.8 3.4 9.6 3.0 7.1 7.2 14.4 4.9 13.2

Race, %

White 78.3 90.3 80.8 92.0 80.7 89.4 85.1 91.7 88.8 94.4 64.7 82.9

African American 16.3 8.1 13.7 6.0 17.2 9.1 12.6 6.9 6.2 3.3 27.8 14.6

Hispanic 5.4 1.5 5.5 2.0 2.2 1.5 2.3 1.4 5.0 2.3 6.5 2.4

Missing 2.1 4.9 2.3 5.6 1.5 4.7 1.5 4.0 2.4 5.0 2.1 3.2

Marital status, %

Single 44.0 29.4 44.8 29.4 47.7 31.9 46.9 30.8 43.4 24.9 39.0 26.5

Married 56.0 70.6 55.2 70.6 52.3 68.1 53.1 69.3 56.6 75.2 61.0 73.5

Missing 2.6 3.1 2.5 3.4 2.3 2.6 1.8 2.3 1.1 3.1 1.9 4.9

Census region, %

Northeast 17.1 25.1 15.9 24.6 14.6 22.1 13.8 20.5 13.5 23.5 14.6 22.6

Midwest 20.0 15.8 21.1 15.4 21.3 15.8 24.8 17.3 21.5 15.7 21.8 17.6

South 46.2 19.2 45.7 18.8 46.9 23.5 43.9 25.7 42.6 16.5 43.7 19.2

West 16.7 39.9 17.3 41.3 17.2 38.6 17.5 36.5 22.4 44.2 20.0 40.7

Socioeconomic variables�

With college degree in zip code of

residence, % 25.6 31.7 24.6 30.8 24.6 29.7 24.6 28.8 27.6 34.2 26.8 32.4

Professionals in zip code of

residence, % 29.5 34.3 28.8 33.6 28.9 32.9 28.8 32.1 31.0 36.1 30.4 34.9

Median household income in zip

code of residence, $ 44,800 56,500 44,400 55,500 44,500 54,000 45,200 53,000 47,300 59,600 45,300 57,300

Age � 65 years with income �

poverty level in zip code of

residence, % 12.5 9.2 12.3 9.2 12.2 9.7 11.5 9.8 11.2 8.4 13.0 9.4

Hispanic in zip code of residence, % 12.2 11.7 12.9 12.5 10.3 11.6 10.0 11.5 11.7 11.5 13.0 11.7

African American in zip code of

residence, % 16.1 10.1 14.0 9.1 16.8 10.7 14.0 9.8 10.6 7.3 20.2 12.3

Missing census data, % 5.7 2.9 4.7 2.9 4.6 2.9 4.7 2.6 4.6 2.7 6.7 2.8

Charlson comorbidity score, %

0 44.4 49.0 51.0 57.1 54.1 56.9 53.0 55.2 41.3 50.0 40.1 47.5

1 30.8 26.6 29.7 25.0 25.8 24.4 25.3 24.9 31.5 25.8 25.4 23.2

2 14.1 13.4 11.0 10.0 12.2 10.8 12.4 10.8 14.7 13.0 17.2 14.2

� 3 10.7 11.0 8.3 8.0 7.9 8.0 9.3 9.1 12.6 11.2 17.2 15.1

COPD, % 45.0 41.8 44.5 42.9

Prior cancer, % 16.7 23.5 16.1 23.3 21.3 25.9 19.2 21.7 19.3 25.9 20.0 24.3

Tumor grade, %

Well differentiated 11.9 10.4 10.4 9.3 6.6 6.7

Moderately differentiated 72.9 70.5 75.5 73.7 33.4 30.4

Undifferentiated 15.3 19.2 14.1 17.1 60.1 63.0

Tumor grade missing, % 13.9 10.1 18.2 13.3 50.8 48.7

Stage at diagnosis, %

I 31.7 26.4 38.3 39.7 28.0 23.4 23.8§ 33.1§

II 28.1 31.2 26.9 23.3 7.1 5.6 39.7† 37.7† 12.2§ 17.7§

III 22.7 24.7 19.9 22.1 26.5 29.5 23.2§ 15.9§

IV 17.5 17.6 14.9 14.9 38.4 41.6 60.3‡ 62.3‡ 40.9§ 33.3§

Stage missing, % 7.7 5.0 11.6 9.4 5.2 9.0 4.6 6.8 9.9§ 8.5§

Tumor size, %¶

T1 22.3 17.6 24.8 23.9 25.1 21.8

T2 20.1 17.2 23.7 25.3 38.4 35.4

T3 51.2 54.7 45.7 45.5 12.1 9.2

T4 6.5 10.5 5.8 5.3 24.5 33.7

Tumor size missing, %¶ 1.2 1.9 2.4 5.5 12.3 10.1

Abbreviations: COPD, chronic obstructive pulmonary disease; NSCLC, non–small-cell lung cancer; SEER, Surveillance, Epidemiology, and End Results; VHA,
Veterans Health Administration.

�Obtained from 2000 Census by linking to the zip code of the residence of the patient.
†Limited stage.
‡Extensive stage.
§Stage collected in 2004 only.
¶Among stage I/II/III cancers.
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Sensitivity Analyses

Because propensity-score analyses can control only for observed charac-
teristics, we examined the robustness of estimated treatment effects to unob-
served confounders.27 To do this, we considered an unobserved variable, such
as poor performance status, associated with both care in the VHA and worse
survival rates. We updated estimates of the HR by comparing survival rates
between VHA and FFS-Medicare patients after adjustment for this con-
founder under specific assumptions regarding differences between VHA and
FFS-Medicare patients in the prevalence of the confounders and the relation-
ship of confounders with survival rates.

We considered the following four potential unmeasured confounders:
poor Eastern Cooperative Oncology Group performance status (� 2), lack of
college education, more severe comorbid illness, and smoking status. We
obtained estimates of the relationship between these factors and survival rates
from previously published literature.28-31 We estimated performance-status
differences between VHA and non-VHA patients with cancer from clinical
trial data for patients with lung cancer.32 We estimated the prevalence of severe
comorbidity in VHA patients from medical record abstraction of a subset of
patients. The prevalence of severe comorbidity in FFS-Medicare patients was
estimated on the basis of analyses of the Cancer Care Outcomes Research and
Surveillance (CanCORS) patients with lung and colorectal cancer.33,34 We

obtained estimates of differences in rates of college education and smoking
status between VHA and non-VHA patients with cancer from an analysis of
the National Health Interview Survey for population-based cohorts of veterans
and nonveterans.35

RESULTS

VHA patients were younger, more likely to be African American,
more likely to live in areas with lower levels of education and income,
and more likely to live in the South compared with FFS-Medicare
patients (Table 1). After propensity weighting, the cohorts appeared
well balanced (Data Supplement). Median follow-up was 3 years.

VHA patients diagnosed with colon cancer had better all-cause
and cancer-specific survival rates (Figs 1A and 1B; all-cause adjusted
HR, 0.87; 95% CI, 0.82 to 0.93) as did patients with NSCLC (Figs 1C
and 1D; all-cause adjusted HR, 0.91; 95% CI, 0.88 to 0.95). All-cause
and cancer-specific survival rates were similar after diagnosis with
rectal cancer (HR, 1.05; 95% CI, 0.95 to 1.16), small-cell lung cancer
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Fig 1. All-cause and cancer-specific mortality. Kaplan-Meier survival curves in Veterans Health Administration (VHA) and fee-for-service (FFS) –Medicare patients are
shown. Curves were adjusted by using standardized mortality ratio (SMR) propensity weights. SMR-weighted effects estimate survival rates that a typical VHA patient
would experience under FFS Medicare. (A) All-cause survival rates in patients with colon cancer. Adjusted median survival was 49 months in VHA patients versus 43
months in FFS-Medicare patients. (B) Cancer-specific survival rates in patients with colon cancer. (C) All-cause survival rates in patients with non–small-cell lung cancer
(NSCLC). The adjusted median survival was 8 months in VHA patients versus 6 months in FFS-Medicare patients. (D) Cancer-specific survival rates in patients
with NSCLC.
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(HR, 0.99; 95% CI, 0.93 to 1.05), diffuse large B-cell lymphoma (HR,
1.02; 95% CI, 0.89 to 1.18), and multiple myeloma (HR, 0.92; 95% CI,
0.83 to 1.03).

VHA patients with colon and NSCLC were diagnosed at earlier
stages and with smaller tumors than FFS-Medicare patients (Table 1).
An earlier stage at diagnosis explained almost all of the survival advan-
tage in NSCLC patients (Fig 2). Among patients diagnosed at equiva-
lent stages and with similar tumor sizes, the hazard of death was 2%
lower (adjusted HR, 0.98; 95% CI, 0.94 to 1.01) in VHA versus FFS-
Medicare patients versus 9% lower (adjusted HR, 0.91; 95% CI, 0.88 to
0.94) in cohorts with similar sociodemographic characteristics but
without adjustment for stage and tumor size. Accounting for an
earlier stage of diagnosis also decreased the survival differences
among patients with colon cancer, but even among patients with a
similar stage and tumor size, VHA patients had significantly better
all-cause (adjusted HR, 0.90; 95% CI, 0.85 to 0.97) and cancer-
specific survival rates. Differences in the stage at diagnosis and
tumor size shifted the estimated HR among patients with rectal
cancer, but larger CIs associated with the smaller number of pa-
tients with rectal cancer resulted in a substantial overlap in esti-
mates with and without adjustment for stage. In addition, although
in 2004 (the only year in which stage data were available), patients
with diffuse large B-cell lymphoma in the VHA were diagnosed at

later stages than Medicare FFS, small sample sizes precluded our
ability to understand whether such differences affected survival
rates in the two settings.

We observed few differences in survival rates between VHA and
FFS-Medicare patients among stage-specific cohorts eligible for re-
ceipt of specific therapies, with the exception of stages I to III rectal
cancer, in which we observed worse survival rates in VHA relative to
FFS-Medicare patients (Fig 3). We previously observed similar rates of
guideline-recommended therapies in VHA patients compared with
similar FFS-Medicare patients for most treatments and higher rates
for some treatments.4 When differences in the use of effective thera-
pies between VHA and FFS-Medicare patients were controlled for,
there were small impacts on survival differences (Fig 3).

In sensitivity analyses to evaluate whether unmeasured variables
might confound survival differences between VHA and FFS-Medicare
patients, we found that adjustment for performance status and severe
comorbidity could alter conclusions about survival differences in the
two systems (Table 2). For example, when observed characteristics
were controlled for, we estimated that patients with small-cell lung
cancer in the VHA had similar survival rates compared with FFS-
Medicare patients. If we could have also controlled for the severity of

No stage adjustment
Stage adjusted

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

Hazard Ratio

Colon 
cancer

Small-cell 
lung cancer

Diffuse large 
B-cell lymphoma

Rectal 
cancer

NSCLC

Fig 2. Adjusted hazard ratios (95% CIs) of death in Veterans Health Adminis-
tration (VHA) versus fee-for-service (FFS)–Medicare patients with cancer with
and without adjustment for the stage at diagnosis. Values were adjusted by using
a Cox proportional hazard model with standardized mortality ratio (SMR) propen-
sity weights. SMR-weighted effects estimated the survival rate that a typical VHA
patient would have experienced in FFS Medicare. Blue diamonds depict hazard
ratios that were adjusted only for sociodemographic characteristics and comor-
bidity. Gold squares depict hazard ratios when the stage and tumor size were also
included in the propensity score model. NSCLC, non–small-cell lung cancer.

No treatment adjustment
Treatment adjusted

Hazard Ratio

0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

Curative surgery
for stage I/II/III
colon cancer

Curative surgery
for stage I/II NSCLC

Chemotherapy
and radiation therapy 
for limited-stage 
small-cell lung cancer

CHOP for diffuse
large B-cell
lymphoma

Adjuvant chemotherapy 
for stage III colon
cancer

Curative surgery for 
stage I/II/III rectal cancer

Adjuvant chemotherapy 
and radiation therapy
for stage II/III
rectal cancer

Fig 3. Adjusted hazard ratios (95% CIs) of death in Veterans Health Adminis-
tration (VHA) versus fee-for-service (FFS)–Medicare patients with cancer with
and without adjustment for receipt of guideline-recommended therapy. Values
were adjusted by using a Cox proportional hazard model with standardized
mortality ratio (SMR) propensity weights. SMR-weighted effects estimated the
survival rate that a typical VHA patient would have experienced in FFS Medicare.
Blue diamonds depict hazard ratios that were adjusted for sociodemographic
characteristics, comorbidity, tumor size, and stage at diagnosis. Gold squares
depict hazard ratios when receipt of therapy was also included in the propensity
score model. CHOP, cyclophosphamide, doxorubicin, vincristine, and predni-
sone; NSCLC, non–small-cell lung cancer.
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comorbidity, we estimated that we would have observed a 16% lower
hazard of death among VHA patients. Adjustment for differences in
college education and smoking status had smaller effects.

DISCUSSION

In this large study of survival rates in veterans diagnosed with or
treated for cancer in the VHA versus FFS-Medicare patients, we found
similar or better survival rates in all six cohorts studied. Diagnosis at
earlier stages explained much of the survival advantage in patients with
colon cancer and NSCLC.

Although there is growing evidence that the VHA provides excel-
lent preventive and chronic care, few studies have demonstrated im-
proved patient outcomes associated with such care. Our finding of
improved colon cancer outcomes in the VHA suggest that the success
of the VHA with cancer screening3 and an earlier stage at diagnosis4 is
associated with improved colon cancer outcomes. Although we ex-
pected similar benefits from cancer screening in rectal cancer, we did
not observe improved cancer outcomes in patients with rectal cancer.
With smaller cohorts and lower survival rates for rectal versus colon
cancer, we may have had a low statistical power to detect benefits
associated with earlier detection. However, we also observed worse
survival rates in patients with early-stage rectal cancer in the VHA
versus FFS Medicare. Treatment for rectal cancer is more complex
than for colon cancer and requires more careful integration of radia-
tion, surgery, and chemotherapy, and the volume-outcome relation-
ship is stronger for the more technically demanding rectal versus colon
surgery.36 With the more complex treatment, there may be more

opportunity for a delay and interruption of treatment in VHA patients
with other comorbidity than there is in colon cancer.

We also observed better survival rates after diagnosis with
NSCLC in VHA compared with FFS-Medicare patients that was
largely explained by the earlier stage at diagnosis. Better follow-up and
coordination of care for patients with lung disease in the VHA may
have led to an increased detection of early-stage lung cancer. However,
although recent evidence on screening with computed tomography is
promising,37 no screening modality has previously been shown to
reduce lung cancer mortality. The survival advantage we observed
among patients diagnosed with lung cancer in our study may have
resulted from an overdiagnosis bias associated with an incidental
detection of indolent disease or a lead time bias from an earlier detec-
tion of cancers that would have eventually been diagnosed clinically.
Our sensitivity analyses shed light on why previous work has not
consistently demonstrated a link between an improved quality of care
and better patient outcomes in the VHA. VHA patients are econom-
ically disadvantaged and have high levels of comorbidity.38-40 Differ-
ences between VHA and non-VHA patients are difficult to adjust for
in observational studies because information is typically lacking in
available databases. Our sensitivity analyses suggested that these fac-
tors can have substantial effects on outcome differences.

We found that differential rates of guideline-recommended ther-
apies had little impact on survival differences. We previously observed
higher rates of cyclophosphamide, doxorubicin, vincristine, and pred-
nisone chemotherapy in patients with diffuse large–B-cell lymphoma4

that would be expected to led to improved survival rates.20 However,
patients with diffuse large–B-cell lymphoma were diagnosed at later

Table 2. Hazard Ratios After Propensity Score Adjustment and Additional Adjustment for Potential Unobserved Variables

ECOG Performance
Status � 2 Severe Comorbidity� College Education Current Smoker

Prevalence of unobserved
confounder in VHA, %

1732 45 for lung and 30 for
hematology and
colorectal†

1735 1935

Prevalence of unobserved
confounder in FFS
Medicare, %

932 28 for lung and 18 for
hematology and
colorectal33,34

2335 1635

Effect on survival, hazard
ratio 2.028,32 2.529 0.7530 1.2531

Death in FFS Medicare
Relative to VHA With

Adjustment for Observed
Covariates

Accounting for
Differences in

Performance Status

Accounting for
Differences in Severe

Comorbidity
Accounting for

Differences in Education

Accounting for
Differences in Smoking

Status

Adjusted
Hazard Ratio 95% CI

Adjusted
Hazard Ratio 95% CI

Adjusted
Hazard Ratio 95% CI

Adjusted
Hazard Ratio 95% CI

Adjusted
Hazard Ratio 95% CI

Colon cancer 0.87 0.82 to 0.93 0.82 0.77 to 0.88 0.77 0.72 to 0.82 0.86 0.81 to 0.92 0.87 0.81 to 0.93

Rectal cancer 1.05 0.95 to 1.16 0.98 0.89 to 1.08 0.92 0.83 to 1.01 1.03 0.94 to 1.14 1.04 0.94 to 1.15
NSCLC 0.91 0.88 to 0.95 0.86 0.83 to 0.89 0.77 0.75 to 0.80 0.90 0.87 to 0.93 0.91 0.87 to 0.94

Small-cell lung cancer 0.99 0.93 to 1.05 0.92 0.87 to 0.98 0.84 0.79 to 0.89 0.97 0.91 to 1.03 0.98 0.92 to 1.04
Diffuse large B-cell

lymphoma 1.02 0.89 to 1.18 0.96 0.84 to 1.10 0.90 0.78 to 1.03 1.01 0.88 to 1.16 1.02 0.88 to 1.17
Multiple myeloma 0.92 0.83 to 1.03 0.87 0.78 to 0.97 0.81 0.73 to 0.90 0.91 0.82 to 1.02 0.92 0.82 to 1.02

NOTE. Values � 1 reflect better survival in VHA. Values � 1 reflect better survival in FFS Medicare. Bold values were statistically significant at P � .05.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; FFS, fee-for-service; NSCLC, non–small-cell lung cancer; VHA, Veterans Health Administration.
�Measured on the basis of the Adult Comorbidity Evaluation–27 from medical record abstraction or presence of severe chronic obstructive pulmonary

disease (forced expiratory volume � 0.75) for patients with lung cancer.
†On the basis of medical record abstraction for a subset of VHA patients with colorectal cancer or NSCLC.
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stages in the VHA. We were not able to adjust for these differences
because stage data were only collected in the final year of our study.

The strengths of our study included large samples of patients with
six cancers and the use of statistical analyses to identify FFS-Medicare
patients most similar to VHA patients. However, our study had some
limitations. First, FFS-Medicare patients are typically cared for in
heterogeneous settings rather than in an integrated delivery system
like the VHA. Quality and outcomes may be better in Medicare Ad-
vantage patients or in other more integrated systems with quality
monitoring. Second, we could not control for many potential con-
founders, although we performed extensive sensitivity analyses to
address this limitation. Third, we matched patients on the basis of
characteristics observed at the time of diagnosis, including comorbid-
ity. If care before cancer diagnosis in the VHA system led to better (or
worse) noncancer health, this analysis may have understated (or over-
stated) the impact of VHA care on survival rates after a cancer diag-
nosis. Fourth, our analyses that tested the sensitivity of our findings to
unobserved confounders were based on data from other populations
and should be considered exploratory. Fifth, we estimated the impact
of the receipt VHA care in a population of typical VHA patients. Other
weighting schemes that estimate the impact of VHA treatment on the
general population could lead to other conclusions, particularly if
VHA treatment is tailored to the VHA population. However, the
ability of the VHA to tailor to this unique population has important
policy relevance. Finally, with 1 to 5 years of follow-up, we were
limited in our ability to assess long-term outcomes. Nevertheless,
mortality rates were high for most of the diseases studied.

In conclusion, we found that survival rates for VHA patients with
cancer are equivalent to or better than the survival rates of similar
patients treated under FFS Medicare. Importantly, improved survival
rates in colon cancer appeared to be mediated by earlier stages at
cancer diagnosis, which is a finding that was likely related to improved
preventive care in the VHA compared with FFS Medicare. Because
these findings may reflect the positive effects of an integrated, coordi-

nated system of care on outcomes for a complex patient population,
the VHA system might serve as a model for care delivery as health care
reform is implemented.41 Our sensitivity analyses highlight the im-
portance of factors that are not typically available in administrative
data. Future studies that compared outcomes between VHA and non-
VHA patients should collect data on disease severity, performance
status, health behaviors, and socioeconomic status.
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