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Compared with all other racial/ethnic groups,
Blacks in the United States experience the
greatest burden of death from all of the most
common cancer types.1 Past research indicates
that racial/ethnic disparities in care and out-
comes exist for many conditions, but that these
disparities are attenuated in the Veterans
Affairs (VA) health care system, where financial
barriers to care are substantially reduced for
eligible veterans.2---4 Recent work suggests that
cancer care in the VA is comparable with or of
better quality than care provided to insured
individuals in the private sector5---7; however,
less is known about the extent of cancer-related
disparities in the VA.

Much of the research examining racial/
ethnic disparities in the VA has focused on
cardiovascular disease, mental health, or pre-
ventive and ambulatory care.8 The few studies
that have assessed cancer disparities have
generated mixed findings, with some studies
observing disparities in cancer care and others
reporting equitable care for Black and White
veterans.2,3,9---12 However, these studies have
typically focused on a few cancer types or
quality measures, or have examined care in
a limited number of VA hospitals. Moreover,
these studies offer little insight into the factors
that might account for any observed cancer
care disparities within the entire VA.

A variety of factors contribute to lower care
quality and excess burden of death among
Blacks in the United States, including differen-
tial access to health care, socioeconomic status,
and racial differences in receipt of recommen-
ded care.13---16 Differences in where Black and
White cancer patients receive care may also
contribute to disparities. US hospital care is
highly concentrated for Black Americans, with
facilities caring for a larger share of Black
patients (minority-serving institutions) often
providing lower quality care than hospitals that
serve nonminorities.17,18 In addition, racial
differences in hospital site of care have been

linked to disparities in receipt of recommended
care and outcomes.17,19,20

In this study, we assessed the extent of
race-based cancer care disparities in the VA
across a range of cancer types and measures. In
addition, we examined whether racial differ-
ences in where cancer patients were treated
explained any observed disparities in cancer care
and outcomes, assessing whether racial dispar-
ities were mainly attributable to between- or
within-hospital differences in the VA.

METHODS

We obtained data via the VA Central Cancer
Registry on patients who were diagnosed
with cancer or received their first course of
cancer therapy in the VA from 2001 to 2004.
The registry maintains information on patient

demographic characteristics, tumor character-
istics, and primary treatment of each incident
cancer. Registry data were linked with addi-
tional data from 2000 to 2005, including
VA administrative data (inpatient, outpatient,
pharmacy, and laboratory data), Medicare ad-
ministrative data (for Medicare-eligible vet-
erans), and pain score data from office visits.
These data were also linked to the 2000 Census
data to obtain zip code---level measures of
socioeconomic status and the National Death
Index to determine patient vital status through
2005.

We studied veterans with lung, colorectal, or
prostate cancer, which are the most prevalent
cancers among veterans. As described previ-
ously,6 we excluded small numbers of patients
(n = 1083 colorectal; n = 1089 lung; n = 500
prostate) whose cancers were reported based
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on autopsy or death certificate, for whom no
reporting source was available, patients for
whom data were incomplete (e.g., missing month
of diagnosis, patients with no administrative
data between 45 days before diagnosis through
195 days after diagnosis), or patients with
histologic features suggesting a primary cancer
other than the cancer of interest. We also
restricted our cohorts to non-Hispanic Black
andWhite veterans because we were primarily
interested in Black and White differences in
care; the number of patients in other racial/
ethnic subgroups was small. The final cohorts
included 12 897 colorectal cancer patients
(n = 10 027 colon; n = 2870 rectal), 25 608
lung cancer patients, and 38 202 prostate cancer
patients spanning 118 VA medical centers.

Cancer Care Performance Measures

We consulted with oncology specialists to
identify measures of quality along the contin-
uum of cancer care. In total, we assessed 20
cancer-related process and outcome measures
(e.g., early diagnosis, curative surgery, primary
and adjuvant chemotherapy, radiation, and
survival)6,7,21 that reflected evidence-based
nationally recommended guidelines for colo-
rectal cancer, lung cancer, prostate cancer,
and palliative or supportive cancer care from
2001 to 2005.22---34 In our broader study,6,7

we also identified quality measures for hema-
tological cancers, but we did not include these
measures in this analysis because the number
of Black hematological cancer patients was
too small to ensure adequate statistical power.
However, 1061 hematological cancer patients
were included in at least 1 of the palliative or
supportive care measure cohorts.

Additional details about each measure and
cohort eligibility are included in Table 1.

Covariates

The independent variable of primary inter-
est was patient race/ethnicity (non-Hispanic
White and non-Hispanic Black). Race/ethnicity
was reported by the registry based on self-
identified information collected at VA enroll-
ment. In infrequent cases where data were
missing, registrars used medical record data.
Patient-level sociodemographic characteristics
included age, gender, marital status, and area-
level socioeconomic status (reliable patient-level
socioeconomic status data were unavailable)

based on the zip code of the patient’s residence
(median household income, percentage of col-
lege graduates, and percentage of persons
living below the poverty level).

Patient-level clinical characteristics included
presence of comorbidities (measured using
the Klabunde modification of the Charlson
comorbidity score35,36 separating chronic ob-
structive pulmonary disease from the Charlson
comorbidity score for lung cancer analyses),
history of any cancer, year of diagnosis,
American Joint Committee on Cancer stage37

at diagnosis (historic stage for prostate cancer),
tumor size, and tumor grade.

Analyses

We first conducted descriptive analyses to
assess racial differences in each process and
outcome measure and sociodemographic and
clinical characteristics. We then categorized
hospitals into deciles of hospital racial concen-
tration (i.e., the proportion of patients with
cancer who were Black). For measures that
exhibited racial differences (i.e., disparity mea-
sures), we plotted rates of the measures for
patients cared for at hospitals with increasing
proportions of Black patients. Next, we estimated
bivariate regression models that predicted
hospital-level rates of each disparity measure
as a function of hospital racial concentration.
Modeling approach. We estimated a series

of logistic regression models (1 for each mea-
sure) to assess the effect of patient race on
the odds of receiving recommended care and
survival (model 1). The covariates we exam-
ined varied slightly across models. All models
were adjusted for age, gender (except prostate
cancer models), marital status, history of can-
cer, Charlson comorbidity score, and diagnosis
year. Lung cancer models included chronic
obstructive pulmonary disease as a covariate.
In treatment and survival models, we also ad-
justed for tumor grade and stage, and survival
models also adjusted for tumor size. We also
adjusted for cancer type in the palliative or
supportive care models.

Racial disparities in care could be attributed
to several factors, including racial differences
in where care was received (between-hospital
differences) and differences in the care pro-
vided to individual patients at a given hospital
(within-hospital differences). A between-hospital
explanation of racial disparities in care might

highlight the disproportionate share of minor-
ity patients receiving care at lower quality
hospitals, whereas a within-hospital explanation
might suggest inequitable treatment patterns
across patients of different racial backgrounds
within the same facility. Each race effect from
model 1 reflected a total effect of race (within-
hospital + between-hospital differences) on
the receipt of care (or survival) after adjusting
for patient-level characteristics. To determine
the extent of between- versus within-hospital
effects on disparities in cancer care, we also
adjusted for hospital-level fixed effects in a sec-
ond set of models using conditional logistic
regression (model 2). Hospital-level fixed ef-
fects models controlled for any hospital factors
(between-hospital differences) that might be
associated with cancer care (e.g., access to
cancer specialists and medical technologies).38,39

Thus, the race parameter estimates from the
hospital-level fixed effects model (model 2)
reflected the within-hospital component of the
disparity and could be compared with the race
parameter estimates obtained from model 1
to make determinations regarding the extent of
between- versus within-hospital disparities in
cancer care.
Accounting for socioeconomic status. The In-

stitute of Medicine’s (IOM’s) definition of health
care disparities accounts for all racial/ethnic
differences in care that are mediated through
factors other than patient preferences and
health status.14 This definition acknowledges
that minorities typically have lower socioeco-
nomic profiles than Whites, that such differ-
ences can influence health care quality and use,
and as a result, includes such racial differences
in socioeconomic status (e.g., income, educa-
tion) in the accounting of total disparities. This
definition of racial/ethnic disparities in care
suggests that adjusting for socioeconomic status
may reduce or eliminate the estimated inde-
pendent effect of race on care.40 In accordance
with the IOM’s definition of health care dis-
parities, we did not adjust for socioeconomic
status in our main models. Thus, our disparity
estimates reflect the “independent effect” of
race and not a “residual direct effect” of race on
care. However, because understanding where
disparities in care might arise is important to
addressing health inequities, we conducted
additional analyses to assess whether differ-
ences in socioeconomic status accounted for
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any observed disparities in cancer care and
survival.
Adjustment for multiple comparisons. Lastly,

we adjusted our results for multiple compari-
sons using the Benjamini---Hochberg (B---H)
procedure, a sequential approach to controlling
the false discovery rate associated with multiple
comparisons. The B---H procedure has been
shown to yield greater statistical power than
the more widely used Bonferroni correction,
which controls the family wise error rate.41,42

In the B---H approach, P values obtained from
a family of tests (family size =m) are ordered
from largest to smallest and sequentially com-
pared with a list of B---H critical values that
range from a to a/m. Use of the B---H approach
has become widespread in the field of genetics
and other life sciences, and for over a decade,
the National Center for Education Statistics
has employed the B---H approach in reporting
results from the National Assessment of Edu-
cational Progress41,43---46

All analyses were conducted using SAS
version 9.3 (SAS Institute, Cary, NC).

RESULTS

Table 2 shows characteristics of each cancer
cohort by race. Across all cancer cohorts, com-
pared with White patients, Black patients were
younger, less likely to be married, and more
likely to reside in areas with higher poverty, less
college education, and lower median income.

Table 3 displays unadjusted rates for each
process and outcome measure stratified by
race. For 8 of the 20 measures (40%), Black
cancer patients had lower rates of recommen-
ded care or survival than White patients. Of
note, Blacks exhibited higher unadjusted
rates of oral antiandrogen before initiating
gonadotropin-releasing hormone (GnRH) ago-
nist therapy for metastatic prostate cancer.

Overall, approximately one quarter of VA
hospitals (n = 30 hospitals) cared for nearly
70% of all Black cancer patients in the VA.
Among hospitals in the lowest decile of Black
racial concentration, 0% to 1% of their cancer
patients were Black versus 45% to 72% of
cancer patients in hospitals in the highest decile.
Hospital Black racial concentration was not
associated with receipt of recommended care
for 6 of the 8 measures (75%), exhibiting lower
unadjusted rates for Blacks relative to Whites,
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including curative surgery for stage I, II, or III
rectal cancer (P = .54; Figure 1). We did ob-
serve a statistically significant negative associ-
ation between the proportion of Black patients
at each hospital and receipt of 3-dimensional
conformal radiation therapy or intensity-
modulated radiation therapy (3-D CRT/IMRT)
for prostate cancer patients treated with
external-beam radiation therapy (P= .001;
Figure 1) and 3-year all-cause survival for
colon cancer (P= .02; data not shown). We also

observed greater receipt of oral antiandrogen
before initiating GnRH agonist therapy for
metastatic prostate cancer at hospitals with
more Black patients (P= .04; data not shown).

Main Adjusted Models

In covariate-adjusted logistic regression
analyses, 9 of the 20measures initially exhibited
statistically significant lower rates of treat-
ment of Black versus White patients; however,
after adjustment for multiple comparisons, only

7 of these associations remained statistically
significant. Compared with White patients,
Black patients had less early-stage diagnosis of
colon cancer (adjusted odds ratio [AOR] = 0.80;
95% confidence interval [CI] = 0.72, 0.90),
less curative surgery for stage I, II, or III rectal
cancer (AOR = 0.57; 95% CI = 0.41, 0.78),
lower 3-year all-cause survival for colon cancer
(AOR = 75; 95% CI = 0.62, 0.89) and rectal
cancer (AOR = 0.61; 95% CI = 0.42, 0.87),
less curative surgery for early stage non-small
cell lung cancer (AOR=0.50; 95% CI = 0.41,
0.60), less 3-D CRT/IMRT (AOR=0.53; 95%
CI = 0.47, 0.59), and were less likely to receive
potent antiemetics for highly emetogenic che-
motherapy (AOR=0.87; 95% CI = 0.78, 0.98;
Table 3; model 1; see data available as a sup-
plement to the online version of this article at
http://www.ajph.org for detailed results from
B---H multiple comparisons adjustment).

For 5 of these 7 quality measures with lower
quality for Black versus White patients, addi-
tional adjustment for VA hospital fixed effects
explained only a very small portion (0%---13%)
of the observed racial gaps in performance
(Table 3; model 2). In the case of potent anti-
emetics for patients who received highly
emetogenic chemotherapy, the race-associated
OR changed from a statistically significant 0.87
(95% CI = 0.78, 0.98) to a nonstatistically
significant 0.95 (95% CI = 0.82, 1.10) after
adjustment for hospital fixed effects. Inclusion
of hospital fixed effects had a substantial effect
on 1 measure, receipt of 3-D CRT/IMRT, where
the race-associated OR changed from 0.53
(95% CI = 0.47, 0.59) to 0.75 (95% CI = 0.65,
0.87) after adjusting for site of care.

We observed 1 measure where Black
patients had higher rates in adjusted analyses:
receipt of oral antiandrogens before initiating
GnRH agonist therapy for metastatic prostate
cancer (AOR = 1.34; 95% CI = 1.01, 1.77).
This higher rate was completely explained by
site of care (AOR= 0.99; 95% CI = 0.70, 1.41).
However, the association in the first model
was not statistically significant after multiple
comparisons adjustment.

Models Adjusted for Socioeconomic

Status

Additional adjustment for area-level so-
cioeconomic status (median household in-
come, percentage of college graduates, and

TABLE 2—Characteristics of Cancer Cohorts by Race: Racial Disparities in Cancer Care in

the Veterans Affairs Health Care System, United States, 2001–2004

Colorectal Cancer Lung Cancer Prostate Cancer

Characteristics

White

(n = 10 636)

Black

(n = 2261)

White

(n = 21 077)

Black

(n = 4531)

White

(n = 27 889)

Black

(n = 10 313)

Age, y, %

< 60 19.7 27.9 22.2 29.7 19.3 30.1

60–64 13.0 10.0 15.1 11.7 16.4 15.4

65–69 14.5 11.6 16.4 13.5 21.0 18.1

‡ 70 52.8 50.5 46.3 45.1 43.2 36.4

Gender, %

Female 1.8 1.6 1.7 1.5

Male 98.2 98.5 98.3 98.5

Marital status, %

Unmarried 40.7 50.2 49.4 63.6 40.1 55.3

Married 56.2 47.5 48.0 34.7 57.4 43.0

Unknown 3.1 2.3 2.6 1.7 2.6 1.7

History of cancer, %

No 86.6 85.5 83.0 83.1 92.4 94.9

Yes 13.4 14.6 17.0 16.9 7.6 5.1

Charlson comorbidity score, %

0 52.1 54.0 61.4 62.2 62.6 61.6

1 28.1 26.7 22.4 21.6 25.2 24.4

2 11.4 11.2 9.6 9.1 8.0 8.1

‡ 3 8.3 8.2 6.6 7.2 4.2 5.8

Year of diagnosis, %

2001 23.0 25.3 24.2 25.2 24.6 24.7

2002 25.2 24.6 25.0 24.6 25.3 24.6

2003 25.6 25.7 25.2 25.7 24.7 24.9

2004 26.2 24.4 25.6 24.5 25.4 25.8

Population ‡ 65 y living below poverty
in zip code of residence,a %

Q1 (0%–7.8%) 27.1 11.0 27.0 9.8 29.2 11.2

Q2 (7.9%–12.7%) 26.6 13.6 26.2 13.4 27.4 15.4

Q3 (12.8%–19.4%) 25.0 20.2 24.7 19.9 24.5 24.0

Q4 (19.5%–76.9%) 15.5 51.0 16.9 53.7 13.2 45.0

Missing/unknown 5.8 4.3 5.2 3.3 5.7 4.4

Continued
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percentage of persons living below the poverty
level) in separate analyses accounted for a rel-
atively small portion (2%---23%) of the ob-
served racial gaps in performance and yielded
estimates that were generally consistent with
our overall results (data available as a supple-
ment to this article at http://www.ajph.org).

DISCUSSION

We assessed racial disparities in the quality
of cancer care and outcomes within the VA
health care system and the extent to which site
of care accounted for any observed disparities
in care and outcomes. For 13 of the 20 quality
measures (65%) examined, Black and White
patients received similar care. These findings
were consistent with previous research that
suggested that disparities in care were miti-
gated in the VA.2,3 However, we did observe
racial disparities in several cancer care measures.
We also observed low treatment rates (< 80%)
among both racial groups across several mea-
sures, highlighting the inherent challenge of
improving cancer care and outcomes. Adjust-
ment for socioeconomic status had relatively
little impact on racial disparities in care and
survival. This finding might reflect the “equal
access” nature of the VA, which reduces finan-
cial barriers to care for veterans and ulti-
mately helps to lessen potential socioeconomic
disparities in care.

Previous studies indicate that in the private
sector, racial disparities in care are often driven
by differences in where Black and White
patients receive care.20,38,47 For example,
a national study of racial disparities in acute
myocardial infarction treatment and outcomes

among Medicare beneficiaries found that racial
disparities in nonsurgical medical treatments
and outcomes substantially narrowed after
adjusting for site of care.38 This site of care
explanation for health care disparities is
plausible because of the high degree of racial
concentration in US hospital care and other
evidence demonstrating lower quality care
among hospitals treating a higher proportion
of Black patients.17,19,20 Few studies have ex-
amined the association between health care
disparities and site of care in the VA setting;
those that have are consistent with our study,
suggesting that health care disparities are
explained more by within-hospital differences
than between-hospital differences in the VA.
One study that examined disparities in
30-day mortality rates across 6 conditions
(acute myocardial infarction, hip fracture,
stroke, congestive heart failure, gastrointestinal
hemorrhage, and pneumonia) found that for
most conditions, mortality rates were similar
among hospitals that served minorities and
nonminorities in the VA, and there was very
little variation in the magnitude of disparities
across hospitals.18 A more recent study that
assessed the quality of VA ambulatory or pre-
ventive care for diabetes, cardiovascular disease,
hypertension, and cancer screening found that
racial disparities were mainly driven by within-
hospital differences.48 There were high levels of
racial concentration within relatively few VA
hospitals. However, we found little evidence to
suggest that differences in where Black andWhite
patients received care contributed to disparities in
cancer care. This lack of between-hospital dis-
parities could be a result of ongoing system-wide
quality initiatives undertaken by the VA.

It was unclear from this study which within-
hospital factors might account for observed
disparities; however, previous work suggests
that longstanding disparities in curative sur-
gery11,13,20 might be linked to racial differences
in treatment preferences, clinician uncertainty,
or bias in treatment offerings.14,49,50 Disparities
in colorectal cancer patient survival might be
partly attributed to disparities in colorectal
cancer early-stage diagnosis, which might re-
flect racial differences in screening,48,51---53 and
curative surgery. Because of the persistence
of within-hospital disparities in the VA, identi-
fying and addressing the within-hospital drivers
of these cancer-related disparities should be
a research and policy priority.

Nevertheless, we observed some evidence
of between-hospital differences in care for 2
measures. In the case of 3-D CRT/IMRT, we
observed a substantial between-hospital effect
that accounted for nearly half of a relatively
large adjusted racial gap in care. This finding
was likely attributable to differences in the
timing of adoption of these advanced radia-
tion therapy techniques across VA hospitals.
Adoption of 3-D CRT/IMRT involves large
investments in expensive medical equipment
and the hiring of specialized staff,54 which
might be delayed in a system such as the VA,
which has a fixed budget and does not have the
financial incentives to adopt new technologies
compared with the private sector. The National
Comprehensive Cancer Network guidelines
began recommending use of 3-D CRT in 2001,
and nearly all VA hospitals adopted 3-D
CRT/IMRT by 2006. Our findings suggested
that the hospitals where more Black prostate
cancer patients received care might have
lagged behind other hospitals in the adoption
of 3-D CRT/IMRT. We also observed some
evidence that smaller racial differences in re-
ceipt of potent antiemetics for highly emeto-
genic chemotherapy might be partly explained
by site of care; it will be important for the
VA to be certain that there are no differences
in the availability of these medications that
could explain these results.

Strengths and Limitations

Our study’s strengths included the compre-
hensive measurement of cancer care quality,
using both process and outcome measures,
across the entire VA. As suggested by the IOM,

TABLE 2—Continued

Population college graduates in zip

code of residence,a %

Q1 (< 15.9%) 21.9 33.3 22.1 32.1 21.4 32.3

Q2 (15.9%–21.6%) 24.0 21.9 23.8 23.8 23.4 23.2

Q3 (21.7%–30.0%) 23.8 21.1 24.4 20.9 23.8 21.6

Q4 (30.1%–100.0%) 24.4 19.7 24.5 20.0 25.7 18.5

Missing/unknown 5.8 4.1 5.2 3.2 5.7 4.4

Median income in zip code of

residence,a $

45 919 39 347 45 722 38 456 46 055 39 859

Note. Q = quartile.
aPer 2000 US Census data.
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we primarily assessed total racial disparities
in cancer care, but we also examined residual
disparities in care after socioeconomic status
adjustment. Future disparities studies should
incorporate modeling approaches that reflect
the IOM definition of racial disparities in health
care. Furthermore, to our knowledge, no study
explored site of care explanations for VA
cancer care disparities.

Our study’s limitations included the focus
on Black and White veterans diagnosed with
cancer in the first half of the last decade; the
findings may not necessarily generalize to other
racial/ethnic groups or more recently diag-
nosed patients. Although more recent data
would be ideal, other evidence suggests that
disparities in cancer care and outcomes have
persisted over time in the VA and the private
sector.11,55---57 A few recent studies found that
disparities in cancer screening and some forms
of nonsurgical treatment were less pronounced
in the VA than the private sector, or were
nonexistent.12,58,59 However, other work sug-
gested that racial disparities in surgical treat-
ment and survival among cancer patients
have remained a challenge for the VA.8,11,60

Our study, which distinguished between the
within-hospital and between-hospital sources
of these health care inequities, therefore, re-
mains relevant and important to understanding
cancer-related disparities in the VA.

Second, we studied quality for 3 common
cancers. It was unclear whether these findings

generalize to other types of cancer, particularly
less common forms of cancer. Third, we as-
sessed socioeconomic status using area-level
measures because reliable patient-level socio-
economic status data were unavailable. Al-
though area-level measures are often used when
individual-level socioeconomic status measures
are unavailable, past research indicates that
area-level measures provide complementary
contextual information on socioeconomic sta-
tus and might not fully capture socioeconomic
effects at the individual level.61 In addition, we
were unable to account for additional patient-
level factors that could affect the treatment
decision-making process, including racial dif-
ferences in preferences for treatment and
performance status.

Also, we used Medicare claims data to cap-
ture out of VA care among Medicare-eligible
veterans; however, we might have missed care
outside of the VA among veterans with private
insurance who were not Medicare eligible.
Still, other evidence suggests that older veterans
with cancers diagnosed or treated in the VA
received very little cancer surgery outside of
the VA.62 In exploratory analyses, we also
observed that few older VA patients received
chemotherapy or radiation therapy outside of
the VA. Finally, low statistical power might
have obscured true racial differences in care
for some measures with smaller cohorts like
chemotherapy or radiation for resected stage
IIIA non-small cell lung cancer. However,

post hoc power analyses revealed that most
of our measure cohorts included a sufficiently
large number of patients to detect at least
a 10% point absolute difference in care by
race.

Conclusions

Racial disparities in cancer care and out-
comes in the VA were present for approxi-
mately a third of the measures we assessed,
and when present, were primarily driven by
racial differences in care for Black and White
patients within the same hospital, rather than
racial differences in where care was received.
Future efforts should focus on understand-
ing the sources of these within-hospital dispar-
ities. However, differential patterns in the
adoption of new technologies and use of
medications across VA hospitals are potential
sources of cancer disparities that deserve
further exploration. j
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