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Racial disparities in cancer outcomes have been observed in several malignancies. However, it is unclear
if survival differences persist after adjusting for clinical, demographic, and treatment variables. Our objec-
tive was to determine whether racial disparities in survival exist among patients enrolled in consecutive

We identified 19457 adult cancer patients (6676 with breast, 2699 with lung, 1244 with colon, 1429 with
ovarian, and 1843 with prostate cancers; 1291 with lymphoma; 2067 with leukemia; and 2208 with multiple
myeloma) who were treated on 35 SWOG randomized phase lll clinical trials from October 1, 1974,
through November 29, 2001. Patients were grouped according to studies of diseases with similar histology
and stage. Cox regression was used to evaluate the association between race and overall survival within
each disease site grouping, controlling for available prognostic factors plus education and income, which
are surrogates for socioeconomic status. Median and ten-year overall survival estimates were derived by

Of 19457 patients registered, 2308 (11.9%, range = 3.9%-21.6%) were African American. After adjustment
for prognostic factors, African American race was associated with increased mortality in patients with
early-stage premenopausal breast cancer (hazard ratio [HR] for death = 1.41, 95% confidence interval
[CI] = 1.10 to 1.82; P=.007), early-stage postmenopausal breast cancer (HR for death = 1.49, 95% Cl = 1.28
to 1.73; P < .001), advanced-stage ovarian cancer (HR for death = 1.61, 95% CI = 1.18 to 2.18; P =.002), and
advanced-stage prostate cancer (HR for death = 1.21, 95% Cl = 1.08 to 1.37; P=.001). No statistically signifi-
cant association between race and survival for lung cancer, colon cancer, lymphoma, leukemia, or myeloma
was observed. Additional adjustments for socioeconomic status did not substantially change these obser-
vations. Ten-year (and median) overall survival rates for African American vs all other patients were 68%
(not reached) vs 77% (not reached), respectively, for early-stage, premenopausal breast cancer; 52% (10.2
years) vs 62% (13.5 years) for early-stage, postmenopausal breast cancer; 13% (1.3 years) vs 17% (2.3
years) for advanced ovarian cancer; and 6% (2.2 years) vs 9% (2.7 years) for advanced prostate cancer.

Background
trials conducted by the Southwest Oncology Group (SWOG).

Methods
the Kaplan-Meier method. All statistical tests were two-sided.

Results

Conclusions

African American patients with sex-specific cancers had worse survival than white patients, despite enroll-
ment on phase Ill SWOG trials with uniform stage, treatment, and follow-up.
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Measurable declines in overall cancer death rates for many major
cancers along with improved survival rates have been reported
recently (1). However, racial and ethnic disparities in cancer-
specific death rates for most cancers indicate that not all segments
of the US population have benefited equally from such advances
(1,2). The disparity in population-based survival statistics is great-
est for patients with cancers of the breast, prostate, colon, ovary,
lung, and cervix. However, racial disparities in cancer outcome can
be attributed to many factors, including access to quality care
resulting in more advanced stage at presentation (3-5), differences
in tumor biology resulting in increased aggressiveness or resistance
to treatment (6), differences in the quality of care after diagnosis
(7,8), and socioeconomic factors influencing treatment options
(9,10). There is controversy whether race affects outcome inde-
pendently of these factors.
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The randomized clinical trial setting of cancer cooperative
groups presents several advantages in terms of assessing survival
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outcomes in cancer patients. First, enrollment requirements are
standardized to ensure uniform assessment of disease stage, histol-
ogy, tumor characteristics, and known prognostic factors. Identical
treatment and supportive measures during therapy are provided
for all participants, thereby controlling for factors that may influ-
ence care after diagnosis. Follow-up is specified in the treatment
protocol and measured prospectively, so that disease-specific and
overall survival can be assessed reliably.

African Americans represent approximately 10% of patients
enrolled on cancer treatment clinical trials in the United States (11).
However, even in large, individual phase III clinical trials, the
small absolute number of African American participants may limit
assessment of race-by-outcome interactions. Merging data from
several similar trials increases the power to evaluate the African
American subgroup for the common cancer types. Our objective
was to analyze the prospective phase III clinical trial database of
the Southwest Oncology Group (SWOG) to determine whether
African American and white patients differ in survival outcomes
after controlling for clinical, demographic, and treatment variables.

Patients and Methods

Patients and SWOG Trials

A total of 19457 eligible adult patients who enrolled on 35 con-
secutive SWOG phase III trials from October 1, 1974, through
November 29, 2001, were analyzed. These studies addressed
the following common malignancies, in which patients were
grouped according to histology and stage, including 2360
patients with early-stage (adjuvant) premenopausal breast cancer,
4316 with early-stage (adjuvant) postmenopausal breast cancer,
1097 with limited-stage small cell lung cancer, 1602 with advanced-
stage non-small cell lung cancer, 1244 with early-stage (adjuvant)
colon cancer, 1429 with advanced-stage ovarian cancer, 1843 with
advanced-stage prostate cancer, 2208 with multiple myeloma,
1291 with advanced-stage non-Hodgkin lymphoma, and 2067 with
acute myelogenous leukemia. The maximum observation time was
at least 15 years for all diseases, with all trials reaching their mature
follow-up and with their main objectives presented and published
(for trial summaries, see Table 1).

Statistical Analysis
The primary outcome of interest was overall survival, measured
from the time of registration until date of last contact (censored)
or death due to any cause. Ten-year and median survival estimates
by race were calculated by the Kaplan-Meier method (12).
Covariate adjustment was performed via Cox regression modeling
and included the major disease-specific prognostic factors (for the
list of these factors and their categories, see Table 2). A visual
inspection of the plots by disease group of log[—log(survival)] vs
log(survival time) found no evidence of substantial deviation from
proportional hazards in all analyses (data not shown). Detailed
cause-of-death data were not available. However, estimated cause-
specific survival analyses were performed by designating deaths
that occurred after documented cancer progression as events and
deaths without previous progression as censored observations.
Each disease-specific Cox regression analysis was stratified by
study to account for possible temporal differences that were not
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CONTEXT AND CAVEATS

Prior knowledge

Racial disparities have been observed in outcomes for several
malignancies, but it is unclear whether these differences remain
after adjusting for clinical, demographic, and treatment variables.

Study design

Study subjects were adult cancer patients with lymphoma, leuke-
mia, or multiple myeloma or with breast, lung, colon, ovarian, or
prostate cancers who were treated on 35 Southwest Oncology
Group randomized phase lll clinical trials and who received uni-
form treatment and follow-up. Patients were grouped according to
diseases with similar histology and stage. Associations between
race and overall survival within each disease site grouping were
studied, controlling for prognostic, treatment, and socioeconomic
factors.

Contribution

After adjustment for prognostic factors, African American race was
associated with increased mortality from early-stage premeno-
pausal breast cancer, early-stage postmenopausal breast cancer,
advanced-stage ovarian cancer, and advanced-stage prostate can-
cer but not from lung cancer, colon cancer, lymphoma, leukemia,
or myeloma. Associations did not change after additional adjust-
ment for socioeconomic status.

Implications

Unrecognized interactions of tumor biological, hormonal, and/or
inherited host factors may be contributing to differential survival
outcomes by race in sex-specific malignancies.

Limitations

Cancers of non-African American patients may have been more
likely detected through screening than those of African American
patients for breast cancer and prostate cancer. Some racial dispari-
ties in overall survival may be related to disparities in noncancer
health and comorbid disease. Racial disparities in adherence to
hormonal therapy prescribed in trials may have occurred.

From the Editors

captured by histology and stage. For the breast cancer studies,
receptor status was also included as a stratification variable. In each
analysis, the prognostic factors analyzed included sex (where appli-
cable) and age. For studies of advanced non-Hodgkin lymphoma,
because age is a component of the International Prognostic Index
(IPI), age was not included as a separate factor (for variables included
in each of the multivariable models, see Table 1).

Estimates of socioeconomic status were derived from education
category and income level as assessed by the linkage between
patient zip code and the US census data (13). The US census data
provide median income and education level within each zip code
area. Patients from zip code areas in which the median household
income was higher than the overall US median household income
were coded as having high income; otherwise, patients were coded
as having low income. Education category was based on the pro-
portion of residents in a zip code area who completed high school
and was handled in a similar fashion as the income level. These
variables and the clinical prognostic factors were then entered into
the Cox regression model. Routine collection of zip code data
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Table 1. Diseases and studies analyzed in the Southwest Oncology Group Database*

Trials by study

Study activation

Major eligibility

Clinical adjustment

Sample size,
No. of patients

Type of cancer number date range criterion variables (No. AA; % AA)
Adjuvant S7436, S7827, S8313, 1975-1993 No previous hormonal  Age, No. of positive lymph 2360 (249; 10.6)
premenopausal S8897 or chemotherapy nodes (>4 vs <4), tumor
breast size (>5 vs <5 cm)
Adjuvant S7436, S7827, S8313, 1975-1993 No previous hormonal  Age, No. of positive lymph 4316 (413; 9.6)
postmenopausal S8814, S8897 or chemotherapy nodes (>4 vs <4), tumor
breast size (>5 vs <5 cm)
AML S7823, S8124, S8600, 1978-1994 No previous Age, sex, performance 2067 (224; 10.8)
S9031 chemotherapy status (>2 vs 0-1), WBC,
cytogenetics (unfavorable
vs favorable)
Limited SCLC S7924, S8232, S8812 1979-1992 No previous RT or Age, sex, performance status 1097 (87, 7.9)
chemotherapy (>2 vs 0-1), previous
weight loss >10 Ibs, pleural
effusions
Advanced NSCLC S8241, S8738, S9308, 1982-1998 No previous treatment  Age, sex, performance status 1602 (225; 14.0)
S9509 (>2 vs 0-1), previous
weight loss >5%, LDH
(>ULN vs <ULN)
Multiple myeloma S7418, S7704, S7927, 1974-1990 No previous Age, sex, stage (I-Il vs llIIA 2208 (478; 21.6)
S$8229, S8624 chemotherapy vs [lIB), serum B-2
(>6 vs <6)
Adjuvant colon S8591 1985-1987 Resectable Age, sex, Dukes stage 1244 (70; 5.6)
(Cvs B)
Advanced NHL S7713, S8516 1977-1991 Int. or high grade with  Sex, IPI risk (high vs low) 1291 (113; 8.8)
no previous
chemotherapy
Advanced ovarian S7524, 57925, S8412, 1976-2001 Stage lll or IV Age, performance status 1429 (56; 3.9)
S8501, S9701 (>2 vs 0-1), stage
(optimal Ill vs suboptimal
[l vs 1V), histology (M/CC
vs other)
Advanced prostate  S8494, S8894 1985-1994 Stage D2 Age, performance status 1843 (393; 21.3)

Total 35 studies included

(>2 vs 0-1), extent of
disease (extensive vs
minimal), bone pain,
Gleason sum (8-10 vs
2-7), PSA
19457 (2308; 11.9)

* Analyses were stratified by study in all cancers, except for breast, which was also stratified by hormone receptor status, and adjuvant colon in which only one
study was included. AA = African American; AML = acute myelogenous leukemia; SCLC = small cell lung cancer; RT = radiation therapy; NSCLC = non-small cell
lung cancer; NHL = non-Hodgkin lymphoma; IPI = International Prognostic Index; PSA = prostate-specific antigen; Int. = intermediate; LDH = lactate dehydroge-
nase; ULN = upper limit of normal; M/CC = mucinous/clear cell; WBC = white blood cell.

began in the late 1980s. Enrollments from earlier studies rarely
had available zip code. To account for this discrepancy, indicator
variables for missing socioeconomic status data were included in
the Cox regression models to retain all patients.

Additional analyses were performed for cancer types in which
there was a statistically significant association between race and
survival. Patient body mass index, a surrogate for general health
status or nutrition level, was entered into the Cox regression
model in addition to the clinical prognostic factors and surrogates
of socioeconomic status. Stratification by treatment type rather
than by study was assessed for qualitative impact on the results.
Breast cancer was also analyzed by race within hormone receptor
status subgroups. To determine whether the effect of race on over-
all survival was different between high and low levels of income
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and education, the interaction of race with these two variables was
analyzed separately. All statistical tests were two-sided.

Results

The sample size and the percentage of African Americans for each
disease category are shown in Table 1. Of the 19457 patients ana-
lyzed in the 35 SWOG trails, 2308 (11.9%, range = 3.9%-21.6%)
were African American. Disease-specific sample sizes ranged from
1097 patients with limited-stage small cell lung cancer to 4316
patients with early-stage (adjuvant) postmenopausal breast cancer.

The potential baseline prognostic clinical characteristics included
(with race) in the Cox regression models of disease site-specific overall
survival are presented in Table 2. The prognostic factor categories,
as well as the statistical significance, for each covariate are also
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Table 2. Associations between prognostic factors other than race by disease type and survival*

Disease Factor (categories) HR (95% Cl) Pt
Premenopausal breast cancer Age (10-y increase) 0.89 (0.78 to 1.01) .06
No. of positive lymph nodes (>4 vs <4) 2.36 (1.92 t0 2.91) <.001
Tumor size (>5 cm vs <5 cm) 1.58 (1.24 to 2.03) <.001
Postmenopausal breast cancer Age (10-y increase) 1.21(1.14 to0 1.29) <.001
No. of positive lymph nodes (>4 vs <4) 2.03 (1.83 to 2.26) <.001
Tumor size (>5 cm vs <5 cm) 1.34 (1.14 to 1.57) <.001
Acute myelogenous leukemia Age (10-y increase) 1.25(1.21 to 1.29) <.001
Sex (female vs male) 1.13 (1.03 to 1.24) .01
Performance status (>2 vs 0-1) 1.33 (1.18 to 1.50) <.001
WBC count (10-unit increase) 1.02 (1.01 to 1.03) <.001
Cytogenetics (unfavorable vs favorable) 2.07 (1.49 to 2.86) <.001
Small cell lung cancer Age (10-y increase) 1.16 (1.07 to 1.25) <.001
Sex (female vs male) 1.30 (1.16 to 1.45) <.001
Performance status (>2 vs 0-1) 1.18 (0.91 to 1.51) .20
Previous weight loss (>10 Ib vs <10 Ib) 1.17 (0.95 to 1.44) 12
Pleural effusions (yes vs no) 1.61(1.23t0 2.11) <.001
Non-small cell lung cancer Age (10-y increase) 0.97 (0.92 to 1.03) .32
Sex (female vs male) 0.90 (0.81 to 1.01) .08
Performance status (>2 vs 0-1) 1.89 (1.60 to 2.23) <.001
Previous weight loss (>5% vs <5%) 1.25(1.13 t0 1.39) <.001
LDH (>ULN vs <ULN) 1.56 (1.40 to 1.73) <.001
Stage IV (IV vs 11IB) 1.23 (0.96 to 1.59) .10
No. of metastatic sites (>1 vs 1) 1.34 (1.21 to 1.49) <.001
Multiple myeloma Age (10-y increase) 1.24 (1.19 to 1.30) <.001
Sex (female vs male) 1.09 (1.00 to 1.20) .05
Stage IlIB (1B vs I-l1) 1.82 (1.60 to 2.07) <.001
Stage A (A vs I-l1) 1.42 (1.27 to 1.58) <.001
Serum B-2 (>6 vs <6) 1.43 (1.24 to 1.64) <.001
Adjuvant colon cancer Age (10-y increase) 1.13 (1.06 to 1.21) <.001
Sex (female vs male) 1.04 (0.89 to 1.22) .62
Dukes stage (C vs B) 2.04 (1.67 to 2.50) <.001
Non-Hodgkin lymphoma Sex (female vs male) 1.21 (1.06 to 1.38) .005
IPI risk group (high vs low) 1.69 (1.48 to 1.93) <.001
Ovarian cancer Age (10-y increase) 1.24 (1.17 to 1.32) <.001
Performance status (>2 vs 0-1) 1.12 (0.85 to 1.46) 42
Stage IV (IV vs optimal Il1) 1.61(0.77 to0 3.37) .20
Stage Il (suboptimal vs optimal) 1.37 (0.66 to 2.83) .40
Histology (M/CC vs other) 1.38 (1.02 to 1.86) .04
Prostate cancer Age (10-y increase) 1.04 (0.97 to 1.10) 27
Performance status (>2 vs 0-1) 1.56 (1.36 to 1.78) <.001
Extent of disease (extensive vs minimal) 1.60 (1.40 to 1.82) <.001
Bone pain (yes vs no) 1.51 (1.35to 1.70) <.001
Gleason sum (8-10 vs 2-7) 1.46 (1.28 to 1.65) <.001
PSA (10-unit increase) 1.01 (0.96 to 1.05) .78

* Race was also included in all models. HR = hazard ratio; Cl = confidence interval; WBC = white blood cell; IPl = International Prognostic Index; PSA = prostate-specific

antigen; LDH = lactate dehydrogenase; ULN = upper limit of normal; M/CC = mucinous/clear cell.

T All statistical tests were two-sided. Modeling was performed by Cox regression.

shown by disease site. After adjustment for these prognostic factors,
African American race was not statistically significantly associated
with overall survival among patients with acute myelogenous
leukemia (P = .12), limited-stage small cell lung cancer (P = .29),
advanced-stage non-small cell lung cancer (P = .20), multiple
myeloma (P = .34), early-stage (adjuvant) colon cancer (P = .87), or
advanced-stage non-Hodgkin lymphoma (P = .10) (Table 3).
However, African American race was statistically significantly asso-
ciated with worse overall survival among patients with early-stage
(adjuvant) premenopausal breast cancer (hazard ratio [HR] for
death = 1.41, 95% confidence interval [CI] = 1.10 to 1.82; P =.007),
early-stage (adjuvant) postmenopausal breast cancer (HR for
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death = 1.49, 95% CI = 1.28 to 1.73; P < .001), advanced-stage
ovarian cancer (HR for death = 1.61,95% CI = 1.18 to 2.18; P =
.002), and advanced-stage prostate cancer (HR for death = 1.21,
95% CI = 1.08 to 1.37; P = .001). Representative Kaplan—-Meier
survival plots are shown in Figure 1. Ten-year (and median)
Kaplan—-Meier overall survival estimates for patients with one of
these four types of cancer were uniformly poorer for African
American than for all other patients. Specifically, overall survival
for African American patients vs all other patients was, respec-
tively, 68% (not reached) vs 77% (not reached) for early-stage
premenopausal breast cancer, 52% (10.2 years) vs 62% (13.5 years)
for early-stage postmenopausal breast cancer, 13% (1.3 years) vs
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Table 3. Association between race and survival in various cancers*

Adjusted for clinical

Estimated cause-specific

prognostic factorst Adjusted for clinical prognostic factors, income, and education survivalt
% With
available % Income|| % Education||
Disease HR (95% Cl) P8  SES data (AA vs other) (AA vs other) HR (95% CI) P8 HR (95% Cl) Pg
Premenopausal  1.41 (1.10 to 1.82)  .007 72 45 vs 74 41 vs 73 1.43(1.11t0 1.84) .006 1.41(1.09to 1.84) .01
breast cancer
Postmenopausal 1.49 (1.28 to 1.73) <.001 68 32 vs 67 26 vs 67 1.48 (1.27 10 1.72) <.001 1.39(1.17 to 1.66) <.001
breast cancer
AML 1.12(0.97 t0 1.30) .12 44 23 vs 60 27 vs 62 1.10(0.95t01.28) .20 1.05(0.83t0 1.33) .66
Limited-stage 1.13 (0.90 to 1.42) .29 21 21 vs 62 7 vs 64 1.13 (0.90 to 1.42) 28 1.11(0.77to 1.60) .58
SCLC
Advanced 0.91 (0.79t0 1.05) .20 63 33 vs 64 33 vs 65 0.88(0.76 t0 1.02) .08 0.89(0.75t0 1.05) .17
NSCLC
Multiple 0.95(0.85t0 1.06) .34 29 23 vs 56 24 vs 61 0.94 (0.84t01.05) .25 0.85(0.70t0 1.03) .10
myeloma
Early-stage colon 1.03 (0.73 to 1.46) .87 31 44 vs 63 44 vs 63 0.98 (0.69to 1.40) .92 0.99(0.67 to 1.45) .94
cancer
Advanced NHL  1.20 (0.97 to 1.50) .10 64 44 vs 60 33 vs 62 1.17 (0.94 to 1.45) 17 1.31(1.00to 1.71) .05
Advanced 1.61(1.181t02.18) .002 73 29 vs 69 34 vs 69 1.65(1.21t02.24) .002 1.48(1.03t02.11) .03
ovarian
carcinoma
Advanced-stage 1.21 (1.08 to 1.37)  .001 71 25 vs 67 21 vs 70 1.19(1.05t0 1.35)  .008 1.19(1.05to0 1.35) .008
prostate
cancer

* HR=hazard ratio; Cl=confidence interval; SES = socioeconomic status; AA = African American; AML = acute myelogenous leukemia; NHL =non-Hodgkin

lymphoma; SCLC =small cell lung cancer; NSCLC =non-small cell lung cancer.
T Clinical prognostic factors are listed in Table 1.

+ Data were estimated on the basis of deaths after documented progression and adjusted for clinical prognostic factors.

w

Wald x? statistic. All statistical tests were two-sided.

Data are the percentage from high-income areas or from high-education areas.

17% (2.3 years) for advanced ovarian cancer, and 6% (2.2 years) vs
9% (2.7 years) for advanced prostate cancer. In the multivariable
setting, the effect of race on overall survival was little changed
when each primary analysis was repeated with race coded as
African American vs white only (data not shown). Similar results
were obtained from estimated cause-specific survival analyses
(Table 3), with increased risks of cancer-specific death from breast
cancer, ovarian cancer, and prostate cancer associated with African
American race. In this analysis, there was a borderline statistically
significant association between African American race and increased
risk of death from lymphoma.

For every cancer type, fewer African American patients than all
other patients were from high-income or high-education areas
(Table 3). However, the addition of income and education factors
to the clinical characteristics in the multivariable Cox regression
analyses had no substantial impact on the associations of race with
overall survival.

In breast cancer analyses that were stratified by hormone recep-
tor status for both postmenopausal and premenopausal patients
(Figure 2), African American patients had a higher mortality than
other patients in both hormone receptor-negative and hormone
receptor—positive breast cancer cohorts (for premenopausal estro-
gen receptor [ER]-negative breast cancer, HR = 1.29, 95% CI = 0.91
to 1.83; for premenopausal ER—positive breast cancer, HR = 1.74,
95% CI = 1.11 to 2.71; for postmenopausal ER-negative breast
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cancer, HR =1.39,95% CI = 1.04 to 1.85; and for postmenopausal
ER-positive breast cancer, HR = 1.61, 95% CI = 1.35 to 1.93).
This association among both premenopausal and postmenopausal
patients was in fact stronger for those with hormone receptor—
positive breast cancer than those with hormone receptor—negative
breast cancer; however, no statistically significant interaction was
observed between hormone receptor status and outcome by race
among premenopausal patients (P = .23) or postmenopausal patients
(P =.30).

Three additional types of analyses were performed for breast,
prostate, and ovarian cancers because of the statistically significant
association between race and survival outcome in the primary Cox
model analyses. First, patient body mass index was added to the mul-
tivariable models that included the clinical prognostic factors plus
income and education factors. The adverse impact of African
American race on overall survival remained statistically significant for
early-stage (adjuvant) premenopausal breast cancer (HR = 1.39, 95%
CI = 1.08 to 1.80; P = .01), early-stage (adjuvant) postmenopausal
breast cancer (HR = 1.46,95% CI = 1.26 to 1.70; P < .001), advanced-
stage ovarian cancer (HR =1.62,95% CI=1.19 to 2.21; P=.002), and
advanced-stage prostate cancer (HR = 1.18, 95% CI = 1.04 to 1.34;
P = .01). Second, the analyses were stratified by type of treatment
rather than by study (or, in the breast cancer analyses, rather than by
study and receptor status). This change in stratification had little
impact on the strength of the associations by race. Third, to assess
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Figure 1. Kaplan—-Meier overall survival plots for African American
patients vs patients of all other races or ethnic groups. A) Premenopausal
adjuvant breast cancer. B) Postmenopausal adjuvant breast cancer. C)
Advanced ovarian cancer. D) Advanced prostate cancer. The number of
patients at risk, the number of deaths, the 10-year survival estimate,
and median survival estimate are presented. The Wald x? test statistic
for the effect of race on survival in the multivariable setting was also
included. All statistical tests were two-sided. The 10-year overall sur-
vival estimates and the corresponding 95% confidence intervals (Cls) by
race (all other patients vs African American patients, respectively) for
each disease group are as follows: 77% (95% Cl = 76% to 79%) vs 68%
(95% Cl = 62% to 75%) for premenopausal adjuvant breast cancer, 62%
(95% Cl = 60% to 64%) vs 52% (95% Cl = 47% to 58%) for postmenopausal

whether there was a differential impact of race within level of income
(high vs low) and category of education (high vs low), the interaction
of race and each of these demographic factors was analyzed. There
was no evidence of an interaction between race and income or race
and education for early-stage (adjuvant) premenopausal breast cancer
(P = .16 and P = .14, respectively), early-stage (adjuvant) postmeno-

Percent survival

w)

Percent survival
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0 5 10 15 20

Years from registration

adjuvant breast cancer, 17% (95% Cl = 14% to 19%) vs 13% (95% Cl = 3%
to 22%) for advanced ovarian cancer, and 9% (95% Cl = 8% to 11%) vs
6% (95% Cl = 3% to 8%) for advanced prostate cancer. The median over-
all survival estimates and the corresponding 95% confidence intervals
by race (all other patients vs African American patients, respectively)
for each disease group are as follows: not reached for premenopausal
adjuvant breast cancer, 13.5 years (95% Cl = 12.9 to 14.2 years) vs 10.2
years (95% Cl = 9.1 to 12.0 years) for postmenopausal adjuvant breast
cancer, 2.3 years (95% Cl = 2.1 to 2.5 years) vs 1.3 years (95% Cl = 1.1 to
1.8 years) for advanced ovarian cancer, and 2.7 years (95% Cl = 2.5 to
2.9 years) vs 2.2 years (95% Cl = 2.0 to 2.4 years) for advanced prostate
cancer. Follow-up survival was truncated at 20 years for consistent
presentation between panels. AA = African American.

pausal breast cancer (P =.16 and P = .11, respectively), advanced-stage
ovarian cancer (P = .90 and P = .77, respectively), or advanced-stage
prostate cancer (P =.79 and P = .10, respectively). Finally, in the breast
cancer analyses, covariate adjustment for tumor size with cut points at
2 and 5 cm (rather than at only 5 cm) resulted in only slight changes
to the strength of the associations by race (data not shown).

Number of HR

Group Subgroup Patients pDeaths (AA/Other)
Premenopausal ER- 1028 279 129 —T—®#———
(Interaction P = .23) ER+ 1150 232 1.74

Total 2178 511 1.42 —
Postmenopausal ER- 1067 451 1.39 —
(Interaction P = .30) ER+ 3035 1177 1.61 —i—

Total 4102 1628 1,54 ——

T T 1
1 15 2 25

Figure 2. Forest plot of the associations between survival and race among
premenopausal and postmenopausal breast cancer patients by estrogen
receptor (ER) status. A vertical line representing no effect (HR=1) is shown.
The area of each square is proportional to the sample size for the sub-
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Hazard ratio

group, and the length of the whiskers indicate the 95% confidence inter-
vals. P values for interaction are shown. The Wald x? test statistic for the
effect of race on survival in the multivariate setting is also included. All
statistical tests were two-sided. HR = hazard ratio; AA = African American.
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Discussion

African American patients with breast, prostate, or ovarian cancer
who were treated on phase III SWOG trials had statistically
significantly worse overall survival than white patients. These
results are important given all patients had uniform therapy and
follow-up parameters, with adjustment for stage, socioeconomic
factors, and known prognostic variables. Of note, these cancers are
all sex specific. Racial differences in survival of this magnitude
were not observed in patients with the non-sex-specific solid
tumors (colon and lung cancer) or in patients with any hematologic
malignancy examined.

Worse survival for African American women with breast cancer
has been reported by the National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) registry (14), the
Department of Defense database (15), large single-institution
studies (16), and literature-based meta-analyses (17). However,
most of these sources had limited information on treatment, which
was usually not standardized and often heterogeneous. Other
analyses that evaluated outcomes in cooperative group analyses
often did have complete treatment data but yielded conflicting
results (18,19). These studies reported that African American and
white patients enrolled in selected National Surgical Adjuvant
Breast and Bowel Project or Cancer and Leukemia Group B coop-
erative group trials did not differ in breast cancer mortality after
controlling for prognostic factors. However, the small number of
African American patients within smaller study samples may have
obscured a difference. We found that, after controlling for stage,
demographics, socioeconomic variables, tumor characteristics, and
treatment factors, this disparity existed among both premeno-
pausal and postmenopausal women who were diagnosed with
early-stage breast cancer.

This racial disparity in survival among patients with early-stage
breast cancer occurred in patients with both endocrine-responsive
and nonresponsive tumors. African American women with breast
cancer, especially those who are premenopausal, have a higher
incidence of biologically more aggressive cancers with a basal-like
subtype or that were triple negative (ie, lacking receptors for estro-
gen, progesterone, and HER2-neu). Several authors have stated
that the predominance of this subtype among African Americans
most likely explains previously reported racial disparities in sur-
vival outcomes (6,20,21). To address this issue, we analyzed sur-
vival by race within hormone receptor status subgroups (Figure 2),
although HER2-neu data were not collected in the older trials in
our database. Given the statistically significant adverse outcome
for African Americans within the hormone receptor—positive
group (as well as the hormone receptor-negative group), and the
known widening of the disparity in survival over time since the
1980s, the triple-negative biology theory cannot be the sole expla-
nation for the difference in breast cancer outcomes by race. Our
results suggest that there are other causes for the disparity when
the treatment type and ER status are similar by race (along with
the other factors in the breast cancer dataset).

We observed that African American men with advanced pros-
tate cancer who were treated uniformly on phase III clinical trials
had a higher mortality rate (HR for death = 1.19, 95% CI = 1.05
to 1.35; P = .008), after adjustment for all other available factors.
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Age-adjusted mortality rates reported by the SEER national regis-
try consistently demonstrated that African American men have a
death rate that is double that of white men (22). Two studies
(23,24) reported that even after controlling for the effects of age,
preoperative serum prostate-specific antigen level, pathological
grade, and stage, the racial disparity in progression-free survival
persists among men diagnosed with clinically localized prostate
cancer. The disparity in outcome also occurs among men with
androgen-independent metastatic prostate cancer. In a single-in-
stitution study (25), African American race was the only indepen-
dent predictor of time to prostate-specific antigen progression,
indicating that biological and genetic differences underlie this
disparity. Some have speculated that the racial disparity in survival
among men with local or regional prostate cancer was explained by
socioeconomic factors. For example, Du et al. (10) reported that
lower socioeconomic status appeared to be one of the major barri-
ers to achieving comparable outcomes for men with prostate
cancer. However, our analysis demonstrated that the disparity in
prostate cancer survival persisted despite adjusting for income and
education.

We observed an increase in mortality (HR = 1.65, 95%
CI=1.21to 2.24; P = .002) among African American women with
ovarian cancer in our population who were treated uniformly on
phase III clinical trials after adjustment for all available factors. A
previous study (26) reported that African American patients had
more advanced disease and were less likely to undergo cancer-
specific surgery than white women, but after adjusting for prog-
nostic factors, African American women still had an increased
risk of death from any cause (HR = 1.30, 95% CI = 1.20 to 1.40;
P < .001). This disparity in survival was even observed in equal-
access care systems, such as Kaiser Permanente (27). In our
analysis, which is to our knowledge the only one designed to
additionally adjust for treatment-related factors, the disparity
persisted.

No deficit in survival was observed for African American
patients with nonmetastatic colon cancer in our treatment-
controlled dataset. In a previous report (28), African Americans
were more likely to die of colon cancer than whites, probably
because African Americans were more often diagnosed with
advanced-stage disease. However, survival differences were also
reported within each stage of disease. These findings may be
explained by degree of delivery of adjuvant systemic therapy, in
that African American patients are less likely than white patients to
be treated with adjuvant chemotherapy (29,30). However, the
National Surgical Adjuvant Breast and Bowel Project reported (5)
a pooled database analysis in which African Americans experienced
a statistically significantly greater risk of death, despite uniform use
of adjuvant chemotherapy. It is possible that our smaller colon
cancer analysis was underpowered to detect a survival difference
or that, with modern treatments for colon cancer, disparities in
outcome was reversed.

There are several limitations to our analysis. First, although use
of clinical trial data implicitly controls for many treatment and
access to care issues, it is possible that cancers of non—African
American patients were more likely to be screen detected, espe-
cially in the adjuvant breast cancer setting, resulting in possible
lead-time bias. Unfortunately, data on patients whose breast
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cancer was detected by screening and those whose breast cancer
was detected clinically were not available. African Americans with
pre- or postmenopausal breast cancer were less likely to be diag-
nosed with tumors smaller than 2 cm in diameter, but incorpora-
tion of three categories for tumor size (<2, 2-5, or >5 c¢m) had
little impact on the strength of the survival differences by race.
Furthermore, adjustment for the stronger prognostic factor of axil-
lary lymph node status did not lessen the degree of breast cancer
survival disparity. Consequently, lead-time bias cannot fully, or
even in large part, explain our observations. Second, some of the
overall survival differences observed between African American
patients and patients of other ethnic or racial groups may be
related to noncancer health and comorbid disease disparities,
although why this effect would be more dominant in breast, ovar-
ian, and prostate cancers than in other types of cancer is unclear.
However, patients who participate in clinical trials may be more
compliant and healthier in general than patients who are not eli-
gible or refuse to participate in clinical trials (31). This so-called
healthy subject effect might diminish the potential influence of
noncancer disparities in survival. Nevertheless, to address this
concern, we performed approximate cause-specific survival analy-
ses (Table 3) (32). These analyses found little change in regression
estimates by race, indicating that non—cancer-related deaths were
similar between the racial groups and thus were not the explana-
tion for the survival disparity. Cause-specific analyses rely on the
assumption that the cancer outcome of interest is independent of
other outcomes, so our analysis of cancer-specific survival must be
viewed with caution, especially because the cause of death was
estimated rather than explicitly identified.

Another limitation to our analysis was our inability to assess
adherence to the oral adjuvant hormonal therapies prescribed in
the protocols in detail. There may be differential rates of adher-
ence to hormonal therapy, with African American women with
breast cancer on average being less likely to complete a full 5-year
course of treatment (33). This aspect might also explain the pros-
tate cancer findings but most likely not the disparities in hormone
receptor—negative breast cancer or in ovarian cancer. An additional
limitation pertained to a concern that chemotherapy delivery and
dosing may be substandard in African Americans. We conducted
an in-depth analysis of two trials from the breast cancer database
and found that, after adjustments for baseline white blood cell
counts, body surface area, treatment quality, and treatment deliv-
ered (relative dose intensity), the disparity in survival outcome by
race persisted (34). These factors were not independently associ-
ated with increased mortality. We were not, however, able to
control for specific comorbid conditions that were not otherwise
precluded by study eligibility criteria, are known to be more preva-
lent in African Americans, and are associated with reduced overall
survival. Differential distribution of comorbid conditions may have
also influenced the overall survival disparity that we observed, but
as discussed above, there did not appear to be a difference in the
rate of non—cancer-related deaths by race.

A provocative aspect of our analysis was that African American
patients had statistically significantly worse survival in the sex-
specific cancers (breast, ovarian, and prostate) but not in the
other cancers examined, which include the major tumor types
diagnosed in the United States. Although there are other non-
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sex-specific cancers that were not included in this analysis and that
may also show disparities, one explanation for our findings might
be that there are hormonal factors that contribute to the aggres-
siveness of some cancers that differ by race. Another possibility is
that inherited genetic differences across races, especially in sin-
gle-nucleotide polymorphisms, exist in the way resistance to
therapy develops in these tumors and/or in how standard doses of
drugs are activated and metabolized. Racial and ethnic variations
in single-nucleotide polymorphisms for CYP2D6, UGT1ALl, and
SULT1A have been reported, which may account for differences
in both risk and outcome (35-38). Female sex has been found to
be independently associated with favorable survival in lung can-
cer (39,40). It is postulated that hormonal influences including
estradiol levels and single-nucleotide polymorphisms that differ
by sex, along with pharmacogenetic differences in drug metabo-
lism, explains this observation (40). More research is clearly
needed regarding interactions among treatment, sex, race, and
survival.

We report the first comprehensive analysis, to our knowledge,
from a large, unique cohort of patients who were treated on
SWOG clinical trials that demonstrate racial disparities in survival
persist for patients with breast, prostate, and ovarian cancer after
controlling for prognostic, treatment, and socioeconomic factors.
The randomized clinical trial setting used in this analysis ensured
similarity in disease stage, eligibility requirements, and treatment
plan and allowed adjustment for all other potential prognostic fac-
tors. Our findings suggest that unrecognized interactions of tumor
biological, hormonal, and/or inherited host factors must be con-
tributing to differential survival outcomes by race in sex-specific
malignancies.
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