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Abstract
Objectives: This paper aims to investigate the effect of socioeconomic status, as measured by
education, on the survival of breast cancer patients treated on 10 studies conducted by the
Cancer and Leukemia Group B.

Methods: Sociodemographic data, including education, were reported by the patient at trial
enrollment. Cox proportional hazards model stratified by treatment arm/study was used to
examine the effect of education on survival among patients with early stage and metastatic
breast cancer, after adjustment for known prognostic factors.

Results: The patient population included 1020 patients with metastatic disease and 5146
patients with early stage disease. Among metastatic patients, factors associated with poorer sur-
vival in the final multivariable model included African American race, never married, negative
estrogen receptor status, prior hormonal therapy, visceral involvement, and bone involvement.
Among early stage patients, significant factors associated with poorer survival included African
American race, separated/widowed, post/perimenopausal, negative/unknown estrogen receptor
status, negative progesterone receptor status,>4 positive nodes, tumor diameter>2 cm, and ed-
ucation. Having not completed high school was associated with poorer survival among early
stage patients. Among metastatic patients, non-African American women who lacked a high
school degree had poorer survival than other non-African American women, and African
American women who lacked a high school education had better survival than educated African
American women.

Conclusions: Having less than a high school education is a risk factor for death among
patients with early stage breast cancer who participated in a clinical trial, with its impact among
metastatic patients being less clear. Post-trial survivorship plans need to focus on women with
low social status, as measured by education.
Copyright © 2011 John Wiley & Sons, Ltd.
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Introduction

The relationship between socioeconomic status (SES)
and health/disease has been the focus of numerous
investigations over the past 20–25 years. The basis for
these investigations is often through the theoretical
framework of social determinants of health [1,2].
Marmot, Wilkinson, and House reported the statisti-
cally significant effect of income and education on
survival in the general population [1–5]. Marmot’s
explanation for this relationship in affluent countries,
such as the USA, is that the relationship between
income and survival is the result of relative differ-
ences in social participation and opportunity to con-
trol life circumstances [6]. Much of the literature
focuses on income; however, Marmot argues that
education may be a better indicator of factors linked

to social position that are important to health and
survival given that the effect of income on mortality
is markedly reduced when education is included in
predictive models [6].
In spite of the numerous published papers that have

specifically examined the relationship between SES
and cancer survival, questions persist because of incon-
sistent conclusions [7–32]. Possible explanations for
this inconsistency include differences in the research
question being asked (e.g., impact of SES on survival
in the general population or impact in a clinical trial
population), the patient population (e.g., homogeneous
or heterogeneous histology or stage, as well as the
national, racial, and ethnic composition), sample size
or power considerations, the data source (e.g., census,
regulatory, Surveillance, Epidemiology and End Results
Program, clinical trial treatment trial, or patient reports),
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and the measure of SES (e.g., income, education, or
occupation).
Such methodological differences are evident in

research published in the past decade that has focused
on the relationship between SES and survival among
patients with breast cancer. Based upon education level
reported to the French census, Menville reported that
higher mortality observed among highly educated
breast cancer patients had attenuated since the 1970s
[29]. In contrast, Bouchardy [26], Dalton [27], and
Thomson [28] reported that patients with lower SES
had poorer prognosis. Bouchardy used patient-reported
occupation to define SES among her population-based
Swiss cohort that primarily had early stage breast can-
cer. Dalton linked Denmark’s registry of patients who
received adjuvant protocol treatment with an adminis-
trative database that contained each patient’s education
level. Thomson derived SES from Scotland’s census
data. Unlike multivariate analyses reported by Bou-
chardy and Dalton, the effect of SES disappeared in
Thomson’s study after adjustment for prognostic factors.
Albano used data from the National Center for Health
Statistics to show that the relative risk of death from
breast cancer is highest among patients with 12 or fewer
years of education [30]. Gordon used census-derived
measures of education and income to show that low
SES was associated with poorer survival among White,
node-negative breast cancer clinical trial participants
but not among African Americans [31,32].
Nearly 20 years ago, the Cancer and Leukemia

Group B (CALGB), a national cooperative group
funded by the National Cancer Institute explored the
relationship between SES and survival of cancer
patients enrolled on eight CALGB studies [33]. After
adjustment for known prognostic factors including
cancer type, performance status, age, and protocol-
specific factors, analyses showed that clinical trial
participants with low income or only a grade school
education had poorer survival than patients with
higher SES. This paper is part of a larger project to
examine a large database of background forms that
CALGB had routinely collected between 1990 and
1998, and to ‘validate’ findings of Cella [33] concerning
the relationship of education and survival within larger,
homogeneous cancer patient populations that partici-
pated in CALGB trials [34].
This paper focuses specifically upon the relationship

between education and survival among patients with
breast cancer who participated in one of 10 CALGB-
coordinated clinical trials initiated between 1987 and
1998 (Table 1). Analyses assessed the effect of educa-
tion on survival separately within early stage and meta-
static patient subgroups. The strength of this research is
that it uses a patient-reported measure of SES (educa-
tion), explores the relationship between education and
survival within one cancer type, and has power(i.e.,
sufficient patient numbers) to detect clinically impor-
tant effect sizes within the unique context of clinical
trials where initial therapeutic choices are not influ-
enced by SES.

Materials and methods

CALGB collection of socioeconomic data

The CALGB Psychiatry Committee (later renamed the
Psycho-Oncology Committee) piloted the collection of
socioeconomic data from a background form [35] in the
late 1980s and showed the feasibility of collecting such
data for all variables except income. After completion
of the feasibility study, CALGB initiated collection of
background forms on all active studies. Patient-reported
data collected at trial enrollment included education,
race, and marital status. Education was presented as a
multiple-choice question with the following options:
grades 1–8, grades 9–11, high school graduate, some col-
lege, junior college degree, college degree, some post-
college, or advanced degree. Income was not collected
because of collection difficulties encountered in the feasi-
bility study. Survival and baseline clinical data were
obtained from the CALGB database and merged with
the background form. When these studies were initiated,
CALGB required all patients to be followed until death.

Patient population

The analyses presented in this paper are based upon
education and clinical data collected in 10 breast cancer
studies coordinated by the CALGB. Studies are listed
in Table 1, along with data concerning accrual, avail-
ability of education data and patient status (live/dead)
at last follow-up. Study results, as well as details about
treatment regimens administered, have been previously
reported [36–47].
Submission of the background form that contained

patient education data was required for all participants
in six studies; exceptions included CALGB 8741,
9082, 9140, and 9840. For CALGB 8741 and 9082,
this form was collected from a patient subgroup that
participated in a separate quality of life companion
study initiated after accrual to the treatment study com-
menced [36,38]. Enrollment to the companion of inter-
group 9082 was also limited to participants from
CALGB. For CALGB 9140, accrual was initiated be-
fore submission of the background form was required
for all patients, as was the case for CALGB 9840, a
study that included an unbalanced randomization.

Power calculations

A priori power calculations were generated to determine
whether clinically meaningful effects would be detectable
with available data if they existed. Cella reported that 31%
of patients had only a grade school education and that their
hazard ratio (HR) of death relative to patients with more
than a grade school education was approximately 1.2
[33]. In the current dataset, 921 of 1020 metastatic breast
cancer patients and 1881 of 5146 early stage patients are
dead. Median follow-up time for early stage patients is
11.2 years. Among early stage and metastatic patients,
4% and 6% had 1–8 years of education, respectively;
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11% and 19% had less than a high school education
(Table 2). A two-tailed logrank test conducted within
each subgroup to compare the survival of patients
without and with a high school education had 80%
power to detect an HR of 1.23 and 1.27, respectively,
assuming a= 0.05 (48).

Analytic methods

To guard against possible bias associated with limit-
ing analyses to only patients with education data,

characteristics of patients (age, race) with and without
education data were compared using chi-squared tests
and t-tests.
Survival time, defined as the time between study

enrollment and death, was censored for patients
remaining alive at last follow-up. The Kaplan–Meier
product limit estimator was used to describe the sur-
vival experience within patient subgroups defined by
various prognostic factors and education levels [48].
Median survival estimates were generated using the
estimator of Brookmeyer and Crowley [49]. The Cox

Table 1. Cancer and Leukemia Group B breast cancer studies from which patients were drawn

Study Treatment arms
Enrollment

dates
Number of

patients treated
Number of patients with

education data (%)
Number of deaths among treated
patients with education data (%)

Date of last
follow-up

Early stage
9082 High dose CPB+ BMT February 1991–

May 1998
394 111 (28) 50 (45) August 2009

Intermediate dose
CPB+G-CSF

391 105 (27) 56 (53)

9141 AC+5mg/kg G-CSF March 1993–
April 1994

87 72 (83) 29 (40) January 2008
AC+10mg/kg G-CSF 85 74 (87) 32 (43)

9343 Tamoxifen + radiation July 1994–
February 1999

317 273 (86) 121 (44) August 2009
Tamoxifen 319 286 (90) 124 (43)

9344 Cyclo +Dox 60
mg/m2! Paclitaxel
175mg/m2

May 1994–
April 1997

533 461 (86) 173 (38) August 2009

Cyclo +Dox 60mg/m2

Cyclo +Dox 75
mg/m2! Paclitaxel
175mg/m2

515 444 (86) 185 (42)

Cyclo +Dox 75mg/m2

Cyclo +Dox 90
mg/m2! Paclitaxel
175mg/m2

517 448 (87) 161 (36)

Cyclo +Dox 60mg/m2 523 430 (82) 177 (41)
Cyclo +Dox 75mg/m2 520 456 (88) 170 (37)
Cyclo +Dox 90mg/m2 513 443 (86) 192 (43)

9741 Sequential Dox/Pac/
Cyclo every 3weeks

October 1997–
March 1999

484 373 (77) 110 (29) August 2009

Sequential Dox/Pac/
Cyclo every 2weeks

493 389 (79) 91 (23)

Concurrent Dox/Cyclo
then Pac every 3weeks

501 397 (79) 113 (28)

Concurrent Dox/Cyclo
then Pac every 2weeks

495 384 (78) 97 (25)

Metastatic
8741 160mg Megestrol

acetate
July 1987–
March 1991

123 46 (37) 44 (96) September 2001

1600mg Megestrol
acetate

124 43 (35) 41 (95)

800mg Megestrol
acetate

119 41 (34) 40 (98)

9140 CAF alone November 1991–
August 1995

120 36 (30) 34 (94) June 2002
CAF+ LV 121 29 (24) 29 (100)

9242 Topotecan April 1993–
June 1994

53 40 (75) 40 (100) November 1997

9342 Paclitaxel 175mg/m2 February 1994–
July 1997

158 139 (88) 137 (99) August 2006
Paclitaxel 210mg/m2 156 137 (88) 135 (99)
Paclitaxel 250mg/m2 155 137 (88) 133 (97)

9840 Thrice weekly September 1998–
November 2003

104 43 (41) 38 (88) March 2009
Weekly 182 64 (35) 57 (89)
Thrice
weekly + Trastuzumab

123 114 (93) 102 (89)

Weekly + Trastuzumab 168 151 (90) 132 (87)

CPB, Cyclophosphamide, Cisplatin, and Carmustine; BMT, bone marrow transplant; AC, combination of Doxorubicin and Cyclophosphamide; G-CSF, granulocyte
colony-stimulating factor; Dox, Doxorubicin; Cyclo, Cyclophosphamide; Pac, Paclitaxel; CAF, Cyclophosphamide, Doxorubicin, and Fluorouracil; LV, Leucovorin.
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Table 2. Characteristics of breast cancer patients stratified by disease status and survival rates

Predictor Subgroup N %
Number of

dead
Hazard
ratio

95% lower confidence
limit for hazard ratio

95% upper confidence
limit for hazard ratio p-value*

Early stage patients
Race White 4358 85 1574 Reference

Black 493 10 209 1.38 1.20 1.60
Hispanic 177 3 59 1.13 0.87 1.47
Other 118 2 39 1.21 0.65 2.26 0.0004

Age group (years) <30 76 1 34 Reference
30–39 807 16 305 0.88 0.62 1.26
40–49 1784 35 554 0.69 0.49 0.98
50–59 1317 26 469 0.84 0.59 1.19
60–69 526 10 234 1.12 0.78 1.61
70+ 636 12 285 1.42 0.90 2.25 <0.0001

Marital status Married 3367 65 1156 Reference
Single 421 8 152 1.15 0.97 1.36
Separated 157 3 68 1.38 1.08 1.76
Divorced 687 13 263 1.23 1.07 1.40
Widowed 491 10 234 1.52 1.30 1.79
Unknown 23 <1 8 1.06 0.53 2.13 <0.0001

Menopausal status Premenopause 2658 52 871 Reference
Post/perimenopuase 2456 48 998 1.33 1.21 1.47
Unknown 32 1 12 1.61 0.91 2.85 <0.0001

ER Negative 1741 34 753 Reference
Positive 3362 65 1109 0.61 0.55 0.67
Unknown 43 1 19 0.92 0.58 1.46 <0.0001

PR Negative 2039 40 858 Reference
Positive 3038 59 997 0.65 0.59 0.71
Unknown 69 1 26 0.75 0.51 1.11 <0.0001

Number of positive nodes 0 255 5 125 Reference
1–3 311 6 127 0.35 0.18 0.66
4–9 2235 43 564 0.58 0.30 1.10
10+ 1629 32 658 1.08 0.56 2.07
Unknown 716 14 407 1.31 1.02 1.68 <0.0001

Tumor size ≤2 cm 1741 34 753 Reference
>2 cm 3362 65 1109 1.58 1.42 1.77
Unknown 43 1 19 1.04 0.69 1.55 <0.0001

Education 1–8 grades 203 4 98 Reference
9–11 grades 387 8 177 0.87 0.68 1.12
High school graduate 1557 30 584 0.67 0.54 0.83
Some college 1130 22 411 0.64 0.52 0.80
Junior college 341 7 120 0.62 0.48 0.82
College 766 15 252 0.56 0.45 0.72
Some post-college 247 5 82 0.56 0.42 0.76
Advanced degree 515 10 157 0.52 0.40 0.67 <0.0001

Metastatic patients
Race White 793 78 748 Reference

Black 171 17 164 1.37 1.15 1.62
Hispanic 30 3 24 0.97 0.64 1.46
Other 26 3 25 0.86 0.32 2.33 0.0075

Age group (years) <30 8 1 8 Reference
30–39 68 7 65 0.79 0.37 1.69
40–49 212 21 192 0.66 0.32 1.36
50–59 330 32 308 0.66 0.32 1.36
60–69 277 27 268 0.69 0.34 1.42
70+ 125 12 120 0.78 0.37 1.63 0.4572

Marital status Married 600 59 566 Reference
Single 97 10 93 1.35 1.08 1.70
Separated 41 4 36 0.94 0.67 1.32
Divorced 149 15 140 1.09 0.91 1.32
Widowed 128 13 121 1.04 0.85 1.27
Unknown 5 <1 5 0.69 0.28 1.69 0.1511

ECOG PS 0 476 47 435 Reference
1 463 45 445 1.38 1.20 1.58
2 70 7 70 1.52 1.33 1.73
Unknown 11 1 11 1.16 0.63 2.12 <0.0001

Menopausal status Premenopause 171 17 154 Reference
Post/perimenopause 836 82 794 1.12 0.93 1.33
Unknown 13 1 13 1.45 0.81 2.61 0.3084
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proportional hazards model stratified by treatment arm/
study was used to assess the relationship between sur-
vival and known prognostic factors listed in Table 2,
as well as interactions of education with age and
race [50,51]. A reference cell parameterization was
used to model categorical variables in the Cox model
with one category representing missing data. Analyses
used backwards elimination to obtain a parsimonious
multivariable clinical model predictive of survival, in
which age was considered as an uncategorized pre-
dictor. Martingale and Schoenfeld residuals were used
to assess the adequacy of the proportional hazards
assumption [51]. Once a final multivariable clinical
model was determined, factors describing the effect of
education were added to the Cox model. Analyses were
conducted separately among early stage and metastatic
patient subgroups.

Results

The analyses described in this paper are based upon the
experiences of all patients accrued to one of 10 breast
cancer studies that provided education data (Table 1).
These 6166 patients constituted 74% of the enrolled
patients. A comparison of the characteristics of patients
included and not included in these analyses showed no
significant difference relative to age (data not shown).
Among patients who had the opportunity to provide

education data, the racial composition of the group of
patients who did and did not provide education data
did not significantly differ.
The study cohort included 5146 early stage patients

and 1020 metastatic patients. The majority were White
(84%), and 52%were 50 years of age or older (Table 2).
A greater proportion of metastatic patients were African
American (17% vs 10%), 50 years of age or older (72%
vs 48%), postmenopausal (82% vs 48%), or had less
than a high school education (19% vs 11%) than that
observed among early stage patients (p< 0.001 for all
comparisons). African American patients were less
likely to be a high school graduate than non-African
Americans (72% vs 90%; p< 0.0001), as were older
patients (78% vs 90%;p< 0.0001) and separated/
widowed patients (72% vs 89%;p< 0.0001).
The relationship between education and survival is

graphically summarized in Figures 1 and 2 for early
stage and metastatic disease subgroups; associated statis-
tics are provided in Table 2. Within the early stage
subgroup, education had a statistically significant effect
on survival (p< 0.0001) with poorest prognosis being
among patients with less than a high school education
in comparison with patients who completed high school
(HR=1.47; 95% CI: 1.29, 1.68). Among patients with
metastatic disease, survival of patients who did and did
not complete high school was not significantly different
(p=0.095; HR=1.15; 95%CI: 0.98, 1.353).

Table 2. Continued

Predictor Subgroup N %
Number of

dead
Hazard
ratio

95% lower confidence
limit for hazard ratio

95% upper confidence
limit for hazard ratio p-value*

ER Negative 366 36 344 Reference
Positive 550 54 515 0.70 0.60 0.81
Unknown 104 10 102 0.77 0.61 0.97 <0.0001

PR Negative 433 42 403 Reference
Positive 448 44 421 0.78 0.68 0.90
Unknown 139 14 137 0.87 0.71 1.07 0.0030

Prior hormonal therapy No 429 42 396 Reference
Yes 577 57 553 1.08 0.94 1.23
Unknown 14 1 12 0.79 0.44 1.42 0.3521

Prior chemotherapy No 320 31 296 Reference
Yes 679 67 646 1.07 0.91 1.25
Unknown 21 2 19 1.20 0.74 1.94 0.6308

Prior RT No 429 42 396 Reference
Yes 577 57 553 1.02 0.87 1.20
Unknown 14 1 12 1.19 0.93 1.52 0.3165

Visceral involvement No 294 29 268 Reference
Yes 726 71 693 1.33 1.15 1.54 0.0001

Bone/marrow involvement No 474 46 428 Reference
Yes 546 54 533 1.30 1.14 1.48 0.0001

Education 1–8 grades 61 6 58 Reference
9–11 grades 133 13 130 1.19 0.86 1.63
High school graduate 361 35 344 1.02 0.77 1.36
Some college 191 19 175 0.95 0.70 1.29
Junior college 44 4 41 0.89 0.59 1.34
College 105 10 96 0.97 0.69 1.36
Some post-college 54 5 51 0.96 0.66 1.41
Advanced degree 71 7 66 0.91 0.63 1.31 0.6211

PS was not collected in early stage studies.
Patients with N0 M0 disease were elderly patients from Cancer and Leukemia Group B 9343.
*From logrank test without adjustment for other covariables.
ECOG PS, Eastern Cooperative Oncology Group Performance Status; ER, estrogen receptor; PR, progesterone receptor; RT, radiation therapy.
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In addition to education, the following individual
factors were significantly associated with better sur-
vival among early stage patients: non-African Ameri-
can race, married or single women, premenopausal
status, estrogen receptor (ER) positive, progesterone
receptor (PR) positive, one to three positive nodes,
and tumor diameter 2 cm or less. Among patients with
metastatic cancer, factors associated with better survival
included non-African American race, performance status
(PS) = 0, ER positive, PR positive, no visceral involve-
ment, and no bone involvement. These results are con-
sistent with the literature concerning known prognostic
factors for breast cancer.
Multivariable Cox regression analysis showed that after

adjustment for known prognostic factors, early stage
patients with less than a high school education were at
greater risk of dying than patients who completed
high school (Table 3; p=0.0007; HR=1.26). African
American women were at greater risk of dying than non-
African American women (p=0.007; HR=1.23), with
no evidence that the effect differed among patients with
and without a high school education (p=0.453; model
not shown).

Amongmetastatic breast cancer patients, multivariable
analysis showed that the effect of having less than a high
school education varied across racial groups (p=0.040;
Table 3). The HR associated with having less than a high
school education was 0.80 (95%CI: 0.57, 1.11) among
African Americans and 1.19 (95%CI: 0.98, 1.44) among
non-African Americans. Of greater magnitude was the
statistically significant HR for race: 1.53 (95%CI: 1.24,
1.89). A model without the interaction between race
and education shows that the African American main ef-
fect was statistically significant (p=0.001; HR=1.35;
95%CI: 1.13, 1.62) and the education main effect was
not (p=0.442; HR=1.07; 95%CI: 0.90, 1.26; model
not shown).

Discussion

Analyses hypothesized a priori that clinical trial partic-
ipation with standardized treatment plans and rigorous
patient follow-up would initially negate any potential
effect of social class, as measured by education, on
the hazard of dying, and that after completion of
‘active’ protocol treatment, the effect of education
would emerge. This hypothesis implied that education
would not have an impact upon the survival of meta-
static patients, given that such patients are intensively
followed until treatment failure and death, and that
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Figure 1. Survival stratified by education among early stage
patients

Table 3. Multivariable Cox models predictive of survival

Parameter
Hazard
ratio

95% hazard
confidence

Ratio
limits p-value

Model for early stage patients
African American 1.226 1.057 1.421 0.0069
Marital status:

Separated versus married/single 1.244 0.971 1.594 0.0838
Divorced versus married/single 1.178 1.031 1.347 0.0161
Widowed versus married/single 1.270 1.083 1.489 0.0032

Post/perimenopausal 1.178 1.068 1.301 0.0011
ER positive/unknown 0.669 0.591 0.756 <0.0001
PR positive/unknown 0.851 0.756 0.957 0.0071
Number of positive nodes

4–9 vs 0–3 1.625 1.450 1.821 <0.0001
10+ vs 0–3 2.741 2.374 3.165 <0.0001

Unknown vs 0–3 1.394 1.091 1.780 0.0078
Tumor diameter >2 cm 1.392 1.250 1.552 <0.0001
Education not high school graduate 1.259 1.102 1.439 0.0007

Model for metastatic patients
African American 1.531 1.240 1.890 <0.0001
Single 1.282 1.026 1.601 0.0291
Performance status

1 vs 0/unknown 1.289 1.121 1.482 0.0004
2 vs 0/unknown 1.424 1.245 1.629 <0.0001

Estrogen receptor
Positive versus negative 0.627 0.534 0.735 <0.0001
Unknown versus negative 0.689 0.544 0.874 0.0021

Prior hormonal therapy 1.194 1.037 1.374 0.0134
Visceral involvement 1.288 1.107 1.498 0.0011
Bone involvement 1.319 1.145 1.519 0.0001
Education not high school graduate 1.188 0.981 1.438 0.0779
Not high school graduate among
African American

0.669 0.455 0.981 0.0397

A stratified Cox proportional hazards model with backwards elimination was used
to generate these models.
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education would have an effect among early stage
patients as they are less rigorously followed long-term
after protocol treatment termination.
The hypothesis was substantiated with multivariable

analyses among early stage patients where the lack of a
high school education and African American race were
associated with a greater hazard of dying. Hazard ratios
for race and education are of similar magnitude, with
no evidence of an inconsistent effect of education
across racial groups.
Within the metastatic patient population, the rela-

tionship between education and survival is complicated
by a statistically significant interaction that suggests
that the effect of education on survival varies across
racial groups. Within each racial group, the effect
of education is not statistically significant. Among
African Americans, the lack of high school education
is associated with better survival (HR= 0.8). However,
among non-African Americans, the lack of a high
school education is associated with poorer survival
(HR=1.18), an effect that is opposite to that seen
among African Americans. It is not clear whether the
statistically significant interaction is a false positive
result and an artifact of the non-significant effects of ed-
ucation that are in opposite directions, or whether this
result is an indication that African American women
with less education are tied into services that might sup-
port themmore than less educated non-African American
women. Regardless, survival of African Americans is
poorer than that of non-African Americans (HR=1.53).
The fact that education had a statistically significant ef-

fect on survival among early stage patients that did not
vary across racial groups is consistent with reports by
Meara that there is a gap in life expectancy among
women with low and high education regardless of race
[52]. In contrast, among patients with metastatic disease,
education did not have an effect on survival within racial
subgroups.
This study is unique in that it focuses on the effect of

education within a setting where initial therapeutic
decisions are not influenced by SES. SES, however,
may have resulted in observed differences in baseline
characteristics of the early stage and metastatic sub-
groups due to influences of SES on stage at diagnosis
[53–57] and access to clinical trials.
Commonly used ‘area-wide measures’ of socioeco-

nomic data based upon census or administrative data-
bases are unreliable as they classify all patients within
a heterogeneous community as having the same SES,
as measured by education or income [58]. Dale advo-
cates use of SES measures obtained from each individ-
ual and argues that income and education data should
be obtained with the recognition that other factors such
as occupation might be needed to capture the full effect
of SES [16]. Furthermore, Dale recommends that
investigations focusing on SES and cancer survival
should have adequate sample sizes to make scientifi-
cally and statistically sound inferences and that the
investigations focus on specific cancer sites. With these
criteria as benchmarks, the study described in this paper

is reasonably well designed to investigate the relation-
ship between SES and cancer survival in that SES, as
measured by education, is available on the individual
patient level, the sample size is large enough to assure
statistically sound inferences, and a relatively homoge-
neous population, that is, one cancer site, has been
studied. The inclusion of patient-reported income would
have strengthened the study; however, such data were
purposely not collected as previous pilot work had
indicated that a large percentage of patients would
not provide such data [35].
Given that race has been the focus of much of the

published clinical literature concerning the effect of SES
on survival, race was included in analyses as a potential
confounder of the effect of education. The increased risk
of death among African American women as shown in
analyses is consistent with previous reports [58–60].
Both Albain [59] and Polite [60] have wrestled with

the source of the race effect, whether it is biologically
based or a result of SES. The provocative paper by
Albain reports no racial effect on survival among
patients with acute myelogenous leukemia, limited
small cell lung cancer, advanced stage non-small cell
lung cancer, multiple myeloma, adjuvant colon cancer,
and advanced stage non-Hodgkin’s lymphoma and a
statistically significant negative effect of being African
American on survival among sex-specific cancers (i.e.,
early stage breast cancer, advanced stage ovarian can-
cer, and advanced stage prostate cancer). The CALGB
has reported similar observations for lung cancer
[34,61,62]. The results presented in this paper comple-
ment the report by Albain as it has shown that the
mortality rate associated with metastatic breast cancer
is greatest among African American women. Albain
concludes that tumor biology and inherited host factors
contribute to differential survival outcomes by race in
sex-specific malignancies.
Both race and education have been found to be

independent predictors of survival among early stage
breast cancer patients treated on CALGB clinical trials.
Among patients with metastatic disease, race also has a
significant effect on survival; however, education
appears to have an effect on survival that is inconsistent
across racial groups. We conjecture that education is a
surrogate for social status, whereas race is a surrogate
for both biological/genetic and social factors. Additional
research is needed to substantiate such a statement and to
gain a better understanding of the relationship between
race, education, stage, clinical trial participation, and
survival. An integral part of this additional research
needs to be an examination of sociocultural and behav-
ioral factors that contribute to long-term breast cancer
survivors with low SES having poorer prognosis.
Regardless of the underlying mechanism for the

associations between education and survival, it is clear
that post-trial survivorship plans need to focus on
women with low social status, as measured by educa-
tion. Issues that need consideration include long-term
compliance with hormone administration, management
of comorbidities, cancer prevention, and detection.
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