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Abstract

Purpose A comparatively high prevalence of comor-

bidities among African-American/Blacks (AA/B) has been

implicated in disparate survival in breast cancer. There is a

scarcity of data, however, if this effect persists when

accounting for the adverse triple-negative breast cancer

(TNBC) subtype which occurs at threefold the rate in AA/

B compared to white breast cancer patients.

Methods We reviewed charts of 214 white and 202 AA/

B breast cancer patients in the NCI-SEER Connecticut

Tumor Registry who were diagnosed in 2000–2007. We

employed the Charlson Co-Morbidity Index (CCI), a

weighted 17-item tool to predict risk of death in cancer

populations. Cox survival analyses estimated hazard ratios

(HRs) for all-cause mortality in relation to TNBC and CCI

adjusting for clinicopathological factors.

Results Among patients with SEER local stage, TNBC

increased the risk of death (HR 2.18, 95 % CI 1.14–4.16),

which was attenuated when the CCI score was added to the

model (Adj. HR 1.50, 95 % CI 0.74–3.01). Conversely, the

adverse impact of the CCI score persisted when controlling

for TNBC (Adj. HR 1.49, 95 % CI 1.29–1.71; per one

point increase). Similar patterns were observed in SEER

regional stage, but estimated HRs were lower. AA/B

patients with a CCI score of C3 had a significantly higher

risk of death compared to AA/B patients without comor-

bidities (Adj. HR 5.65, 95 % CI 2.90–11.02). A lower and

nonsignificant effect was observed for whites with a CCI of

C3 (Adj. HR 1.90, 95 % CI 0.68–5.29).

Conclusions comorbidities at diagnosis increase risk of

death independent of TNBC, and AA/B patients may be

disproportionately at risk.

Keywords Breast cancer � TNBC � Co-morbidity �
Cancer survival disparity � Charlson Co-Morbidity Index

Introduction

Despite recent improvements in mortality for both African-

American/Black (AA/B) and white breast cancer patients,

substantially poorer survival continues for AA/B patients [1].

Numerous reports have linked this disparity to reduced access

to health care [2] or delays in treatment [2–4]. On the other

hand, Albain et al. [5] reported that AA/B ethnicity was an

independent predictor of breast cancer death even under
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structured conditions of common treatment in a large national,

cooperative clinical trial. Hence, there remains a need to

explore additional putative contributing factors such as

underlying aggressive disease or unmeasured clinical factors.

Adverse tumor biology has been suggested as another

explanatory factor in the survival gap [2]. AA/B breast

cancer patients tend to present at more advanced stages and

at younger ages [6, 7] lending support to the hypothesis about

aggressive disease. Some have suggested that advanced

stage at diagnosis might be unrelated to mammography uti-

lization given recent reports of comparable rates of annual or

biannual screening between whites and blacks [8]. Addi-

tionally, survival disparities have been reported within each

stage [6]. A promising biologic focus in disparities research

is the adverse triple-negative breast cancer (TNBC) in which

AA/B patients have a threefold greater prevalence compared

to whites [9, 10]. Defined by the simultaneous lack of

expression of estrogen, progesterone and HER2 receptors in

breast cancer cells, TNBC has been found to confer a sig-

nificantly worse prognosis compared with other subtypes [9,

11]. In a recent population-based study, we found that, while

TNBC status was predictive of reduced survival for the

sample as a whole, AA/B patients with regionally advanced

disease had significantly reduced survival compared to

whites independent of TNBC status; no racial disparity in

survival was found among those with local disease [10].

Our prior findings of a survival disadvantage among

AA/B patients with advanced disease, whether or not

tumors express the aggressive TNBC phenotype, suggest to

us that clinical factors could be elevating risk of death. In

recent years, comorbidities at diagnosis have been impli-

cated in cancer outcome disparities including death [12].

These are conditions unrelated to breast cancer, such as

diabetes or heart disease, which also pose a threat to overall

survival. Studies have shown that African-Americans tend

to have greater prevalence of obesity, hypertension, dia-

betes and diabetes-related complications, and renal disease

[12–15]. Inadequate control of comorbidities has been

shown to adversely affect cancer treatment, as exemplified

in the Black/White Cancer Survival Study [16]. Given the

disproportionately greater prevalence of both comorbidities

and TNBC in the AA/B population, we investigated whe-

ther both factors for death retained independent prognostic

importance when assessed together.

Methods

Study population

We conducted a pilot medical chart review in a random

sample of 432 female breast cancer patients derived from

our parent study of 2,264 patients diagnosed with primary

breast cancer (ICD-O-3 C50.0-C50.9) between 1 January

2000 and 31 December 2007 in the State of Connecticut.

Data were obtained from the Connecticut Tumor Registry

(CTR), a participant site in the NCI-SEER program. The

parent study includes all AA/B patients diagnosed during

the study period and a comparably sized random sample of

white patients as described elsewhere [10, 17]. Reasons for

exclusion were duplicate records or discrepant information

about racial status. In statistical analyses, we excluded 15

patients for whom there were missing data on age, TNBC

status, vital status, or SEER summary stage for a final

sample size of 416 (white = 214, AA/B = 202). Median

follow-up time among those who were alive at the end of the

study was slightly higher for AA/B patients than whites (7.6

vs. 7.0 years, p = 0.01). Access to medical records was

approved by the Institutional Review Boards at University

of Connecticut School of Medicine, Yale Cancer Center,

Hartford Hospital, and the Human Investigation Committee

at the Connecticut Department of Public Health.

Clinicopathological data

Information in the CTR database includes: ER, PR, age at

diagnosis, SEER summary stage (local, regional, and distant),

ICD-O-3 histologic subtypes, tumor grade, number of posi-

tive axillary lymph nodes, and tumor size (cm). Local stage is

defined in SEER as invasive cancer confined to the breast, and

regional and distant stages are defined, respectively, as cancer

detected to have spread to the axillary lymph nodes or con-

tiguous tissue, and disease that has spread to other organs.

Information about first course of chemotherapy is available in

the CTR database, although in recent years SEER no longer

makes this information available in the public dataset due to

substantial missing data and unreliability of the information

[18]. TNBC status was derived from both the CTR database

(i.e., ER and PR) and abstraction of summary pathology

reports (i.e., HER2) at the registry as described in our pre-

vious investigations using this study sample [10, 17].

Co-morbidity information

Medical conditions were abstracted using the validated

Charlson Co-Morbidity Index (CII), a weighted list of 17

items developed in 1987 [19] and a prominent tool in

cancer research [20]. The CCI includes: myocardial

infarction, congestive heart failure, peripheral vascular

disease, cerebral vascular disease, dementia, chronic lung

disease, rheumatologic disease, peptic ulcer disease, mild

liver disease, diabetes without complications, diabetes with

complications, hemiplegia, neoplasia, moderate/severe

liver disease, metastatic disease, human immunodeficiency

virus, and renal disease. A cumulative score is calculated

based on a no (0) or yes (1) for each condition and
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weighted according to a specific protocol [19]. Briefly, the

weight applied to a particular condition reflects the asso-

ciated hazard ratio of death within 1 year of cancer diag-

nosis. Due to emerging evidence of the prognostic

importance of hypertension in distinguishing mortality risk

in cancer survival disparities [21], we followed an

approach used in Braithwaite [21] and Tammemagi [12] to

adapt the CCI by including high blood pressure

(CCI?HBP) as a co-morbidity by assigning an additional

point. Scores for the CCI and CCI?HBP indices were

employed in statistical analyses as either a continuous or

categorical variable (0, 1–2, C3). Lastly, we report the raw

number of co-morbid conditions.

Statistical analyses

Descriptive analyses comparing clinicopathological char-

acteristics between AA/B and white patients were evaluated

using a v2 test for the categorical variables, such as the

TNBC subtype, tumor grade, histologic type, SEER sum-

mary stage (local, regional, distant), smoking history (never,

current, former), first-course chemotherapy status (yes, no),

CCI and CCI?HBP categorical levels (0, 1–2, C3), and vital

status. Independent t tests were used to assess mean differ-

ences between groups such as weighted CCI score, weighted

CCI?HBP score, number of comorbidities using both the

CCI and CCI?HBP indices, follow-up time among patients

still alive at the end of the study, age, body mass index

(BMI), tumor size, and number of positive axillary lymph

nodes among patients with regional disease. Multivariate-

adjusted hazard ratios (HR) and 95 % confidence intervals

(95 % CI) were calculated using Cox proportional hazards

regression. Predictors were TNBC status (TNBC vs. non-

TNBC), race (W, AA/B), weighted CCI score or weighted

CCI?HBP score (continuous or categorical) and the fol-

lowing covariates: age at diagnosis, SEER summary stage

(for analyses of the full sample only), tumor size, and

number of positive axillary lymph nodes. Due to substantial

missing data on smoking history (n = 121) and receipt of

first-course chemotherapy (n = 60), we included those

variables in statistical models in sensitivity analyses to

explore impact on HR estimates. Outcome was defined as

any cause of death consistent with examining the impact of

comorbidities on overall mortality. SPSS version 21.0

(�Copyright IBM Corporation) was used in all analyses.

Results

Clinicopathological characteristics

Tumors from AA/B patients (Table 1) were more likely to

express the TNBC phenotype than those from white

patients (25.7 vs. 16.4 %, respectively, p\ 0.01). AA/B

patients were more likely to be diagnosed at later stages

(p = 0.04) and less likely to be alive at the end of the study

period than whites (65.8 vs. 77.6 %, respectively,

p\ 0.01). More AA/B patients died from breast cancer

than did whites (50.7 vs. 43.8 %, respectively), but this

difference was not found to be statistically significant

(p = 0.81). We observed variation in receipt of first-course

systemic therapy by stage and race, but differences did not

reach statistical significance. White patients tended to have

a slightly greater prevalence of the more favorable purely

lobular histology than their AA/B counterparts (11.2 vs.

5.9 %, p = 0.04).

Prevalence of co-morbidity

AA/B breast cancer patients exhibited a significantly

higher mean CCI score (Table 2) than whites (1.38 vs.

0.53, respectively, p\ 0.0001), as well as the CCI?HBP

score (1.90 vs. 0.86, respectively, p\ 0.0001), even

though they tended to be significantly younger at diagnosis

(54.8 vs. 58.4 years, respectively, p = 0.007). When

measured with the CCI, a greater proportion of white

patients had no comorbidities at breast cancer diagnosis

relative to AA/B patients (82.8 vs. 58.9 %, respectively,

p = 0.0001). When a diagnosis of hypertension was added

to the CCI (CCI?HBP), the number of patients with a

CCI?HBP score of 0 decreased in both groups and the

disparity persisted (60.9 vs. 39.1 %, respectively,

p = 0.0001). The distribution of the number of comor-

bidities including HBP by race is depicted in Fig. 1.

Regarding specific comorbidities, AA/B patients were

more likely than whites to be diagnosed with hypertension

(47.5 vs. 30.8 %, p = 0.001) and type II diabetes (23.3 vs.

4.2 %, p\ 0.001). While AA/B patients also were more

likely to have a history of several other individual condi-

tions, the absolute number of patients is small (Table 2).

Mean body mass index was higher in AA/B patients

compared to whites (31.9 vs. 26.4, respectively,

p\ 0.0001), which represents a clinically relevant shift

from overweight (25–\30) to obese (C30).

Mortality risks of TNBC and co-morbidity

Table 3 presents adjusted HRs (95 % CIs) for the prog-

nostic roles of TNBC and co-morbidity at diagnosis in

relation to overall mortality. Four models were evaluated:

(1) age-adjusted; (2) basic multivariate model; (3) inclu-

sion of CCI into the model; and (4) inclusion of CCI?HBP

into the model. For all stages combined (n = 416), TNBC

status conferred an increased risk of death, compared to a

combined non-TNBC category, in both age-adjusted and

basic multivariate analyses (HR 1.92, 95 % CI 1.29–2.93
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and HR 1.89, 95 % CI 1.24–2.86, respectively). HRs were

attenuated when either the continuous CCI or CCI?HBP

scores were added to the model (HR 1.64, 95 % CI

1.06–2.53 and HR 1.65, 95 % CI 1.07–2.55, respectively).

Based on statistically significant interactions between

SEER stage and the two CCI scores detected in the mul-

tivariate model (Table 2), we repeated the analyses by

stage. Among patients with local disease (n = 264), TNBC

significantly predicted death employing the basic

multivariate model (HR 2.18, 95 % CI 1.14–4.16). HR

estimates, however, were attenuated and no longer statis-

tically significant when the CCI score and CCI?HBP score

were entered into the model (HR 1.50, 95 % CI 0.74–3.01

and HR 1.46, 95 % CI 0.73–2.91, respectively). For

patients with regional disease (n = 139), the HR estimate

of the prognostic impact of TNBC was nonsignificant in

the basic model (HR 1.64, 95 % CI 0.85–3.16) as were

HRs in both the CII and CCI?HBP adjusted models (HR

Table 1 Clinicopathological

characteristics of breast cancer

patients (n = 416) in the NCI-

SEER Connecticut Tumor

Registry (2000–2007)

White

n = 214

AA/B

n = 202

p valuea

TNBC

ER– PR- HER2- 35 (16.4) 52 (25.7)

Non-TNBC \0.01

ER- PR- HER2? 6 (2.8) 20 (9.9)

ER/PR? HER2- 143 (66.8) 117 (57.9)

ER/PR? HER2? 30 (14.0) 13 (6.4)

Vital status

Alive 166 (77.6) 133 (65.8) \0.01

Dead 48 (22.4) 69 (34.2)

Median follow-up time (among alive)c 9.7 years 10.3 years 0.22

Cause of death

Breast cancer 21 (43.8) 35 (50.7) 0.81

Other cancer 8 (16.7) 8 (11.6)

CVD 6 (12.5) 7 (10.1)

Other 13 (27.1) 19 (27.5)

Histological subtype

Ductal 124 (57.9) 127 (62.9) 0.04

Lobular 24 (11.2) 12 (5.9)

Mixed ductal/lobular 52 (24.3) 37 (18.3)

Other 14 (6.5) 26 (12.9)

Tumor grade

I 25 (12.1) 22 (11.5) 0.04

II 93 (45.1) 73 (38.2)

III/IV 88 (42.7) 96 (50.3)

Tumor size, mean (SD) 2.07 cm (1.5) 2.26 cm (1.6) 0.22

Positive axillary nodes,d mean (SD) 3.35 (3.9) 6.67 (16.3) 0.11

SEER summary stage

Local 145 (67.8) 119 (58.9) 0.04

Regional 66 (30.8) 73 (36.1)

Distant 3 (1.4) 10 (5.0)

First-course chemotherapye (yes)

Local 42 (32.3) 41 (39.4) 0.27

Regional 47 (75.8) 50 (73.5) 0.84

a Chi-square test for categorical data and independent t test for continuous variables
b n (%) except where noted
c Nonparametric test of medians
d Among patients with regional summary stage (n = 63 white; n = 66 AA/B)
e Too few patients with distant disease (n = 12) to perform reliable analyses
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Table 2 Comorbidities among

breast cancer patients (n = 416)

in the NCI-SEER Connecticut

Tumor Registry (2000–2007)

White

n = 214

AA/B

n = 202

p valuea

CCI scorec

0 173 (80.8)b 118 (58.4) \0.0001

1–2 28 (13.1) 52 (25.7)

C3 13 (6.1) 32 (15.8)

Mean (SD) 0.56 (1.6) 1.41 (2.7) \0.0001

Range 0–8 0–15

No. of conditions

Mean (SD) 0.26 (0.63) 0.71 (1.17) \0.0001

Range 0–3 0–8

CCI?HBP scored

0 130 (60.7)b 84 (41.6) \0.0001

1–2 63 (29.4) 77 (38.1)

C3 21 (9.8) 41 (20.3)

Mean (SD) 0.86 (1.7) 1.88 (2.8) \0.0001

Range 0–9 0–17

No. of conditions

Mean (SD) 0.57 (0.88) 1.19 (1.41) \0.0001

Range 0–4 0–9

Selected comorbidities (yes)f

Hypertension 66 (30.8) 96 (47.5) 0.001

Type II diabetes (any severity) 9 (4.2) 47 (23.3) \0.001

Kidney disease (any severity) 2 (0.9) 10 (5.0) 0.02

Congestive heart disease 2 (0.9) 7 (3.5) 0.09

Hx myocardial infarction 3 (1.4) 7 (3.5) 0.21

Liver disease 2 (0.9) 5 (2.5) 0.27

Hx cerebrovascular event 5 (2.3) 9 (4.5) 0.28

Connective tissue disorders 4 (1.9) 7 (3.5) 0.37

Pulmonary disease (any severity) 6 (2.8) 4 (2.0) 0.75

Peripheral vascular disease 3 (1.4) 3 (1.5) 0.99

Age

\40 years 8 (3.7) 23 (11.4) 0.003

Mean (SD) 58.4 years (13.7) 54.8 years (13.9) 0.007

Median 56 years 54 years 0.09

Body mass index (kg/m2)e

\18.5 4 (3.1) 3 (2.5) \0.0001

C18.5–\25 60 (45.8) 17 (14.0) \0.0001

C25–\30 35 (26.7) 40 (33.1)

C30 32 (24.4) 61 (50.4)

Mean (SD) 26.4 (5.5) 31.9 (8.2)

Smoking historye

Never 103 (55.4) 107 (62.9) 0.07

Former 56 (30.1) 33 (19.4)

Current 27 (14.5) 30 (17.6)

a Chi-square test for categorical data and independent t test for continuous variables
b n (%) except where noted
c Weighted Charlson Co-Morbidity Index score
d Weighted Charlson Co-Morbidity Index with one point added to score for diagnosis of high blood

pressure
e Missing data (n = for 121 body mass index; n = 60 for smoking history)
f Fisher’s exact test
g Independent-samples median test
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1.29, 95 % CI 0.63–2.64 and HR 1.31, 95 % CI 0.64–2.67,

respectively).

When assessing the prognostic impact of co-morbidity

at diagnosis controlling for TNBC status, a single-point

elevation in the CCI or CCI?HBP scores conferred a

significantly increased risk of death (HR 1.17, 95 % CI

1.10–1.24 and HR 1.16, 95 % CI 1.10–1.50, respectively).

We observed a variation of this effect by stage: Adjusted

HR estimates among those with local breast cancer for the

CCI and CCI?HBP were statistically significant (HR 1.49,

95 % CI 1.29–1.71 and HR 1.47, 95 % CI 1.27–1.69,

respectively), whereas corresponding estimates were lower

among those with regional stage disease at diagnosis (HR

1.13, 95 % CI 1.04–1.24 and HR 1.13 95 % CI 1.04–1.23,

respectively).

Kaplan–Meier curves (Fig. 2) depict the survival expe-

rience of patients according to levels of CCI?HBP score

(0, 1–2, C3). While the Log-Rank tests are significant for

both white and (v2 = 22.9, p\ 0.0001) and AA/B patients

(v2 = 64.7, p\ 0.0001 Log-Rank test), the variation in

mortality risk among whites appears to be limited to the

comparison between the highest and lowest strata. We

present the multivariate-adjusted HRs for all-cause mor-

tality for the CCI and CCI?HBP strata stratified by race

(Fig. 2). The HR for AA/B patients with a CCI score of C3

(n = 32) compared to patients with a score of 0 (n = 118)

was statistically significant (HR 5.65, 95 % CI 2.90–11.09)

but for patients with a CCI score of 1–2 (n = 52), the

effect was not statistically significant (HR 1.54, 95 % CI

0.82–2.91). For whites, the HR estimates among patients

with a CCI score of C3 (n = 13) or 1–2 (n = 28) were not

statistically significant when compared to referent group

without comorbidities (n = 178).

We repeated these analyses using the CCI?HBP score

(Fig. 2). Similar to what was observed in the CCI score,

AA/B patients with a CCI?HBP score of C3 (n = 41) had

a large and significantly increased risk of death from any

cause (HR 5.14, 95 % CI 2.48–10.66) compared to AA/B

patients with a CCI?HBP score of 0 (n = 84). HR esti-

mates for AA/B patients with a CCI?HBP score of 1–2

(n = 77) were not statistically significant. Among whites,

HR estimates were not significant for patients with either a

CCI?HBP score C3 or 1–2. Lastly, we conducted

exploratory analyses adding, separately, receipt of

chemotherapy and smoking status into the multivariate

model. Trends for both AA/B and white patients were

comparable to HR estimates observed in the CCI and

CCI?HBP multivariate models.

Sensitivity analyses of degree of co-morbidity score

As the upper ranges of the CCI and CCI?HBP scores were

higher in AA/B patients compared to whites, we assessed

whether the effect of comorbidities on mortality risk was

dominated by extreme scores. Therefore, we restricted the

analysis to AA/B patients with scores of B8 (CCI) and B9

(CCI?HBP) so as to have the same upper limit as whites

(Fig. 2). Modified HR estimates for AA/B patients in the

top co-morbidity strata were somewhat attenuated but

remained statistically significant (HR 3.88, 95 % CI

1.91–7.89 for CCI model and HR 4.26, 95 % CI 2.04–8.86

in CCI?HBP model) than in analyses including extreme

scores.

Discussion

We report evidence from an NCI-SEER-based study sam-

ple that comorbidities at diagnosis exert an independent

risk for overall mortality among breast cancer patients, and

we add to the literature by demonstrating that this effect

persisted after controlling for the aggressive TNBC sub-

type. We further found that the prognostic effect of TNBC,

itself, was attenuated when information about comorbidi-

ties was included in multivariate models. This is not to

imply that the prognostic value of TNBC is a matter of

statistical confounding by comorbidities, but, rather, we

suggest that TNBC and comorbidities are both explanatory

factors in the complex multi-determined problem of con-

tinuing survival disparity in breast cancer. The impact of

comorbidities appears to be stronger in local versus

regional disease presumably due to the added risk of death

from greater anatomic burden in the more advanced stage.

Fig. 1 Distribution of number of comorbidities including HBP in 224

white and 208 AA/B Breast Cancer Patients diagnosed in Connecticut

(2000–2007)
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While a differential effect by stage also was observed for

TNBC, consistent with our prior study [10], estimates

became nonsignificant after comorbidities were introduced

into models. We cannot, however, rule out loss of statis-

tical power in analyses of local disease given the sugges-

tive HR point estimates.

Our findings also suggest that survival disparity may be

related to not only a greater prevalence of comorbidities at

diagnosis, but also a possible disproportionate impact from

these conditions among AA/B patients. Specifically, while

AA/B patients with a CCI score of C3 were at substantially

increased risk of death compared to AA/B patients with a

score of 0, the increased HR for white patients was not

statistically significant. When evaluating the CCI ? HBP

score, a similar pattern was observed by race but in these

analyses, notably, CIs did not overlap between AA/B and

white patients (HR 5.14, 95 % CI 2.48–10.66 versus HR

0.88, 95 % CI 0.33–2.37, respectively). We speculate that

the more precise effect by race when using the CCI?HBP

score may be related to uncontrolled versus controlled

hypertension, given its well-documented poor control in

AA/B patients [22]. Further, a differential impact on

mortality was maintained in a sensitivity analysis when we

excluded those AA/B patients in the C3 score stratum with

Table 3 Adjusted HRs (95 % CIs) for any cause of death among breast cancer patients (n = 416) in the NCI-SEER Connecticut Tumor

Registry (2000–2007)

n Deaths Age-adjusted Multivariate

modela
Multivariate model with CCI

scorec
Multivariate model with CCI?HBP

scored

All patients 416 117f

TNBC

Non-TNBC 1.00 1.00 1.00 1.00

TNBCb 1.92

(1.29–2.93)

1.89 (1.24–2.86) 1.64 (1.06–2.53) 1.65 (1.07–2.55)

CCI score 1.23

(1.22–1.33)

– 1.17 (1.10–1.24) –

CCI?HBP

score

1.26

(1.21–1.32)

– 1.16 (1.10–1.50)

Local stagee 264 53

TNBC

Non-TNBC 1.00 1.00 1.00 1.00

TNBC 2.20

(1.16–4.16)

2.18 (1.14–4.16) 1.50 (0.74–3.01) 1.46 (0.73–2.91)

CCI score 1.55

(1.37–1.76)

– 1.49 (1.29–1.71) –

CCI?HBP

score

1.52

(1.33–1.73)

– 1.47 (1.27–1.69)

Regional stagee 139 53

TNBC

Non-TNBC 1.00 1.00 1.00 1.00

TNBC 1.60

(0.87–2.94)

1.64 (0.85–3.16) 1.29 (0.63–2.64) 1.31 (0.64–2.67)

CCI score 1.18

(1.09–1.27)

– 1.13 (1.04–1.24) –

CCI?HBP

score

1.17

(1.09–1.26)

– – 1.13 (1.04–1.23)

a Cox proportional hazards survival analyses simultaneously adjusted for age, race, TNBC status and SEER summary stage for all patients

(n = 416); age, race, TNBC status and tumor size for patients with local or regional disease
b Triple-negative breast cancer
c Weighted Charlson Co-Morbidity Index score included as a continuous variable
d Weighted Charlson Co-Morbidity Index with one point added to continuous CCI score given a diagnosis of high blood pressure
e Stratification based on interaction of SEER stage * CCI score (Wald = 14.2, p = 0.001); and, SEER stage * CCI score?HBP (Wald = 14.6,

p = 0.001) in basic model
f Includes distant stage
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co-morbidity scores higher than the upper limit in white

patients, although the modified HRs were somewhat

attenuated and CIs overlapped (Fig. 2). We interpret the

persistence of statistically significant HR estimates for AA/

B patients with a co-morbidity score of C3 or more to

suggest that even when the range of scores is the same, risk

of death was greater in AA/B compared to white patients.

Nonetheless, due to the small sample sizes in the stratified

analyses, these trends must be considered with great cau-

tion and future, and larger studies are recommended.

A strength of our analyses is that data are derived from

the NCI-SEER registry in Connecticut, a high-quality

population-based resource. Consistent with prior studies,

we reported that both TNBC [10] and comorbidities [12]

were more prevalent among AA/B compared to white

patients. Other key clinicopathological characteristics of

our study sample conform with many survival studies in

breast cancer (e.g., lower age at diagnosis and differential

histological subtype distribution of AA/B breast cancer

patients compared to whites), suggesting the representa-

tiveness of our sample and findings. It should be noted,

however, that median age of study participants is somewhat

younger than national statistics about breast cancer

patients. In a prior analysis of the parent study, we noted

that younger patients (\60 years) were more likely to have

had HER2 testing patients compared to older patients and

that roughly 66 % of all tumors had been assayed [17]. The

American Society of Clinical Oncology recommendation

for universal HER2 testing was released at the beginning of

our study in 2001 [23]. Prior to more complete adoption in

the ensuing years, it is possible that tumors from younger

patients were tested at disproportionally higher rates in

community settings due to clinical expectations of

aggressive tumor biology and/or increased awareness

among younger patients about the utility of HER2 testing.

Another limitation of our study is that the sample size was

inadequate to explore the impact of specific comorbidities.

Future studies are suggested to identify those conditions

that might best explain survival disparity. Lastly, lack of

treatment data is drawback, given that a number of studies

have shown that differential treatment patterns may be

explanatory factors in survival disparities in breast cancer

Multivariate-Adjusted1 HRs (95% CCIs) Stratified by Co-Morbidity Score 

CCI CCI-HBP CCI-HBP and Chemotherapy4 CCI-HBP and Smoking5

WHITE
(n=214)

AA/B
(n=202)

WHITE
(n=214)

AA/B
(n=202)

WHITE
(n=195)

AA/B
(n=181)

WHITE
(n=186)

AA/B
(n=170)

0 1.00
(n=32/173)6

1.00
(n=25/118)

1.00
(n=22/130)

1.00
(n=16/84)

1.00
(n=19/118)

1.00
(n=15/78)

1.00
(n=20/110)

1.00
(n=15/67)

Score 1-2 0.96 (0.41-2.23)
(n=7/28)

1.54 (0.82-2.91)
(n=19/52)

0.81 (0.41-1.61)
(n=16/63)

1.63 (0.85-3.15)
(n=24/77)

0.91 (0.44-1.90)
(n=15/59)

1.67 (0.84-3.28)
(n=23/71)

0.75 (0.37-1.53)
(n=15/58)

1.41 (0.69-2.89)
(n=20/65)

≥ 3 1.90 (0.68-5.29)
(n=9/13)

5.65 (2.90-11.02)2

(n=25/32)
0.88 (0.33-2.37)

(n=10/21)
5.14 (2.48-10.66)3

(n=29/41)
1.42 (0.54-3.71)

(n=8/18)
4.57 (2.05-10.22)

(n=22/32)
0.76 (0.26-2.18)

(n=8/18)
4.41 (2.00-9.68)

(n=26/38)
1 Cox Proportional Hazards Survival Analyses adjusted for age, TNBC status, and SEER Summary Stage.
2 Range of CCI scores in the ≥ 3 group: Whites (3-8) and AA/B (3-15).  When excluding AA/B patients with scores above 8 (n=6): HR=3.88 (95% CI 1.91-7.89)
3 Range of CCI-HBP Scores in ≥ 3 group: Whites (3-9) and AA/B (3-17). When excluding AA/B patients with scores above 9 (n=4): HR=4.26 (95% CI 2.04-8.86)
4 Received first-course chemotherapy (Yes, No)
5 Cigarette smoking (Never, Current, Former)
6 Deaths / Total n

Fig. 2 Kaplan–Meier survival curves: Charlson Co-Morbidity Index plus HBP (CCI?HBP) and death from any cause
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[4]. Due to high rates of missing and incomplete treatment

data in the SEER database, this information is no longer

available in the SEER public database [18].

There is emerging recognition of the importance of

assessing comorbidities in cancer research. A recent

Annual Report to the Nation on the Status of Cancer by

Edwards et al. (2014), for example, discussed the important

influence of comorbidities in patients with breast cancer,

among other cancers, on overall survival rate and dying of

other causes [24]. The translational value of understanding

diabetes or HBP, for example, would be manifest when

determining anticancer as well as general medical treat-

ment protocols. Research on cancer survivorship and dis-

parities is ongoing [25]. While the CCI has been employed

widely in research and remains an effective tool [20], the

list of clinical conditions in the index was developed and

validated in cohorts almost exclusively consisting of

patients of European descent. High blood pressure is not

among the 17-item list, however, although it is established

that HBP is found in higher rates of among African-

Americans [22]. In a study of 416 African-American and

838 white breast cancer patients in the Kaiser Permanente

Northern California Medical Care Program, Braithwaite

et al. (2009) found that inclusion of HBP into the CCI

provided improved prediction of survival and accounted

for approximately 30 % of the survival disparity [21]. Our

analysis, however, did not find notable differences in risk

estimates using the CCI?HBP versus the CCI. Yet, given

the established links between HBP and mortality, and its

greater prevalence in the AA/B population, it behooves us

to suggest that larger studies are warranted to explore

inclusion of HBP in co-morbidity indices. Another poten-

tial factor to explore in future studies is sickle-cell trait

(SCT), a genotype which is far more prevalent in the AA/B

population (8.5 %) compared to whites (\0.01) but is

understudied in cancer survival disparities. There is

growing awareness of clinical complications in SCT [26,

27], and we recently published a multi-case review of

major adverse events among cancer patients with sickle-

cell trait/disease undergoing systemic therapy [28].

Additional recommendations for future studies include

incorporation of other key prognostic factors in cancer,

such as treatment specification and behavioral factors (e.g.,

obesity and smoking). While our exploratory analyses with

chemotherapy receipt and smoking history added to mul-

tivariate analyses did not appreciably alter the primary HR

estimates, there were a substantial number of patients with

missing data which casts some doubt on the reliability of

the exploratory findings. Lastly, it would be of interest to

test breast cancer-specific survival or recurrence-free sur-

vival to explore whether co-morbidity may influence these

outcomes via effects on treatment decisions, dosing, and

tolerability.

In the current study, the presence of comorbidities

resulted in increased risk of death for all patients whether

or not tumors expressed the TNBC phenotype. Yet the

impact might be disproportionately greater among AA/B

patients suggesting effects from suboptimal clinical control

of hypertension [29], diabetes [30], and other chronic

comorbidities in this patient population, practice guidelines

recommending consideration of co-morbidity status when

individualizing cancer treatment and dosing [31], limited

guidelines for follow-up care of breast cancer survivors to

ameliorate co-morbid conditions [32], and other unmea-

sured factors in the current investigation.
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