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Abstract

Purpose Obesity is associated with tumor promoting

pathways related to insulin resistance and chronic low-

grade inflammation which have been linked to various

disease states, including cancer. Many studies have focused

on the relationship between obesity and increased estrogen

production, which contributes to the pathogenesis of

estrogen receptor-positive breast cancers. The link between

obesity and other breast cancer subtypes, such as triple-

negative breast cancer (TNBC) and Her2/neu? (Her2?)

breast cancer, is less clear. We hypothesize that obesity

may be associated with the pathogenesis of specific breast

cancer subtypes resulting in a different subtype distribution

than normal weight women.

Methods A single-institution, retrospective analysis of

tumor characteristics of 848 patients diagnosed with pri-

mary operable breast cancer between 2000 and 2013 was

performed to evaluate the association between BMI and

clinical outcome. Patients were grouped based on their

BMI at time of diagnosis stratified into three subgroups:

normal weight (BMI = 18–24.9), overweight

(BMI = 25–29.9), and obese (BMI[ 30). The distribution

of breast cancer subtypes across the three BMI subgroups

was compared.

Results Obese and overweight women were more likely to

present with TNBC and normal weight women with

Her2? breast cancer (p = 0.008).

Conclusions We demonstrated, for the first time, that

breast cancer subtype distribution varied significantly

according to BMI status. Our results suggested that obesity

might activate molecular pathways other than the well-

known obesity/estrogen circuit in the pathogenesis of

breast cancer. Future studies are needed to understand the

molecular mechanisms that drive the variation in subtype

distribution across BMI subgroups.

Keywords Breast cancer � Obesity � Overweight � Breast
cancer subtype � TNBC � Her2? breast cancer

Introduction

In the United States and the developed world, obesity

rates have reached epidemic proportions; the majority

([60%) of the adult US population falls in the overweight

and obese categories as determined by body mass index

(BMI: 25–29.9 and[30, respectively) [1, 2]. The

molecular links between obesity and cancer have been the

subject of many studies [3, 4]. Increased adiposity is long

known to be associated with pathways associated with

insulin resistance and increased circulating estrogen

levels. Both of which have tumor promoting activities for

breast cancer. The relationship between increased adi-

posity and hormone receptor-positive breast cancer is well

established [5]. It has been hypothesized that chronic,

low-grade, systemic inflammatory state associated with

obesity may promote triple-negative breast cancer

(TNBC) tumorigenesis. However, the physiologic link is

still being elucidated [6].
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A recent population study has reported on the distribu-

tion of four molecular breast cancer subtypes [7, 8]

approximated by the expression of three surrogate tumor

markers: estrogen receptor (ER), progesterone receptor

(PR), and human epidermal growth factor receptor (Her2)

in the United States [9]. Either ER? or PR? breast cancers

were defined as hormone receptor (HR)? in that study.

Overall, luminal A (HR?/Her2-) subtype comprised the

majority (72.6%) of all diagnosed breast cancers. Basal

subtype (HR-/Her2- or TNBC) represented 13% of all

breast cancers, while luminal B (HR?/Her2?) represented

5% and Her2- enriched (HR-/Her2?) represented 10% of

all breast cancers diagnosed in 2011. The distribution of

these four breast cancer subtypes varied with age and race.

Whether breast cancer subtype distribution also varied with

other clinical variables such as body mass index (BMI) was

unknown.

We hypothesize that breast cancer subtype distribution

in overweight and obese women may differ from normal

weight women. The association of BMI and various breast

cancer subtypes has not been extensively explored as prior

large population studies that were powered to address this

topic often lacked complete tumor marker data [10]. Our

objective was to examine this association in a large retro-

spective breast cancer patient cohort treated at a single

institution.

Materials and methods

Study population

After obtaining Institutional Review Board approval, we

identified all patients with primary operable breast cancer

in our electronic medical record (EMR) treated between

1998 and 2013 at our institution. Patients with an ICD-9

diagnosis code of invasive breast cancer on at least two

separate in-person visits and who underwent definitive

surgery and were followed-up at our institution were

included.

To be included for analysis, age at diagnosis, height, and

weight from within 3 months of breast cancer diagnosis

and postoperative clinical follow-up of greater than

30 days must be available. Clinical covariates collected

also include self-reported race, diagnosis of diabetes mel-

litus, and the presence of cardiovascular co-morbidities

(diabetes, coronary artery disease, and cerebrovascular

disease). Patients were stratified by BMI into three groups:

normal weight, overweight, or obese (BMI = 18.5–24.9,

25–29.9, and[30 kg/m2, respectively); BMI was calcu-

lated using the formula: weight in kg/height in m2.

Tumor pathology data collected included tumor size,

grade (Nottingham histologic score), lymphovascular

invasion (LVI), receptor status (ER, PR and Her2), and

nodal status. We classified breast cancer into four main

molecular subtypes based on receptor status as determined

by immunohistochemical (IHC) staining: (1) HR? Her2-;

(2) HR-Her2?; (3) HR? Her2?; and (4) ER-, PR-, and

Her2- or TNBC [9, 11]. Outcomes, including overall

survival (OS), disease-free survival (DFS), local-regional

recurrence (LRR), and distant metastasis, were ascertained

based on records within the EMR and by use of the SSN

Death Certificate Index. Length of follow-up was deter-

mined by duration from the date of breast cancer diagnosis

to the last follow-up date listed in their EMR as of

December 31, 2016. Disease status of each patient was

classified as no evidence of disease (NED), alive with

disease (AWD), death of disease (DOD), death from other

causes (DOO), or death from cause unknown (DCU).

Statistical analyses

Association between BMI, other clinical and pathologic

covariates, and disease status was performed using Fisher’s

exact or v2 test. A Cochran–Mantel–Haenszel v2 test was

used to evaluate for conditional independence. P-values

less than or equal to 0.05 were accepted as statistically

significant.

Univariate and multivariate survival analyses for OS and

DFS were performed using Kaplan–Meier and Cox-pro-

portional hazard models. Forward–backward stepwise

regression was used to determine independent covariates

contributing to the final survival models on multivariate

analysis.

Results

A total of 4776 women with diagnoses of breast cancer

were initially identified from the EMR; 848 women ful-

filled all inclusion criteria and were included in the final

analysis. The clinical characteristics of our study cohort as

stratified by three BMI categories (normal, overweight, and

obese) are summarized in Table 1. Patients were evenly

distributed among the three BMI subgroups. Tumor size,

the presence of lymphovascular invasion and nodal stage,

and extracapsular extension did not differ between the

three BMI groups. We did note that overweight and obese

patients were older than normal weight patients (p = 0.03).

Obesity was strongly associated with race in our patient

cohort (p\ 0.001). Overall, 77.1% of normal weight

women were non-black, while only 49.0% of obese women

were non-black. In black patients, only 11.3% were normal

weight, while 47.4% were obese. Women with higher BMI

were also more likely to present with tumors of higher

tumor grade (p = 0.03). As expected, women who were
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Table 1 Demographic, co-morbidity, and breast cancer characteristics

Overall Normal weight Overweight Obese P

n (%) 848 284 254 310

Mean age at diagnosis [years (SD)] 63.59 (14.19) 60.28 (13.57) 64.83 (14.69) 65.59 (13.84) 0.03

Age group (years)

\50 152 (17.9) 65 (22.9) 42 (16.5) 45 (14.5) 0.03

[50 696 (82.1) 219 (77.1) 212 (83.5) 265 (85.4)

Race

White 516 (60.8) 219 (77.1) 145 (57.1) 152 (49.0) \0.001

Black 264 (31.1) 32 (11.3) 85 (33.5) 147 (47.4)

Other 59 (7.0) 32 (11.3) 18 (7.1) 9 (2.9)

NA 9 (1.1) 1 (0.4) 6 (2.4) 2 (0.6)

Tumor size [T stage (cm)]

T1 (B2) 500 (59.0) 182 (64.1) 146 (57.5) 172 (55.5) 0.18

T2 (2–5) 273 (32.2) 82 (28.9) 83 (32.7) 108 (34.8)

T3 ([5) 45 (5.3) 10 (3.5) 15 (5.9) 20 (6.5)

NA 30 (3.5) 10 (3.5) 10 (3.9) 10 (3.2)

Tumor grade

1 139 (16.4) 58 (20.4) 42 (16.5) 39 (12.6) 0.03

2 337 (39.7) 124 (43.7) 90 (35.4) 123 (39.7)

3 243 (28.7) 68 (23.9) 78 (30.7) 97 (31.3)

NA 129 (15.2) 34 (12.0) 44 (17.3) 51 (16.5)

Lymphovascular invasion

Absent 134 (15.8) 48 (16.9) 42 (16.5) 44 (14.2) 0.8

Present 518 (61.1) 179 (63.0) 153 (60.2) 186 (60.0)

NA 196 (23.1) 57 (20.1) 59 (23.2) 80 (25.8)

Nodal stage (number of positive axillary nodes)

0 457 (53.9) 159 (56.0) 128 (50.4) 170 (54.8) 0.63

1 (1–3) 285 (33.6) 94 (33.1) 90 (35.4) 101 (32.6)

2 (4–9) 63 (7.5) 15 (5.3) 23 (9.1) 25 (8.1)

3 ([9) 25 (2.9) 7 (2.5) 8 (3.1) 10 (3.2)

NA 18 (2.1) 9 (3.2) 5 (2.0) 4 (1.3)

Extracapsular extension

Absent 643 (75.8) 221 (77.8) 187 (73.6) 235 (75.8) 0.37

Present 105 (12.4) 29 (10.2) 32 (12.6) 44 (14.2)

NA 100 (11.8) 34 (12.0) 35 (13.8) 31 (10.0)

Tumor subtype

HR?/Her2- 445 (52.5) 142 (50.0) 123 (48.4) 180 (58.1) 0.008

HR-/Her2? 60 (7.1) 20 (7.0) 17 (6.7) 23 (7.4)

HR?/Her2? 202 (23.8) 84 (29.6) 61 (24.0) 57 (18.4)

HR-/Her2- (TNBC) 119 (14.0) 29 (10.2) 47 (18.5) 43 (13.9)

NA 22 (2.6) 9 (3.2) 6 (2.4) 7 (2.3)

Initial surgery type

Lumpectomy 379 (44.7) 108 (38.0) 115 (45.3) 156 (50.3) 0.01

Mastectomy 469 (55.3) 176 (62.0) 139 (54.7) 154 (49.7)

Co-morbidities

None 686 (80.9) 266 (93.6) 203 (79.9) 217 (70.0) \0.001

Diabetes 149 (17.6) 15 (5.3) 45 (17.7) 89 (28.7) \0.001

Coronary artery disease 21 (2.5) 2 (0.7) 7 (2.8) 12 (3.9) 0.03

Cerebral vascular accident 14 (1.7) 1 (0.4) 7 (2.8) 6 (1.9) 0.06
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overweight or obese were more likely to present with

diabetes and/or cardiovascular co-morbidities such as

coronary artery disease (CAD) (p\ 0.001 and p = 0.03,

respectively).

Overall, the distribution of breast cancer subtypes across

our patient cohort is consistent with those previously

reported [9], with HR?/Her2- tumors being the most

common (52.5%), followed by Her2? breast cancer

(30.9%, HR- and HR? combined) and TNBC (14%)

(Table 1). When we evaluated the distribution of breast

cancer subtypes across the three BMI subgroups, we noted

that obese women were more likely to present with

HR? Her2- breast cancer as expected (58.1%). However,

obese women and overweight women were also more

likely to present with TNBC, as compared with normal

weight women (13.9, 18.5 and 10.2%, respectively).

Interestingly, normal weight women were more likely to

present with Her2? tumors than overweight and obese

women: 36.6 versus 30.7 and 26.8% (HR- and

HR? combined), respectively. The difference in the dis-

tribution of breast cancer subtypes across the three BMI

strata was statistically significant (p\ 0.008).

As TNBC is known to be more common in black women

[12], our results may merely be attributed to the fact that

there were more black women in the overweight and obese

patient subgroups. To exclude this possibility, we per-

formed a Cochran–Mantel–Haenszel test, examining the

distribution of tumor receptor subtypes among women of

different BMI, stratified by race. Our results demonstrated

that there was a statistically significant association between

breast cancer subtypes and BMI independent of race,

(Table 2, M2 = 13.4, df = 6, p = 0.04).

Univariate analyses demonstrated that many variables

including age at diagnosis, Black race, larger tumor size,

higher tumor grade, presence of lymphovascular invasion,

higher nodal stage, presence of extracapsular extension,

Table 1 continued

Overall Normal weight Overweight Obese P

Chronic obstructive pulmonary disease 5 (0.6) 4 (1.4) 1 (0.4) 0 (0.0) 0.06

Follow-up (months)

Median 63.7 69.15 61.25 61.35 0.23

Range 1.7–296 1.7–186.1 1.7–296 1.1–200.2

Local recurrence 57 (6.7) 13 (4.6) 18 (7.1) 26 (8.4) 0.15

Metastasis 112 (13.2) 31 (10.9) 44 (17.3) 39 (12.6) 0.17

Disease status

No evidence of disease 694 (81.8) 243 (85.6) 200 (78.7) 251 (81.0) 0.51

Alive with disease 56 (6.6) 13 (4.6) 19 (7.5) 24 (7.7)

Died of disease 70 (8.3) 20 (7.0) 26 (10.2) 24 (7.7)

Died of other causes 17 (2.0) 6 (2.1) 4 (1.6) 7 (2.3)

Died of unknown causes 11 (1.3) 2 (0.7) 5 (2.0) 4 (1.3)

Patients were stratified by BMI into three groups: normal weight, overweight, or obese (BMI = 18.5–24.9, 25–29.9, and[30 kg/m2, respec-

tively). Chi-square and one-way ANOVA analyses were performed to detect differences between BMI groups

SD standard deviation, NA not applicable, HR hormone receptor

Table 2 Frequencies of breast cancer subtype in BMI groups according to race

Black Non-black P

Normal weight Overweight Obese Normal weight Overweight Obese

n 30 83 145 212 141 148

HR?/Her2- 14 (46.7) 42 (50.6) 79 (54.5) 111 (52.4) 72 (51.1) 93 (62.8) 0.04

HR-/Her2? 1 (3.3) 9 (10.8) 13 (9.0) 15 (7.1) 7 (5.0) 10 (6.8)

HR?/Her2? 12 (40.0) 14 (16.9) 22 (15.2) 65 (30.7) 40 (28.4) 34 (23.0)

HR-/Her2- (TNBC) 3 (10.0) 18 (21.7) 31 (21.4) 21 (9.9) 22 (15.6) 11 (7.4)

BMI groups are normal weight, overweight, or obese (18.5–24.9, 25–29.9, and[30 kg/m2, respectively)

Cochran–Mantel–Haenszel Chi-square test was used to evaluate for conditional independence

HR hormone receptor
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Table 3 Univariate survival analyses

Overall survival Disease-free survival

Hazard ratio 95% CI P Hazard ratio 95% CI P

Age at diagnosis 1.03 1.01–1.04 \0.001 0.99 0.98–1.01 0.23

Race

Non-Black 1.98 1.33–2.96 \0.001 1.43 1.00–2.06 0.05

Black

BMI

Normal (\24.9) (reference)

Overweight (25–29.9) 1.53 0.92–2.54 0.1 1.68 1.06–2.65 0.03

Obese ([30) 1.28 0.78–2.12 0.33 1.48 0.95–2.32 0.09

Tumor size [T stage (cm)]

T1 (B2) 2.28 1.66–3.00 \0.001 2.49 1.92–3.24 \0.001

T2 (2–5)

T3 ([5)

Tumor grade

1 1.79 1.298–2.49 \0.001 2.09 1.54–2.83 \0.001

2

3

Lymphovascular invasion

Absent 2.9 1.78–4.73 \0.001 3.58 2.37–5.41 \0.001

Present

Nodal stage (number of positive axillary nodes)

0 1.79 1.45–2.22 \0.001 1.85 1.54–2.22 \0.001

1 (1–3)

2 (4–9)

3 ([9)

Extracapsular extension

Absent 3.3 2.03–5.41 \0.001 3.12 2.03–4.75 \0.001

Present

Tumor subtype

HR?/Her2-(reference)

HR-/Her2? 1.74 0.85–3.58 0.13 2.1 1.15–3.85 0.02

HR?/Her2? 2.1 1.26–3.53 0.005 1.13 0.72–1.75 0.6

ER-/Her2- (TNBC) 0.96 0.57–1.62 0.89 1.8 1.12–2.91 0.02

Initial surgery type

Lumpectomy 1.39 0.92–2.10 0.11 2.09 1.43–3.07 \0.001

Mastectomy

Co-morbidities

None (reference)

Diabetes 2.16 1.40–3.32 \0.001 1.38 0.91–2.10 0.13

Coronary artery disease 4.02 1.86–8.69 \0.001 1.27 0.40–3.98 0.69

Cerebral vascular accident 0.69 0.10–4.93 0.71 1.10E-07 0–inf 0.16

Chronic obstructive pulmonary disease 6.74 1.65–27.55 0.002 2.25 0.31–16.14 0.41

Local recurrence 1.88 1.04–3.40 0.04 5.85 3.84–8.91 \0.001

Metastasis 21.14 13.64–32.75 \0.001 69.79 43.12–112.9 \0.001

Cox-proportional hazard analyses were performed to analyze for overall and disease-free survival

Variables were taken to be continuous unless a reference category is indicated

NA not applicable, HR hormone receptor
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HR? HR? subtype and the presence of diabetes, CAD,

chronic obstructive pulmonary disease, and presence of

local recurrence and metastases were associated with worse

overall survival. Interestingly, of the three BMI subgroups,

only the overweight subgroup was associated with worse

disease-free survival along with black race, larger tumor

size, higher tumor grade, presence of lymphovascular

invasion, higher nodal stage, presence of extracapsular

extension, HR- Her2? subtype, TNBC subtype, the use of

mastectomy as initial surgery type, and the presence of

local and distant recurrence (Table 3).

On multivariate analysis using a cox-proportional haz-

ard model (Table 4), we found that black race, larger tumor

size, TNBC subtype, and the presence of at least one co-

morbidity were associated with worse OS. Breast cancer

subtype and BMI were not associated with OS or disease-

free survival (DFS). In addition, our analysis demonstrated

that larger tumor size, higher tumor grade, and the presence

of extracapsular extension were independent predictors of

worse DFS.

Discussion

Obesity has emerged as an important prognostic factor in

breast cancer. A prospective study of over 500,000 women

revealed a stepwise increase in worsening prognosis and

increased mortality with each successive increase in BMI

[13]. While this association has been repeatedly shown, the

relationship between obesity and specific breast cancer

characteristics, such as hormone receptor status and

molecular subtype, is less clear [14]. Given the rising rate

in obesity and its association with breast cancer risk and

worse outcome, we are interested in understanding if there

is a significant association between obesity and the

pathogenesis of breast cancer, specifically if overweight or

obese women may be more prone to develop breast cancer

of a specific subtype.

Our results demonstrated, for the first time, that breast

cancer subtype distribution varied significantly according

to BMI status. Normal weight women were more likely to

present with Her2? breast cancer, while overweight and

obese women were more likely to present with TNBC

and, as expected, HR? Her2- breast cancer. Our study

was feasible due to the unique availability of receptor

status including Her2, which has been consistently

reported since 1990s in our patient cohort even before the

2005 landmark study that demonstrated the benefit of

trastuzumab in early-stage breast cancer [15]. This

dataset allowed us to ascertain the distribution of breast

cancer subtype in a large patient cohort diagnosed and

treated at a single institution between 1998 and 2013.

Prior studies have examined the relationship between

obesity and breast cancer subtype, but receptor status was

not consistently available rendering analyses limited to a

small number of patients [10].

Table 4 Multivariate survival analyses

Overall survival

Hazard ratio 95% C.I. P

Race

Non-black 1.81 1.11–2.93 0.02

Black

Tumor size [T stage (cm)]

T1 (B2) 1.82 1.23–2.67 0.003

T2 (2–5)

T3 ([5)

Nodal stage (number of positive axillary nodes)

0

1 (1–3) 1.32 0.94–1.84 0.11

2 (4–9)

3 ([9)

Extracapsular extension

Absent 1.88 0.97–3.65 0.06

Present

Tumor subtype

HR?/Her2- (reference)

HR-/Her2? 1.63 0.67–3.94 0.28

HR?/Her2? 1.3 0.72–2.33 0.38

HR-/Her2- 2.27 1.25–4.09 0.007

Co-morbidities

None 1.96 1.18–3.26 0.009

Any

Disease-free survival

Hazard ratio 95% C.I. P

Tumor size [T stage (cm)]

T1 (B2) 1.94 1.34–2.80 \0.001

T2 (2–5)

T3 ([5)

Tumor grade

1 1.74 1.23–2.45 0.002

2

3

Nodal stage (number of positive axillary nodes)

0 1.27 0.94–1.71 0.1

1 (1–3)

2 (4–9)

3 ([9)

Extracapsular extension

Absent 1.89 1.04–3.41 0.04

Present

Forward–backward stepwise regression was used to determine inde-

pendent covariates contributing to the overall and disease-free sur-

vival models
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Our results demonstrating a distinct distribution of breast

cancer subtypes in overweight and obese women may be

attributed to the metabolic consequences of obesity on breast

cancer pathogenesis [16–18]. The association between obe-

sity, insulin resistance, and hormone receptor-positive breast

cancer has been well established [19]. The association

between obesity and TNBC remains unclear except that

obesityinduced chronic inflammatory state may activate

molecular pathways that favor the pathogenesis of TNBC.

Our finding that the rate of Her2? breast cancer subtype was

higher in normal weight than in overweight and obese

women was indeed surprising and warrants further

investigation.

One of the limitations of this study included the retro-

spective design and reliance on BMI to assess obesity. While

easy to ascertain from epidemiologic data, BMI is an

imperfect measurement of obesity and is unable to discrim-

inate between different body compositions, notably patients

with increased central adiposity. By grouping all obese

patients into one BMI category (BMI[30), we may have

lost the ability to discriminate between the potentially greater

impact of fat mass among patients with BMIs of 40 and

beyond as demonstrated by Neuhauser et al. [20]. Another

limitation of our study is that we have excluded breast cancer

patients who did not have surgery at our institution.

In summary, our results demonstrated that overweight

and obese women were more likely to present with TNBC,

an aggressive breast cancer subtype, compared to normal

weight women. Furthermore, our results suggested that

normal weight women were more likely to present with

Her2? breast cancer compared to overweight and obese

women. Future studies are needed to understand the

molecular mechanisms that drive this subtype distribution

differences across BMI subgroups. Ongoing studies lever-

aging large-scale, multi-omics analyses may shed light on

the genetic and epigenetic interactions that underlie the

pathophysiologic association between body weight and

specific breast cancer subtypes.
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