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Abstract Higher body mass index (BMI) and diabetes are
associated with worse breast cancer prognosis. However, few
studies have focused on triple-negative breast cancer
(TNBC). The goal of this study is to examine this association
in a cohort of patients with TNBC. We retrospectively
reviewed 501 consecutive patients with TNBC seen at the
Washington University Breast Oncology Clinic. Cox pro-
portional hazard models were used to determine the rela-
tionship between BMI and diabetes at diagnosis with overall
survival (OS) and disease free survival (DFS). Four hundred
and forty-eight patients had BMI recorded and 71 patients had
diabetes. The median age at diagnosis was 53 (23-98) years
and follow-up was 40.1 months (IQR 25.2-62.9). Baseline
BMI and diabetes were not associated with OS or DFS. OS
hazard ratios (HRs) for patients who were overweight (BMI
25.0-29.99), with class I obesity (BMI 30-34.99), or BMI
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>35 were 1.22 (C10.78-1.91),0.92 (C10.59-1.43), and 1.16
(CI 0.70-1.90), respectively. The HRs for DFS in patients
who were overweight, with class I obesity, or BMI >35 were
1.01 (CI 0.65-1.56), 0.94 (CI 0.60-1.47), and 0.99 (CI
0.63—-1.57), respectively. Similarly, the HRs for diabetics
were 1.27 (CI 0.82-1.96) for OS and 0.98 (CI 0.64-1.51) for
DFS. Obesity and diabetes did not significantly affect survival
for patients with TNBC in this study.

Keywords Body mass index - BMI - Diabetes - Triple-
negative breast cancer - TNBC - Outcome

Introduction

Over one-third of adults in the United States are obese,
defined by a body mass index (BMI) of greater than or
equal to 30 [1]. Obesity significantly increases the risk of
developing a number of malignancies, one of which is
breast cancer [2]. Interestingly, the relationship of obesity
and breast cancer risk depends on estrogen receptor (ER)
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and menopausal status. It is well established that obesity
increases the risk of hormone receptor-positive breast
cancer in postmenopausal women [3-5]. In contrast, in
premenopausal women, recent data suggest that obesity
may be associated with a higher incidence of triple-nega-
tive breast cancer (TNBC) [6]. The increased risk of breast
cancer, in particular the ER positive (ER+) subtype, is
explained in part by the higher peripheral estrogen pro-
duction from adipocytes [7, 8], while the increased levels
of insulin and insulin-like growth factor (IGF) [9, 10],
adipokines (leptin and adiponectin) [11], and inflammation
[12] associated with obesity provide potential explanations
for increased risk of ER+ BC as well as TNBC.

In addition, obesity at breast cancer diagnosis has been
associated with increased breast cancer-related and overall
mortality. However, most studies reported so far included
patients with all subtypes of breast cancer or only those
with ER+ disease [13-20]. Few studies have focused on
the interaction between obesity and survival in the TNBC
patient population [21-26].

Similarly, diabetes, which tends to develop in obese
patients due to insulin resistance, is associated with
increased incidence of malignancy and mortality in breast
cancer patients as shown in recent systemic reviews and
meta-analysis of controlled trials and cohort studies [27-
29]. However, only one prior study has investigated the
influence of diabetes on outcomes in TNBC [30]

Since TNBC has limited treatment options, it is impor-
tant to identify potential modifiable factors such as obesity
and diabetes that could contribute to worse prognosis. In an
effort to elucidate the relationship between BMI and dia-
betes with survival outcomes in TNBC, we retrospectively
reviewed patients with TNBC treated at the Washington
University Breast Oncology Clinic in St. Louis.

Methods
Patient population

We constructed a database of 505 consecutive women with
a diagnosis of TNBC who presented for their first visit to
the Breast Oncology Clinic at Washington University in
Saint Louis, MO between January 1st 2006 and December
16th 2010. Four patients were excluded due to absence of
date of diagnosis or date of last follow-up. The information
on BMI and diabetes was collected at initial breast cancer
diagnosis. Four hundred and forty-eight patients with BMI
data available were included in the analysis, and 71 dia-
betics were compared to 417 non-diabetics. Those with
BMI information were divided into the following groups:
normal weight (BMI <25), overweight (BMI 25.0-29.99),
class I obesity (BMI 30-34.99), or BMI >35.
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For all patients, including those diagnosed elsewhere
and those who had received initial medical oncology care
prior to subsequent treatments at our institution, data col-
lection, follow-up time, and analysis started from the time
of initial diagnosis. Exclusion criteria included ER or
progesterone receptor (PR) positivity, HER2/neu over-
expression or amplification, unknown date of diagnosis,
absence of date of last follow-up, an additional malignancy
and male sex. This study was approved by the Washington
University Institutional Review Board.

Tumor staging and pathology

Initial pathological stage was determined based on American
Joint Committee on Cancer Criteria at the time of diagnosis.
Biopsy specimens from other institutions, when available,
were reviewed by pathologists at Barnes Jewish Hospital.
Histological grade and ER, PR, and HER2 status were
recorded from pathology reports. ER and PR were consid-
ered negative if immunohistochemistry indicated an Allred
score below 3 or less than 1 % of tumor cells staining. HER2
was considered to be negative if non-amplified by FISH or 0
or 14+ on immunohistochemistry. Pathologic complete
response (pCR) was defined as absence of residual invasive
disease in the breast and axillary lymph nodes.

Clinical parameters

We recorded clinical parameters including race, ethnicity,
age, menopausal status, time from imaging to biopsy
diagnosis, tumor characteristics, time from biopsy diag-
nosis to surgery, surgical intervention, pathological stage,
receipt of neoadjuvant and/or adjuvant treatment, patho-
logic response to neoadjuvant therapy, follow-up infor-
mation, recurrence information, and date of death (obtained
from the Social Security Death Index).

Outcome measures

The primary outcomes included overall survival (OS) and
disease free survival (DFS). OS was defined as the time from
diagnosis to death due to any cause, and survivors were cen-
sored at the date of last contact. DFS was defined as time from
surgery to any invasive breast recurrence (local or distant) or
death, whichever occurred first. Those patients alive and
recurrence-free were censored at date of last contact. Patients
who presented with stage IV disease at diagnosis or who did
not undergo surgery were excluded from DFS analysis.

Statistical analysis

The distributions of demographic and clinical characteris-
tics across groups were compared using Chi-square test,
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Wilcoxon rank sum test, or ANOVA as appropriate. Sur-
vival curves by groups were estimated using the Kaplan—
Meier product-limit method and compared by log-rank test.
Univariate Cox proportional hazard models were fit to
identify factors significantly related to OS or DFS. To
assess whether BMI and diabetic status were independent
predictors of survival, a multivariate Cox model was con-
structed to adjust for other demographic and clinical
characteristics that were significant in the univariate anal-
yses. All analyses were two-sided and significance was set
at a p value of 0.05. Statistical analyses were performed
using SAS (SAS Institutes, Cary, NC).

Results

Comparison of patient characteristics among BMI
groups

Four hundred and forty-eight TNBC patients with BMI data
were divided into the following groups: normal weight
(n = 108), overweight (n = 138), class I obesity (n = 111),
and BMI >35 (n = 91). Table 1 shows the distribution of
patient characteristics among the BMI groups. Higher BMI
was more prevalent among African American (AA) women.
However, there was no significant difference among BMI
groups with regards to age at diagnosis, menopausal status,
pathological tumor stage or grade. Most patients presented
with high grade and early-stage disease in all BMI groups. To
investigate whether higher BMI is associated with potential
diagnostic and treatment delays, we reviewed the time inter-
val from abnormal breast imaging study to diagnostic biopsy
and from the diagnostic biopsy to surgery. No significant
differences in these intervals were observed among BMI
groups. The percentage of patients who received neoadjuvant
or adjuvant chemotherapy was compared to examine potential
treatment differences among BMI groups and no differences
were observed. In addition, BMI did not influence the pCR
rate to neoadjuvant chemotherapy (Table 1).

Among the 52 patients (normal weight: n = 17, over-
weight: n = 18, class I obesity: n = 7, and BMI >35:
n = 10) with early-stage disease (Stage I: n = 32, Stage 2:
n = 11, Stage 3: n = 9) who did not receive chemother-
apy, the most common reasons for not receiving chemo-
therapy included stage I disease for which chemotherapy
was not recommended by the treating physician, age/
comorbidities, and patient refusal.

Comparison of patient characteristics between diabetics
and non-diabetics

Among the 488 patients with known diabetic status, 71 were
diabetic and 417 were non-diabetic. Table 2 shows the

distribution of patient characteristics. Diabetics were older at
breast cancer diagnosis, with a median age of 56 years com-
pared to 53 years in non-diabetics (p = 0.03). Diabetes
occurred more frequently in AA patients than in Caucasians
(25.5 vs. 9.9 %, p < 0.0001) and more frequently in post-
menopausal than in premenopausal women (18.3 vs. 8.3 %,
p = 0.01) at breast cancer diagnosis. There was no significant
difference between diabetics and non-diabetics in regards to
pathological tumor stage or grade. Diabetics and non-diabetics
did not differ for measures of either diagnostic or treatment
delays, the receipt of neoadjuvant or adjuvant chemotherapy,
nor the pCR rate to neoadjuvant chemotherapy (Table 2).
Thirteen (18.8 %) of diabetics and 48 (12.2 %) of non-dia-
betics with early-stage disease (Stage I: n = 36, Stage II:
n =16, Stage IIIl: n =9) did not receive chemotherapy
(Table 2). This difference was not statistically significant.

Comparison of survival outcomes among BMI groups

The median follow-up time was 40.1 months (IQR
25.2-62.9 months) for all patients. Follow-up time did not
differ significantly among the BMI groups (Table 1). There
were a total of 154 deaths and 136 recurrences. There was
no significant relationship between BMI and OS (p = 0.82)
(Fig. 1), with 5-year OS of 57, 62, 65, and 65 % for normal
weight, overweight, class I obesity, and BMI >35,
respectively. On multivariate analysis, the OS hazard ratio
(HR) for overweight patients was 1.22 (CI 0.78-1.91), for
class I obesity 0.92 (CI 0.59-1.43), and for BMI >35 it was
1.16 (CI 0.70-1.90). Similarly, there was no relationship
between BMI and DFS (p = 0.84), with 5-year DFS of 46,
57, 54, and 52 % for normal weight, overweight, class I
obesity, and BMI >35, respectively (Fig. 1). HR for DFS
on multivariate analysis was 1.01 (CI 0.65-1.56) for
overweight patients, 0.94 (CI 0.60-1.47) for class I obesity,
and 0.99 (CI 0.63-1.57) for BMI >35.

The interaction between menopausal status and BMI
on survival

Menopausal status did not affect the relationship between
BMI and outcomes of patients with TNBC for either OS
(p = 0.73) or DFS (p = 0.53). HRs for OS for postmen-
opausal compared to premenopausal women for the dif-
ferent BMI groups were 0.97 (CI 0.50-1.89), 0.88 (CI
0.45-1.74), 1.26 (CI 0.63-2.52), and 0.70 (CI 0.33-1.50)
for normal weight, overweight, class I obesity, and BMI
>35, respectively. Similarly, the HRs for DFS for post-
menopausal compared to premenopausal women for the
different BMI groups were 0.94 (CI 0.49-1.82), 0.54 (CI
0.29-1.01), 1.00 (CI 0.53-1.91), and 0.77 (CT 0.38-1.56)
for normal weight, overweight, class I obesity, and BMI
>35, respectively.
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Table 1 Comparison of patient characteristics among BMI groups

BMI Normal weight  Overweight Class I obesity ~ BMI >35 )4
(n = 108) (n = 138) (n=111) (n=91)
Age at diagnosis (median in years, range) 52, 23-84 55, 27-98 52, 26-80 53, 29-80 0.59
Median follow-up (months) 37.9 (IQR: 39.5 (IQR: 44.3 (IQR 37.0 (IQR 0.39
24.7-58.8) 25.0-60.6) 27.9-65.8) 25.2-62.9)
Race 0.004
African American 22 37 38 39
Caucasian 82 97 73 52
Other 4 4 0 0
Menopausal status 0.19
Premenopausal 48 (44.4 %) 38 (27.5 %) 42 (37.8 %) 31 (34.1 %)
Postmenopausal 54 (50.0 %) 88 (63.8 %) 63 (56.8 %) 52 (57.1 %)
Unknown 6 (5.6 %) 12 (8.7 %) 6 (5.4 %) 8 (8.8 %)
Median days from imaging to biopsy diagnosis (range) 7 (0-137) 9 (0-114) 7 (0-78) 8 (0-91) 0.21
Median days from biopsy diagnosis to surgery in those without 22 (0-453) 23 (0-195) 21 (0-326) 25 (0-197) 0.93
neoadjuvant chemotherapy (range) (n=82) (n = 98) (n=172) (n = 56)
Median days from biopsy diagnosis to surgery in those with 161 (77-289) 160 (75-353) 174 (57-492) 169 0.63
neoadjuvant chemotherapy (range) (n = 26) (n = 40) (n = 39) (106-389)
(n = 35)
Pathological stage 0.29
pCR 5 (4.6 %) 10 (7.2 %) 9 (8.1 %) 6 (6.6 %)
I 35 (32.4 %) 49 (35.5 %) 33 (29.7 %) 26 (28.6 %)
ITA 26 (24.1 %) 40 (29.0 %) 23 (20.7 %) 25 (27.5 %)
1B 10 (9.3 %) 13 (9.4 %) 16 (14.4 %) 10 (11.0 %)
I 21 (194 %) 20 (14.5 %) 24 (21.6 %) 23 (25.3 %)
v 9 (8.3 %) 5 (3.6 %) 6 (5.4 %) 0 (0.0 %)
Unknown 2 (1.9 %) 1 (0.7 %) 0 (0.00 %) 1 (1.1 %)
Neoadjuvant and adjuvant chemotherapy use in patients with stage I-III disease 0.28
Neoadjuvant/adjuvant 5 (5.1 %) 11 (8.3 %) 10 (9.5 %) 5(5.5 %)
Neoadjuvant only 21 (21.2 %) 29 (21.8 %) 29 (27.6 %) 30 (33.0 %)
Adjuvant only 56 (56.6 %) 75 (56.4 %) 59 (56.2 %) 46 (50.6 %)
No chemotherapy 17 (17.2 %) 18 (13.5 %) 7 (6.7 %) 10 (11.0 %)
pPCR to neoadjuvant chemotherapy 5 (19.2 %) 9 (22.5 %) 9 (23.1 %) 6 (17.1 %) 0.92
Histologic grade 0.29
v 20 (18.5 %) 18 (13.0 %) 13 (11.7 %) 9 (9.9 %)
11 87 (80.6 %) 120 (87 %) 97 (87.4 %) 82 (90.1 %)
Unknown 1 (0.9 %) 0 (0.0 %) 1 (0.9 %) 0 (0.0 %)

Comparison of survival outcomes between diabetics
and non-diabetics

The median follow-up time was not significantly different
between diabetics and non-diabetics (37.0 vs. 41.8 months,
p = 0.27) (Table 2). There were a total of 177 deaths and
155 recurrences. There was no significant relationship
between diabetes and OS (Fig. 2): 5-year OS was 62 % for
both diabetics and non-diabetics. On multivariate analysis,
the OS HR for diabetics was 1.27 (CI 0.82—-1.96). Simi-
larly, there was no relationship between diabetes and DFS
(Fig. 2): 5-year DFS for diabetics was 50 % and for non-

@ Springer

diabetics was 58 %. The DFS HR for diabetics on multi-
variate analysis was 0.98 (CI 0.64-1.51).

Relationship between BMI and diabetes

There were increased rates of diabetes with increasing BMI
(p < 0.0001). There were 7 (6.5 %) diabetics in the normal
weight group, 15 (10.9 %) in the overweight group, 8
(7.2 %) in those with class I obesity, and 31 (34.1 %) in
those with BMI >35. While significant for increasing BMI
as a whole, the increased incidence of diabetes was only
significantly greater for those with BMI >35.
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Table 2 Comparison of patient Diabetic status Diabetic Non-diabetic ~ p
characteristics between (n=171) (n = 417)
diabetics and non-diabetics
Age at diagnosis (median in years, range) 56, 34-80 53, 23-98 0.03
Median follow-up (months) 37.0 (IQR 41.8 (IQR 0.27
23.8-60.2) 25.9-64.3)
Race <0.0001
African American 37 108
Caucasian 33 301
Other 1 8
Menopausal status 0.01
Premenopausal 14 (19.7 %) 155 (37.2 %)
Postmenopausal 50 (70.4 %) 223 (53.5 %)
Unknown 7 (9.9 %) 39 (9.4 %)
Median days from imaging to biopsy diagnosis (range) 7 (0-137) 8 (0-114) 0.77
Median days from biopsy diagnosis to surgery in those without 20 (0-72) 24 (0-453) 0.12

neoadjuvant chemotherapy (range)

Median days from biopsy diagnosis to surgery in those with 174

166 (8-574) 0.50

neoadjuvant chemotherapy (range) (123-239)
Pathological stage 0.96
pCR 5 (7.0 %) 27 (6.5 %)
1 22 (31.0 %) 128 (30.7 %)
A 20 282 %) 107 (25.7 %)
1IB 7 (9.9 %) 48 (11.5 %)
1 14 (19.7 %) 79 (18.9 %)
v 2 (2.8 %) 22 (5.3 %)
Unknown 1 (1.4 %) 6 (1.4 %)
Neoadjuvant and adjuvant chemotherapy use in patients with stage I-III disease 0.43
Neoadjuvant/adjuvant 5(7.3 %) 27 (6.8 %)
Neoadjuvant only 18 (26.1 %) 99 (25.1 %)
Adjuvant only 33 (47.8 %) 221 (56.0 %)
No chemotherapy 13 (18.8 %) 48 (12.2 %)
PCR to neoadjuvant chemotherapy 5 (21.7 %) 26 (20.6 %) 1.00
Histologic grade 0.71
v 8 (11.3 %) 56 (13.4 %)
1 63 (88.7 %) 353 (84.7 %)
Unknown 0 (0 %) 8 (1.9 %)

Univariate and multivariate analysis of other variables
on survival outcomes

In univariate analysis, only pathological stage and response
to neoadjuvant chemotherapy predicted survival. Stage II or
III disease predicted significantly worse DFS, while stages
IIB, III, or IV disease at diagnosis predicted significantly
worse OS. Those who did not achieve a pCR to neoadjuvant
chemotherapy experienced significantly worse DFS and OS
compared to those who achieved a pCR to neoadjuvant
chemotherapy (Table 3). Because pathological stage and
response to neoadjuvant chemotherapy were strongly cor-
related, pathological stage was the only adjusted predictor of
survival in the multivariate analyses for BMI or diabetes.

Discussion

TNBC is associated with few treatment options. It is
therefore important to identify potential modifiable fac-
tors to improve patient outcomes. Increasing BMI and
diabetes have been associated with worse breast cancer
survival. However, the majority of the studies included
all subtypes of breast cancer or focused mainly on
patients with ER+ breast cancer. Few studies specifically
examine the TNBC population. In this study, we inves-
tigated the impact of obesity and diabetes at breast
cancer diagnosis on clinicopathologic characteristics and
survival outcomes in 501 patients with TNBC treated in
a single academic medical oncology practice. Neither
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Fig. 1 Comparison of survival outcomes among BMI groups K-M
survival curves for patients by BMI group are shown for OS (a) and
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BMI nor diabetes affected DFS or OS in this patient
population.

The results of our study are consistent with several
reports in the literature which suggest that BMI does not
impact survival in TNBC [21-23, 25]. Similar to our
analysis, most of these studies were retrospective in nature.
In a single center study of 418 patients with TNBC, BMI
was not associated with relapse free survival or OS at a
median follow-up of 37.2 months [21]. Similar findings
were observed in a smaller retrospective analysis of 183
patients, which had a median follow-up of 42.5 months
[23]. Both of these studies included a smaller sample size
compared to our study. The largest retrospective analysis
was recently reported by Dawood et al., in which 2,311
patients with stage I-IIl TNBC from a single institution
were included in the analysis. With a median follow-up of
39 months, no difference in distant DFS, DFS, or OS was
observed among different BMI groups [22]. The impact of
BMI on breast cancer outcome has also been investigated
by Sparano et al. in patients enrolled in a previous adjuvant
chemotherapy trial (E1199). In this trial, increasing BMI
was associated with inferior DFS and OS only in hormone
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Fig. 2 Comparison of survival outcomes for diabetics and non-
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receptor-positive and HER2-negative disease, but not in
HER2-positive or TNBC [25].

Turkoz et al. [26] suggested that obesity was associated
with worse DFS and OS for premenopausal patients with
TNBC. However, Dawood et al. [22] found no relationship
between menopausal status and BMI on distant DFS in
patients with TNBC. This was consistent with our finding
that menopausal status had no effect on the relationship
between BMI and survival outcomes in patients with TNBC.

To our knowledge, there was only one prior clinical
study that examined whether diabetes influences survival
outcomes in TNBC. This study also suggested that diabetes
was not associated with TNBC survival [30]. Our data
provided critical additional evidence for this finding.

Our study has several limitations. One is the relatively
short follow-up time. However, this is not felt to have
affected the outcomes of the study because recurrence
tends to occur within the first 2-3 years for patients with
TNBC. In addition, we took a time-to-event analysis
approach in the assessment of OS and DFS, which auto-
matically accounted for the length of follow-up among
groups. In such a time-to-event analysis, the statistical
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Table 3 Univariate analysis of Variable oS DES
variables with respect to
survival outcomes HR (95 % CI) p HR (95 % CI) )4
BMI 0.82 0.84
Normal weight Reference group Reference group
Overweight 0.82 (0.53-1.25) 0.83 (0.54-1.27)
Class I obesity 0.86 (0.56-1.33) 0.93 (0.60-1.44)
BMI >35 0.87 (0.54-1.40) 0.96 (0.61-1.52)
Diabetes 0.55 0.63
Diabetic 1.14 (0.75-1.75) 0.90 (0.59-1.39)
Non-diabetic Reference group Reference group
Race 0.18 0.68
African American 1.23 (0.90-1.68) 0.93 (0.68-1.29)
Caucasian Reference group Reference group
Age (per 1 year increase) 1.01 (1.00-1.02) 0.11 1.00 (0.99-1.01) 0.51
Menopausal status 0.58 0.12
Premenopausal 0.91 (0.65-1.27) 1.28 (0.94-1.76)
Postmenopausal Reference group Reference group
Chemotherapy for stage I-1II disease <0.0001 <0.0001
PCR, neoadjuvant chemotherapy Reference group Reference group
Non-pCR, neoadjuvant chemotherapy  6.01 (2.18-16.5) 6.67 (2.43-18.3)
Adjuvant chemotherapy alone 2.11 (0.77-5.79) 2.75 (1.01-7.48)
Pathological stage <0.0001 <0.0001
pCR Reference group Reference group
1 2.60 (0.93-7.30) 2.63 (0.95-7.33)
A 1.99 (0.70-5.64) 2.83 (1.02-7.88)
1IB 3.84 (1.33-11.1) 4.99 (1.75-14.3)
1 7.42 (2.69-20.5) 8.77 (3.19-24.1)
v 42.9 (14.7-125.2) Not included
Grade 0.65 0.16
1 1.11 (0.71-1.72) 1.40 (0.88-2.24)
Tand II Reference group Reference group

power is determined primarily by the number of events and
there have been a considerable number of events detected
in our study. Another limitation of our study was its ret-
rospective nature. In addition, there exists a possibility of
selection bias in our study as patients referred to our
practice could be more homogeneous in access to care,
diagnostic, treatment, and follow-up approaches as reflec-
ted in the results. Because of the small sample size, we did
not distinguish between type I and type II diabetes and
whether insulin or metformin was administered for glucose
control. We did not evaluate whether changes in BMI or
glycemic control after cancer diagnosis influence survival
outcomes in TNBC.

The differential effects of BMI and diabetes on the
survival of patients with ER+ versus TNBC are not fully
understood. One explanation is that growth of ER+ BC
is dependent on estrogen, the level of which is increased
with higher BMI. Increased BMI has also been

associated with elevated insulin which has anti-apoptotic
and mitogenic properties. However, the pre-clinical evi-
dence on the effect of insulin and IGF on TNBC growth
and survival is conflicting compared to that in ER+ BC
[31-35].

In summary, our study suggests that BMI and diabetes
do not influence survival outcomes in women with TNBC
treated at a single academic medical center. These results
are in agreement with other clinical studies [21-23, 25, 30].
Future studies examining whether changes in BMI and/or
glycemic control after breast cancer diagnosis influence
TNBC survival outcomes are needed.
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