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Abstract

The purpose of this study was to determine the association between body mass index (BMI)
measurements (baseline BMI and changes in BMI during neoadjuvant systemic treatment [NST])
and clinical efficacy (pathologic complete response [pCR] rate and survival outcomes) in locally
advanced breast cancer (LABC). We hypothesized that high baseline BMI and increases in BMI
during NST are associated with lower pCR rates and poorer clinical outcomes in LABC.

We retrospectively reviewed the medical records of 1002 patients, 204 with primary inflammatory
breast cancer (IBC) and 798 with stage Il non-IBC, who underwent standard NST and definitive
surgery between November 1, 2006, and December 31, 2012.

The median follow-up time for the survivors was 19.6 months (0.4 — 67.8 months). The pCR rates
of patients whose BMI increased or decreased were 23.2% and 18.1%, respectively, (p=0.048). The
unadjusted overall survival (OS) was significantly better in the group with increased BMI (p=0.006).
However, increased BMI was not an independent predictor of pCR and clinical outcomes (re-
currence-free survival and OS) after adjusting for other clinical variables. In subset analyses, in-
creased BMI as a continuous variable was an independent predictor of higher pCR rates in the
normal BMI/underweight group (odds ratio [OR]=1.35, 95% confidence interval [CI]: 1.06-0.71,
p=0.015). Increased BMI (BMI change 20 vs. <0) was also an independent predictor of pCR
(OR=1.65, 95% CI: 1.00-2.72, p=0.049) in the postmenopausal group.

Our results show that increasing BMI shows improved clinical outcome in terms of better pCR
rates in normal BMl/underweight group and in the postmenopausal group. These results contradict
previously reported findings on the association between high BMI and poor clinical efficacy re-
garding pCR rate and survival outcomes in early-stage breast cancer. Thus, the role of BMI in
breast cancer may depend on patients’ clinical characteristics such as advanced stage.

Key words: Breast cancer, Inflammatory breast cancer, Body mass index, Body mass index change,
Predictive factor, Pathological complete response
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Introduction

Obesity and overweight are generally consid-
ered poor prognostic factors in early-stage breast
cancer [1-4], although reports of this association have
been inconsistent [5]. The impact of the association
between obesity and prognosis in breast cancer differs
according to patient and tumor characteristics such as
menopausal status and tumor subtype, respectively.
Since previous studies have focused on operable ear-
ly-stage breast cancer, little is known about the asso-
ciation between baseline body mass index (BMI) and
prognosis in locally advanced breast cancer (LABC)
treated with current standard treatment -e.g., treated
with surgery, chemotherapy (i.e., anthracycline and
taxane), and radiation therapy with trastuzumab
and/or hormone therapy if indicated.

In addition, high BMI (overweight: 25-29.9
kg/m?, obese: 30 kg/m? or greater) correlates with
breast cancer incidence in postmenopausal women,
but the trend is inconsistent in premenopausal breast
cancer patients [6]. A recent review revealed a posi-
tive association between pre-cancer weight and/or
weight at diagnosis and poor survival outcome in 17
of 26 studies [7]. Several studies have shown that, in
addition to high BMI at diagnosis, an increase in body
weight after surgery is a poor prognostic factor for
overall-survival (OS) [2, 8-10]. Furthermore, BMI is a
significant predictive factor for lower pathologic
complete response (pCR) rates with neoadjuvant sys-
temic treatment (NST) [11, 12]. Hence, high BMI and
increasing BMI are generally considered poor predic-
tive and prognostic markers for long-term outcome.

Further, patients with inflammatory breast can-
cer (IBC) have been reported to have higher body
weight and a poor prognosis [13]. Studies of LABC
have shown that high BMI is a poor prognostic factor.
These findings may be partly explained by the ob-
servation that overweight and obese breast cancer
patients tend to present with more advanced disease
stage and have worse survival outcome compared to
normal/underweight (<25 kg/m?) patients [14]. These
findings may also be explained by higher estrogen
and androgen concentrations, especially in postmen-
opausal obese/overweight breast cancer patients [15,
16].

It is unclear whether an increase in BMI during
NST truly predicts cancer outcomes or response to
chemotherapy. Previous studies surveyed BMI and
body weight changes for relatively longer periods
than the duration of NST; therefore, knowledge about
changes in BMI specifically during NST is scarce.
Hence, we obtained these data during the short NST
duration to determine the effect of BMI and BMI
change on response to NST.

We hypothesized that high BMI at diagnosis and
increases in BMI during NST would be associated
with lower rates of pCR and poorer long-term clinical
outcomes in LABC. The purpose of this study was to
determine whether high baseline BMI or an increase
in BMI from baseline to the completion of standard
NST affects pCR and survival outcomes in LABC pa-
tients.

Patients and Methods

Patient Selection

This was a retrospective single-center investiga-
tion (protocol number: PA13-0131). Patients were
identified from the Breast Cancer Management Sys-
tem database (protocol number: 2004-0541) at The
University of Texas MD Anderson Cancer Center.
Patients diagnosed with either IBC (n=204) or stage III
non-IBC (n=798) between November 1, 2006, and
December 31, 2012 were included. All patients re-
ceived standard NST consisting of anthracyclines
and/or taxanes with or without concurrent
trastuzumab followed by definitive surgery. IBC was
defined as inflammatory changes in the involved
breast, including diffuse erythema and edema (i.e.,
peau d’orange) involving the majority of the breast,
with or without an underlying palpable mass involv-
ing the majority of the skin of the breast. Pathologic
evidence of dermal lymphatic invasion was noted but
not required for the diagnosis of IBC. Presumably,
each case of IBC was diagnosed via a multidiscipli-
nary team of investigators that included medical on-
cologists, surgeons, and radiologists as is standard at
our institution.

The database included detailed information on
patient demographics (e.g., age, sex, race, menopausal
status), clinical characteristics (e.g.,, BMI at breast
cancer diagnosis and at the conclusion of chemo-
therapy, treatment regimens and pathologic response
in the breast and axilla), and tumor characteristics at
diagnosis (e.g., clinical stage, estrogen receptor [ER],
progesterone receptor [PR], and human epidermal
growth factor receptor -2/ neu [HER2] status, and
histologic grade). Follow-up information for patients
whose data are included in the Breast Cancer Man-
agement System database is obtained every 2 years
via direct review of the medical records and a direct
link to the MD Anderson Tumor Registry, which
mails annual follow-up letters to patients to deter-
mine their vital status and disease status. The Tumor
Registry queries the Social Security Death Index and
the Texas Bureau of Vital Statistics to determine the
status of patients who do not respond to the letters.
We collected all the above information and recon-
firmed each patient’s vital status and presence or ab-
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sence of recurrent disease based on chart review. This
study protocol was approved by the MD Anderson
Institutional Review Board.

Measurement of BMI

BMI was measured at diagnosis before chemo-
therapy and again at the last cycle of NST, and the
change in BMI was calculated as the difference be-
tween the two. The value of BMI change was assessed
as both a continuous variable and arbitrary categori-
cal variable (=0 vs. < 0) for this study.

We confirmed that candidates had not under-
gone definitive breast surgery prior to NST. Since BMI
is a time-dependent variable, changes in BMI would
be greater in patients who underwent NST for longer
durations; therefore, to control bias, we excluded 6
patients who underwent NST for longer than 1 year
(the regimen was unknown in 2 patients and delayed
in 4 patients owing to adverse events) in the selection
process.

Pathology

All pathologic evaluations were performed by
breast cancer pathologists. pCR was defined as having
no residual invasive carcinoma in the breast and no
tumor in the axillary lymph nodes [17].

Immunohistochemical assays (IHC) were per-
formed on formalin-fixed paraffin-embedded tissue
sections from core needle biopsy samples to deter-
mine ER, PR, and HER?2 status. Positive ER and PR
status was defined as at least 10% of tumor cells with
nuclear staining [18], and positive HR status was de-
fined as either ER or PR positive. Typically, positive
ER and PR status is defined as 1% of tumor cells with
nuclear staining; however, the nature of chart review
precludes the use of a cutoff lower than 10%.

Tumors were considered HER2 positive with a
score of 3+ on IHC and/or a fluorescence in situ hy-
bridization ratio of greater than 2.0 [19].

Treatment

The cytotoxic agents administered for NST dur-
ing the study period always included an anthracy-
cline and/or taxane. These combination and sin-
gle-agent regimens were administered with or with-
out additional agents during the period evaluated in
this study. Anthracycline-based regimens consisted of
4 courses of 5-fluorouracil (5FU) at 500 mg/m?, epi-
rubicin at 100 mg/m?, and cyclophosphamide 500
mg/m? (FEC) every 3 weeks; or 5FU at 500 mg/m?,
doxorubicin at 50 mg/m?, and cyclophosphamide at
500 mg/m? (FAC); or the same doses of epirubicin
and cyclophosphamide (EC); or doxorubicin and cy-
clophosphamide (AC) given intravenously every 3
weeks. Taxane-based regimens most commonly con-
sisted of 12 courses of weekly paclitaxel at 80 mg/m?.

Regimens of docetaxel at 100 mg/m? or paclitaxel at
225 mg/m? administered via 24-hour continuous in-
travenous (IV) infusion every 3 weeks were also used.
When tumors were HER2 positive, trastuzumab was
administered at 4 mg/kg IV over 90 minutes on the
first day of treatment. Subsequent weekly doses of
trastuzumab were administered at 2 mg/kg over 30
minutes. Trastuzumab was administered concurrent-
ly with FEC regimen reducing epirubicin to 75
mg/m?. The other primary regimen for HER2+ breast
cancer consisted of 6 cycles of docetaxel at 75 mg/m?
IV, carboplatin at an area under the concentra-
tion-time curve of 6 IV, and trastuzumab at 8 mg/kg
IV on the first day followed by a 6 mg/kg mainte-
nance dose every 3 weeks. Other regimens included
anthracycline and taxane administered concurrently.
Median NST duration was 215 days (range 48-364
days).

Patients who underwent 3 or more differing
consecutive NST regimens were excluded owing to
non-standard treatment.

Statistical Methods

The primary objectives were to assess the asso-
ciations between baseline BMI and change in BMI
during NST with pCR rates, recurrence-free survival
(RFS) and OS. We also sought to identify associations
between BMI and patient/tumor characteristics in
each BMI category and determine whether IBC status
and menopausal status affect pCR rates and survival
outcomes.

RFS was defined as the time from definitive
surgery until locoregional recurrence, the develop-
ment of distant metastases, or death without a prior
cancer event. In the absence of one of these events,
RFS was censored at the last follow-up date. OS was
defined as the time from definitive surgery until death
from any cause or was censored at the date the patient
was last known to be alive.

Continuous variables were summarized using
medians (range), and categorical variables were
summarized in frequency tables. Chi-squared tests
were used to assess the bivariate associations between
categorical variables. The Wilcoxon rank-sum test was
used to assess the associations between pairs of con-
tinuous and binary variables.

The unadjusted distribution of OS and RFS was
evaluated using the Kaplan-Meier method, and the
differences in the distributions among groups were
compared using the log-rank test. Cox proportional
hazard models were used to assess the associations
between BMI measures and survival outcomes with
adjustments for IBC, HR, HER2, clinical stage, and
lymphovascular invasion.

Logistic regression models were used to assess
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the association between BMI measures and pCR with
adjustment for IBC, tumor HR and HER?2 status, clin-
ical stage, and presence or absence of lymphovascular
invasion. A p-value less than 0.05 of each comparison
was defined as significant.

Results

Relationship between BMI and Patient and
Tumor Characteristics

The median follow-up time for survivors was
19.6 months (0.4-67.8 months). Of 204 patients with
IBC and 798 patients with non-IBC, 125 (61.3%) and
531 (66.9%), respectively, had HR-positive tumors,
and 54 (26.5%) and 186 (23.3%), respectively, had
HER2-positive tumors. A total of 119 (58.3%) patients
with IBC and 420 (52.9%) patients with non-IBC were
postmenopausal. Overall, 33 (16.2%) patients with
IBC and 172 (21.7%) with non-IBC achieved pCR with

NST. Tumor histology, nuclear grade, HR status,
HER? status, tumor stage (T stage) and lymph node
involvement (N stage) at diagnosis, and the NST
agents administered were not significantly different
among the three baseline BMI categories (Table 1).

The median BMI both at baseline and at the last
cycle of chemotherapy was 28.8 kg/cm? On the basis
of the aforementioned BMI categories, 73.7% of pa-
tients were overweight or obese. The proportion of
African Americans in the overweight and obese
groups was higher than that of other ethnic groups (p
< 0.001). Postmenopausal status (p < 0.001) and IBC (p
= 0.015) were both significantly associated with obe-
sity. In addition, the median age was lowest in the
normal/underweight BMI group (46.0 years) com-
pared to overweight (51.0 years) and obese (52.0 years,
p< 0.001).

Table 1. Patients’ characteristics among three baseline BMI categories

Characteristics Levels Normal Overweight Obese Total p-value (chisquare)
BMI <25 25<BMI<30 BMI 230 N=1002
N=263 N=318 N=421

Race White 186 (70.7%) 182 (57.2%) 242 (57.5%) 610 (60.9%) <0.001
Black 14 (5.3%) 51 (16.0%) 94 (22.3%) 159 (15.9%)
Hispanic 37 (14.1%) 66 (20.8%) 64 (15.2%) 167 (16.7%)
Others 26 (9.9%) 19 (6.0%) 21 (5.0%) 66 (6.6%)

Menopause Post 107(40.7%) 169(53.5%) 263(62.8%) 539(54.0%) <0.001
Pre 156(59.3%) 147(46.5%) 156(37.2%) 459(46.0%)

HISTOLOGY Ductal 231(87.8%) 288(90.6%) 377(89.5%) 896(89.4%) 0.657
Lobular 19(7.2%) 21(6.6%) 25(5.9%) 65(6.5%)
Others 13(4.9%) 9(2.8%) 19(4.5%) 41(4.1%)

ER Negative 93(35.4%) 115(36.3%) 155(37.0%) 363(36.3%) 0.911
Positive 170(64.6%) 202(63.7%) 264(63.0%) 636(63.7 %)

PR Negative 143(54.8%) 167(53.0%) 231(55.3%) 541(54.4%) 0.825
Positive 118(45.2%) 148(47.0%) 187(44.7 %) 453(45.6%)

Nuclear grade I 8(3.2%) 9(2.9%) 11(2.7%) 28(2.9%) 0.538
I 69(27.6%) 90(29.3%) 96(23.8%) 255(26.6%)
I 173(69.2%) 208(67.8%) 296(73.4%) 677(70.5%)

HER2 Negative 202(76.8%) 238(74.8%) 322(76.5%) 762(76.0%) 0.827
Positive 61(23.2%) 80(25.2%) 99(23.5%) 240(24.0%)

IBC No 218(82.9%) 263(82.7%) 317(75.3%) 798(79.6%) 0.015
Yes 45(17.1%) 55(17.3%) 104(24.7%) 204(20.4%)

LVI Negative 154(59.0%) 197(62.1%) 259(61.7%) 610(61.1%) 0.71
Positive 107(41.0%) 120(37.9%) 161(38.3%) 388(38.9%)

clinical_stage JUVATIVN 77(29.3%) 91(28.6%) 130(30.9%) 298(29.7%) 0.059
1B 55(20.9%) 80(25.2%) 124(29.5%) 259(25.8%)
(e 131(49.8%) 147(46.2%) 167(39.7%) 445(44.4%)

cT stage T1 12(4.6%) 18(5.7%) 11(2.6%) 41(4.1%) 0.192
T2 64(24.7%) 69(21.8%) 91(21.7%) 224(22.5%)
T3 91(35.1%) 103(32.5%) 132(31.5%) 326(32.8%)
T4 92(35.5%) 127(40.1%) 185(44.2%) 404(40.6%)

cN stage NO 14(5.3%) 23(7.2%) 20(4.8%) 57(5.7%) 0.09
N1 89(33.8%) 112(35.2%) 170(40.4%) 371(37.0%)
N2 28(10.6%) 36(11.3%) 62(14.7%) 126(12.6%)
N3 132(50.2%) 147(46.2%) 169(40.1%) 448(44.7%)

BMI change <0 105(39.9%) 152(47.8%) 265(62.9%) 522(52.1%) <0.001
20 158(60.1%) 166(52.2%) 156(37.1%) 480(47.9%)

Regimen A 5(1.9%) 6(1.9%) 8(1.9%) 19(1.9%) 0.365
AT 187(71.1%) 219(68.9%) 298(70.8%) 704(70.3%)
ATH 61(23.2%) 67(21.1%) 82(19.5%) 210(21.0%)
T 7(2.7%) 9(2.8%) 13(3.1%) 29(2.9%)
TH 3(1.1%) 17(5.3%) 20(4.8%) 40(4.0%)
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Associations between Changes in BMI and pCR
to NST

NST duration sometimes extends owing to ad-
verse events. BMI change values were not signifi-
cantly different among patients who underwent NST
that took for less than 6 months, 6-9 months, or 9-12
months. In addition, differences in BMI changes were
not significant based on the defined times as contin-
uous variables.

The median BMI change in the entire study
population was -0.1 kg/cm? and was significantly
higher in the patients who achieved pCR (0.1 kg/cm?,
(range -8.4, 6.1)) compared to patients who did not
achieve pCR (-0.1 kg/cm?, (range -9.5, 11.5); p = 0.04).
The pCR rate of the patients whose BMI increased
(23.2%) was significantly higher than that of the pa-
tients whose BMI decreased (18.1%; p = 0.048). After
adjusted for other clinical variables, increased BMI (=
0 vs. < 0) was not shown to be a significant predictor
of pCR in the overall group of patients (p = 0.225).

Without adjusted for other clinical variables, in-
creased BMI was associated with a higher pCR rate in

the normal/underweight group. This association was
shown both through continuous variables (p = 0.034)
and dichotomized categories of BMI change >0 (p =
0.016). Increased BMI as a continuous variable inde-
pendently predicted pCR (p = 0.015) in the nor-
mal/underweight group after adjusted for other clin-
ical variables, however no such association was
shown in the overweight and obese groups (Table 2).

Associations between Changes in BMI and
Survival Outcomes (RFS and OS)

Increased BMI as a continuous variable was
marginally associated with poor RFS in overweight
patients (p = 0.082) but not in the nor-
mal/underweight and obese groups by multivariate
analysis (p = 0.633 and p = 0.3887, respectively) (Table
3).

As a categorical variable, increased BMI (BMI
change > 0 vs. < 0) predicted OS in all patients
(p=0.006, Figure 1). After adjusting for other clinical
variables, increased BMI did not predict OS. In all
three BMI categories, increased BMI was not a prog-
nostic indicator for OS (Table 4).

Table 2. Logistic regression analysis for pCR among three baseline BMI categories

Parameter Odds ratio 95%CI Chi-square p-value
A. Logistic regression analysis for pCR within BMI <25(n=260)
BMI change as continuous variable 1.345 1.059 1.709 0.0151
BMI (baseline) 1.054 0.87 1.276 0.5935
IBC Yes vs. No 0.308 0.09 1.05 0.0598
HR POS vs. NEG 0.185 0.09 0.383 <.0001
HER2 POS vs. NEG 5.052 2.339 10.912 <.0001
Clinical stage 1IIB vs. III/TITA 1.02 0.308 3.375 0.9745
IIC vs. III/IIIA 1.297 0.575 2.925 0.5315
Lymphovasucular invasion POS vs. NEG 0.153 0.065 0.363 <.0001
B. Logistic regression analysis for pCR within BMI >25, <30 (n=315)
BMI change as continuous variable 0.955 0.806 1.132 0.5957
BMI (baseline) 1.045 0.832 1.314 0.7037
IBC Yes vs. No 0.572 0.212 1.541 0.269
HR POS vs. NEG 0.273 0.14 0.531 0.0001
HER2 POS vs. NEG 5.949 3.026 11.697 <.0001
Clinical stage IIB vs. 1II/1IIA 1.353 0.476 3.851 0.5706
IC vs. III/IIIA 2.153 0.944 491 0.0684
Lymphovasucular invasion POS vs. NEG 0.28 0.125 0.628 0.002
C. Logistic regression analysis for pCR within BMI 230 (n=416
BMI change as continuous variable 0.991 0.902 1.089 0.8574
BMI (baseline) 1.024 0.979 1.07 0.302
IBC Yes vs. No 1.402 0.643 3.057 0.3962
HR POS vs. NEG 0.458 0.264 0.794 0.0054
HER2 POS vs. NEG 5.433 3.096 9.534 <.0001
Clinical stage TIIB vs. ITI/TITA 1.147 0.488 2.698 0.7529
TIIC vs. IIT/TITA 1.631 0.844 3.154 0.1458
Lymphovasucular invasion POS vs. NEG 0.189 0.09 0.396 <.0001
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Table 3. Cox regression analysis for RFS among three baseline BMI categories

Parameter Hazard Ratio 95%CI Chi-square p-value
A. Cox regression analysis for RFS with BMI<25(n=259)
BMI change as continuous variable 0.968 0.847 1.106 0.6333
BMI (baseline) 0.953 0.84 1.082 0.4607
IBC Yes vs. No 2.836 1.503 5.35 0.0013
HR POS vs. NEG 0.416 0.255 0.679 0.0005
HER2 POS vs. NEG 0.211 0.095 0.472 0.0001
Clinical stage IIIB vs. I1I/1IIA 0.785 0.366 1.688 0.536
IIC vs. III/TITA 0.834 0.458 1.519 0.5534
Lymphovasucular invasion POS vs. NEG 14 0.857 2.286 0.1786
B. Cox regression analysis for RFS with 25 <BMI<30 (n=314)
BMI change as continuous variable 1.124 0.985 1.281 0.0823
BMI (baseline) 0.97 0.807 1.166 0.744
IBC Yes vs. No 2.343 1.193 4.601 0.0135
HR POS vs. NEG 0.587 0.351 0.98 0.0417
HER2 POS vs. NEG 0.097 0.034 0.277 <.0001
Clinical stage IIIB vs. III/TITA 0.673 0.29 1.56 0.3556
MIC vs. III/IITA 1.203 0.631 2.294 0.5741
Lymphovasucular invasion POS vs. NEG 2.744 1.628 4.625 0.0002
C. Cox regression analysis for RFS with BMI>30 (n=418)
BMI change as continuous variable 1.023 0.971 1.078 0.3887
BMI (baseline) 1.004 0.973 1.037 0.7879
IBC Yes vs. No 1.831 1.073 3.127 0.0266
HR POS vs. NEG 0.336 0.221 0.51 <.0001
HER2 POS vs. NEG 0.205 0.102 0.41 <.0001
Clinical stage IIIB vs. I1I/1IIA 1114 0.576 2.154 0.7484
IIC vs. III/1ITA 1.086 0.638 1.85 0.7612
Lymphovasucular invasion POS vs. NEG 1.945 1.28 2.956 0.0018
Table 4. Cox regression analysis for OS among three baseline BMI categories
Parameter Hazard Ratio 95%CI Chi-square p-value
A. Cox regression analysis for OS with BMI<25 (n=261)
BMI change as continuous variable 0.995 0.826 1.199 0.9578
BMI (baseline) 0.996 0.84 1.181 0.962
IBC Yes vs. No 1.974 0.821 4.744 0.1285
HR POS vs. NEG 0.269 0.139 0.522 0.0001
HER2 POS vs. NEG 0.212 0.074 0.609 0.0039
Clinical stage IIIB vs. 1II/1IIA 0.668 0.227 1.963 0.4627
IC vs. III/IITIA 0.889 0.41 1.924 0.7644
Lymphovasucular invasion POS vs. NEG 1.113 0.568 2.179 0.755
B. Cox regression analysis for OS with 25 <BMI<30 (n=316)
BMI change as continuous variable 1.041 0.88 1.233 0.6376
BMI (baseline) 0.833 0.652 1.065 0.1445
IBC Yes vs. No 1.498 0.624 3.592 0.3655
HR POS vs. NEG 0.697 0.348 1.395 0.3078
HER2 POS vs. NEG 0.22 0.08 0.603 0.0033
Clinical stage TIIB vs. ITI/TITA 0.947 0.29 3.097 0.9281
TIIC vs. III/TIIA 1.888 0.752 4.741 0.1759
Lymphovasucular invasion POS vs. NEG 2.088 1.065 4.092 0.032
C. Cox regression analysis for OS with BMI>30 (n=418)
BMI change as continuous variable 0.99 0.91 1.077 0.8119
BMI (baseline) 0.995 0.952 1.041 0.8352
IBC Yes vs. No 1.538 0.774 3.056 0.2196
HR POS vs. NEG 0.21 0.12 0.368 <.0001
HER2 POS vs. NEG 0.032 0.004 0.233 0.0007
Clinical stage 1IIB vs. III/TITA 1.431 0.621 3.298 0.4002
IIIC vs. III/IIIA 1.038 0.518 2.08 0.9169
Lymphovasucular invasion POS vs. NEG 1.481 0.86 2.551 0.1565
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Figure 1. Kaplan-Merier curve of overall-survival based on three baseline BMI categories (left) and BMI change during neoadjuvant systemic treatment

Associations between Baseline BMI and
PCR/RFS/OS

The median BMI among pCR and non-pCR
groups was 28.7 kg/cm? (range 18.7-77.1) and 28.8
kg/cm? (range 16.7- 64.1), respectively (p = 0.64). The
pCR rate in the three BMI categories (nor-
mal/underweight, overweight, and obese) was 24.0%,
18.6%, and 19.8%, respectively (p = 0.243) (Supple-
mentary table 1).

Baseline BMI as a continuous variable was not
significantly associated with RFS in univariate (p =
0.70) or multivariate analysis (p = 0.57) in the overall
cohort. Likewise, baseline BMI as a continuous varia-
ble was not associated with OS in univariate (p = 0.99)
or multivariate analysis (p = 0.72) in the overall cohort.

Univariable analysis did not demonstrate any OS
difference among the three baseline BMI categories (p
=0.636).

Associations between BMI Changes and Breast
Cancer Type

The proportion of patients with IBC in the obese
group (24.7%) was significantly higher than that in the
overweight (17.3%) and normal/underweight (17.1%)
BMI categories (p = 0.015). BMI change (=0 vs. <0) did
not predict the pCR rate in the IBC (p = 0.19) or
non-IBC group (p=0.14), and the baseline BMI cate-
gory was not significantly associated with the pCR
rate when analyzed separately in patients with IBC (p
= 0.55) and those with non-IBC (p = 0.1). The associa-
tion of BMI change (=0 vs. <0) with RFS and OS was
not significantly different among the three BMI cate-
gories in the non-IBC group; however, OS was signif-
icantly better in patients in the IBC group with a BMI
change of 20 (p < 0.001). This result was supported by
the finding that increased BMI as a continuous varia-
ble was associated with better OS (p=0.037) in the IBC
cohort. In multivariate analysis, BMI change did not

predict pCR or survival outcome in either the IBC or
non-IBC cohort.

Association between BMI Changes and Men-
opausal Status

The proportion of postmenopausal patients was
significantly higher in the obese group (62.8%) than in
the overweight (53.5%) and normal/underweight
groups (40.7%; p < 0.001); however, the proportion of
patients with decreased BMI was significantly higher
in the obese group than in the overweight and nor-
mal/underweight groups (p < 0.001).

An increase in BMI was not a significant predic-
tor of pCR in premenopausal patients; however, it
was significantly associated with pCR in the post-
menopausal cohort (p = 0.045) on univariate analysis.
Increased BMI was also significantly associated with
OS (p = 0.01). After adjustments for other clinical var-
iables (BMI, IBC, HR, and HER2 status, clinical stage,
and lymphovascular invasion), increased BMI re-
mained to be an independent significant predictor of
PCR (p=0.05) but not of OS (p = 0.14).

Discussion

In this study, an increase in BMI during NST was
a significant predictor of higher pCR rates in IBC and
non-inflammatory LABC patients with normal or low
BMI and was significantly associated with higher pCR
in postmenopausal patients with LABC. However,
due to the lack of extensive follow-up data, we cannot
suggest that increasing weight is beneficial in this
population. In addition, we estimated that some pa-
tients might have had chemotherapy resistance due to
cachexia or sarcopenia with decreased body weight
[20, 21], although this may occurs even in obese pa-
tients [22].

We hypothesized that increased body weight
was associated with poor survival outcomes; howev-
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er, this was only a suggested tendency in overweight
breast cancer patients in this study. Interestingly, our
study included a relatively large number of patients
with IBC, and a large proportion of these were in the
obese group. Some biological aspects of IBC remain
unclear, and the associations between BMI changes
and IBC outcomes are not known. In our study, an
increase in BMI during NST was partially associated
with better IBC outcomes, and this might have had an
effect on RFS in obese breast cancer patients.

Increased BMI was previously evaluated as a
poor prognostic indicator in the adjuvant chemo-
therapy setting [2, 9] and was associated with poor
outcome with a relatively long evaluation period.
These previous studies generally included hormone
therapy (e.g., aromatase inhibitors), and many of the
patients therein were postmenopausal and tended to
gain weight during therapy. Therefore, the impact of
increased BMI during chemotherapy was different in
the previous studies.

The novelty of this study is that we tested the
associations among BMI at diagnosis, pCR rates, and
survival in LABC. In addition, this is the first study to
determine whether increased BMI during NST is as-
sociated with pCR rates and survival. We focused on
increased BMI during NST administered for ap-
proximately 6 months with current standard regimen.
By including patients after trastuzumab was permit-
ted to be used as NST, we analyzed BMI specifically in
the context of the current standard treatment regi-
mens. However, the chemotherapy doses sometimes
have been capped in obese patients to prevent adverse
events that were previously noted to be associated
with poorer clinical outcomes [23]; we consistently
administered standard chemotherapy doses based on
patients” height and body weight.

One limitation of our study is its retrospective
nature. Hence, we could not identify the adverse ef-
fects of chemotherapy or determine their grade, and
we could not define the chemotherapy dose intensity.
In addition, we could not determine whether nor-
mal/underweight BMI patients may have been ill
from their cancers and therefore experienced benefi-
cial effects of weight gain. We speculate that BMI
changes could have been affected by changes in ap-
petite due to chemotherapy-related adverse effects.
Other factors such as tumor aggressiveness might
have also affected BMI. Furthermore, we did not col-
lect data about patients’ lifestyles, such as smoking
status, which might have affected the results, since
smoking has the potential to minimize weight gain
and attenuate mortality [2, 24].

Several studies have reported that weight gain is
a general side effect in women receiving adjuvant
chemotherapy for breast cancer [25-27], and chemo-

therapy has been associated with greater weight gain
than other adjuvant treatments such as tamoxifen or
radiotherapy [28-30]. In this regard, chemotherapy
may be the only intervention that caused increased
BMI during NST since standard NST has not included
hormone therapy and radiotherapy thus far.

Several factors could result in BMI changes
during chemotherapy. Chemotherapy-induced nau-
sea and appetite loss could result in decreased body
weight, and depression following a breast cancer di-
agnosis could also have an effect. Concomitant steroid
use, dietary recommendations, and reduced physical
activity could lead to increases in body weight [31,
32]. In contrast, some patients may have cachexia
owing to disease progression, or obese patients may
reduce their BMI via a healthy diet and active exercise
[33]; thus, we cannot generalize changes in BMI as a
single predictive/prognostic  indicator ~ without
broader lifestyle information.

With the aforementioned limitations in our
study, increased BMI, but not baseline BMI, was as-
sociated with better pCR rates in LABC. Either neo-
adjuvant or adjuvant chemotherapy can be adminis-
tered for early-stage breast cancer, but for the pur-
poses of down-staging, NST is preferred for LABC.
Other than baseline BMI, increased BMI is a possible
predictive biomarker in LABC.

This study suggests the importance of BMI in the
setting of LABC treated with NST, since few other
BMI studies focused in this group. With previous BMI
research results, we may have more precise strategies
for delivering NST based on disease stage and base-
line BMI. Medical practitioners may recommend life-
style choices changes such as exercise and improved
nutritional balance aimed at reducing body weight
during breast cancer follow-up, however, these rec-
ommendations may be beneficial for only overweight
or obese patients with early-stage breast cancer.

In addition, our results showed that increased
BMI with NST was associated with a trend toward
poorer RFS in overweight patients. Once body weight
starts increasing, this change may continue for ex-
tended periods owing to chemotherapy-induced
ovarian failure [34] which induces fat tissue accumu-
lation [35]. Hence, we do not recommend as an objec-
tive increasing BMI during NST since large BMI
changes may be difficult to control.

In summary, high BMI at baseline was not asso-
ciated with pCR in IBC and non-inflammatory LABC
patients treated with NST; however, an increase in
BMI during NST was associated with a significantly
better pCR rate, especially in normal/underweight
and postmenopausal breast cancer patients. We spec-
ulate that baseline BMI might have played a minor
role in determining treatment response and patient
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prognosis, whereas tumor biology is a more im-
portant prognostic factor in patients with aggressive
breast cancer such as in locally advanced disease.
Hence, the fact that increase in BMI was a significant
predictor of pCR in the normal/underweight group
or postmenopausal group implies it may be important
to manage body weight during NST. The role of BMI
in breast cancer may depend on disease stage and
warrant further investigation.

The results of this study suggest that increasing
BMI during chemotherapy is beneficial for patients
with aggressive types of cancer, since aggressive tu-
mors are more likely to induce cachexia. Hence, we
hypothesize that the impact of BMI changes on
chemotherapy response and survival outcome is dif-
ferent according to the breast cancer subtype. Further
study is warranted to determine whether changes in
BMI have predictive and prognostic value according
to breast cancer subtype.
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