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Background: Body mass index (BMI) is defined as a poor prognostic factor in patients with breast cancer
(BC). However, there are controversial results regarding the various effects of BMI on BC, hence the exact
pathophysiology of the relation between obesity and BC is still under debate, and remains unclear. This
paper aims to investigate the association between BMI at presentation and BC subtypes defined according
to the immunohistochemical classification in both premenopausal and postmenopausal patients with BC.
Patients and methods: This study is a retrospective and explorative analysis of the 3767 female BC pa-
tients from a single center. All patients' BMI at the time of initial diagnosis and tumor demographics were
recorded. BMI was stratified into 3 groups as normal-weighted (BMI <25 kg/m?), over-weighted
(BMI = 25-29.9 kg/m?), and obese (BMI >30 kg/m?). Immunohistochemical classification of the
tumors was categorized into 4 groups as follows; luminal-like, HER2/luminal-like, HER2-like, and triple-
negative according to the ER/PR and HER2 status. Distribution of Immunohistochemical subtypes, tumor
characteristics, and overall survival (OS) analysis were evaluated according to the BMI groups in both
premenopausal and postmenopausal patients.
Results: Median BMI of premenopausal and postmenopausal patients was 25.5 (kg/m?) and 28.8 (kg/m?),
respectively (P < 0.001). In parallel with the increasing age, patients were more obese at diagnosis in
both premenopausal (P < 0.001) and postmenopausal period (P < 0.001). Triple-negative subtype was
significantly more frequent in premenopausal patients with BMI >30 kg/m? compared to BMI <30 kg/m?
(P = 0.007). Additionally, premenopausal patients with BMI >30 kg/m? had less common luminal-like
subtype (P = 0.033) and more frequently presented with higher tumor stage (P = 0.012) and tumor
grade (P = 0.004) compared to patients with BMI <25 kg/m?. On the other hand, premenopausal patients
with BMI <25 kg/m? had significantly more ER-positive tumors (P < 0.001) and lower stages of disease
(P = 0.01) compared to their counterparts with BMI >25 kg/m? Premenopausal obese patients with
triple-negative (P = 0.001) and luminal-like subtype (P = 0.002) had significantly shorter OS duration
compared to overweight counterparts. HER2/luminal-like subtype was found to be significantly greater
in postmenopausal overweight patients (P = 0.005). However, BMI had no any other significant effect on
survival and immunohistochemical subtypes in postmenopausal patients. Multivariate analysis revealed
that triple-negative subtype, grade III tumor, BMI >30 kg/m? T3—4 (P < 0.001), nodal involvement,
metastatic disease, and lymphovascular involvement were significantly associated with poorer OS.
Conclusion: Our data indicated that BMI was an independent factor in patients with BC, with an asso-
ciation indicating a decreased incidence for luminal-like subtype and increased incidence for triple-
negative subtype among premenopausal patients. However, this significance was not found in
postmenopausal patients. Accordingly, a plausible etiological heterogeneity in BC might play a role
among immunohistochemical subtypes in every life stage of women.
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1. Introduction

Obesity has been a major health problem worldwide since its
prevalence is increasing rapidly after 1980s [1] and it is a well-
recognized risk factor for metabolic syndrome, cardiovascular dis-
ease, diabetes mellitus and various cancers including breast cancer
(BC) [2]. The role of Body Mass Index (BMI) and its effect on the
prognosis in patients with BC has been evaluated with a great in-
terest for many years. Despite controversial results of some studies,
obesity has been regarded as a poor prognostic factor in BC [3]. A
recent analysis of the Women's Health Initiative randomized study
has revealed that women who were overweight and obese were
associated with an increased risk of BC compared to those with
normal weight [4]. Most of the previous epidemiological studies
have shown a positive association between obesity and post-
menopausal BC risk and an inverse relation between obesity and
premenopausal BC risk [5]. This low risk in premenopausal period
may be due to some endogenous hormonal factors and higher
number of anovulatory menstrual cycles in obese premenopausal
women [6]. By contrast, the high risk in postmenopausal period
might be explained by increased concentrations of circulating es-
trogens since the adipose tissue is the main source of estrogens in
postmenopausal period. Additionally, endogenous hormones such
as estrogen and progesterone were reported to have mitogenic and
morphogenic effects on mammalian epithelial cells by paracrine
effect [7]. However, the main pathophysiology of this complex as-
sociation between BMI and BC risk in women's life periods has not
yet been clarified.

BC is a heterogeneous disease with different clinical pre-
sentations and classified into several histological subtypes ac-
cording to the estrogen receptor (ER), progesterone receptor (PR)
and human epidermal growth factor receptor 2 (HER2) status [8].
The effect of obesity on BC prognosis changes in compliance with
the clinical and histopathological characteristics of disease, such as
menopausal status and tumor subtypes [3].

Today, possible effects of obesity on immunohistochemical
subtypes of BC (luminal-like, HER2/luminal-like, HER2-like, triple-
negative) are still unclear in pre and postmenopausal patients [9].
Herein we aimed to determine the association between BMI and
immunohistochemical subtypes of BC whether the obesity has any
manipulating role in the incidence of developing different BC
subtypes in pre and postmenopausal patients.

2. Materials and methods
2.1. Data collection and enrollment

In this retrospective and explorative analysis, we reached to
medical records of 4413 Turkish female BC patients being followed
between 1994 and 2015 in Hacettepe University Institute of
Oncology. Of the 4413 patients, 646 were excluded due to unknown
BMI data (n = 296), missing receptor status (n = 203) or ductal
carcinoma in situ histology (n = 147). Remaining 3767 patients
were enrolled in this study (Fig. 1). Tumor demographics including,
tumor stage, tumor grade, lymphovascular invasion (LVI), peri-
neural invasion (PNI), ER, PR, and HER2 status, and nodal involve-
ment were found from original histopathology reports. BMI and
other clinical information of all patients were carefully recorded
during the follow up period. Final status of the patients was found
by using the hospital death records notification system.

2.2. Definition of tumor subtypes and BMI

HER2 status was determined by immunohistochemical
(IHC) staining. Tumors having score of 3 were considered as

HER2-positive. Tumors scoring 2 (+) for HER2 expression were
subsequently analyzed by fluorescence in situ hybridization (FISH)
test and were considered as HER2-positive if HER2 amplification
was present in FISH test. ER and PR nuclear staining >1% were
accepted as ER and/or PR-positive by IHC evaluation according to
the ASCO/CAP - guidelines [10]. Immunohistochemical subtypes
were categorized into 4 groups as luminal-like (ER and/or PR-
positive and HER2-negative), HER2/luminal-like (ER and/or PR-
positive and HER2-positive), HER2-like (ER and PR-negative and
HER2-positive) and triple-negative (ER, PR and HER2-negative)
according to the ER/PR and HER2 status [11]. BMI was calculated by
the formula of weight (kg)/height? (m?) and then stratified into 3
groups as normal-weighted (BMI <25 kg/m?), over-weighted
(BMI = 25—29.9 kg/m?) and obese (BMI >30 kg/m?), according to
World Health Organization Classification — 2012. As the number of
patients with BMI <18.5 kg/m? (n = 29) was too small, we have not
constituted a separate group for underweight patients and this
group of patients were combined with the normal-weighted group.

Distribution of clinical features, immunohistochemical and
histological subtypes, age, grade, LVI, PNI, nodal status, tumor stage,
clinical stage and cumulative overall survival (OS) probability were
analyzed according to BMI stratification.

2.3. Statistical analysis

All statistical analysis was performed by using the computer
program of 'Statistical Package for The Social Sciences' version 18.0
for Windows (SPSS, Inc., Chicago, IL, USA). P-value equal or less than
0.05 was accepted as statistically significant in all analysis. For
descriptive analysis, categorical variables were defined as fre-
quency and distributions with percentages and quantitative vari-
ables were presented as median, minimum, and maximum values.
Categorical variables were analyzed by using Chi-square or Fisher
exact test. Kruskal-Wallis and a following Mann-Whitney U test
were used if data were not normally distributed. The differences
among the groups were evaluated by post hoc analysis. Survival
analysis was performed according to the Kaplan-Meier Method.
Log-rank statistics was used to compare the subgroup analysis. OS
was defined as the period from the diagnosis until the date of death
or the date of last visit. Factors identified by univariate analysis
were subsequently evaluated in Cox-regression analysis for the
purpose of determining the independent predictors of survival.

3. Results
3.1. Patient characteristics

Of the 3767 patients, 1834 were premenopausal (48.7%), 1666 (%
44.2) were postmenopausal and 267 (7.1%) were perimenopausal.
All women aged greater than 60 years, women who had bilateral
ovariectomy operation and women aged younger than 60 years
with an intact uterus not receiving hormone replacement therapy
and being amenorrheic for at least one year before the BC diagnosis
were defined as postmenopausal according to the National
Comprehensive Cancer Network-guidelines version 1.2016 [12].
The number of normal-weighted, overweight and obese patients in
premenopausal group was 954 (45.4%), 710 (33.8%) and 437
(20.8%), respectively and in postmenopausal group this was 347
(20.8%), 638 (38.3%) and 681 (40.9%), respectively. Median age of all
patients was 48.6 years (range: 18.1-92.1). According to the
menopausal status, median age of premenopausal and post-
menopausal patients was 42.5 (range: 18.1-58.8) and 58.1 years
(range: 31.1-92.1), respectively. In parallel with the aging, patients
were more obese at diagnosis in both premenopausal and post-
menopausal period (P < 0.001 vs. P < 0.001, respectively). Median
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Fig. 1. Consort diagram.

BMI of postmenopausal patients was significantly greater than
premenopausal patients (28.8 kg/m? vs. 25.5 kg/m?, P < 0,001).
Patient characteristics were shown in Table 1.

3.2. Immunohistochemical subtypes according to BMI groups

Distribution of immunohistochemical subtypes and histopath-
ological features according to BMI groups were shown in each
separate table for premenopausal and postmenopausal patients
(Tables 2, 3). Triple-negative subtype was significantly more
frequent in premenopausal patients with BMI >30 kg/m? (obese)
compared to BMI <30 kg/m? (P = 0.007). In addition, obese pre-
menopausal patients had less common luminal-like subtype
(P = 0.033), and more frequently presented with higher tumor
stage (P = 0.012) and tumor grade (P = 0.004) when compared to
patients with BMI < 25 kg/m?. By contrast, premenopausal patients
with BMI <25 kg/m? had significantly more ER-positive tumors
(P <0.001) and lower stages of disease (P = 0.01) compared to their
counterparts with BMI >25 kg/m? In order to minimize the
different or imprecise definitions of the subgroups that might lead

to conflicting results of the relation between BMI and prognosis and
biology of BC, we also used the methodology of Eichholzer et al. [5]
to parallelize the our evaluation. For premenopausal group, pa-
tients with BMI >30 kg/m? had significantly more ER negative/PR
negative tumors compared to those with BMI <25 kg kg/m?
(P =0.001). Similarly, there was no significant finding regarding the
association between BMI and BC subtypes in postmenopausal
patients.

Overweight premenopausal patients had more nod-positive
disease (P = 0.022) and HER2-like subtype (P = 0.041) compared
to normal-weighted patients. In postmenopausal patients, HER2/
luminal-like subtype was found to be significantly associated
with overweight BMI (P = 0.005). However, BMI had no other
significant effect on immunohistochemical subtypes in post-
menopausal patients. Besides, no other relationship was observed
between BMI and LVI, PNI, histological subtype, ER, PR, and HER2
status in both pre and postmenopausal patients.

Of note, for luminal-like group, we performed an additional
classification according to tumor grade, with the goal of defining
luminal A-like group (grade 1—2), and luminal B/HER2-negative-
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Table 1
Patient characteristics.

Median age (year) 48.6 (18.1-92.1)

Pre 42.5(18.1-58.8)
Post 58.1 (31.1-92.1)
Median BMI (kg/m?) 27.0 (15.5-55.5) (*P < 0.001)
Pre 25.5(15.6—51.0)
Post 28.8 (15.5—-55.5)
Menopausal status (n)

Pre 1834 (48.7%)
Post 1666 (44.2%)
Peri 267 (7.1)
Histological subtype

IDC 3115 (82.7%)

ILC 316 (8.4%)
Other 336 (8.9%)

LVI

Positive 1094 (29.0%)
Negative 2673 (71.0%)
PNI

Positive 416 (11.0%)
Negative 3351 (89.0%)
Grade

1 397 (11.7%)

2 1547 (45.6%)

3 1451 (42.7%)

Immunohistochemical subtype

Luminal-like 2484 (65.9%)

Grade 1/2 1563 (62.9%)
Grade 3 655 (26.4%)
Unknown 266 (10.7%)
HER2/Luminal-like 514 (13.6%)
HER2-like 330 (8.8%)
Triple negative 439 (11.7%)
T
1 1233 (33.6%)
2 1757 (47.9%)
3 481 (13.1%)
4 196 (5.4%)
N
0 1618 (44.3%)
1 1058 (29.0%)
2 543 (14.9%)
3 435 (11.9%)
Clinical stage
I 823 (21.8%)
11 1571 (41.7%)
11 969 (25.7%)
v 335 (8.9%)
Missing 69 (1.8)
Adjuvant chemotherapy
Pre 1777 (84.8%)
Post 1050 (63.7%)
Adjuvant radiotherapy
Pre 1477 (76.5%)
Post 1034 (68.8%)
Adjuvant endocrine therapy
Pre 1511 (78.3%)
Post 1202 (80.0%)
Surgery
MRM 1250 (33.2%)
BCS 2292 (60.8%)

Not operated 225 (6.0%)

*P value is from Mann Whitney U test.

BMI = Body mass index, Pre = Premenopausal, Post = postmenopausal,
IDC = Invasive ductal carcinoma, ILC = Invasive lobular carcinoma, HER2 = Human
epidermal growth factor receptor-2, LVI = Lymphovascular invasion,

PNI = Perineural invasion, T = Tumor stage, N = Nodal stage, MRM = Modified
radical mastectomy, BCS = Breast conserving surgery.

like group (grade 3), since luminal-like group is a very heteroge-
neous group and important to distinguish as they include subtype-
related outcome. After reclassifying the luminal-like group as
luminal A-like (grade 1-2), and luminal B/HER2-negative-like
(grade 3), we observed that the low rate of luminal-like subtype in
obese premenopausal patients was associated with luminal A-like

group (P = 0.005), and there was no significant difference in the
rate of luminal B/HER2-negative-like group in obese premeno-
pausal patients. The classification of luminal-like group by grading
system and its distribution according to BMI was shown in Table 4.

3.3. Treatment characteristics

Of the 3767 patients, 3137 were treated in adjuvant setting, 295
in neoadjuvant setting, and 335 in metastatic setting. A total of
2292 patients underwent surgery of modified radical mastectomy,
while 1250 patients were treated with breast conserving surgery.
Among BMI groups, no significant difference in relation to
chemotherapy and radiotherapy treatment was found between pre
and postmenopausal patients. However, premenopausal obese
patients appeared to receive less hormonal therapy compared to
their counterparts with BMI <30 kg/m? (P < 0.001).

3.4. Survival outcomes

Median follow-up time was 48.6 months for premenopausal
group and 47.7 months for postmenopausal group. In whole pop-
ulation, patients with BMI >30 kg/m? had significantly shorter
median OS duration as compared to patients with BMI <30 kg/m?
(P = 0.002) (Fig. 2). However, this significance with regard to BMI
strata was only observed in premenopausal period (P < 0.001),
while not observed in postmenopausal period (P = 0.95) (Figs. 3, 4).
Median OS durations according to the immunohistochemical sub-
types among premenopausal patients were significantly shorter for
luminal-like (182 months, 95% CI, 142.7—222.6, P = 0.002) and
triple-negative subtype (111 months, 95% CI, 78.9—143.2, P = 0.001)
in patients with BMI > 30 kg/m? compared to normal and over-
weight patients (Figs. 5, 6). When reclassifying the luminal-like
group according to tumor grade (grade 1-2, or grade 3), as
luminal A-like and luminal B/HER2-negative-like, the survival du-
rations of obese premenopausal patients in luminal A-like versus
luminal B/HER2-negative-like group were 182 versus 97 months,
respectively (P = 0.001), indicating that the shorter OS in obese
premenopausal patients was associated with luminal B/HER2-
negative-like group. By contrast, any significant relation between
BMI and immunohistochemical subtypes in terms of OS was not
observed in postmenopausal patients.

Prognostic factors associated with OS were evaluated in Uni-
variate analysis. BMI >30 kg/m? (P = 0.002), triple-negative sub-
type (P = 0.002), HER2-positive tumor (P < 0.008), ER-negative
tumor (P < 0.001), PR-negative tumor (P < 0.001), hormone nega-
tivity (P < 0.001), LVI (P < 0.001), PNI (P = 0.012), stage II-IV
disease (P < 0.001), T3—4 (P < 0.001), nodal involvement
(P <0.001), M1 disease (P < 0.001), and grade III tumor (P < 0.001)
were the factors affecting OS. Cox regression analysis revealed that
triple-negative subtype, grade III tumor, BMI >30 kg/m?, T3—4,
nodal involvement, M1 disease, and LVI were the independent
predictors of OS (Table 5).

4. Discussion

Despite previous numerous studies, there is not yet a common
consensus regarding the relationship between BMI and BC, as the
outcomes of the studies searching the effect of BMI on BC are
conflicting. In this present study, obesity was found to be associated
with an increased incidence of triple-negative subtype and
decreased incidence of luminal-like subtype among premeno-
pausal patients, with a significantly shorter overall survival. After
reclassifying the luminal-like group according to tumor grade
(grade 1-2, or grade 3), as luminal A-like and luminal B/HER2-
negative-like, the shorter OS in obese premenopausal patients
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Table 2
Distribution of histopathological features by BMI groups, for premenopausal patients.
BMI (kg/m?)
<25 (%) 25-29.9 (%) >30 (%) Total (%) *P

Age (year) 40.4 (18.1-55.8) 43.2 (19.6—57.3) 45.3 (24.6—58.8) 42.5(18.1-58.8) <0.001+
Histological subtype
IDC 810 (84.9) 603 (85.0) 370 (84.7) 1783 (84.8) 0.943
ILC 77 (8.0) 55 (7.7) 34(7.7) 166 (7.9)
Other 67 (7.1) 52 (7.3) 33(7.6) 152 (7.3)
LVI
Positive 297 (31.1) 212 (29.9) 141 (32.3) 650 (30.9) 0.683
Negative 657 (68.9) 498 (70.1) 296 (67.7) 1451 (69.1)
PNI
Positive 92 (9.6) 86 (12.1) 42 (9.6) 220 (10.5) 0214
Negative 862 (90.4) 624 (87.9) 395 (90.4) 1881 (89.5)
Grade
[-II 499 (58.7) 347 (52.7) 195 (49.4) 1041 (54.7) 0.004
1 351 (41.3) 311 (47.3) 200 (50.6) 862 (45.3)
Luminal-like
Yes 644 (67.5) 443 (62.4) 269 (61.6) 1356 (64.5) 0.033
No 310 (32.5) 267 (37.6) 168 (38.4) 745 (35.5)
HER2/luminal-like
Yes 145 (15.2) 117 (16.5) 53 (12.1) 315 (15.0) 0.130
No 809 (84.8) 593 (83.5) 384 (87.9) 1786 (85.0)
HER2-like
Yes 66 (6.9) 71 (10.0) 44 (10.1) 181 (8.6) 0.041
No 888 (93.1) 639 (90.0) 393 (89.9) 1920 (91.4)
Triple-negative
Yes 98 (10.3) 79 (11.1) 70 (16.0) 247 (11.8) 0.007
No 856 (89.7) 631 (88.9) 367 (84.0) 1854 (88.2)
T
1-2 766 (82.0) 553 (79.2) 312 (75.0) 1631 (79.6) 0.012
3—4 168 (18.0) 145 (20.8) 104 (25.0) 417 (20.4)
Nodal involvement
Positive 512 (54.7) 429 (61.5) 237 (56.6) 1178 (57.4) 0.022
Negative 424 (45.3) 269 (38.5) 182 (43.4) 875 (42.6)
Clinical stage
1-11 630 (67.3) 434 (61.5) 254 (60.0) 1318 (63.8) 0.01
-1 306 (32.7) 272 (38.5) 169 (40.0) 747 (36.2)
ER status
Positive 757 (79.4) 520 (73.2) 303 (69.3) 1580 (75.2) < 0.001
Negative 197 (20.6) 190 (26.8) 134 (30.7) 521 (24.8)
PR status
Positive 720 (75.5) 518 (73.0) 303 (69.3) 1541 (73.3) 0.054
Negative 234 (24.5) 192 (27.0) 134 (30.7) 560 (26.7)
HER2 receptor status
Positive 212 (22.2) 188 (26.5) 98 (22.4) 498 (23.7) 0.101
Negative 742 (77.8) 525 (73.5) 339 (77.6) 1603 (76.3)
Hormone receptor status (%)
ER positive/PR positive 687 (72.0) 478 (67.3) 283 (64.8) 1448 (68.9) 0.013
ER negative/PR negative 164 (17.2) 150 (21.1) 114 (26.1) 428 (20.4) 0.001
Triple-negativity
Yes 98 (10.3) 79 (11.1) 70 (16.0) 247 (11.8) 0.007
No 856 (89.7) 631 (88.9) 367 (84.0) 1854 (88.2)
Chemotherapy
Yes 796 (83.8) 606 (85.6) 375 (85.8) 1777 (84.8) 0.48
No 154 (16.2) 102 (14.4) 62 (14.2) 318 (15.2)
Hormonal therapy
Yes 771 (81.3) 549 (77.9) 309 (71.5) 1629 (78.1) < 0.001
No 177 (18.7) 156 (22.1) 123 (28.5) 456 (21.9)
Radiotherapy
Yes 718 (75.5) 553 (79.0) 328 (76.5) 1599 (76.9) 0.24
No 233 (24.5) 147 (21.0) 101 (23.5) 481 (23.1)

*P values are from the Chi-square test unless otherwise indicated. + Kruskal-Wallis test.

BMI = Body mass index, IDC = Invasive ductal carcinoma, ILC = Invasive lobular carcinoma, LVI = Lymphovascular invasion, PNI = Perineural invasion, HER2 = Human
epidermal growth factor receptor-2, T = Tumor stage, ER = Estrogen receptor, PR = Progesterone receptor.

was found to be related to luminal B/HER2-negative-like group
(182 vs. 97 months, P = 0.001).

Obesity has been accepted as an important risk factor for post-
menopausal BC [8]. However, in a chemoprevention study it was
reported that BMI had a significant relation with increased risk of
BC among premenopausal women >35 years of ages, but not for
postmenopausal women [13]. Furthermore, a meta-analysis

designed by Cheraghi et al. showed that BMI had no impact on
BC incidence during premenopausal period and also indicated that
the role of obesity on BC is not clinically important despite the
significant statistics [14].

Our study results demonstrated that obese premenopausal pa-
tients, but not postmenopausal group, had a higher tumor grade,
larger tumor stage, and more advanced clinical stage. Likewise,
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Table 3

Distribution of histopathological features by BMI groups, for postmenopausal patients.

BMI (kg/m?)

<25 (%) 25-29.9 (%) >30 (%) Total (%) *P-value
Age (year) 56.7 (31.4—-83.7) 58.2 (31.1-92.1) 58.9 (33.2—-89.4) 58.1 (31.1-92.1) <0.001+
Histological subtype (n)
IDC 278 (80.1) 500 (78.3) 554 (81.3) 1332 (79.9) 0435
ILC 35(10.0) 57 (8.9) 58 (8.5) 150 (9.0)
Other 34(9.8) 81(12.7) 69 (10.1) 184 (11.0)
LVI
Positive 86 (24.8) 170 (26.6) 188 (27.6) 444 (26.7) 0.626
Negative 261 (75.2) 468 (73.4) 493 (72.4) 1222 (73.3)
PNI
Positive 44 (12.7) 76 (11.9) 76 (11.2) 196 (11.8) 0.766
Negative 303 (87.3) 562 (88.1) 605 (88.8) 1470 (88.2)
Grade
I-1I 189 (61.4) 356 (62.6) 358 (58.2) 903 (60.5) 0.292
I 119 (38.6) 213 (37.4) 257 (41.8) 589 (39.5)
Luminal-like
Yes 236 (68.0) 417 (65.4) 475 (69.8) 1128 (67.7) 0.232
No 111 (32.0) 221 (34.6) 206 (30.2) 538 (32.3)
HER2/luminal-like
Yes 34 (9.8) 96 (15.0) 66 (9.7) 196 (11.8) 0.005
No 313 (90.2) 542 (85.0) 615 (90.3) 1470 (88.2)
HER2-like
Yes 35(10.1) 49 (7.7) 65 (9.5) 149 (8.9) 0.348
No 312 (89.9) 589 (92.3) 616 (90.5) 1517 (91.1)
Triple-negative
Yes 41 (11.8) 76 (11.9) 75 (11.0) 192 (11.5) 0.862
No 306 (88.2) 562 (88.1) 606 (89.0) 1474 (88.5)
T
1-2 278 (83.5) 522 (84.7) 558 (83.4) 1358 (83.9) 0.785
3—4 55 (16.5) 94 (15.3) 111 (16.6) 260 (16.1)
Nodal involvement
Positive 172 (51.8) 317 (51.5) 369 (56.4) 858 (53.6) 0.168
Negative 160 (48.2) 298 (48.5) 285 (43.6) 743 (46.4)
Clinical stage
I-1I 235 (69.1) 400 (64.3) 441 (65.7) 1076 (65.9) 0.320
-1v 105 (30.9) 222 (35.7) 230 (34.3) 557 (34.1)
ER status
Positive 255 (73.5) 492 (77.1) 524 (76.9) 1271 (76.3) 0.385
Negative 92 (26.5) 146 (22.9) 157 (23.1) 395 (23.7)
PR status
Positive 226 (65.1) 430 (67.4) 476 (69.9) 1132 (67.9) 0.281
Negative 121 (34.9) 208 (32.6) 205 (30.1) 534 (32.1)
HER2 receptor status
Positive 70 (20.2) 145 (22.7) 132 (19.4) 347 (20.8) 0.309
Negative 277 (79.8) 493 (77.3) 549 (80.6) 1319 (79.2)
Hormone receptor status (%)
ER positive/PR positive 210 (60.5) 409 (64.1) 459 (67.4) 1078 (64.7) 0.085
ER negative/PR negative 76 (21.9) 125 (19.6) 140 (20.6) 341 (20.1) 0.690
Triple-negative
Yes 41 (11.8) 76 (11.9) 75 (11.0) 192 (11.5) 0.862
No 306 (88.2) 562 (88.1) 606 (89.0) 1474 (88.5)
Chemotherapy 0.77
Yes 223 (65.2) 397 (62.9) 430 (63.6) 1050 (63.7)
No 119 (34.8) 234 (37.1) 246 (36.4) 599 (36.3)
Hormonal therapy
Yes 269 (78.2) 508 (80.5) 538 (79.7) 1315 (79.7) 0.69
No 75 (21.8) 123 (19.5) 137 (20.3) 335(20.3)
Radiotherapy
Yes 220 (64.3) 434 (69.1) 477 (71.7) 1131 (69.2) 0.055
No 122 (35.7) 194 (30.9) 188 (28.3) 504 (30.8)

*P values are from the Chi-square test unless otherwise indicated. + Kruskal-Wallis test.

BMI = Body mass index, IDC = Invasive ductal carcinoma, ILC = Invasive lobular carcinoma, LVI = Lymphovascular invasion, PNI = Perineural invasion, HER2 = Human
epidermal growth factor receptor-2, T = Tumor stage, ER = Estrogen receptor, PR = Progesterone receptor.

Eichholzer et al. reported that BMI had a positive relation with TNM
stage, grading and tumor stage [5]. Biglia et al. also reported that
overweight and obese women had significantly greater tumor stage
at diagnosis compared to normal-weighted women [9]. Similar
trials investigating the association between BMI, tumor grade and
tumor size have also reported a significant correlation between BMI
and poor survival [15,16]. The relation between BMI and molecular

subtypes in BC has been investigated in a few previous population-
based studies, indicating conflicting results. For instance, Caroline
BC study demonstrated no association between BMI and the risk of
basal-like BC [17], whereas the Polish BC study found an increased
risk in basal-like BC among premenopausal women [18]. Yang et al.
reported that obesity in younger women was related to the risk of
developing ER-positive or PR-positive tumors, but not to the risk of
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Table 4
The classification of luminal-like group by grade, and its distribution according to BMI.
BMI (kg/m?)
<25 (%) 25-29.9 (%) >30 (%) Total (%) P
Luminal-like premenopausal patients
Yes 644 (67.5) 443 (62.4) 269 (61.6) 1356 (64.5) 0.033
No 310 (32.5) 267 (37.6) 168 (38.4) 745 (35.5)
Grade 1-2 (luminal A-like) 0.005
Yes 410 (46.2) 266 (39.7) 153 (37.9) 829 (42.3)
No 477 (53.8) 404 (60.3) 251 (62.1) 1132 (57.7)
Grade 3 (luminal B/HER2-negative-like) 0.656
Yes 167 (18.8) 137 (20.4) 83 (20.5) 387 (19.7)
No 720 (81.2) 533 (79.6) 321 (79.5) 1574 (80.3)
Luminal-like postmenopausal patients
Yes 34(9.8) 417 (65.4) 475 (69.8) 1128 (67.7) 0.232
No 313 (90.2) 221 (34.6) 206 (30.2) 538 (32.3)
Grade 1-2
Yes 157 (49.5) 280 (47.2) 297 (47.1) 734 (47.7) 0.757
No 160 (50.5) 313 (52.8) 333 (52.9) 806 (52.3)
Grade 3
Yes 49 (15.5) 92 (15.5) 127 (20.2) 268 (17.4) 0.06
No 268 (84.5) 501 (84.5) 503 (79.8) 1272 (82.6)

*P values are from the Chi-square test unless otherwise indicated.
BMI = Body mass index, HER2 = Human epidermal growth factor receptor-2.

triple-negative subtype, suggesting that BMI seems to be more
associated with hormone receptor positive tumors rather than
triple negative breast cancer (TNBC) [19]. In our study, premeno-
pausal obesity was significantly correlated with triple-negative
subtype, similar to the findings of previous study by Turkoz et al.
who showed that premenopausal obese patients had an increased
rate of hormone-negative BC [20]. Similarly, Petekkaya et al. indi-
cated a significant increase in ER/PR negative tumors among pre-
menopausal BC patients with BMI >25 kg/m? [21]. Likewise, Daling
et al. [22], Milikan et al. [17] and Mahle et al. [23] found a positive
association between BMI and hormone receptor-negative tumors.
While Gaudet et al. [24] reported a positive relation between
BMI and risk of developing TNBC in patients under 56 years of age,
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Fig. 2. Overall survival by BMI Groups, for all patients.

Biglia et al. found no statistically significant association between
BC subtypes (luminal A, B, HER2-like and basal-like) and BMI in
pre and postmenopausal women [9]. Sueta et al. demonstrated
that BMI and its change was found to be related to increased risk
of luminal-like and TNBC among postmenopausal Japanese
women [25].

While several studies reported a positive and compatible rela-
tionship between body size and hormone-positive BC [26—28],
some other studies analyzing the relation between BMI and TNBC
showed incompatible outcomes. Among them, Phipps et al. re-
ported an increased risk for both TNBC (odds ratio (OR) = 1.35; 95%
confidence interval (CI): 0.92—1.99) and ER-positive tumor
(OR = 1.39; 95% CI: 1.22—1.58) in patients with higher BMI values
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Fig. 3. Overall survival by BMI groups, for premenopausal patients.



234 S. Sahin et al. / The Breast 32 (2017) 227—236

0,87

®
; 0,67 |
1
3
(7]
5
E
2 047
(o]
Postmenopausal patients
~INU
~II0W
0,24
(0]:]
Long-rank P=0.95
0,04

T T T T T T T
0,00 36,00 72,00 10800 14400 180,00 21600 252,00
Time (months)
N/U = Normal or underweight, OW = Overweight, OB = Obese

Fig. 4. Overall survival by BMI groups for postmenopausal patients.

[29]. The fact that our study showed an increased incidence for
triple-negative subtype and a decreased incidence for luminal-like
subtype among premenopausal obese patients were quite consis-
tent. As a result, these controversial outcomes in literature may
suggest that immunohistochemical and molecular subtypes are not
only associated with BMI in both pre and postmenopausal patients
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but also indicate a distinct etiology among immunohistochemical
and molecular subtypes in every life stage of women.

Overall, our study demonstrated that BMI was inversely and
significantly associated with OS in luminal-like and triple-negative
subtype among premenopausal patients, reflecting the similar
result of previous studies [22,30,31]. Besides, the detrimental effect
of increased BMI on survival in our study was consistent with the
recent pooled analysis of eight prospective neoadjuvant breast
cancer trials by Fontanella C et al. who have reported significantly
decreased mean DFS and OS for obese patients with luminal-like and
TNBC [32]. Besides, we showed that BMI >30 kg/m? was associated
with 1.5-fold increased risk in mortality among patients with BC at
the time of diagnosis, similar to the findings of a cohort study by
Chen X et al. who reported that BC patients with BMI >30 kg/m? had
a hazard rate of 1.55 (95% CI 1.10—2.17) for total mortality in com-
parison to patients with normal BMI [15]. Likewise, several cohort
studies have reported that obesity is associated with poorer overall
survival for patients with BC in every stage of life [22,33—35].

Aside from its retrospective nature, our study had some limi-
tations. Despite the fact that BMI is capable to show the obesity
index, it is not appropriate in the use of determining the ratio of
muscle and fat tissue in the body. However, BMI is mostly used as a
predicting parameter of body fat in human. Besides, central obesity
which is the measurement of waist - hip ratio has been suggested as
arisk factor for premenopausal BC, regardless of BMI [36]. However,
we did not have the measurements of waist and hip circumferences
in order to identify central obesity in patients with normal BMI.
Moreover, we did not have Ki-67 test results that might have
affected the optimal immunohistochemical and molecular classi-
fication of BC subtypes. By contrast, the fact that our database and
medical records were carefully collected between 1994 and 2015
from 3767 eligible patients with known tumor features and BMI
information was the most powerful side of our study. Moreover,
self-reported BMI information was not included in our database in
order to obtain the most accurate BMI data. In addition to this, the
numbers of triple-negative and HER2-like subtype were relatively
greater in our population than previous studies investigating the
association between BMI and BC [5].
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Table 5
Variables associated with overall survival in Univariate and Multivariate analysis.

Variables Univariate Analysis Cox-regression analysis

P P HR 95% Cl
ER-negative tumor <0.001
PR-negative tumor <0.001
Hormone-negative <0.001
HER2-positive tumor <0.008
Triple-negative subtype 0.002 0.003 1.658 1.658 1.188—2.314
Premenopausal 0.238
BMI > 30 kg/m? 0.002 0.009 1.505 1.101-2.059
PNI 0.012
LVI <0.001 0.049 1.303 1.002—-1.695
Stage III-IV disease <0.001
T3—4 <0.001 <0.001 1.862 1.428-2.427
N-positive <0.001 <0.001 1.959 1.428—-2.689
M1 <0.001 <0.001 6.925 5.180—9.260
Grade IIl tumor <0.001 0.005 1.452 1.121-1.880

BMI = Body mass index, LVI = Lymphovascular invasion, PNI = Perineural invasion, HER2 = Human epidermal growth factor receptor-2, T = Tumor stage, N = Nodal stage,
ER = Estrogen receptor, PR = Progesterone receptor, Cl = Confidence interval, HR = Hazard ratio, M = Metastasis.

In conclusion, obesity was found to be related to an increased
risk of ER/PR negative tumors and correlated with poor median
overall survival among premenopausal patients with breast cancer.
However, despite the fact that obesity has been previously accepted
as a poor prognostic risk factor for overall survival among post-
menopausal patients, it was highly important to note that we
showed no significant association between body mass index and
breast cancer in postmenopausal patients. Additionally, as obesity
has been reported to be an adverse prognostic factor of survival in
patients with breast cancer, our findings indicated that higher BMI
(>30 kg/m?) was found the independent predictor of BC mortality.
Finally, specific risk for each immunohistochemical subtype may
not also be associated with BMI in both pre and postmenopausal
patients. Therefore, these conflicting results suggest that alongside
the BMI, there might be more additional factors affecting BC and
immunohistochemical subtypes.
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