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Abstract
Purpose: The aim of the study was to investigate the effects 
of body mass index (BMI) on the response to neoadjuvant 
chemotherapy (NACT) in Turkish patients with local and lo-
cally advanced breast cancer. Methods: The pathological re-
sponses for the breast and axilla were assessed according to 
the Miller-Payne grading (MPG) system. Tumors were 
grouped into molecular phenotypes and classified as re-
sponse rates according to the MPG system after the comple-
tion of NACT. A 90% or greater reduction in tumor cellularity 
was considered a good response to treatment. Additionally, 
patients were grouped according to BMI into <25 (group A) 
and ≥25 (group B). Results: In total, 647 Turkish women with 
breast cancer were included in the study. In the univariate 
analysis, age, menopause status, tumor diameter, stage, his-
tological grade, Ki-67, estrogen receptor (ER) status, proges-
terone receptor (PR) status, human epidermal growth factor 
receptor 2 (HER2) status, and BMI were assessed to deter-
mine which of these factors were associated with a ≥90% 
response rate. Stage, HER2 positivity, triple-negative breast 
cancer (TNBC; ER-negative, PR-negative, and HER2-negative 

breast cancer), grade, Ki-67 levels, and BMI were found to be 
the statistically significant factors for a ≥90% response rate. 
In the multivariate analysis, grade III disease, HER2 positivity, 
and TNBC were found to be the factors associated with a 
high pathological response. Meanwhile, hormone receptor 
(HR) positivity and a higher BMI were associated with a de-
creased pathological response in patients receiving NACT 
for breast cancer. Conclusion: Our results show that a high 
BMI and HR positivity are associated with a poor response to 
NACT in Turkish patients with breast cancer. The findings 
presented in this study may guide novel studies to examine 
the NACT response in obese patients with and without insu-
lin resistance. © 2022 S. Karger AG, Basel

Introduction

Breast cancer is the most frequently diagnosed malig-
nancy worldwide, and it is the leading cause of cancer 
death in women [1]. Most patients with human epidermal 
growth factor receptor 2 (HER2)-positive and triple-neg-
ative breast cancer (TNBC) or locally advanced hormone 
receptor (HR)-positive breast cancer receive neoadjuvant 
chemotherapy (NACT) (mostly anthracycline-based reg-
imens) to obtain a tumor response before surgery and en-
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able breast conservation. Patients treated with NACT 
commonly undergo surgery for resection of primary tu-
mors. In a meta-analysis, Mieog et al. [2] demonstrated 
some outcomes of NACT. According to their report, 
compared with ACT, there was a reduced risk of radical 
mastectomy, an increased risk of locoregional recurrence, 
and an equivalent chance of overall survival and disease-
free survival with NACT. Pathological complete response 
(pCR) is one of the most important markers for disease-
free survival [3, 4].

The Miller-Payne grading system (MPG) is common-
ly used to assess pathological response by comparing can-
cer cellularity in core biopsy samples obtained before 
treatment with the resected tumor after treatment. pCR 
entails a >90% reduction in tumor cellularity and no re-
sidual invasive cancer [5]. Previous studies have exam-
ined markers that predict pCR, such as tumor subtype, 
grade, or other conditions [3, 6, 7].

Overweight and obesity are major public health prob-
lems worldwide. Overweight (defined by the World 
Health Organization as a body mass index [BMI] ≥25 kg/
m2) and obesity (BMI ≥30 kg/m2) have been associated 
with an increased risk of developing breast cancer. It is 
also associated with worse outcomes in both pre- and 
postmenopausal breast cancer patients [8–10].

Many studies have found that obesity at the time of 
breast cancer diagnosis is associated with poorer out-
comes and with an increased risk of recurrence and mor-
tality [11–13]. BMI, a standard method for identifying 
obese or overweight people, is widely accepted as a con-
tributing factor in the development and prognosis of 
breast cancer. A high BMI is associated with a higher risk 
of breast cancer in multiple studies [14]. Some studies in 
different ethnicities focused on a potential correlation be-
tween BMI and NACT efficacy. Although the results re-
main controversial, some showed a distinct correlation 
between overweight and obesity and significantly lower 
pCR rates, whereas others found no association between 
increased BMI and pCR in BC patients [15–19]. In this 
study, we aimed to investigate the effects of BMI on the 
NACT response in patients with local and locally ad-
vanced breast cancer.

Materials and Methods

Study Population and Treatment
This trial was planned as a retrospective multicenter study. 

Medical details were obtained from archived files of patients who 
had been treated with NACT between 2014 and 2019 for invasive 
ductal breast cancer in the medical oncology clinics of Prof. Dr. 
Cemil Tascioglu City Hospital, Istanbul University, Medipol Uni-
versity, Uludag University, Medeniyet University, and University 
of Health Sciences. Disease staging was performed according to the 
tumor node metastasis staging system 7. Age and pathological re-
sults such as tumor size, histological type, lymph node status, 

grade, hormonal status, and HER2 receptor status were obtained 
from the archived files of patients. Patients without a pathology 
report and archived files were excluded (Fig. 1). The histological 
responses of the breast and axilla were assessed according to the 
MPG system. Tumors were grouped into molecular phenotypes 
and classified as response rates according to the MPG system after 
completion of NACT. BMI was calculated for each patient before 
NACT, and patients were grouped according to whether their BMI 
was <25 kg/m2 (group A) or ≥25 kg/m2 (group B).

Patients with stage III disease irrespective of the subtype re-
ceived NACT. Patients with stage II disease received NACT if ei-
ther breast-conserving surgery was not possible due to a high tu-
mor to breast ratio, if the anticipated cosmetic outcome would be 
suboptimal due to the tumor location, or if triple-negative or 
HER2-positive subtype was diagnosed.

In the neoadjuvant setting, patients received intravenous doxo-
rubicin 60 mg/m2 plus intravenous cyclophosphamide 600 mg/m2 
every 3 weeks for four cycles followed by paclitaxel 80 mg/m2 
weekly for 12 cycles. Patients with HER2-positive breast cancer 
received trastuzumab in addition to paclitaxel (4 mg/kg loading 
dose and 2 mg/kg weekly) for 12 weeks.

Immunohistochemistry and Pathological Evaluation
The following antibodies were used: rabbit monoclonal anti-

body against human ERa (ER; SP1, Bio-Care, USA); rabbit mono-
clonal antibody against human progesterone (PgR) (SP2, Bio-
Care); rabbit monoclonal antibody against human HER2 (SP3, 
Cell Marque, USA); and rabbit monoclonal antibody against Ki-67 
(SP6, Bio-Care). ER and PgR immunohistochemistry was scored 
positive if at least 10% of tumor cell nuclei showed a staining signal. 
HR positivity was defined as ER and/or PgR positive [20]. HER2 
overexpression required either an immunohistochemical staining 
of 3 + or positivity by fluorescence in situ hybridization technique 
in case of a 2 + immunohistochemistry score. In the evaluation of 
Ki-67, nuclear staining was considered positive. The proportion of 
Ki-67-positive cells in the total number of evaluated cells was cal-
culated [21].

Pathological response was determined using the MPG system, 
in which reduction in tumor cellularity was graded from 1 to 5 
(grade 1 = 0% decrease, grade 2 = 0–30% decrease, grade 3 = 30–
90% decrease, grade 4 = 90% decrease, grade 5 = 100% decrease). 
Good response was defined as ≥90% decrease in tumor cellularity 

Fig. 1. Consort diagram.
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or the total absence of invasive tumor cells in the breast and axil-
lary tissues [5].

Statistical Methods
SPSS 15.0 for Windows was used for statistical analysis. Cate-

gorical variables are presented as numbers and percentages, while 
numerical variables are presented as average, standard deviation, 
and minimum and maximum. Numerical variables that did not 
meet the normal distribution condition and comparisons of more 
than two independent groups were analyzed using the Kruskal-
Wallis test, while comparisons of two independent groups were 
made using the Mann-Whitney U test. Comparisons of the ratios 
in the groups were made using the χ2 test. The determinant factors 
were examined by logistic regression analysis, and a statistical sig-
nificance level of alpha was accepted as p < 0.05.

Results

In total, 647 women with breast cancer were included 
in the study. All patients had invasive ductal carcinoma, 
and the mean age was 49.2 years. The most common co-

morbidities were hypertension (9.9%) and diabetes mel-
litus (4.5%). Overall, 317 (49.0%) patients were post-
menopausal. The numbers of patients with stage II and 
III disease were 324 (50.1%) and 323 (49.9%), respective-
ly. The numbers of HR-positive and negative patients 
were 436 (67.4%) and 211 (32.6%), respectively. HER2 
positivity was observed in 170 (26.3%) patients. The per-
centages of patients with histological grades I, II, and III 
were 12.8%, 54.3%, and 32.9%, respectively. The mean 
tumor diameter was 31.4 mm, and the mean Ki-67 level 
was 36.6%. According to the MPG system, 76 (11.7%) pa-
tients showed 0% response, 128 (19.8%) patients showed 
1–30% response, 178 (27.5%) patients showed 31–90% 
response, 105 (16.2%) patients showed 90–99% response, 
and 160 (24.7%) showed 100% response. In total, 181 
(28%) patients were in group A and 466 (72.0%) patients 
were in group B (Table 1).

According to BMI status, the median age was 43.0 
years and 51.9 years in groups A and B, respectively (p < 
0.001). Both hypertension and diabetes mellitus were 

Table 1. Patient’s characteristics and BMI status

All patients BMI, kg/m2

Variables mean ± SD <25 (n = 181)
mean ± SD

≥25 (n = 466)
mean ± SD p value

Age, years 49.2±10.9 43.5±10.8 (43) 51.3±10.3 (51.9) <0.001

BMI, kg/m2 28.4±5.5

Tumor size, cm 31.4±20.3 31.5±16.8 (30) 31.5±21.5 (25) 0.175

Ki-67 (%) 36.6±25.3 37.3±27.2 (28.5) 36.3±24.5 (30) 0.911

Variables n (%) n % n % p value

Menopause status 647 (100.0)
Pre 330 (51.0) 128 75.7 202 42.3 <0.001
Post 317 (49.0) 41 24.3 276 57.7

Comorbidities 84 (12.5) 3 3 78 34.4 <0.001
HT 64 (9.9) 3 3 61 26.9 <0.001
DM 29 (4.5) 0 0 29 12.8 <0.001

Tumor sidedness 647 (100.0)
Right 338 (52.2) 89 52.4 245 52.6 0.624
Left 309 (47.8) 78 45.9 217 46.6

Stage 647 (100.0)
2 324 (50.1) 89 52 230 49.4 0.547
3 323 (49.9) 82 48 236 50.6

Grade 462 (71.4)
1 59 (12.8) 18 13.7 39 12.1 0.849
2 251 (54.3) 71 54.2 172 53.6
3 152 (32.9) 42 32.1 110 34.3

Receptor status 647 (100.0)
HR+ 436 (67.4) 107 63.3 325 72.5 0.026
HER2+ 170 (26.3) 41 25.3 126 29.2 0.344
TNBC 95 (14.7) 43 26.4 52 12.1 <0.001

BMI, body mass index; HT, hypertension; DM, diabetes mellitus; HR, hormone receptor; HER2, human epidermal growth factor receptor 
2; TNBC, triple-negative breast cancer.
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Table 2. Univariate analysis for pathological response

Variables Miller response

<90% (n = 382) ≥90% (n = 265)
mean ± SD mean ± SD p value

Age, years 49.6±10.7 (49) 48.5±11.3 (49) 0.299
BMI, kg/m2 28.3±5.1 (28.2) 28.6±5.9 (28.5) 0.874
Tumor size, cm 31.3±19.0 (28) 31.7±22.3 (28.5) 0.938
Ki-67, % 31.5±23.7 (25) 42.9±25.8 (35) <0.001

Variables n % N % p value

Menopause status
Pre 189 53.4 118 49 0.289
Post 165 46.6 123 51

Comorbidities 54 26.3 30 23.3 0.605
HT 42 20.5 25 19.4 0.806
DM 21 10.2 8 6.2 0.201

Tumor sidedness
Right 190 49.7 147 55.9 0.156
Left 189 49.5 112 42.6

Stage
2 178 46.6 146 55.1 0.034
3 204 53.4 119 44.9

Grade
1 52 16.2 7 5 <0.001
2 159 60.5 92 46.2
3 56 21.3 96 48.2

Receptor status
HR+ 292 77 144 58.1 <0.001
HER2+ 53 14.8 117 47.6 <0.001
TNBC 46 12.9 55 22.3 0.002

BMI, kg/m2

<25 94 23.6 87 31.5 0.026
≥25 288 76.4 178 68.5

BMI, body mass index; HT, hypertension; DM, diabetes mellitus; HR, hormone receptor; HER2, human epidermal 
growth factor receptor 2; TNBC, triple-negative breast cancer.

p value OR 95% CI

Grade (ref: 1) 0.001
2 0.1 4.079 0.765 21.76
3 0.007 10.638 1.93 58.631

Ki-67 0.715 1.002 0.99 1.015

Receptor status (ref: TNBC) <0.001
HR (+). HER2 (+) 0.061 2.157 0.965 4.821
HR (+). HER2 (−) 0.009 0.32 0.136 0.753
HR (−). HER2 (+) <0.001 6.999 2.663 18.396

BMI (ref: <25) ≥25 0.006 0.401 0.209 0.768

TNBC, triple-negative breast cancer; HR, hormone receptor; HER2, human epidermal 
growth factor receptor 2; BMI, body mass index.

Table 3. Multivariate analysis for ≥90% 
pathological response
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more common in group B (both p < 0.001). The median 
tumor diameters were 30 mm and 25 mm in groups A and 
B, respectively (p = 0.175). The numbers of patients with 
stage II and III disease were 89 and 82, and 230 and 236, 
in groups A and B, respectively (p = 0.547). The median 
Ki-67 levels and histological grades were similar in both 
groups (p = 0.911 and p = 0.849, respectively). There were 
more patients with HR-positive breast cancer in group B 
(n = 325) (p = 0.026). The rate of HER2 positivity was 
similar in both groups (p = 0.344). The numbers of pa-
tients with TNBC were 43 (26.4%) and 52 (12.1%) in 
groups A and B, respectively (p < 0.001). The number of 
patients with >90% response was statistically higher in 
group A than in group B (p = 0.026; Table 1).

In the univariate analysis, age, menopause status, tu-
mor diameter, stage, histological grade, Ki-67, ER, PR, 
and HER2 status, and BMI were assessed to determine 
which of these factors were associated with a ≥90% re-
sponse. Stage, HER2 positivity, TNBC, grade, Ki-67 lev-
els, and lower BMI were found to be the statistically sig-
nificant factors (p = 0.034, p < 0.001, p = 0.002, p < 0.001, 
p < 0.001, and p = 0.026, respectively; Table 2). HR posi-
tivity and higher BMI were associated with poor patho-
logical response (p < 0.001, and p = 0.026, respectively; 
Table 2).

In the multivariate analysis that included statistically 
significant variables in the univariate analysis, grade III 
disease, HER2 positivity, and TNBC were found to be the 
factors associated with increased pathological response, 
and HR positivity and higher BMI were associated with 
decreased pathological response in patients receiving 
NACT for breast cancer (Table 3).

Discussion

This retrospective study was performed to determine 
the relationship between BMI and pathological response 
in patients receiving NACT for stage II/III breast cancer. 
We found that a higher BMI was a negative predictor for 
pCR regardless of the molecular subtype in patients with 
breast cancer. Also, we found that the prevalence of HR-
positive breast cancer and TNBC were higher in over-
weight or obese patients, but the HER2 status, Ki-67 lev-
els, tumor diameters, grades, and stages were similar in 
both groups.

Molecular mechanisms between high BMI and poor 
outcomes in breast cancer are not fully understood. 
Obese/overweight women have higher circulating estro-
gen levels as compared to those with normal weight [22]. 
Obese patients also have higher levels of circulating insu-
lin, which is associated with insulin resistance and high 
insulin-like growth factor levels that could potentially 
stimulate mechanisms of tumor cell survival [23, 24]. Hy-

perinsulinemia accompanying insulin resistance is asso-
ciated with increased incidence and mortality of breast 
cancer [25]. In addition, chronic activation of nuclear fac-
tor kappa B in adipose tissue could stimulate breast can-
cer cell proliferation, invasion, angiogenesis, and metas-
tasis [26]. Studies have also shown that obesity can induce 
immune dysfunction, specifically programed cell death 
protein 1-mediated T-cell dysfunction [27].

Some studies have focused on the relationship be-
tween obesity and pCR in patients with breast cancer. 
Obese and overweight patients are reportedly more likely 
to present with larger tumors and more advanced clinical 
stages at diagnosis than normal or underweight patients 
[17, 28]. However, this association was not observed in 
other studies [29, 30]. Two previous Turkish studies 
found no association between BMI and tumor stage and 
size [18, 31]. A few studies reported that HR-positive tu-
mors are more prevalent in overweight or obese patients, 
whereas others found that HR positivity was more preva-
lent in normal and underweight patients [17, 30]. In fact, 
no difference was observed in some studies [32, 33]. Giv-
en that patient characteristics are similar between our 
study and previous studies, these conflicting reports may 
be explained by differences in ethnicities.

In the NACT setting, some trials have evaluated the 
effects of BMI on the pathological response to NACT in 
patients with breast cancer. In a Korean study, 438 stage 
II and III breast cancer patients who had received NACT 
were evaluated to assess the predictive effects of BMI on 
pCR, which showed that BMI was not a predictor for pCR 
[19]. Similarly, in a study of 324 patients who had re-
ceived NACT for nonmetastatic breast cancer, BMI was 
not a predictive marker of pCR [33]. Another study of 110 
patients who were younger than 35 years at diagnosis and 
treated with NACT found no association between BMI 
and pCR [18]. Furthermore, in a pooled analysis of 1,797 
women enrolled in four NACT trials (CALGB 40601, 
40603; ACOSOG Z1041, Z1071), overweight and obese 
women had lower pCR rates in ER+/HER2+ cancers but 
higher pCR rates in ER/HER2+ cancers; overall, there was 
no major difference in pCR rates by BMI [34]. Inversely, 
some trials have shown that higher BMI was associated 
with poorer response to NACT in patients with breast 
cancer. In a study of 235 Turkish patients who received 
NACT for breast cancer, obesity was an important inde-
pendent prognostic factor that has an adverse effect on 
pCR [31]. A 2019 study of 243 patients found that pCR 
was related to lower BMI [35]. In a pooled analysis of 
8,872 patients from eight prospective studies, the pCR 
rate was higher in normal-weight patients compared with 
all other BMI groups. In addition, it was shown that the 
pCR rate decreased with increasing BMI [36]. A Chinese 
study found that a higher BMI was associated with a 
worse response of breast cancer to NACT [15]. Similar 
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results have been observed in older studies [17, 37]. These 
conflicting results may be caused by differences in treat-
ment regimens. In our study, we enrolled only patients 
who received anthracycline- and taxane-based chemo-
therapy (plus trastusumab for HER2-positive patients). 
However, a more likely explanation for this difference 
may be insulin resistance. It is well known that abdominal 
obesity is a more important indicator of insulin resistance 
than a high BMI [38]. Some studies have shown that in-
sulin resistance, higher fasting plasma glucose, and vis-
ceral adiposity were related to poorer response to NACT 
in breast cancer [32, 39, 40]. This might also explain the 
higher rate of hypertension and diabetes mellitus in group 
B in our study.

Our trial has a few limitations. This study was retrospec-
tive in nature, which might lead to several biases. BMI could 
change during the course of NACT. Hence, the importance 
of this change requires a prospective study design. The ab-
sence of other parameters to indicate abdominal obesity 
may cause conflicting results. In our study, the mean BMI 
value of the patients was 28.4 ± 5.5; therefore, we divided 
the patients into two groups according to their BMI. In ad-
dition, although the low mean age of our patients and the 
high rate of HER2 positivity may seem as biases, these can 
be explained by the fact that the number of patients who are 
suitable for NACT is higher in these subgroups. Neverthe-
less, in the studies summarized above, the effects of BMI on 
predicting the response to NACT have been shown to be 
different in different ethnicities. Thus, our study is impor-
tant because it is the first multicenter study to show the pre-
dictive role of BMI in the response to NACT for each sub-
type of breast cancer in Turkish patients.

In conclusion, our results show that a higher BMI is 
associated with a poor response to NACT in breast cancer 
patients. The findings presented in this study may guide 
novel studies to examine the NACT response in obese 
patients with and without insulin resistance.
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