
Vol:.(1234567890)

Clinical and Translational Oncology (2023) 25:2922–2930
https://doi.org/10.1007/s12094-023-03154-0

1 3

RESEARCH ARTICLE

Does body mass index influence surgical options and overall survival 
in breast cancer patients?

Carla Luís1,2   · Rute Fernandes3 · João Dias3 · Deolinda Pereira3 · Firmino Machado4,5 · Pilar Baylina2,6 · 
Rúben Fernandes2,7 · Raquel Soares1,2

Received: 19 December 2022 / Accepted: 13 March 2023 / Published online: 4 April 2023 
© The Author(s) 2023

Abstract
Obesity is a relevant risk factor in breast cancer (BC), but little is known about the effects of overweight and obesity in 
surgical outcomes of BC patients. The aim of this study is to analyse surgical options and associated overall survival (OS) 
in overweight and obese women with BC. In this study, 2143 women diagnosed between 2012 and 2016 at the Portuguese 
Oncology Institute of Porto (IPO-Porto) were included, and the clinicopathological information was retrieved from the 
institutional database. Patients were stratified by body mass index (BMI). Statistical analysis included Pearson's chi-squared 
test with statistical significance set at p < 0.05. Multinomial, binary logistic regression and cox proportional-hazards model 
were also performed to calculate odd ratios and hazard ratios with 95% confidence intervals for adjusted and non-adjusted 
models. The results revealed no statistical difference in histological type, topographic localization, tumour stage and receptor 
status and in the number of surgical interventions. Overweight women have increased probability to be subjected to sentinel 
node biopsy. Obese and overweight women are more likely to be submitted to conservative surgery and contrariwise, less 
likely to undergo total mastectomy. Patients submitted to conservative surgery and not submitted to total mastectomy had a 
favourable OS although without statistical significance. No significant differences were observed in OS when stratified by 
BMI. Our results revealed significant variations regarding the surgical options in overweight and obese patients, but these 
were not translated in OS difference. More research is recommended to better address treatment options in overweight and 
obese BC patients.
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Introduction

Breast cancer (BC) is a complex heterogeneous pathology 
with high incidence and mortality rates amongst women. 
Therapeutical strategies are associated not only with tumour 
biology (like molecular subtype, differentiation grade, his-
tological type, lymphovascular invasion, etc.) but also with 
the extent of the disease, breast size, tumour stage, and 
patient preferences [1]. Treatment options includes chemo 
and radiotherapy, endocrine therapy with or without targeted 
biomarkers, however, surgery remains the cornerstone of 
BC treatment and is, in most cases, the number one option 
[1]. The evolution of BC surgery has evolved from radical 
mastectomy as the only surgical treatment to a more com-
prehensive approach with several alternative conservative 
methods, which comprises an aesthetic basis [2].

Mastectomies are the upmost used procedures, con-
servative surgery (CS), also designated partial mastectomy, 
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consists in the removal of the malignant tissue and surround-
ing margins with satisfactory results regarding long-term 
survival and aesthetical effect [3]. CS is considered a safe 
procedure, associated with low rates of local recurrence and 
distant metastasis, low positive margins rate and low surgical 
complications [4]. The total mastectomy (TM) implies the 
excision of all breast tissue, skin, nipple, and areola whilst 
radical mastectomy (RM) includes the same procedures with 
additional excision of chest wall muscles and lymph node 
dissection. Previous results showed no survival advantage 
of radical mastectomy over total mastectomy with or with-
out radiation therapy in a clinical follow-up of 25 years [5]. 
Another surgical alternative is mastectomy with immediate 
reconstruction (MR), which is associated with considerable 
improvement on aesthetic outcomes [6]. Surgical approaches 
also include sentinel node biopsy (SNB) and axillary dis-
section (AD). A previous study focussing on patients with 
BC with N1 positive sentinel nodes found no significant 
differences in overall and free specific survival in patients 
submitted to adjuvant axillary radiotherapy as compared to 
AD. SNB with adjuvant therapy seems to promote secure 
regional control [7], without the AD-associated co-morbid-
ities [8].

Discrepancies associated with psychosocial factors [11], 
racial differences [9, 10], and body mass index (BMI) [11] 
are described as potential modulators in the selection and 
response to the surgical procedure. Numerous results have 
revealed that obesity is a depraved risk factor in BC [12]. 
Regarding surgical outcomes, it was already reported that 
obese women have more surgical complications and are 
less likely to be submitted to breast reconstruction [11]. 
Also, obese women are associated with decreased sentinel 
node identification due to failure in map rates [11]. To bet-
ter addressed the association between surgery strategies in 
obese and overweight women, we performed a retrospective 
study associating surgery metrics and overall survival (OS) 
to uncover potential associations.

Materials and methods

Study population and ethical approval

This study was conducted according to the national and 
international ethical recommendations and approved by 
the Ethics Committee of the Portuguese Institute of Oncol-
ogy of Porto FG, EPE (IPO-Porto). Clinicopathological 
and demographic information from women diagnosed in 
IPO-Porto between 2012 and 2016 were extracted from the 
institutional database of Outcomes Research Lab. Collected 
data was compiled in a database titled “Deciphering Obesity 
and Cancer” (DOC). For this study, women without surgical 
information were excluded from this study.

Methods

BMI was calculated using the Quetelet index measured 
up to 120 days after diagnosis. BMI was grouped in 3 cat-
egories: normal (BMI between 18.5 and 25 kg/m2), over-
weight (BMI between 25 and 30 kg/m2), and obese (BMI 
above 30 kg/m2) [13]. Histological types were grouped 
in “invasive ductal carcinoma” (IDC), which included 
invasive ductal carcinoma with other types of carcino-
mas, “invasive lobular carcinoma” (ILC), which included 
invasive lobular carcinoma with other types of carcinomas 
and “other histological types”. Other types of carcinomas 
refers to the classification of tumours of the breast by the 
World Health Organization (WHO) and include Apocrine 
adenoma, Metaplastic carcinoma, Invasive micropapillary 
carcinoma, amongst others [14]. Hormonal receptors were 
classified as positive or negative, cut-off of 1% of tumour 
positive cells. HER2 status was assessed by immunohisto-
chemistry and validated by fluorescence in situ hybridiza-
tion (FISH) according to the American Society of Clinical 
Oncology/College of American Pathologists (ASCO/CAP) 
guidelines [15]. Immunohistochemistry for receptor status 
was performed at the pathology department according to 
standard protocols. Tumour stage was assessed according 
to the 7th edition of the American Joint Committee on 
cancer by tumour node metastasis (TNM) system [16]. For 
topographic localization, cases were divided in the four 
quadrants—inferior outer quadrant (IOQ), inferior inner 
quadrant (IIQ), superior outer quadrant (SOQ), superior 
inner quadrant (SIQ), other localizations including nip-
ple, skin, central quadrant, and axillary extension (Other) 
and overlapping lesions (Multiple). OS was measured in 
months, from the date of diagnosis till death date or date 
of the study end (16 December 2021). The surgery analysis 
included 6 types of surgical intervention: Sentinel Node 
Biopsy (SNB), Axillary Dissection (AD), Conservative 
Surgery (CS), Total Mastectomy (TM), Radical Mastec-
tomy (RM), and Mastectomy and Reconstruction (MR). 
Quantification of the number of surgeries consisted in the 
sum of surgical procedures, independently of the date.

Statistical analysis

Statistical analysis was performed using IBM® SPSS®, 
version 27 software. Descriptive statistics was used for 
data description. Age at diagnosis as a continuous vari-
able was presented as mean ± standard deviation and 
range, tested for normality with Shapiro–Wilk test and 
analysed by one-way Anova. The first approach consisted 
in a Pearson's chi-squared test to analyse the associa-
tion between BMI and variables. Significance was set at 
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p < 0.05. Binary, multinomial logistic regression and cox 
proportional-hazards model were used to compute odd 
ratios (OR) and hazard ratios (HR) with 95% confidence 
intervals (CI) in a non-adjusted model and adjusted for 

age at diagnosis, histological type, stage at diagnosis, and 
receptor status. Cox proportional-hazard analysis were 
based in the follow-up time from date of diagnosis until 
date of event or censoring, death, or end of follow-up 

Table 1   Clinicopathological 
and surgical information with 
statistical analysis of breast 
cancer patients stratified by 
body mass index categories

BMI, Body Mass Index; SD, Standard deviation; SNB, Sentinel Node Biopsy; AD, Axillary Dissection: CS, 
Conservative Surgery; TM, Total Mastectomy; RM, Radical Mastectomy; MR – Mastectomy and Recon-
struction
*Statistical significance highlighted in bold (p value < 0.05)

Normal-weight 
(BMI 18.5–24.9)

Overweight 
(BMI 25–29.9)

Obese (BMI > 30) Total p value

N n n N

BMI distribution 734 (34.2%) 807 (37.7%) 602 (28.1%) 2143 (100%) –
Age
 Mean ± SD 51.8 ± 11.9 56.9 ± 11.0 58.8 ± 9.9 55.7 ± 11.4  < 0.001*
 Range 24–87 27–88 33–86 24–88

Histological type
 IDC 593 (80.8%) 670 (83.0%) 477 (79.2%) 1740 (81.2%) 0.076
 ILC 59 (8.0%) 71 (8.8%) 48 (8.0%) 178 (8.3%)
 Other 82 (11.2%) 66 (8.2%) 77 (12.8%) 225 (10.5%)

Receptor status
 ER + /PR +  426 (58.0%) 482 (59.7%) 388 (64.5%) 1296 (60.5%) 0.056
 ER + /PR- 76 (10.4%) 63 (7.8%) 42 (7.0%) 181 (8.4%)
 HER2 +  138 (18.8%) 164 (20.3%) 93 (15.4%) 395 (18.5%)
 Triple negative 84 (11.4%) 85 (10.5%) 65 (10.8%) 234 (10.9%)
 Missing data 10 (1.4%) 13 (1.6%) 14 (2.3%) 37 (1.7%)

Pathological tumour stage
 Stage I 320 (43.6%) 340 (42.1%) 226 (37.5%) 886 (41.4%) 0.137
 Stage II 274 (37.3%) 311 (38.6%) 236 (39.2%) 821 (38.3%)
 Stage III 122 (16.6%) 144 (17.9%) 127 (21.1%) 393 (18.3%)
 Stage IV 18 (2.5%) 11 (1.4%) 13 (2.2%) 42 (2.0%)
 Missing data 0 (0.0%) 1 (0.0%) 0 (0.0%) 0 (0.0%)

Topographic localization
 SIQ 66 (9.0%) 81 (10.0%) 53 (8.8%) 200 (9.3%) 0.709
 SOQ 223 (30.4%) 251 (31.1%) 177 (29.4%) 651 (30.4%)
 IIQ 35 (4.8%) 34 (4.2%) 29 (4.8%) 98 (4.6%)
 IOQ 53 (7.2%) 37 (4.6%) 36 (6.0%) 126 (5.9%)
 Other 35 (4.8%) 48 (6.0%) 34 (5.7%) 117 (5.5%)
 Multiple 322 (43.8%) 356 (44.1%) 273 (45.3%) 951 (44.3%)

Number of surgeries
 1 122 (16.6%) 126 (15.6%) 107 (17.8%) 355 (16.6%) 0.899
 2 450 (61.3%) 504 (62.5%) 362 (60.1%) 1316 (61.4%)
 3 130 (17.7%) 147 (18.2%) 114 (18.9%) 391 (18.2%)
 4 28 (3.8%) 27 (3.3%) 18 (3.0%) 73 (3.4%)
 5 4 (0.6%) 3 (0.4%) 1 (0.2%) 8 (0.4%)

Surgical procedure
 SNB 513 (67.1%) 585 (70.4%) 411 (67.5%) 1509 (68.4%) 0.213
 AD 163 (21.3%) 182 (21.9%) 144 (23.6%) 489 (22.2%) 0.740
 CS 337 (44.1%) 448 (53.9%) 332 (54.5%) 1117 (50.7%)  < 0.001*
 TM 293 (38.3%) 257 (30.9%) 178 (29.2%) 728 (33.0%)  < 0.001*
 RM 156 (20.4%) 154 (18.5%) 132 (21.7%) 442 (20.0%) 0.373
 MR 6 (0.8%) 1 (0.1%) 1 (0.2%) 8 (0.4%) 0.051
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(truncated at 10 years). Additional analysis was performed 
to CS and TM to calculate the level of significance for 
surgical options and stratified by BMI.

Results

From the 2143 women included, 734 (34.2%) were normal-
weighted, 807 (37.7%) were overweighted and 602 (28.1%) 
exhibited obesity. Table 1 displays the clinicopathological 
and surgical information, with statistical analysis of BC 
patients stratified by BMI categories. A statistically signifi-
cant association was found between BMI and conservative 
surgery, and BMI and total mastectomy. The results of clin-
icopathological parameters revealed no statistical signifi-
cance between BMI and tumour features like histological 
type, receptor status, tumour stage and topographic localiza-
tion. We also observed a positive correlation between BMI 
and age at diagnosis.

Number of surgical interventions

We did not observe any associations between BMI and 
the number of surgical procedures per patient (Table 2). 
There was no statistical evidence that overweight and obese 
patients are submitted to more surgical procedures. We found 
some inconsistencies between the number of surgeries and 
number of total surgical procedures. We observed that some 
types of surgical approaches were performed more than 
once on the same patient and variable surgical procedures 
is presented as number of patients submitted to that specific 
surgery. Reconstructive procedures or reinterventions due 

to surgical complications were not included in the number 
of surgeries.

Type of surgical procedures

Regarding surgical procedures, the statistical evaluation did 
not achieve any significant differences in AD, RM and MR. 
Overweight women have increased OR to undergo SNB 
(p value 0.038; OR 1.317; 95% CI 1.016–1.707). Not only 
overweight, but also obese women are more likely to be sub-
mitted to CS and less likely to undergo total mastectomy 
(Table 3). Obese patients have twice the risk to be submitted 
to CS (p value  < 0.001; OR 2.059; 95% CI 1.608–2.637) 
and half the risk to be submitted to TM (p value  < 0.001; 
OR 0.569; 95% CI 0.447–0.725). Overweight women with 
BC have a 78% increased risk to be submitted to CS (p 
value  < 0.001; OR 1.780; 95% CI 1.422–2.228) and a 35.2% 
decreased risk to be submitted to TM (p value  < 0.001; OR 
0.648; 95% CI 0.521–0.805).

Overall survival

To further access the impact of surgical procedures in OS, 
we performed a Cox proportional-hazard model stratified 
by BMI exclusively and by CS and TM. No significant dif-
ferences were achieved and when compared to the OS refer-
ence, no significant discrepancies were observed (Table 4).

Whilst Table 3 displays the results from analysis using 
‘surgery’ as strata, Fig. 1 presents the results from inde-
pendent statistical analysis for each condition. No statisti-
cal significance was achieved. We observed that survival 
curve favours women who were submitted to conservative 

Table 2   Multinomial logistic 
regression for number of 
surgeries

N, number of surgeries; OR, odd ratio; CI, confidence interval
# Reference category: 1 surgical intervention
§ Adjusted to age at diagnosis, histological type, tumour stage and receptor status

N# P value OR 95% CI P value OR 95% CI

Lower Upper Lower Upper

2 Normal-weight – 1 – – – 1 – –
Overweight 0.570 1.084 0.820 1.434 0.414 1.152 0.820 1.620
Obese 0.565 0.917 0.683 1.231 0.515 1.129 0.784 1.627

3 Normal-weight – 1 – – – 1 – –
Overweight 0.605 1.095 0.777 1.543 0.265 1.240 0.850 1.808
Obese 0.999 1.000 0.697 1.435 0.260 1.262 0.842 1.891

4 Normal-weight – 1 – – – 1 – –
Overweight 0.818 0.934 0.521 1.675 0.665 1.150 0.612 2.161
Obese 0.346 0.733 0.384 1.399 0.665 1.167 0.580 2.346

5 Normal-weight – 1 – – – 1 – –
Overweight 0.679 0.726 0.159 3.312 0.895 1.113 0.227 5.465
Obese 0.265 0.285 0.031 2.590 0.619 0.555 0.054 5.651
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surgery (Fig. 1a) and were not submitted to total mastectomy 
(Fig. 1d). BMI stratification presented a similar pattern with 
obese women presenting a lower OS (Fig. 1b, c, e, f).

Discussion and conclusions

Obesity is an important risk factor in tumourigenesis and 
tumour progression for several types of cancer including 
BC [17]. Obese BC metabolism is associated with many 
different mechanisms, since adipose tissue releases several 
modulatory factors like adipokines, cytokines, inflammatory 
mediators, free fatty acids, hypoxia inducible factors, and 

others that activate, promote, and mediate relevant metabolic 
pathways closely involved in tumour biology [17].

The complex connection between both pathologies results 
in harshest outcomes namely more aggressive cancers, 
decreased overall and disease-free survival, increased and 
severed postoperative complications [11]. Studies reported 
that women with obesity have increased risk to more exten-
sive axillary dissection interventions [18], are less likely to 
undergo mastectomy [19] and reconstruction after mastec-
tomy [12]. Moreover, patients with BC and obesity have 
extended clinical hospitalization [19], and serious surgery-
related complications, such as infections, haemorrhages, 
wound dehiscence, prosthetic and flap loss, venous throm-
boembolism, lymphoedema and pneumonia [20].

Table 3   Crude and adjusted 
binary logistic regression for 
each surgical procedure

OR, Odd ratio; CI, Confidence interval
*Statistical significance highlighted in bold (p value < 0.05)
§ Adjusted to age at diagnosis, histological type, tumour stage and receptor status

Crude Adjusted§

P value OR 95% CI P value OR 95% CI

Lower Upper Lower Upper

Sentinel Node Biopsy
 BMI Categories 0.213 – – – 0.114 – – –
 Normal-weight – 1 – – – 1 – –
 Overweight 0.260 1.135 0.910 1.416 0.038* 1.317 1.016 1.707
 Obese 0.524 0.927 0.734 1.170 0.244 1.180 0.893 1.560

Axillary dissection
 BMI Categories 0.740 – – – 0.991 – – –
 Normal-weight – 1 – – – 1 – –
 Overweight 0.871 1.020 0.803 1.297 0.932 0.989 0.769 1.271
 Obese 0.459 1.101 0.853 1.422 0.967 1.006 0.766 1.321

Conservative surgery
 BMI Categories  < 0.001* – – –  < 0.001* – – –
 Normal-weight – 1 – – – 1 – –
 Overweight  < 0.001* 1.470 1.203 1.797  < 0.001* 1.780 1.422 2.228
 Obese  < 0.001* 1.449 1.167 1.799  < 0.001* 2.059 1.608 2.637

Total Mastectomy
 BMI Categories  < 0.001* – – –  < 0.001* – – –
 Normal-weight – 1 – – – 1 – –
 Overweight  < 0.001* 0.703 0.571 0.867  < 0.001* 0.648 0.521 0.805
 Obese  < 0.001* 0.632 0.503 0.795  < 0.001* 0.569 0.447 0.725

Radical Mastectomy
 BMI Categories 0.373 – – – 0.486 – – –
 Normal-weight – 1 – – – 1 – –
 Overweight 0.289 0.874 0.681 1.121 0.248 0.834 0.613 1.135
 Obese 0.766 1.041 0.801 1.352 0.389 0.864 0.620 1.205

Mastectomy and reconstruction
 BMI Categories 0.100 – – – 0.319 – – –
 Normal-weight – 1 – – – 1 – –
 Overweight 0.080 0.151 0.018 1.253 0.164 0.217 0.025 1.867
 Obese 0.139 0.202 0.024 1.682 0.403 0.387 0.042 3.584
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The focus of our work was to evaluate the surgical options 
and outcomes of patients with normal weight, overweight 
and with obesity. Our results disclosure that overweight and 
obese female patients are more likely to be submitted to 
conservative surgery and less likely to undergo mastectomy. 
Moreover, women with overweight are more likely to be 
submitted to sentinel node biopsy.

Conservative surgery is usually prescribed in early 
tumour stages and in cases presenting low tumour-breast 
volume ratio. Also, it is recommended that CS should be 
planned to include an immediate reconstruction. The total 
mastectomy is reserved for patients with more aggressive 
tumours, invasive advanced carcinomas and when breast-
tumour volume ratio does not allow to conserve the breast. 
The finding that overweight and obese women are more 
likely to undergo CS led us to hypothesize that the accumu-
lation of adipose tissue observed in overweight and obese 
women lead to a low tumour-breast volume ratio. CS is also 
prescribed in early tumour stages. However, no significant 
differences in tumour stage were observed, and additionally, 
advanced tumour stages have a lower incidence rate in the 
obese category when compared to normal weight category. 
Regarding the results for SNB, the previous studies con-
cluded that women with obesity present higher recurrence 
incidence and axillary dissection failure rates [18]. However, 
we did not find statistically significance in obese patients, 
but rather in overweight women. SNB represents one of the 
forms of axillary lymph node involvement evaluation that 
is mandatory for staging (N). The evaluation can be clini-
cal (whenever suspicious nodes are present on the physical 

examination) or pathological evaluation (pN), which is the 
parameter considered in the staging (pTNM). Women under-
going TM (with lymph node emptying) are not submitted to 
SNB If the disease is more invasive, it will ultimately lead to 
AD. It is well documented that overweight shares common 
outcomes with obesity [21]. Another interesting observation 
is the negative result in radical mastectomy. Although with-
out significance, overweight and obese BC patients are less 
likely to be submitted to radical mastectomy. Considering 
the obesity-increased tumour aggressiveness described in the 
literature, an increased OR between women with obesity and 
radical mastectomy would be expected.

We believe that our results enclosure new information 
regarding treatment choices in women with obesity, although 
we are aware of the study limitations. OS is a variable that 
comprises multiple influencing factors. On one hand, dif-
ferent adjuvant therapy strategies, which was not included 
because it was beyond the scope of our work. On the other 
hand, the presence of obesity-associated pathologies such as 
diabetes or cardiovascular complications. We also consid-
ered that the available data regarding disease-free-survival 
could be biased due to the constrictions derived from the 
pandemic condition. Moreover, we believe that the meno-
pausal status is an important trait to be addressed, but we 
could not access this information. Furthermore, surgical 
interventions may also result from some subjective factors 
like patient's willing and doctors' preferences, which are 
impractical to include in the statistical analysis.

We concluded that yes, obesity influences surgical 
options, but not outcomes. We agree with the authors who 

Table 4   Crude and adjusted 
Cox proportional-hazard model 
for overall survival

HR, Hazard Ratio; CI, confidence interval
§ Adjusted to age at diagnosis, histological type, tumour stage and receptor status.

Crude Adjusted§

P value HR 95% CI P value HR 95% CI

Lower Upper Lower Upper

BMI (reference)
 BMI 0.270 – – – 0.360 – – –
 Normal – 1 – – – 1 – –
 Overweight 0.264 1.186 0.880 1.598 0.282 1.183 0.871 1.605
 Obese 0.115 1.303 0.937 1.811 0.173 1.270 0.901 1.790

Conservative surgery
 BMI 0.228 – – – 0.296 – – –
 Normal – 1 – – – 1 – –
 Overweight 0.224 1.204 0.893 1.625 0.235 1.204 0.886 1.637
 Obese 0.095 1.325 0.952 1.843 0.137 1.300 0.920 1.837

Total Mastectomy
 BMI 0.264 – – – 0.329 – – –
 Normal – 1 – – – 1 – –
 Overweight 0.254 1.190 0.882 1.606 0.257 1.194 0.879 1.622
 Obese 0.112 1.307 0.939 1.819 0.156 1.283 0.909 1.812
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state that obesity should be addressed in BC, since it does 
not only modulate tumour characteristics, but also unfolds 
surgical interventions. Some authors also defend the inclu-
sion of bariatric surgery in disease management. It was 

already documented that BC risk decreases after bariatric 
surgery [22] since bariatric surgery outcomes include altera-
tions in the breast tissue composition metrics [23] by lower-
ing the breast density, which is another BC risk factor [24]. 

Fig. 1   Survival plot of Cox proportional-hazard model adjusted to 
age at diagnosis, histological type, tumour stage and receptor sta-
tus. a Overall survival (OS) of conservative surgery intervention (p 
value = 0.296); b OS of conservative surgery intervention stratified 
by BMI (p value  = 0.853); c OS of no conservative surgery stratified 

by BMI (p value  = 0.346); d OS of total mastectomy intervention 
(p value  = 0.329); e OS of total mastectomy intervention stratified 
by BMI (p value  = 0.608); f OS of no total mastectomy intervention 
stratified by BMI (p value = 0.595)
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Finally, we would like to stress that the implementation of 
targeted guidelines for patients with obesity is of upmost 
importance to improve recovery rates and life quality.
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copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami 
N, Poortmans P, et  al. Breast cancer. Nat Rev Dis Primers. 
2019;5:1–31.

	 2.	 Vimpeli R. Scoping review and evidence-based learning materials 
about breast cancer surgeries. Helsinki: Metropolia University of 
Applied Sciences; 2022.

	 3.	 Moreira IC, Ventura SR, Ramos I, Fougo JL, Rodrigues PP. 
Preoperative localisation techniques in breast conservative 
surgery: a systematic review and meta-analysis. Surg Oncol. 
2020;35:351–73.

	 4.	 de La Cruz L, Blankenship SA, Chatterjee A, Geha R, Nocera 
N, Czerniecki BJ, et al. Outcomes after oncoplastic breast-con-
serving surgery in breast cancer patients: a systematic literature 
review. Ann Surg Oncol. 2016;23:3247–58.

	 5.	 Fisher B, Jeong J-H, Anderson S, Bryant J, Fisher ER, Wolmark 
N. Twenty-five-year follow-up of a randomized trial comparing 
radical mastectomy, total mastectomy, and total mastectomy fol-
lowed by irradiation. N Engl J Med. 2002;347:567–75.

	 6.	 Yi M, Kronowitz SJ, Meric-Bernstam F, Feig BW, Symmans 
WF, Lucci A, et al. Local, regional, and systemic recurrence 
rates in patients undergoing skin-sparing mastectomy compared 
with conventional mastectomy. Cancer. 2011;117:916–24.

	 7.	 Giuliano AE, Ballman K, McCall L, Beitsch P, Whitworth 
PW, Blumencranz P, et al. Locoregional recurrence after sen-
tinel lymph node dissection with or without axillary dissection 
in patients with sentinel lymph node metastases: long-term 
follow-up from the American college of surgeons oncology 
group (Alliance) ACOSOG Z0011 randomized trial. Ann Surg. 
2016;264:1–14.

	 8.	 Lucci A, McCall LM, Beitsch PD, Whitworth PW, Reintgen DS, 
Blumencranz PW, et al. Surgical complications associated with 
sentinel lymph node dissection (SLND) plus axillary lymph 
node dissection compared with SLND alone in the American 
College of Surgeons Oncology Group trial Z0011. J Clin Oncol. 
2007;25:3657–63.

	 9.	 Akinyemiju TF, Vin-Raviv N, Chavez-Yenter D, Zhao X, 
Budhwani H. Race/ethnicity and socio-economic differ-
ences in breast cancer surgery outcomes. Cancer Epidemiol. 
2015;39:745–51.

	10.	 Mets EJ, Chouairi FK, Gabrick KS, Avraham T, Alperovich M. 
Persistent disparities in breast cancer surgical outcomes among 
hispanic and African American patients. Eur J Surg Oncol. 
2019;45:584–90.

	11.	 Lee K, Kruper L, Dieli-Conwright CM, Mortimer JE. The impact 
of obesity on breast cancer diagnosis and treatment. Curr Oncol 
Rep. 2019;1–6.

	12.	 Haakinson DJ, Leeds SG, Dueck AC, Gray RJ, Wasif N, Stucky 
CCH, et al. The impact of obesity on breast cancer: a retrospective 
review. Ann Surg Oncol. 2012;19:3012–8.

	13.	 Jelliffe DB, Jelliffe EF. Underappreciated pioneers. Quetelet: man 
and index. Am J Clin Nutr . 1979;32:2519–21.

	14.	 Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani S, et al. The 
2019 WHO classification of tumours of the breast. Histopathology 
Wiley. 2020;77:181–5.

	15.	 Wolff AC, McShane LM, Hammond MEH, Allison KH, Fitzgib-
bons P, Press MF, et al. Human epidermal growth factor receptor 
2 testing in breast cancer: American Society of Clinical Oncol-
ogy/College of American Pathologists Clinical Practice Guideline 
Focused Update. Arch Pathol Lab Med. 2018;142:1364–82.

	16.	 Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL TA. AJCC 
cancer staging manual (7th ed). AJCC Cancer Staging Manual. 
New York: Springer-Verlag; 2009.

	17.	 Brown KA. Metabolic pathways in obesity-related breast cancer. 
Nat Rev Endocrinol. 2021;17:350–63.

	18.	 Carmichael AR. Obesity as a risk factor for development and poor 
prognosis of breast cancer. BJOG. 2006;113:1160–6.

	19.	 Deglise C, Bouchardy C, Burri M, Usel M, Neyroud-Caspar I, 
Vlastos G, et al. Impact of obesity on diagnosis and treatment of 
breast cancer. Breast Cancer Res Treat. 2010;120:185–93.

	20.	 Jiralerspong S, Goodwin PJ. Obesity and breast cancer prog-
nosis: Evidence, challenges, and opportunities. J Clin Oncol. 
2016;4203–16.

	21.	 Tao MH, Shu XO, Zhi XR, Gao YT, Zheng W. Association 
of overweight with breast cancer survival. Am J Epidemiol. 
2006;163:101–7.

http://creativecommons.org/licenses/by/4.0/


2930	 Clinical and Translational Oncology (2023) 25:2922–2930

1 3

	22.	 Crafts TD, Tonneson JE, Wolfe BM, Stroud AM. Obesity and 
breast cancer: preventive and therapeutic possibilities for bariatric 
surgery. Obesity. 2022;30:587–98.

	23.	 Lovrics O, Butt J, Lee Y, Lovrics P, Boudreau V, Anvari M, et al. 
The effect of bariatric surgery on breast cancer incidence and 
characteristics: a meta-analysis and systematic review. Am J Surg. 
2021;222:715–22.

	24.	 McCormack VA, dos Santos SI. Breast density and parenchy-
mal patterns as markers of breast cancer risk: a meta-analysis. 
Cancer Epidemiol Biomarkers Prev. 2006;15:1159–69.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Does body mass index influence surgical options and overall survival in breast cancer patients?
	Abstract
	Introduction
	Materials and methods
	Study population and ethical approval
	Methods
	Statistical analysis

	Results
	Number of surgical interventions
	Type of surgical procedures
	Overall survival

	Discussion and conclusions
	Acknowledgements 
	References




