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We aimed to evaluate whether obese women experience more advanced invasive 
breast carcinoma (IBC) with a  higher number of involved lymph nodes, higher 
range of axillary lymph node ratio (LNR) and presence and size of extracapsular 
extension as it may have an impact on prognosis and management. 245 patients 
diagnosed with IBC were divided into normal weight (NW), overweight (OW) 
and obese (OB) groups. Patients were divided into high range of LNR (LNR over 
or equal to 0.2) and low LNR (LNR less than 0.2). The extracapsular extension 
dimensions were measured on the original slides of each case and grouped into  
≤ 1 mm and > 1 mm. 84 patients (33.07%) were OW, 72 (29.38%) OB and  
91 (37.14%) NW. 45.7% of cases had macrometastasis in the axillary lymph nodes. 
NW patients had significantly fewer metastatic lymph nodes (p = 0.05) than in 
the OW/OB groups. There was no statistically significant difference between BMI 
groups according to the LNR (p = 0.66). Out of 111 cases with macrometastasis, 
58 cases (52.25%) had extracapsular extension (ECE) (11.7% NW, 24.32% OW 
and 16.22% OB). Significantly more OW patients presented extranodal invasion 
(p = 0.04). We found no statistically significant relationship between the extracap-
sular extension diameter and BMI groups (p = 0.1).

Key words: obesity, lymph node metastasis, breast cancer.

DOI: https://doi.org/10.5114/pjp.2017.67613	� Pol J Pathol 2017; 68 (1): 33-39

Introduction

Obesity is a major public health problem in many 
developed regions in the world, but also in European 
developing countries including Romania where obesity 
rates in the adult population have increased in the last 
decades [1, 2]. Breast carcinoma is the most frequent 
form of cancer in women worldwide, as it represents 
23% of all cancers globally, with 1.38 million newly 
diagnosed cases/year and 28% of all forms of cancer 
in Europe [3]. In Romania, breast cancer is a major 

public health issue, as the incidence has increased 
steadily during the last decades, from 25/100 000  
women in 1988 to 40.14/100 000 women in 1996, 
50.56/100 000 women in 2006 and 61.1/100 000 
in 2008, and this incidence continues to increase ac-
cording to the published studies [4]. The rate of death 
due to breast cancer has decreased recently by 20% 
in 15 European countries (for example, it decreased 
by 45% in Iceland), but has remained stationary or 
even increased in Central and East European coun-
tries, and it increased by 17% in Romania [5]. This is 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Flegal+KM%2C+Carroll+MD%2C+Ogden+CL%2C+et+a.Prevalence+and+trends+in+obesity+among+US+adults%2C+1999-2008.
https://www.researchgate.net/publication/279286845_Obesity_and_Health-Related_lifestyle_factors_in_the_general_population_in_romania_A_cross_sectional_study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Multifocality+as+a+prognostic+factor+in+breast+cancer+patients+registered+in+Danish+Breast+Cancer+Cooperative+Group+(DBCG)+1996-+2001
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due to numerous factors including the socio-econom-
ic level of the population, the lack of information, 
the lack of a national screening program, the lack of 
specialized medical centers (interdisciplinary units, 
with few exceptions), but is also due to the increased 
incidence of obesity.

Obesity has been associated in various studies 
with an increased risk of breast cancer (but also 
other non cancer-related deaths), especially in post-
menopausal patients, in whom breast cancer is the 
most common form of cancer in Romania [6, 7]. 
Furthermore, obesity on breast cancer diagnosis 
has been associated with a higher risk of recurrence 
and inferior survival, including breast cancer-specif-
ic survival [8]. Management decisions and survival 
evaluation in breast carcinomas are based on various 
prognostic and predictive factors for response to tar-
geted therapies (such as age, tumor size, histolog-
ical type and grade, molecular status, presence of 
axillary node metastases). Thus, understanding the 
relation between host-related factors, such as obesi-
ty, and prognostic/predictive factors of the primary 
breast carcinoma, may have important clinical and 
prognostic implications. 

One of the most important prognostic factors in 
breast carcinoma is the axillary lymph node status, 
i.e. the presence or absence of axillary metastases [9, 
10, 11]. Disease-free survival and overall survival de-
crease proportionally with the increase of the number 
of positive axillary lymph nodes [9]. The number of 
positive axillary nodes is a strong prognostic factor in 
breast cancer, but this parameter is affected by vari-
ability in nodal staging technique yielding varying 
numbers of excised nodes. The nodal ratio of positive 
to excised nodes is an alternative that could address 
this variability, and previous studies have demon-
strated that nodal ratio is a stronger predictor of dis-
ease-free survival than total positive nodes excised 
[12, 13]. Moreover, the presence of extracapsular 
extension has been demonstrated to have an impact 
on survival, and to be associated with higher risk of 
both mortality and recurrence of disease being rec-
ommended the consideration of extracapsular exten-
sion in perspectives to be validated and included in 
the oncologic staging [14, 15]. 

The aim of this study is, firstly, to evaluate the 
association between clinical-pathological parame-
ters and obesity, and, secondly, to evaluate whether 
obese women experience more advanced disease with 
a higher axillary lymph node ratio and higher stage 
at the time of diagnosis, as very few papers have ad-
dressed this issue so far in the literature [16]. We 
used body mass index (BMI) as an index and further 
correlated it with the presence of axillary lymph node 
metastases (the number of involved lymph nodes, the 
lymph node ratio (LNR), the presence and diameter 
of the extracapsular extension).

Material and methods

Patient selection

We retrospectively reviewed all the medical re-
cords of the patients with invasive breast carcinomas 
(IBC) from our database consecutively diagnosed 
between 2012 and 2015 on core biopsy, in whom 
sentinel lymph node biopsy (SNB) and/or axillary 
lymph node dissection (ALND) was performed in 
association with quadrantectomy/mastectomy. 
These cases originated in a population that had not 
been previously screened for breast carcinoma be-
cause a national screening program concerning this 
disease is not yet available in Romania. Oncological 
treatment including chemotherapy (doxorubicin, 
cyclophosphamide, and paclitaxel or docetaxel), ra-
diotherapy and/or hormonal therapy (tamoxifen or 
aromatase inhibitors) was standardized for all pa-
tients and in accordance with the multidisciplinary 
tumor board consensus. Patients were divided into 
a normal weight (NW) group (BMI < 25 kg/m2), 
overweight (OW) (BMI 25-29.9 kg/m2) and obesity 
(OB) group (BMI ≥ 30 kg/m2) based on the WHO 
criteria [17]. Details regarding the height and 
weight to calculate the body index mass (BMI) were 
retrieved from electronic registration databases. The 
BMI was calculated as weight divided by the square 
of height. 

Parameter analysis

In each patient diagnosed with invasive breast car-
cinoma we assessed the following parameters: age, 
weight, height, tumor size, histological tumor type 
and grade, molecular profile, presence of axillary 
lymph node metastases, the LNR, and presence and 
size of the extracapsular extension of the lymph node 
metastasis. The histological type was assessed accord-
ing to the 2012 WHO classification, and histologi-
cal grading used the Elston-Ellis system [9, 18]. In 
this study, the presence of extracapsular extension 
was defined as extension of tumor cells through the 
nodal capsule into the peri-nodal adipose tissue and 
was reported in mm (millimeters) in every case. In 
this study, lymph node ratio (LNR) was defined as the 
number of nodes involved by the tumor divided by 
the total number of resected lymph nodes during the 
surgical treatment. Patients were divided into two 
groups: high range of LNR (LNR over or equal to 
0.2) and low LNR (LNR less than 0.2).

Hormone receptor (ER – estrogen receptor, PR – 
progesterone receptor), Ki67, and HER2 testing was 
done by immunohistochemistry according to interna-
tional recommendations [19, 20, 21, 22]. Three-mi-
crometer-thick sections were cut, dried, deparaffin-
ized, and rehydrated following standard procedures. 
All the sections were subjected to heat-induced an-

https://www.ncbi.nlm.nih.gov/pubmed/?term=Parkin+DM%2C+Bray+F%2C+Ferlay+J%2C+et+al.+Global+cancer+statistics%2C+CA
https://www.ncbi.nlm.nih.gov/pubmed/?term=Renehan+AG%2C+Tyson+M%2C+Egger+M%2C+et+al.+Body-mass+index+and+incidence+of+cancer%3A+a+systematic+review+and+meta-analysis+of+prospective+observational+studies.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Protani+M%2C+Coory+M%2C+Martin+JH.+Effect+of+obesity+on+survival+of+women+with+breast+cancer%3A+systematic+review+and+meta-analysis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vinh-Hung+V.%2C+Nguyen+N.P.%2C+Cserni+G.%2C+et+al.+Prognostic+value+of+nodal+ratios+in+node-positive+breast+cancer%3A+a+compiled+update.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+prognostic+significance+of+nodal+ratio+on+breast+cancer+recurrence+and+its+potential+for+incorporation+in+a+new+prognostic+index.
https://www.ncbi.nlm.nih.gov/pubmed/?term=27005805
https://www.ncbi.nlm.nih.gov/pubmed/?term=23725117
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaviani+A%2C+Neishaboury+MR%2C+Mohammadzadeh+N%2C+et+al.+Effects+of+obesity+on+presentation+of+breast+cancer%2C+lymph+node+metastases+and+patient+survival%3A+a+retrospective+review.
https://www.ncbi.nlm.nih.gov/pubmed/20404251
https://www.ncbi.nlm.nih.gov/pubmed/22089488
https://www.ncbi.nlm.nih.gov/pubmed/19548375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dowsett+M%2C+Nielsen+TO%2C+A%27Hern+R%2C+et+al.+Assessment+of+ki67+in+Breast+Cancer%3A+recommendations+from+the+International+ki67+in+Breast+Cancer+Working+Group.
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tigen retrieval in citrate buffer (pH 6). Immunohis-
tochemical staining was performed manually, using 
a NovoLink Polymer Detection System (Leica). Table I  
reveals the monoclonal antibodies that were used for 
this study. 

In this study, we interpreted tumor foci as ER/
PR positive if expression was observed in at least 1% 
of the nuclei of tumor cells (in the total area of the 
tumor, regardless of staining intensity, with posi-
tive internal control), and ER/PR negative when less 
than 1% of the tumor cells were positive. Ki67 index 
was defined as low (when less than 14% of all tu-
mor cells’ nuclei were positive) or high (equal to or 
more than 14%) by assessing the whole section and 
recording the overall average score. HER2 expression 
was scored as follows: 0 (no staining), 1+ (weak in-
complete membrane positivity in at least 10% of the 
tumor cells), 2+ (weak/moderate complete mem-
brane positivity in at least 10% of the tumor cells), 
and 3+ (strong complete membrane positivity in at 
least 30% of the tumor cells). For statistical analy-
sis, 0 and 1+ HER2 scores were considered negative, 
and scores of 2+ (confirmed by chromogenic in situ 
hybridization [CISH] test) and 3+ were considered 
positive. In this study, CISH was performed in all cas-
es with a 2+ score. 

We used surrogate definitions of intrinsic subtypes 
of breast cancer according to Goldhirsch et al. [23] 
and defined as Luminal A cases with ER and/or PR 
positive, HER2 negative and Ki67 low (<14%) both 
in tumor and in lymph nodes; as Luminal B prolifer-
ative (HER2 negative) (Bp) cases with ER and/or PR 
positive expression, HER2 negative and Ki67 high; 
Luminal B (HER2 positive) (Bh) cases which are ER 
and/or PR positive, any Ki67 and HER2 positive; as 
HER2 enriched (H) cases with HER2 overexpressed 
and ER and PR absent; as triple negative (TN) cases 
with ER, PR and HER 2 negative [23].

Statistical analysis

Associations between BMI and other prognostic 
parameters (excluding unknown ones) were analyzed 
using the chi square test and Fisher’s test. All P val-
ues were two-tailed. It was considered statistically 
significant if p < 0.05. Statistical analyses were per-
formed in Graph Pad Prism 6.1 and SPSS.

Results

The study population comprised 245 consecutive 
patients with invasive breast carcinoma aged be-
tween 27 and 80 years (mean age 58.29 years). Of 
these, 84 patients (33.07%) were OW, 72 (29.38%) 
OB and 91 (37.14%) NW. Mean age was 52.81 years 
in the NW group, 60.38 years in the OW group, and 
62.8 in the OB group. However, most of the OW/
OB women were aged > 40 (p = 0.0092) (Table II).

The size of the primary tumor was grouped in 
0-20 mm, 21-50 mm, and over 51 mm category. 
In 59.2% of cases, the patients had tumors between 
0-20 mm (54 NW, 59 OW and 39 OB). In the 21-50 
mm group, we detected slightly more OW and OB 
patients than NW (28 NW, 34 OW and 30 OB). 
The statistical analysis revealed no significant differ-
ences between the tumor diameters in different BMI 
groups (p = 0.705).

We grouped our patients regarding the histolog-
ical type of the tumor in no special type of invasive 
carcinoma (NST type) and other histological types 
of tumors. One hundred and ninety-eight patients 
(80.2%) had NST type tumors (38.4% NW, 32.3% 
OW, and 29.3% OB); 46 patients were diagnosed 
with other types of invasive breast cancer (4.08% 
NW; 9.39% OW and 5.31% OB). In our series, 
overweight patients presented a significantly higher 
rate of other histological types of tumors than the 
other BMI groups (p = 0.049). 

Almost 30% of all cases (29.8% – 73 patients) had 
grade 1 tumor (23.3% NW, 52.1% OW and 24.7% 
OB), 48.2% presented grade 2 tumors (55.8% NW, 
37.5% OW, and 52.1% OB) and only 22% had grade 
3 tumors (38.9% NW, 31.5% OW and 29.6% OB). 
In this series, overweight patients had a significantly 
higher rate of grade 1 tumor compared to other BMI 
groups, while normal weight patients presented more 
grade 2 type tumors (p = 0.013).

We studied the influence of obesity on the axillary 
lymph node status, since this is still the most import-
ant prognostic factor for breast cancer survival. We 
grouped our cases in metastatic and non-metastatic 
lymph nodes highlighted by the histopathological 
examination after sentinel lymph node biopsy and/or 
axillary clearance. Over half (54.3%) of our cases had 
no metastatic lymph nodes, and in 45.7% macrome-

Table I. Specifications of various antibodies used in the study

Antibody Clone Vendor Dilution 

Estrogen receptor 6F11 Novocastra 1 : 100

Progesterone receptor 312 Novocastra 1 : 100

Ki67 MM1 Novocastra 1 : 200

HER2 CB11 Novocastra 1 : 200

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldhirsch+A%2C+Wood+WC%2C+Coates+AS%2C+et+al.+Panel+members.+Strategies+for+subtypes--dealing+with+the+diversity+of+breast+cancer%3A+highlights+of+the+St.+Gallen+International
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldhirsch+A%2C+Wood+WC%2C+Coates+AS%2C+et+al.+Panel+members.+Strategies+for+subtypes--dealing+with+the+diversity+of+breast+cancer%3A+highlights+of+the+St.+Gallen+International
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Table II. Correlations between clinico-pathological parameters and obesity

Parameter NW  
(BMI < 25)

OW (BMI 25-29) OB (BMI > 30) p

n % n % OR (95% CI) n % OR (95% CI)

Age (years) ≤ 40 13 5.31 4 1.63 Referent 2 0.82 Referent

> 40 72 29.39 84 34.29 3.7917 (1.1838 
to 12.1442) 

70 28.57 6.3194 (1.3757 
to 29.0285) 

0.005

Tumor size 0-20 54 22.04 52 21.22 Referent 39 15.92 Referent

21-50 28 11.43 34 13.88 1.261 (0.6725  
to 2.3645)

30 12.24 1.4835 (0.7672 
to 2.8688)

> 50 4 1.63 2 0.82 0.5192 (0.0912 
to 2.9571) 

2 0.82 2.7692 (0.4828 
to 15.8828) 

0.705

Histological 
type

NST 76  31.02 64 26.12 Referent 59 24.08 Referent

others 10 4.08 23 9.39 2.7313 (1.2108 
to 6.1610)  

13 5.31 1.6746 (0.6864 
to 4.0852) 

0.049

Histological 
grade

1 17 6.94 38 15.51 Referent 18 7.35 Referent

2 48 19.59 33 13.47 0.3076 (0.1492 
to 0.6341)

37 15.10 0.728 (0.3306  
to 1.6032)

3 21 8.57 17 6.94 0.3622 (0.1536 
to 0.8540)

16 6.53 0.7196 (0.2843 
to 1.8214)

0.0138

Removed LN 1-3 30 12.24 21 8.57 Referent 15 6.12 Referent

4-9 19 7.76 23 9.39 1.7293 (0.7580 
to 3.9451)

10 4.08 1.0526 (0.3930 
to 2.8192)

10+ 37 15.10 44 17.96 1.6988 (0.8364 
to 3.4506)

46 18.78 2.4865 (1.1675 
to 5.2954)

0.048

Metastatic 
lymph nodes

No 54 22.04 48 19.59 Referent 31 12.65 Referent

Yes 32 13.06 40 16.33 1.4063 (0.7671 
to 2.5778)

40 16.33 2.1774 (1.1467 
to 4.1344)

0.05

LNR < 0.2 64 26.12 64 26.12 Referent 56 22.86 Referent

> 0.2 22 8.98 24 9.80 1.0909 (0.5558 
to 2.1412)

15 6.12 0.7792 (0.3689 
to 1.6461)

0.66

ECE yes 13 11.71 27 24.32 3.8531 (1.4322 
to 10.3661)

18 16.22 1.7051 (0.6624 
to 4.3894)

no 19 17.12 13 11.71 Referent 21 18.92 Referent 0.04

ECE  
diameter

≤ 1 mm 5 9.26 4 7.02 Referent 7 12.96 Referent

> 1 mm  8 14.81 21 36.84 9.531 (2.111  
to 43.04)

9 16.67 0.8036 (0.1808 
to 3.572)

0.1

Molecular 
profile

A 12 6.94 30 17.34 16 9.25

B-Her2pos 7 4.05 5 2.89 9 5.20

B-Her2neg 23 13.29 19 10.98 24 13.87

TN 9 5.20 6 3.47 8 4.62

HER2 
enriched

4 2.31 0 0 1 0.58 0.012

Unid 31 25 13
LN – lymph node; LNR – lymph node ratio; ECE – extracapsular extension; NW – normal weight; OW – overweight; OB – obese; BMI – body mass index;  
A – Luminal A cases; B-HER2pos – Luminal B cases; B-HER2neg – Luminal B proliferative cases; TN – triple negative; Unid – unidentified; OR – odds ratio; 
CI – confidence interval
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tastasis was revealed in the axillary lymph nodes (no 
cases with micrometastases were documented). NW 
patients had significantly fewer metastatic lymph 
nodes (p = 0.05) than in the OW and OB groups. 

There was no statistically significant difference be-
tween BMI groups according to the LNR (p = 0.66). 

Out of 111 cases with macrometastasis in the ax-
illary lymph nodes, 58 cases (52.25%) had extracap-
sular extension (ECE) (11.7% NW, 24.32% OW and 
16.22% OB), and 54 cases were identified without 
extracapsular extension (Fig. 1). We found statisti-
cally significant relations between BMI groups and 
the presence of ECE in these series: significantly more 
overweight patients presented extranodal invasion, 
while normal weight patients were more likely to be 
without extracapsular extension (p = 0.04). 

Out of 58 cases which presented ECE, 4 were 
ruled out of the study because original slides were not 
accessible for size measurements. In the remaining 54 
cases, we measured an average 4.4 mm ECE diameter 
(minimum 0.1 mm, maximum 21 mm). We grouped 
our cases with ECE in ECE ≤ 1 mm (9.25% NW, 
7.01% OW and 12.96% OB) and ECE > 1 mm 
groups (17.81% NW, 36.84% OW, 16.66% OB). 
We found no statistically significant relations be-
tween the extracapsular extension diameter and BMI 
groups (p = 0.1), but the high value of the odds ratio 
(9.53) between NW and OW groups suggests that 
an important proportion of OW patients had larger 
extracapsular extension.

 We identified 173 consecutive patients with inva-
sive breast carcinoma and a complete molecular pro-
file, of whom 55 (31.79%) were NW, 60 (34.68%) 
OW, and 58 (33.52%) OB. Out of the 173 cases, 58 
were Luminal A-type, 66 were Luminal B-Her 2 nega-
tive-type, 21 were of Luminal B-Her2 positive-type, 5 
were of Her2 positive-type, and 23 were of triple neg-
ative-type. Statistical analysis revealed that OW pa-
tients presented more likely Luminal A type of breast 
cancer (p = 0.012), while normal weight patients were 
more frequently Luminal B-Her2 negative (Table II). 

Discussion

Obesity and overweight have an increased inci-
dence worldwide. Almost half of European adults are 
overweight or obese [24], and more than two-thirds 
of American women are obese, with an increasing 
risk of postmenopausal breast cancer [25].

OB and OW are associated with different clinical, 
pathological, and molecular parameters suggesting 
a poorer prognosis in breast cancer.

Studies confirmed the association between obesity 
and the age of breast cancer patients. It is considered 
as an independent adverse prognostic factor for elder-
ly patients [26, 27]. Our study revealed that there is 
a statistically significant relationship between the pa-

tients’ age and their BMI: significantly more OW pa-
tients were in the > 40 age group, while most of the 
patients in the < 40 group were NW (p = 0.005).

Different studies have revealed that OW and OB 
are associated with larger tumor diameters [16, 28, 
29]. In our study, OB and OW were also associated 
with tumors with a diameter of 21-50 mm (p = 0.7, 
OR = 1.26, 1.48).

Regarding the correlation between the histological 
type of tumor and obesity, some studies have demon-
strated a  significant relation between higher BMI 
and NST histological type [27], while others claim 
that there is no connection between obesity and his-
tological type of the tumor [29, 30]. In our series, 
OW and OB were associated with other histological 
tumor types than NST (p = 0.049).

Also, several studies showed a strong relation be-
tween OB, OW, and higher histological grade of the 
primary breast tumor [29, 31, 32]. Contrary to these 
studies, we found that OW patients had more like-
ly grade 1 tumors (p = 0.01, OR = 0.307), while 
normal weight patients in our series had significantly 
more grade 2 and 3 tumors.

Obesity in association with the molecular profile of 
breast cancer is a controversial issue in the literature. 
While several studies indicate that OB and OW pa-
tients more likely have a TN breast cancer [33, 34], 
others reveal a significant relationship with ER-positive 
breast cancer [35]. In our series, OW was strongly as-
sociated with Luminal A molecular type (p = 0.012), 
which is known to have a better prognosis. These find-
ings may be attributed in part to the increased estrogen 
production in peripheral fat deposits through androgen 
aromatization in patients with obesity.

The most important prognostic factor in breast 
cancer is axillary lymph node involvement. Accord-

Fig. 1. Lymph node metastasis with extracapsular ex-
tension; size measurement of the extracapsular extension 
defined as extension of tumor cells through the nodal 
capsule into the peri-nodal adipose tissue was 2.5 mm 
(hematoxylin-eosin) 
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ing to the literature, OB and OW are associated with 
a higher rate of axillary metastatic lymph nodes and 
higher lymph node ratio [29, 25, 28]. However, no 
other studies evaluating the relationship between 
obesity and LNR and/or ECE (the presence of ECE 
and the size of ECE) have been previously published 
to the best of our knowledge. Both LNR and ECE are 
important prognostic parameters as mentioned by 
international guidelines. This study shows that OW 
and OB patients have a significantly higher number 
of metastatic lymph nodes than NW patients (p = 
0.05), and significantly more cases of extracapsular 
extension (p = 0.04). There was no significant re-
lation between the BMI groups and the LNR or the 
size of the extracapsular extension.

Conclusions

In our series, breast cancer patients had a  high 
prevalence of obesity and overweight, mostly over 
the age of 40.

OB and OW were strongly associated with larger 
tumor diameter, lower tumor grade, Luminal A-type 
tumor, higher number of metastatic lymph nodes, 
and presence of ECE in the metastatic lymph nodes.

Since obese women experience more advanced 
invasive breast carcinoma, it would be of interest to 
implement national scale level programs to improve 
ideal weight maintenance.
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