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Abstract Purpose: Invasive lobular carcinoma (ILC) represents up to 15% of all breast 
carcinomas. While the proportion of women with overweight and obesity increases globally, 
the impact of body mass index (BMI) at primary diagnosis on clinicopathological features of 
ILC and the prognosis of the patients has not been investigated yet. 
Patients and methods: We performed a multicentric retrospective study including patients 
diagnosed with non-metastatic pure ILC. The association of BMI at diagnosis with clin-
icopathological variables was assessed using linear or multinomial logistic regression. 
Univariable and multivariable survival analyses were performed to evaluate the association of 
BMI with disease-free survival (DFS), distant recurrence-free survival (DRFS), and overall 
survival (OS). 
Results: The data of 2856 patients with ILC and available BMI at diagnosis were collected, of 
which 2570/2856 (90.0%) had oestrogen receptor (ER)-positive and human epidermal growth 
factor receptor (HER2) not amplified/overexpressed (ER+/HER2−) ILC. Of these 2570 pa-
tients, 80 were underweight (3.1%), 1410 were lean (54.9%), 712 were overweight (27.7%), and 
368 were obese (14.3%). Older age at diagnosis, a higher tumour grade, a larger tumour size, a 
nodal involvement, and multifocality were associated with a higher BMI. In univariable 
models, higher BMI was associated with worse outcomes for all end-points (DFS: hazard 
ratio (HR) 1.21, 95CI 1.12–1.31, p value < 0.01; DRFS: HR 1.25, 95CI 1.12–1.40, p 
value < 0.01; OS: HR 1.25, 95CI 1.13–1.37, p value < 0.01). This association was not 
statistically significant in multivariable analyses (DFS: HR 1.09, 95CI 0.99–1.20, p value 0.08; 
DRFS: HR 1.03, 95CI 0.89–1.20, p value 0.67; OS: HR 1.11, 95CI 0.99–1.24, p value 0.08), 
whereas grade, tumour size, and nodal involvement were still prognostic for all end-points. 
Conclusion: Worse prognostic factors such as higher grade, larger tumour size, and nodal 
involvement are associated with higher BMI in ER+/HER2− ILC, while there was no sta-
tistical evidence for an independent prognostic role for BMI. Therefore, we hypothesise that 
the effect of BMI on survival could be mediated through its association with these clin-
icopathological variables. 
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC 
BY-NC 4.0 (http://creativecommons.org/licenses/by-nc/4.0/).    

1. Introduction 

Invasive lobular carcinoma (ILC) is the second most 
common type of breast cancer after invasive breast cancer 
of no special type (NST), representing up to 15% of all 
breast cancer diagnoses [1–3]. The hallmark of ILC is the 
loss of the cell–cell adhesion molecule E-cadherin, which 
leads to the infiltrative and discohesive growth of cancer 
cells [4]. The atypical growth pattern of ILC, without 
disruption of the normal structural and architectural 
features of breast tissue, makes it harder to detect these 
tumours by clinical examination and on standard mam-
mography [5,6]. This may then lead to a delay in diag-
nosis, which could explain why tumours from patients 
with ILC are generally larger and present with more 
nodal involvement at the time of diagnosis as compared 
to patients with NST [3,7,8]. 

When looking at primary tumours, more than 90% of 
ILC express the oestrogen receptor (ER) [4,9,10]. Expression 
of the progesterone receptor (PR) is also more common in 
ILC than NST with more than 75% of ILC expressing PR  
[9,10]. Amplification or overexpression of the human epi-
dermal growth factor receptor 2 (HER2) is only present in 
3–13% of ILC cases [11,12]. More than 80% of ILC is of 

low-to-intermediate histological grade [2,13,14]. Considering 
the treatment, there is a significant benefit of using aromatase 
inhibition over tamoxifen and no clear additional benefit of 
adding chemotherapy to endocrine regimens for patients 
with ER+ ILC [3,15,16]. Although a higher risk of devel-
oping metastatic disease for ILC as compared to NST has 
been described [7,17], other series have found a similar or 
even improved survival of patients with ILC [18,19]. 

The proportion of overweight and obese women has 
been increasing over the years, and body mass index 
(BMI) has been shown to be a complex yet important risk 
factor for the development of breast cancer in general  
[20,21]. It has been reported that a high BMI seems to 
protect against the development of premenopausal ER 
+ breast cancer while increasing the risk of developing 
postmenopausal ER+ breast cancer [22–27]. BMI seems 
to similarly impact the risk of developing ILC and NST, 
although this is based on a limited amount of evi-
dence [28,29]. 

For breast cancer in general, overweight and obesity 
have been associated with age, postmenopausal state, 
and unfavourable tumour characteristics such as larger 
tumours and higher rate of nodal involvement at diag-
nosis [30–32]. An association between a higher BMI and 
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an increased likelihood of a higher tumour grade has 
also been described [33]. 

A recent meta-analysis of 27 studies analysing the 
effect of obesity on breast cancer outcome in relation to 
cancer subtypes concluded that both disease-free sur-
vival (DFS) and overall survival (OS) were significantly 
worse in patients with obesity as compared to non-obese 
women without obesity [34]. This study, therefore, 
confirmed the earlier results of Chan et al. who per-
formed a meta-analysis of 82 studies and described a 
poorer overall and breast cancer-specific survival both 
in pre- and postmenopausal obese women [35]. ILC was 
not analysed as a separate entity, and it is currently 
unknown if overweight and obesity affect the prognosis 
of patients with ILC. Here, we aimed to investigate in a 
large multicentric retrospective cohort of patients with 
ILC whether BMI is associated with disease-specific 
clinicopathological features and prognosis. Since the 
vast majority of ILC is ER+/HER2−, we focused our 
analyses on this subgroup and only conducted de-
scriptive analyses in the other subgroups. 

2. Patients and methods 

2.1. Patients 

Following approval by the ethics committee of the 
University Hospitals Leuven (S64063), we retrospectively 
assembled a multicentric cohort of 2856 female patients 
with known BMI (at diagnosis) diagnosed between 
January 2000 and December 2020 with non-metastatic 
pure (i.e. not mixed with other histological types) ILC in 
one of these five European centres (University Hospitals 
Leuven, Leuven, Belgium; GZA Hospital Sint- 
Augustinus, Antwerp, Belgium; Institut Jules Bordet, 
Brussels, Belgium; Institut Curie, Paris, France; Charité 
Universitätsmedizin, Berlin, Germany). These centres 
were chosen since there is an expertise in breast cancer 
research and a strong focus on ILC. The University 
Hospitals Leuven provided data of 1193 patients with 
ILC, GZA Hospitals Sint-Augustinus of 95 patients, 
Institut Bordet of 375 patients, Institut Curie of 713 pa-
tients, and Charité Universitätsmedizin of 480 patients. 
The following patient’ and tumour’ characteristics were 
collected: year of birth, age at diagnosis, BMI at primary 
diagnosis, menopausal state, diameter, TNM classifica-
tion, pathology-based multifocality, grade, ER status, PR 
status, and HER2 status. For each patient, the use of 
radiotherapy and/or systemic (neo)adjuvant therapies 
was registered. Furthermore, the following event-related 
data were collected: locoregional recurrence, con-
tralateral incidence, and distant recurrence with the re-
spective dates of recurrence, as well as death, date of 
death, and cause of death. 

BMI was categorised using the WHO classification into 
underweight (≤18.5 kg/m2), lean (> 18.5 kg/m2 and < 25 kg/ 
m2), overweight (≥25 kg/m2 and < 30 kg/m2), and obese 

(≥30 kg/m2). Patients with underweight were seen as a se-
parate category from lean patients since underweight might 
have a negative impact on breast cancer prognosis [36]. The 
following subgroups of ILC were defined: ER+/HER2−, 
ER−/HER2−, and HER2+. Historically, available im-
munohistochemistry (IHC) scores were used to define ER 
status. The Allred score [37] was used to determine ER 
positivity in GZA Hospitals Sint-Augustinus, Institut Jules 
Bordet, and for patients diagnosed from 2004 onward in 
University Hospitals Leuven. A score of 0–2 was seen as 
negative, a score of 5–8 was seen as positive, and a score of 
3–4 was seen as unknown unless more information about 
the composition of the score was available, making tu-
mours with ≥1% of positive cells with at least weak staining 
being interpreted as being ER+. For patients diagnosed 
between 2000 and 2003 at University Hospitals Leuven, the 
H-score [38] and/or Allred score were used. In case no 
Allred score was available, an H-score of 1 was considered 
to be positive. Charité Universitätsmedizin reported 
the ER score in percentage and also used a cutoff of 1% of 
positive cells to define an ER+ tumour. Institut Curie 
followed the French guidelines [39], which state that 10% of 
the cells need to be positive in order to consider a tumour 
ER+. In all centres, HER2 was first assessed using IHC 
and scored according to the respective guidelines of the 
American Society of Clinical Oncology at the time of di-
agnosis [40]. A score of 0–1+ was seen as negative, and a 
score of 3+ was seen as positive. Tumours with a score of 
2+ were further evaluated using fluorescence in situ hy-
bridisation (FISH) in Germany and France. In Belgium, all 
cases with scores 2+ and 3+ were tested by FISH to ex-
clude or confirm HER2 amplification based on guidelines 
at the time of diagnosis. 

2.2. Statistical analyses 

The following standard clinicopathological variables 
besides BMI were defined to be included in the asso-
ciation and survival analyses: age, grade, tumour size, 
nodal involvement, multifocality, and PR expression. 
The association of BMI as a continuous dependent 
variable with clinicopathological variables was assessed 
using linear regression models: Model 1 was adjusted 
for the centre (further referred to as a univariable 
model), and Model 2 was additionally adjusted for all 
considered variables (further referred to as a multi-
variable model). Similarly, the association of BMI as a 
categorical variable with clinicopathological variables 
was evaluated using multinomial logistic regression 
models with ‘lean’ as the baseline category. Quantile 
regression models equivalent to Models 1 and 2 were 
performed for the 0.1-, 0.25-, 0.5-, 0.75-, and 0.9- 
quantiles of the conditional distribution of BMI to ex-
plore varying associations of BMI with standard clin-
icopathological features along its spectrum. 

DFS was defined as the time from diagnosis to the first 
event of either locoregional recurrence, contralateral 
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recurrence, distant recurrence, or death; distant recur-
rence-free survival (DRFS) as the time from diagnosis to 
the first event of distant recurrence; and OS as the time 
from diagnosis to death from any cause. The median 
follow-up was calculated using the reverse Kaplan–Meier 
estimator. The Kaplan–Meier method was first used to 
estimate the rates of DFS and OS in patients of different 
BMI categories. Crude cumulative incidence curves ac-
counting for death without distant recurrence as the sole 
competing event were constructed for inspection of event 
rates of DRFS according to BMI categories. Non-breast 
primary tumours and their related survival events could 
not be considered in our analyses as these data were not 
available. Models 1 (stratified by centre) and 2 (adjusted 
for standard clinicopathological variables and treatment 
and stratified by centre) Cox regression models were next 
performed to quantify the association of BMI either as a 
continuous or categorical variable with DFS and OS. 
Potential non-linear effects of continuous BMI on DFS 
and OS were explored using a restricted cubic spline in the 
Cox models. Models with linear and non-linear effects 
were comparatively evaluated by the computation of AIC 
and a likelihood-ratio (LR) test. Cox regression models 
including non-linear effects did not statistically differ from 
linear models for the effect of BMI on survival, indicating 
that the linear models were possibly suited for describing 
the data. DRFS was analysed in the presence of death 
without distant recurrence as the competing risk using 
Fine-Grey subdistribution hazard regression models: 
Model 1 was adjusted for the centre, and Model 2 was 
additionally adjusted for all considered variables. For 
simplicity, Models 1 and 2 will be subsequently referred to 
as univariable and multivariable models, respectively, in 
the text. Statistical analyses were performed using R ver-
sion 4.1.1. All statistical tests were considered statistically 
significant when the p value < 0.05 was a standard evi-
dence criterion. 

3. Results 

3.1. Patient population 

In this study, we considered 2856 patients diagnosed with 
ILC for which the BMI at diagnosis was available. Of 
these 2856 patients, 88 were underweight (3.1%), 1572 
were lean (55.0%), 784 were overweight (27.5%), and 
412 were obese (14.4%). The majority (n = 2570, 90.0%) 
was diagnosed with ER+/HER2− ILC. Only 49 patients 
(1.7%) were diagnosed with ER−/HER2− ILC and 95 
patients (3.3%) with HER2+ ILC. Within the ER 
+/HER2− subtype, 80 patients were underweight (3.1%), 
1410 were lean (54.9%), 712 were overweight (27.7%), 
and 368 were obese (14.3%). Since only a minority of 
patients were underweight, these patients were excluded 
from further analyses. Patient and tumour characteristics 
of patients with ER+/HER2− ILC who are lean, over-
weight, or obese are summarised in Table 1. 

Forty-two patients with ER−/HER2− ILC had in-
formation available on BMI, of which 27 (64.3%) were 
lean, 10 (23.8%) were overweight, and 5 (11.9%) were 
obese. Ninety-one patients with HER2+ ILC had in-
formation on BMI available, of which 57 (62.6%) were 
lean, 22 (24.2%) were overweight, and 12 (13.2%) were 
obese. Clinicopathological features of these populations 
are available in Supplementary Tables 1 and 2. 

Since the results of the global cohort would be driven 
by the patients with ER+/HER2− ILC, our analyses fo-
cused on the ER+/HER2− subgroup, whereas the other 
subgroups were approached in a descriptive manner. 

3.2. Association of BMI at primary diagnosis with 
standard clinicopathological features 

We investigated the association between BMI, as a con-
tinuous variable, and clinicopathological features of ILC 
for the ER+/HER2− cohort using regression analyses 
(Fig. 1). For these patients, a larger tumour size (≥2 cm 
compared to < 2 cm), nodal involvement at the time of 
diagnosis, higher grade (grade 3 versus grade 1 or 2), 
pathological multifocality, as well as PR expression were 
associated with a higher BMI. Similar results were seen 
when looking at BMI as a categorical variable, with the 
exception of PR expression not presenting statistical 
evidence but retaining the direction of the association. 
Quantile regressions suggested a non-linear association 
between BMI and clinicopathological features, albeit all 
in a consistent direction (Supplementary Fig. 1). 

With regard to the ER−/HER2− ILC subgroup 
(Supplementary Table 1), while 92.6% of the lean pa-
tients and 90.0% of the patients with overweight were 
older than 50 at diagnosis, only 60.0% of the patients 
with obesity fell into this age category. Similarly, re-
garding the ER+/HER2− cohort, patients with obesity 
had more often larger tumours (≥2 cm: 100% 
versus 44.4%), nodal involvement (60.0% versus 33.3%), 
and a higher tumour grade (grade 3: 60.0% 
versus 25.9%) than lean patients. 

In patients with HER2+ ILC (Supplementary 
Table 2), 91.7% of the patients with obesity were > 50- 
years old at the time of diagnosis. For lean patients, 
this was 82.5%, and for patients with overweight, it 
was 81.8%. Lean patients had a grade 3 tumour in 
41.8% of the cases, whereas, for patients with over-
weight and obesity, it was found in 33.3% of the cases. 
In, respectively, 52.6%, 72.7%, and 41.7% of the lean 
patients and patients with overweight and obesity, the 
tumour was found to be ≥2 cm. Patients with over-
weight and obesity had nodal involvement in 68.2% 
and 58.3% of the cases, respectively, whereas lean 
patients only had nodal involvement in 40.4% of the 
cases. ER expression was found in 77.2% of the lean 
cases, 81.0% of the patients with overweight, and 
83.3% of the patients with obesity. PR expression was 
found to be present in the tumours of 57.4% of the 
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lean patients 77.3% and 83.3% of the patients with 
overweight and obesity, respectively. 

3.3. Association between BMI at primary diagnosis and 
survival 

The median follow-up time was 99.96 months (IQR 
59.28–137.52) for the ER+/HER2− subgroup of 2570 
patients. The Kaplan–Meier curves for DFS and OS for 
this subgroup as well as the cumulative index curve for 
DRFS suggest a worse prognosis in patients with over-
weight and obesity (Fig. 2). However, in multivariable 
analyses, the association of BMI with a worse DFS, 
DRFS, or OS was no longer statistically significant 

(Fig. 3, Supplementary Fig. 2 for the entire ILC cohort). 
Higher tumour grade, larger tumour size, and the pre-
sence of affected lymph nodes did remain associated with 
worse survival in multivariable analyses for all end- 
points. Additionally, higher age at diagnosis was asso-
ciated with worse DFS and OS, and the administration of 
radiotherapy and chemotherapy was associated with 
better DFS and OS in the multivariable analyses 
(Figs. 3A and C). When looking at BMI as a continuous 
variable, similar results were observed (Fig. 3). BMI did 
not remain significantly associated with DFS, DRFS, or 
OS in multivariable analyses, although a consistent trend 
was seen for the three end-points (with all p va-
lues < 0.10). 

Table 1 
Patient and tumour characteristics for lean patients and patients with overweight or obesity with ER+/HER2− ILC.           

Characteristic All Lean Overweight Obese  

N  
(Total = 2490) 

% N  
(Total = 1410) 

% N  
(Total = 712) 

% N  
(Total = 368) 

%  

Age         
≤50  589  23.7  413  29.3  128  18.0  48  13.0  
> 50  1901  76.3  997  70.7  584  82.0  320  87.0 
Missing  0   0   0   0  

Menopausal state         
Premenopausal  579  25.5  396  31.3  131  19.8  52  15.2 
Postmenopausal  1690  74.5  868  68.7  531  80.2  291  84.8 
Missing  221   146   50   25  

Tumour size          
< 2 cm  1109  45.0  715  51.1  286  40.7  108  29.8 
≥2 cm  1355  55.0  684  48.9  417  59.3  254  70.2 
Missing  26   11   9   6  

Nodal involvement         
No  1473  63.2  908  67.6  398  60.6  167  50.3 
Yes  859  36.8  435  32.4  259  39.4  165  49.7 
Missing  158   67   55   36  

Histological grade         
1 and 2  2158  91.9  1265  93.8  597  90.6  296  86.8 
3  190  8.1  83  6.2  62  9.4  45  13.2 
Missing  142   62   53   27  

PR expression         
PR+  1987  86.3  1092  85.2  582  87.5  304  87.9 
PR−  315  13.7  190  14.8  83  12.5  42  12.1 
Missing  197   128   47   22  

Focality         
Unifocal  1357  72.2  799  73.6  391  71.4  167  67.6 
Multifocal  523  27.8  286  26.4  157  28.6  80  32.4 
Missing  610   325   164   121  

Radiotherapy         
Yes  2067  84.0  1155  82.9  606  85.8  306  84.5 
No  395  16.0  239  17.1  100  14.2  56  15.5 
Missing  28   16   6   6  

Chemotherapy         
Yes  613  24.8  323  23.1  185  26.2  105  28.9 
No  1856  75.2  1078  76.9  520  73.8  258  71.1 
Missing  21   9   7   5  

Endocrine treatment         
Yes  2328  95.6  1308  94.7  668  96.3  352  97.8 
No  107  4.4  73  5.3  26  3.7  8  2.2 
Missing  55   29   18   8  

N, number; PR, progesterone receptor  
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In the Kaplan–Meier curves for the 49 patients with 
an ER−/HER2− ILC (Supplementary Fig. 3), no clear 
difference was seen for DFS between lean and obe-
sity patients. Considering DRFS and OS, it seemed that 
patients with obesity have a trend towards worse 
prognosis than lean patients. For the 95 patients with 
HER2+ ILC, DFS, DRFS, and OS seemed to be better 
in the patients with obesity as compared to the lean 
patients, but this should be interpreted with caution due 
to the small sample size (Supplementary Fig. 4). As 
sample sizes were limited for both ER−/HER2− and 
HER2+ ILC subgroups, regression analyses were not 
performed. 

4. Discussion 

In this study, we showed that the clinicopathological 
features of ER+/HER2− ILC at diagnosis, like higher 
grade, larger tumour size, nodal involvement, and 
multifocality, are associated with a higher BMI at di-
agnosis. Since the ageing process in postmenopausal 
women is associated with an increase in BMI in the 
general population [41], it was to be expected that, in 
patients > 50 years, a higher BMI was seen. As in other, 
but not lobular-specific, retrospective studies of breast 
cancer [30,31], the presence of larger tumours and higher 
likelihood of nodal involvement in association with 
higher BMI categories was confirmed. It is hypothesised 
that, in women with a higher BMI, the diagnosis of 
breast cancer might be delayed since masses are more 
difficult to palpate in larger breasts [42]. However, ILC 
does not often present as a palpable mass [43]; thus, 
other underlying factors seem to play a role when it 
comes to ILC. Furthermore, Hellmann et al. reported a 
lower participation in organised screening in women 
who were underweight and in women who were mor-
bidly obese [44]. Since BMI and age are inversely asso-
ciated with breast density, the detection of suspicious 
masses on screening mammography should be easier in 
overweight and obese postmenopausal women [45,46]. 

Underlying biological mechanisms in women with 
excess body weight might have an impact on tumour 
progression. It has been suggested that, especially for 
ER-dependent tumours, an excess of adipose tissue with 
increased aromatisation activity can lead to higher levels 
of oestrogen, which can promote tumour growth [47]. 
Additionally, obesity leads to a higher likelihood of 
insulin resistance and increased activation of insulin-like 
growth factor pathways, more inflammatory cytokines, 
more adipokines, and more oxidative stress, enhancing 
further tumour development [48]. Although the vast 
majority of ILC have a low to intermediate histological 
grade, ER+/HER2− ILC was associated with higher 
histological grade in patients with overweight and obe-
sity at diagnosis in our study. Other studies have shown 
similar associations between excess body weight and a 
higher histological grade in breast cancer [33,49]. The 

aforementioned underlying biological mechanisms as-
sociated with obesity might play a role in the aggres-
siveness of tumours and may lead to a higher grade at 
diagnosis [50]. 

Focality in association with BMI has only rarely 
been investigated in patients with breast cancer. In this 
study, a higher likelihood of multifocality was asso-
ciated with overweight and obesity in patients with 
ILC. This is in contrast with the findings of Haakinson 
et al. showing that a high BMI (> 30 kg/m² was asso-
ciated with a lower incidence of multifocality in breast 
cancer cases [51]. However, ILC represented only a 
minority (13% of 1352 patients) of the included cases. 
Other investigators found no significant association 
between a BMI ≥25 kg/m2 and multifocality in com-
parison to a BMI between 18.5 and 24.9 kg/m2 in pa-
tients with breast cancer [52]. 

Both fundamental research and clinical research have 
shown that obesity increases the likelihood of an ER 
+/HER2− breast tumour to also express PR [27,53–55]. 
It is thought that obesity in postmenopausal women 
induces increased levels of circulating oestrogen by a 
decrease in sex hormone binding globulin, which in turn 
leads to an increase in PR expression [27,56]. Although, 
in our series, PR expression was significantly associated 
with BMI as a continuous variable, only a trend towards 
more PR-positive ER+/HER2− ILC tumours diagnosed 
in patients with overweight and obesity was seen when 
considering BMI as a categorical variable. PR expres-
sion is a known prognostic factor of breast cancer, 
especially in ER+/HER2− breast cancer where PR po-
sitivity seems to be associated with better outcome [57]. 
While some studies had suggested a better response to 
endocrine treatment of PR+ tumours [58], this could not 
be confirmed in a meta-analysis [59]. 

BMI seemed to be prognostic for DFS, DRFS, and 
OS in patients with ER+/HER2− ILC when evaluated by 
univariable regression models and the survival curves. 
Yet, in multivariable analyses, the effect did not remain 
statistically significant. However, there was still a no-
ticeable trend towards worse outcomes, especially when 
BMI was considered as a continuous variable. Since BMI 
is associated with worse clinicopathological features, we 
hypothesise that the prognostic effect of BMI might be 
mediated through these variables for patients with ER 
+/HER2− ILC. Blair et al. came to a similar conclusion 
that the effect of BMI on prognosis might be under-
estimated in multivariable models due to the interaction 
with included clinicopathological features [33]. 

Considering the patients with ER−/HER2− ILC, a 
lower age at diagnosis and tumours with a higher 
grade, a larger size, and a higher likelihood of nodal 
involvement seemed to be more present in patients 
with obesity as compared to lean patients. In patients 
with HER2+ ILC, patients with obesity were older at 
diagnosis and were diagnosed more often with lower 
grade tumours, which were more likely to express ER 
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and PR as compared to lean patients. Kaplan–Meier 
curves at first sight showed a worse prognosis in pa-
tients with obesity with ER−/HER2− ILC and an 
improved prognosis in HER2+ ILC. However, the 
number of patients included with an ER−/HER2− 
ILC or HER2+ ILC was small and only allowed de-
scriptive analyses. Therefore, it is not possible to 
make definitive conclusions on these subtypes. 
Further analyses of less common subtypes of ILC are 
needed. Furthermore, it is unsure if our findings apply 
to all different histotypes of ILC [12]. 

Our study presents several limitations, which are 
inherent to retrospective studies. First, no central 
pathology confirmation for ILC was performed, and 
pathological diagnosis of ILC has evolved over the 
years and can vary from one pathology laboratory to 
another, with approximately half of the pathology 
labs using E-cadherin IHC to confirm ILC diagnosis  
[60,61]. In this study, we only considered centres who 
have a special interest in ILC and have pathology 
departments specialised in the differentiation between 
ILC and NST tumours. Second, differences between 
centres exist in the scoring systems used for the in-
terpretation of ER and PR. Third, due to a rather 
larger window of inclusion (2000–2020), differences in 
diagnostic and treatment approaches need to be con-
sidered, and the latter might impact survival data. 
Furthermore, since the cause of death was missing for 
more than half of the deceased patients, we could not 
perform cancer-specific OS analyses. Finally, here we 
only considered BMI at diagnosis, while it is known to 
be a dynamic variable in a patient’s life. Changes in 
BMI before diagnosis may have had an impact on ILC 
development and the diagnosis of ILC [62], whereas 
changes in body weight occurring after the diagnosis 
may impact the efficacy of treatments and may influ-
ence survival data [22–26,63]. 

Furthermore, BMI is often used as a surrogate 
marker of adiposity, but it does not always correlate 
well with the metabolic effect of adipose tissue in pa-
tients [64]. Other clinical and histological surrogates of 
adiposity might reflect better its impact on disease onset 
and progression [65–67]. Prospective trials that ap-
proach adiposity clinically by the use of BMI, waist 
circumference, waist-hip ratio, bio-impendence mea-
surements, adiposity measurements by imaging, or his-
tologically by measuring the size of adipose cells and 

looking at inflammatory parameters may help under-
stand the direct effect of adipose tissue on breast cancer 
cells. The FATLAS trial (NCT04200768), which is 
currently ongoing in the University Hospitals of 
Leuven, Belgium, aims at a multilevel characterisation 
of systemic and mammary adiposity in breast cancer 
patients. Moreover, FATLAS has a prespecified sub-
study on ILC. Despite both of the abovementioned 
limitations about BMI, the current study still con-
tributes greatly to the understanding of the impact of 
adiposity on ILC, since this is one of the largest multi-
centric retrospective trials on patients diagnosed with 
ILC with data on BMI. 

To conclude, the association between worse clin-
icopathological features like higher tumour grade, larger 
tumour size, and higher likelihood of nodal involvement 
with a higher BMI at diagnosis that is known for pa-
tients with breast cancer was also seen in patients with 
ER+/HER2− ILC. In multivariable survival analyses, 
although BMI displayed a modest positive association 
with poorer outcomes, it did not present strong statis-
tical evidence of being an independent prognostic factor. 
The clinicopathological features that are known for 
their prognostic importance in luminal tumours (e.g. 
tumour grade, tumour size, and nodal status) remained 
strongly prognostic in our analyses. We hypothesise that 
the effect of BMI on survival could be largely mediated 
through these variables for patients with ER+/HER2− 
ILC. Further fundamental and clinical research ana-
lysing the effects of BMI or alternative measures of 
adiposity on the development, biology, and progression 
of ILC, as well as on the efficacy of treatment regimens 
in patients with ILC, are needed. 
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