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Abstract 

Obese subjects present higher risk of developing mammary tumors, worse disease free survival and 

altered response to neoadjuvant chemotherapy (NAC). The circulating levels of the apelin adipokines 

are increased in obese subjects and are associated with poorer prognosis in cancer patients. In this 

study, we showed that obesity and tumoral apelin expression are two factors associated with 

incomplete response to NAC in breast cancer patients.   
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Introduction 

Breast cancer (BC) is the most common cancer and the leading cause of cancer death among women 

(1). It is now recognized that obesity, a condition that has reached pandemic proportions, is a risk 

factor for BC (2). Several potential mechanisms linking obesity and cancer have been identified, 

including the altered adipokines secretion (3, 4). Obese patients have increased circulating levels of 

the adipokine apelin (5, 6).  We recently demonstrated in an in vivo study that this adipokine is 

implicated in the relation between obesity and BC (7). Reproducing obesity-related levels of apelin is 

sufficient to promote BC growth and metastatization (7). Besides promoting BC, recent data showed 

that obesity affects response to neoadjuvant or adjuvant chemotherapy for BC patients (8). As tumor 

apelin expression or its receptor APJ have been associated with poor survival in humans (9), we 

hypothesized that the apelinergic system could also be implicated in the adverse relation between 

obesity and pathological complete response (pCR) to NAC in BC patients. 

Patients and methods 

Patients 

We retrospectively collected a series of 62 patients with early BC, treated with NAC at Cliniques 

universitaires Saint-Luc (a tertiary care center in Brussels, Belgium) between 2012 and 2020. Patients 

had received the same chemotherapy regimen and had remaining pre-treatment tumor samples 

available. Baseline information at diagnosis included anthropometric measurements, menopausal and 

diabetic status.  

Tumors biopsies 

Patients underwent biopsy at diagnosis. Hormone receptor status (estrogen receptor alpha and 

progesterone receptor) was evaluated by immunohistochemistry (IHC) and reported with the Allred 

score. Human epidermal growh factor receptor 2 (HER2) gene amplification status was determined by 

IHC and considered as positive for a staining superior to 10%. Subtypes are categorized as following: 

hormone receptor positive (HR+), HR+ HER2+, HER2+ and triple negative. Histological grade was 

assessed by the Nottingham scoring system. High Ki-67 index was determined for IHC staining above 

15%. Nodes involvement at diagnosis was assessed by clinical evaluation or by cytopunction. 

Neo-adjuvant regimen 

Patients underwent neo-adjuvant regimen including combination of anthracycline and taxanes. 

Depending on the recommendations at the time of diagnosis, patients have received either: 4 cycles 



of 5-fluorouracile (500mg/m2), epirubicin (100mg/m2), cyclophosphamide (500mg/m2) followed by 4 

cycles of docetaxel (100mg/m2) or 4 cycles of epirubicin (90mg/m2) and cyclophosphamide 

(600mg/m2) followed by 12 cycles of paclitaxel (80mg/m2). Trastuzumab (6mg/m2) was administered 

if case of HER2 positive status. 

Immunohistochemistry 

Biopsies were fixed in 4% paraformaldehyde for 24h at room temperature before processing for 

paraffin embedding. Sections of 5µm were submitted to endogenous peroxidases inhibition. Sections 

were then subjected to antigen retrieval in 10 mM citrate buffer pH 5.7 and to blocking of aspecific 

antigen binding sites (TBS containing 5% BSA and 0.05% Triton). Anti-apelin and anti-APJ primary 

antibody (Apelin: Abcam59469, APJ: Abcam214369) were incubated in TBS containing 1% BSA and 

0.05% Triton and detected with anti-rabbit horseradish peroxidase-conjugated polymer secondary 

antibodies (Agilent) overnight at 4°C. HRP was then visualized by DAB (Agilent). Cell nuclei were 

counterstained with hematoxylin. Stained slides were then digitalized using a SCN400 slide scanner 

(Leica Biosystems) at 40× magnification and tumor area were detected by a Pathologist.  Percentage 

of stained tissue was analyzed using Visiopharm software. 

Statistical methods 

Statistical analyses were performed using Graphpad Prism 8.0. For descriptive analyses, categorical 

parameters were presented as distribution of frequencies and continuous parameters as mean +/- 

standard deviation. Descriptive analyses were performed using Chi-square test for categorical 

parameters and one-way ANOVA for continuous parameters. Factor associations with pathological 

complete response were tested by univariate and multivariate logistic regression. A p-value of ≤ .05 

was considered significant. 

RESULTS 

Patients’ characteristics 

Body mass index (BMI) at diagnosis was used to classify the 62 patients into three categories: normal 

weight (BMI < 25 kg/m2), overweight (BMI 25-30 kg/m2) and obese (BMI > 30 kg/m2) (Table 1). Thirty-

five percent of patients were of normal weight, 40% were overweight and 25% were obese. The 

average age of patients at diagnosis was 52.6 ± 12.4 years, (range 33 to 75years old). There was a trend 

towards overrepresentation of older patients in the overweight group (56.8years ±9.96) as compared 

to the normal weight group (49.1years ±13.73). This tendency was not observed in the obese category 

(50.5years ±12.86). Altogether, age did not correlate with BMI in this cohort (Figure 1). The overweight 

group was enriched in post-menopausal women, compared to normal weight and obese patients (72% 



- 41% - 40% respectively, p=0.01).  Two obese patients (3%) were diabetic. The majority of BC cases in 

the normal weight and obese groups were luminal. BC subtype was not significantly different between 

the subgroups. However, the overweight BC group was numerically enriched in triple negative BC 

cases, compared to normal weight and obese patients (36% - 18% - 7% respectively). Tumor size and 

cell proliferation were not significantly different among the three BMI categories. The majority of BC 

were of grade III. Nevertheless, tumor grade significantly diverged between the three subgroups, with 

a lower proportion of high-grade tumors in the obese patients (60%). Node infiltration did not differ 

between the subgroups.  

The pCR rate was significantly different between the three subgroups, with a trend towards decreased 

efficacy of chemotherapy with increasing BMI category. 

 Insertion TABLE 1  

 

Figure 1 : Correlation between age and BMI of patients (N=62).  

BMI and tumor apelin are independently associated with NAC pCR in BC 

We investigated the link between pCR after NAC and BMI by univariate and multivariate logistic 

regression, accounting for several parameters known to potentially affect pCR. These parameters were 

BMI, menopausal status, tumor grade, tumor size, nodal involvement and hormone receptor 

expression (Table 2). Moreover, we analyzed tumoral expression of the adipokine apelin and its 

receptor APJ, as our team recently highlighted in mouse models that obesity promotes tumor apelin 

expression and that high circulating apelin favors BC aggressiveness(7). Interestingly, only BMI (Odds 

ratio (OR) of 0.86, 95% confidence interval (CI) 0.74-0.99) and tumor apelin expression (OR of 0.90, 

95% CI 0.83-0.97) were significantly associated with pCR in the multivariate analysis. No other factor 



was significantly associated with pCR. Tumor apelin did not correlate with BMI (Figure 2), suggesting 

these two parameters might affect pCR independently.  

 

Table 2: Univariate and multivariate logistic regression of clinical factors and odds ratio of pathological 

complete response (N=62). BMI: Body mass index, HR+: hormone receptor positive, APJ: apelin 

receptor. 

 

Figure 2 : Correlation between tumor apelin expression and BMI of patients (N=62).  

Discussion 

In this study, we retrospectively assessed the efficacy of anthracycline and taxanes-based NAC in 62 

early BC patients. We explored whether weight status was associated with pCR rate. BMI was 

significantly associated with a poorer response to NAC in this cohort. We also observed numerical but 

not statistically significant trends towards higher pCR rate in high-grade tumors, and lower pCR rate in 

luminal tumors. 



To further explore this association, we measured the tumoral expression of apelin and APJ. 

Interestingly, we discovered that high tumor apelin expression was significantly associated with a 

lower rate of pCR in these patients. This finding is a novel factor adding to the growing list of evidence 

that this adipokine has a detrimental role in cancer. Indeed, several preclinical and clinical studies have 

shown that apelin correlates with metastatization and poor overall survival (9, 10). Here, our clinical 

exploratory study suggests that tumor expression of apelin in BC is also associated with a poor 

response to NAC, a factor associated with worse disease-free survival (11).  

In our previous preclinical study, we found that BC tumors developing in obese mice display an 

increased tumoral apelin expression. In the current cohort, BMI and tumor apelin did not correlate, 

suggesting these two parameters might affect pCR independently. This should be interpreted 

cautiously, as only 3% of patients were diabetic in our cohort, whereas the mice we used in preclinical 

studies were diabetic. Indeed, insulin is the main inducer of apelin expression (12) and could explain 

why obese subjects have increased apelin expression levels. 

The small sample size and retrospective nature of our study are other limitations. These findings are 

thus hypothesis generating and must be validated in an independent, prospective cohort. In addition, 

a new study would allow us to refine our model by including other obesity-related parameters such as 

insulin sensitivity and circulating levels of apelin expression. Indeed, in a retrospective study, 

circulating levels of apelin were directly correlated with cancer stage in several different forms of 

tumors, including BC (13). Moreover, even if the use of BMI as a parameter for obesity is used in daily 

clinical practice, the use of waist-to-hip ratio as parameter for central obesity could be more 

appropriate to study the implication of obesity and apelin in response to NAC in BC patients.  

In conclusion, in this retrospective exploratory study on 62 early BC patients treated with taxane and 

anthracycline-based NAC, BMI and tumor apelin expression were significantly and independently 

associated with poorer pCR rates. This observation supports the notion that besides their role in 

development of BC, both obesity and specific adipokines could play a role in the response to 

chemotherapy. 
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Table 1: Clinical characteristics of patients based on BMI category (N=62) 

 

BMI: Body-mass index, SD: standard deviation, pCR: pathological complete response, HR: hormone receptor, TNBC: triple 

negative breast cancer. Anova one-way analysis for mean age, Chi square test for other parameters. P-values are annotated. 

* Too few parameters to perform a Chi-square analysis.  
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Figures

Figure 1

Correlation between age and BMI of patients (N=62).



Figure 2

Correlation between tumor apelin expression and BMI of patients (N=62).


