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Abstract 

Introduction 

Obesity is an established risk factor and a negative prognostic factor for breast cancer 

development in postmenopausal women. Breast cancer is a heterogeneous disease with an 

arsenal of treatment strategies, targeting various qualities of the tumor. Hormone receptor 

positive breast cancers (HR+ BC) can be treated with endocrine therapy and some studies 

have reported a poor treatment response in overweight and obese women with metastatic HR+ 

BC compared with normal weight women, when treated with Fulvestrant and aromatase 

inhibitors (AIs).  

Aim 

The aim of this study was to investigate the impact of BMI on the efficacy of endocrine 

therapy in postmenopausal women with metastatic HR+ BC as well as to identify if the 

difference in efficacy is associated with aromatase inhibitors only, Fulvestrant only, or both 

aromatase inhibitors and Fulvestrant.  

 

Methods 

Patients were identified in the MOSAIQ and RealQ databases available in the Departments of 

Oncology in Eskilstuna and Uppsala, respectively. The primary outcome of the study was 

time to disease progression (TTP) during treatment with Fulvestrant in overweight and obese 

women compared to patient with normal BMI. 

 

Results 

Out of 173 enrolled patients, 141 had received both Fulvestrant and AI and 32 Fulvestrant 

only. No statistical significant difference in TTP, during Fulvestrant treatment, was seen in 

overweight and obese patients compared to those with normal BMI (p = 0.136). The rates of 

objective response and clinical benefit due to Fulvestrant were similar among patients with 

normal weight, overweight and obesity, respectively. 

  

Conclusions 

No difference in treatment efficacy was seen between the BMI categories, therefore a change 

in the metastatic treatment strategy in terms of BMI cannot be motivated. Further research, 

with larger cohorts and wider geographic distribution is needed for confirmation of the lack of 

association between endocrine treatment efficacy and BMI. 
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Abbreviations and Terminology 
 
BC Breast cancer 

BMI Body mass index 

CBR Clinical benefit rate 

DFS Disease-free survival 

ER Estrogen receptor 

HER2 Human epidermal growth factor receptor 2 

HR Hormone receptor, referring to ER and PR-expression 

HR+ Hormone receptor positive  

HRT Hormone replacement therapy 

ORR Objective response rate 

OS Overall survival 

PR Progesterone receptor 

PS Performance status according to ECOG-WHO 

SERD Selective estrogen receptor down-regulator 

SERM Selective estrogen receptor modulator 

Triple negative ER-/PR/HER2-negative 

TTP Total time to disease progression 
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Introduction 

Obesity is not only an established risk factor for development of breast cancer but also a 

negative prognostic factor with higher incidence of recurrence and cancer related deaths, in 

both pre- and post-menopausal women [1,2]. Several mechanisms, both direct and indirect, 

have been suggested to explain the association between obesity and breast cancer 

development and subsequent mortality. The direct, also referred to as biological, mechanisms 

involve hyperinsulinemia, inflammation and estrogen pathways, whereas the indirect, non-

biological mechanisms involve delayed presentation of disease and under-dosing of treatment 

[1,3]. The increased risk for developing breast cancer in obese post-menopausal women has 

been linked to both hormone receptor-positive (HR+) and triple-negative tumors. However, 

the association between obesity and poor treatment response and prognosis, in the same group 

of women, seems to be associated with HR+ and Her2-negative tumors [2,4,5]. 

 

Estrogen synthesis in post-menopausal women occurs in peripheral, non-ovarian, mainly 

adipose tissues, through conversion of androgens by the enzyme aromatase [6]. Elevated 

levels of plasma estrogens have been measured in overweight and obese women, suggesting 

increased estrogen synthesis due to adiposity [7,8].  In HR+ breast cancer, various endocrine 

therapies are used to limit the estrogen-induced tumor proliferation. Aromatase inhibitors 

(AIs), e.g. Letrozole, Anastrozole and Exemestane, reduce circulating estrogen concentrations 

by inhibiting aromatase, in post-menopausal women. Some studies have found a poorer 

response to AIs in overweight and obese women, suggesting inadequate suppression of 

circulating estrogen due to ineffective aromatase inhibition [7,9]. Tamoxifen, a selective 

estrogen receptor modulator (SERM), acts as a partial antagonist and agonist on the ER 

depending on the organ it acts on, resulting in the desired effects of tumor reduction and 

prevented bone demineralization and adverse effects such as increased risk of endometrial 

cancer and thromboembolic disease [6,10]. No association between Tamoxifen efficacy and 

BMI (Body Mass Index) has been observed in clinical studies [11]. Fulvestrant is currently 

the only selective estrogen receptor down-regulator (SERD) in clinical use for breast cancer 

treatment [12]. Fulvestrant is an ER-antagonist which binds with an affinity comparative to its 

actual ligand, estradiol, leading to a disrupted dimerization of ER, impaired estrogen-

dependent transcription and increased ER-degradation [5]. Fulvestrant is a relatively new 

agent and a recent meta-analysis proved its effect to be at least equivalent, perhaps even 

superior to treatment with 3rd generation of AIs [12].  
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Some studies have shown a negative association between obesity and treatment outcome in 

post-menopausal women with HR+ breast cancer, following endocrine treatment with AIs and 

Fulvestrant [13,14]. This negative association has yet to be established, and therefore no 

underlying mechanism has been determined. The current literature is limited, primarily due to 

the small sample size of existing studies and the variations in BMI-categorization; therefore, 

further research is required.  

 

Aim 

The aim of the study was to investigate the efficacy of endocrine therapy (AIs and 

Fulvestrant) in postmenopausal women with metastatic HR+ breast cancer and high BMI 

compared to women with normal BMI. Furthermore, we sought out to identify if the 

difference in efficacy between the two groups is associated with AIs only, Fulvestrant only, or 

both AIs and Fulvestrant.  

 

Methods 

Study population 

The study population consisted of a consecutive cohort of postmenopausal women with HR+ 

metastatic breast cancer that have received endocrine therapy, with Fulvestrant, as a 

metastatic treatment strategy at the Departments of Oncology in Eskilstuna and Uppsala, 

Sweden, between 2008 and 2016. The patients were identified through electronic databases 

available in each center, MOSAIQ and RealQ, in Eskilstuna and Uppsala respectively.  

 

The inclusion criteria were: 

o Postmenopausal women with metastatic ER+ breast cancer that have received 

endocrine therapy as a metastatic treatment strategy 

o Endocrine therapy included Fulvestrant. Treatment with AIs was also recorded for 

analyses 

 

The exclusion criteria were: 

o Men with breast cancer 

o Pre- and perimenopausal women 

o Patients with non-ER+ breast cancer 
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o Patients that have not received Fulvestrant as metastatic treatment 

o Patients that have received endocrine therapy only in combination with other 

modalities e.g. chemotherapy, targeted therapies (except anti-HER2-treatment for 

patients with HER2-positive breast cancer) 

o Patients that were included in cancer clinical trials 

 

Data collection 

A list of the extracted data is presented in Appendix.  

 

Outcomes and definitions 

The primary outcome was the time to disease progression (TTP) during endocrine therapy 

with Fulvestrant in breast cancer patients in the BMI-categories overweight and obese 

compared to patients with normal BMI. TTP was defined as the time from treatment initiation 

until objective tumor progression. The BMI categories were defined as normal (18.50 – 24.99 

kg/m2), overweight (BMI 25.00 – 29.99 kg/m2) and obese (BMI ≥ 30.00 kg/m2). 

 

The secondary outcomes were:  

o the TTP in breast cancer patients with BMI overweight and obese compared to 

patients with normal BMI during metastatic endocrine treatment with AIs 

o the clinical benefit rate (CBR) and objective response rate (ORR) due to Fulvestrant in 

patients BMI overweight/obese compared to normal BMI patients 

o the CBR and ORR due to AIs in patients BMI overweight/obese compared to normal 

BMI patients 

 

CBR was defined as the sum of complete response, partial response, or stable disease for 

at least 6 months due to a specific therapy. ORR was defined as the sum of complete 

response and partial response due to a specific cancer treatment. 

 

Statistical analysis 

Categorical variables were summarized by the number and percentage of patients in each 

category. Continuous variables were summarized by median and range. 

 

For the time-to-event outcome (TTP) the potential association between variables and TTP 

were assessed by the Kaplan-Meier method (log rank test for statistical significance). 
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Multivariate analysis was performed using Cox proportional hazard model, where variables 

with well-documented impact on TTP in HR+ BC were included. The BMI (as a categorical 

variable) was included in the model due to the special interest on this variable on this study.  

 

For the categorical outcome CBR and ORR, the potential association between variables and 

outcome if interest was assessed by chi-squared test (for categorical variables). Multivariate 

analysis was performed using variables with a well-documented impact on CBR and ORR, 

respectively, in HR+ BC. The BMI (as categorical variable) was included in the models due 

to the special interest on this variable on this study.  

 

All analyses were also conducted separately on patients who received endocrine therapy as an 

early (1st – 3rd) and late (≥ 4th) line of treatment in metastatic setting.  

 

All analyses were stratified according to the sensitivity to endocrine therapy. Patients were 

categorized as sensitive to endocrine therapy if they have relapsed > 12 months after finished 

adjuvant endocrine therapy whereas those who relapsed during or within 12 months after 

adjuvant endocrine therapy were categorized as endocrine resistant.  

 

All reported P values of statistical tests are two-tailed and p < 0.05 is considered statistically 

significant. All analyses are performed using the SPSS.

Ethics 

This study was pre-approved by the Ethical Review board in Stockholm (diary number: 

2017/1104-31).  

 

Results 

The study cohort is summarized in Fig. 1. We identified 216 eligible patients with ER+ breast 

cancer treated with Fulvestrant. After data extraction, 18 patients were excluded due to 

missing important variables such as weight and height. In addition, 25 patients were excluded 

in accordance to the exclusion criteria, primarily patients that received the treatment in a non-

metastatic treatment strategy, eg adjuvant treatment, and patients that did not receive 

sufficient treatment, for instance recieved only one cycle of treatment. In total, 173 patients 

were enrolled for statistical analysis, amongst these, 141 patients received both Fulvestrant 

and AIs and 32 received only Fulvestrant. 
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Figure 1. Identification, review and enrollment of study population. 

 

The main characteristics of the study population are presented in Table 1. The median age at 

diagnosis was 67 years, the median (range) of BMI at first line of treatment was 26.03 kg/m2 

(32.47 kg/m2). At diagnosis, 40.5%, 37.0% and 22.5% of the subjects had a BMI 

corresponding to normal (BMI 18.50 – 24.99 kg/m2), overweight (BMI 25.00 – 29.99 kg/m2) 

and obese (BMI ≥ 30.00 kg/m2) respectively. The median duration of follow-up in study 

cohort was 38 months (range: 1 – 120 months). 

 

Time to progression and obesity  

No statistical significant association was observed between the three BMI categories and 

TTP, during Fulvestrant treatment (p = 0.136) (Fig. 2). In multivariate analysis, we found no 

statistical significant difference, with HR 0.73 (95% CI: 0.61 – 2.04), for overweight and HR 

0.36 (95% CI: 0.75 – 2.24) for obese compared to normal as reference (other variables in 

multivariate analysis: Charlson index, age to metastasis, resistance to endocrine therapy, type 

of metastasis, molecular subtype, grade, performance status (PS) and site of metastasis).

 
Received both Fulvestrant and AIs  

(n = 141) 

Excluded (n = 43) 
o Exclusion criteria (n = 25) 
o Missing data (n = 18) 

 
Received Fulvestrant, only 

 (n = 32) 

 
Enrollment  

(n = 173) 

 
Assessed for eligibility 

(n = 216) 



Table 1: Main characteristics if study population (n = 173) 
Age at metastasis * 67 (65)  Molecular subtype †  
Charlson index * 2 (6)  Luminal A 65 (46.1) 
Smoking habits †   Luminal B/Her2-negative 62 (44.0) 

Never 70 (54.7)  Luminal B/Her2-positive 14 (9.9) 
Prior 25 (19.5)  PgR-expression †  
Current 33 (25.8)  Negative 28 (17.3) 

Previous of hormone replacement therapy †   Positive 134 (82.7) 
Never 78 (62.9)  Ki-67 expression * 88 (20) 
At least 6 months prior to diagnosis 21 (16.9)  Adjuvant treatment  
Less than 6 months prior to diagnosis 25 (20.2)  Chemotherapy †  

BMI at first line of treatment * 32.47 (26.03)  No 108 (64.3) 
Type of breast surgery †   Anthracyclines and taxanes 29 (17.3) 

No surgery 23 (13.5)  Anthracyclines, only 31 (18.5) 
Breast conserving surgery 68 (39.8)  Radiation therapy †  
Mastectomy 80 (46.8)  No 58 (34.5) 

Type of axillar surgery †   Breast, only 34 (20.2) 
No axillar surgery 34 (19.8)  Breast and axilla 76 (45.2) 
Sentinel node only 15 (8.7)  Endocrine therapy †  
Axillar dissection 123 (71.5)  No 47 (27.5) 

Tumor characteristics   Tamoxifen, only 43 (25.1) 
T-status †   Aromatase inhibitor, only 22 (12.9) 

0 4 (2.8)  Consecutive Tamoxifen and AI 30 (17.5) 
1 61 (43.0)  Consecutive AI and Tamoxifen 29 (17.0) 
2 60 (42.3)  Resistance to endocrine therapy †  
3 14 (9.9)  No 108 (62.4) 
4 3 (2.1)  Yes 65 (37.6) 

N-status †   Time of metastasis †  
0 42 (31.6)  De-novo 34 (19.7) 
1 54 (40.6)  Recurrence 139 (80.3) 
2 18 (13.5)  Sites of metastasis †  
3 19 (14.3)  Bone, only 52 (30.1) 

Histology †   Visceral 97 (56.1) 
Ductal 121 (76.1)  Non-visceral 24 (13.9) 
Lobular 36 (22.6)  No. of lines of therapy * 5 (17) 
Other 2 (1.3)     

Grade †   * median (range)  
1 12 (9.0)  † N (%)  
2 83 (62.4)    
3 38 (28.6)    



 

 
Figure 2. TTP according to the three BMI categories, normal, overweight and obese, during 

Fulvestrant treatment.  

 

Clinical benefit rate and obesity 

No statistical significant difference was seen in CBR between the three BMI categories in 

patients treated with Fulvestrant (p = 0.202) (Fig. 3). The lack of association between CBR 

and BMI was confirmed by a multivariate analysis yielding OR 0.56 (95% CI: 0.25 – 2.10) 

for overweight and 0.24 (95% CI: 0.19 – 1.52) for obese compared to normal as reference 

(other variables in multivariate analysis: PgR, molecular subtype, resistance to endocrine 

therapy, type of metastasis, and grade). 

 

Objective response rate and obesity 

We found no statistical significant difference in ORR between the three BMI categories in 

patients treated with Fulvestrant (p = 0.764) (Fig. 3). Multivariate analysis confirmed the 

results with OR 0.78 (95% CI: 0.23 – 2.65) for overweight and 0.41 (95% CI: 0.11 – 1.51) for 

obese compared to normal as reference (other variables in multivariate analysis: PgR, 

molecular subtype, resistance to endocrine therapy, type of metastasis, and grade). 
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Figure 3. Percentage of patients that achieved objective response and clinical benefit, 

respectively, during Fulvestrant treatment.  

 

Aromatase inhibitors and obesity 

In patients that received metastatic treatment with AIs, no statistical difference was seen 

between the three BMI categories in neither TTP (p = 0.085), CBR (p = 0.733) nor ORR (p = 

0.692).  

 
Subgroup analysis 

A subgroup analysis was performed to determine if BMI impacts treatment efficacy 

depending on which line of treatment Fulvestrant was given. No significant difference in 

treatment efficacy was seen between the three BMI categories (data not shown).  

 

Discussion 

Obesity is a well-established risk factor for developing breast cancer in post-menopausal 

women; some studies have also reported a negative association between BMI and response to 

endocrine treatment with Fulvestrant and AIs in metastatic setting. Our study showed no 

significant difference among normal weight, overweight, and obese metastatic breast cancer 

patients treated with either Fulvestrant or AIs in terms of time to progression, clinical benefit 

rate or objective response rate.  
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Two prior studies concluded that higher BMI could lead to impaired efficacy of Fulvestrant in 

patients with metastatic breast cancer. Gevorgyan et al. included 75 patients and showed a 

significant difference in CBR according to BMI, where the higher the BMI was associated 

with lower rates of CBR. The authors performed a separate analysis for overweight vs. obese 

patients but the small sample size limited the value of the analysis [13]. In addition, Pizzuti et 

al. found a positive association between BMI < 25 and longer progression-free survival in 161 

patients treated with Fulvestrant. However, the authors did not perform a separate analysis 

based on the magnitude of BMI, instead they merged the overweight and obese patients in one 

category [14]. Our study represents the largest cohort investigating the potential association 

between BMI and Fulvestrant efficacy so far. Due to the large sample size, we were able to 

perform our analyses separately for overweight and obese patients, which enables 

investigation of a possible linear relationship between BMI and treatment response.  

 

As for AIs, the Ewertz et al. investigated 4,760 patients receiving adjuvant endocrine 

treatment using AIs (and/or Tamoxifen) and showed no significant difference in neither 

overall survival (OS) or distant-recurrence free interval (comparable to TTP) in normal 

weight (BMI < 25 kg/m2) compared to obese (BMI ≥ 30 kg/m2) women [11].  Sendur et al. 

showed no significant difference in disease-free survival (DFS) between normal weight (BMI 

< 25 kg/m2) and overweight/obese (BMI ≥ 25 kg/m2) women when treated with AIs in an 

adjuvant treatment setting [7].   

 

Our study has some limitations including its retrospective nature and the small sample size in 

specific subgroups (e.g. HER2-positive breast cancer) that makes the interpretation of our 

results in specific subgroups problematic. Despite these limitations, the lack of association 

between the BMI categories and treatment response to Fulvestrant observed in our study 

supports the use of Fulvestrant in metastatic ER+ breast cancer irrespective of BMI status.    

  

To further investigate a possible association between the treatment efficacy of Fulvestrant and 

BMI, and if this hypothetical relationship is dose-dependent, prospective studies, preferably 

international multi-center to elucidate possible geographical variations, with larger cohorts 

should be designed. 
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Conclusion 

In summary, no difference in treatment efficacy was seen between normal, overweight and 

obese women with ER+ metastatic breast cancer, when treated with Fulvestrant or AIs. Until 

further research with prospective studies is available, there is no evidence to support any 

modification in how Fulvestrant treatment is used in patients with metastatic breast cancer in 

regard to BMI.  
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Appendix 

 
List of variables extracted from databases and medical journals 

Age at diagnosis 

Date of diagnosis 

Comorbidities at diagnosis  

Smoking habits 

Use of HRT 

BMI at diagnosis 

Type of primary surgery 

Tumor histology 

ER-status 

PR-status 

Ki-67 

Elston-Ellis grade 

Her2-status 

Adjuvant treatment 

Date of disease recurrence 

Sites of metastasis 

Performance status at start of each line of treatment 

BMI at 1st line of treatment or when endocrine treatment is initiated 

Type of 1st, 2nd, 3rd etc. line of therapy 

Tumor response to each line of therapy 

Date of disease progression at each line of therapy 

Number of lines of therapy 

Death 

Time of death 

Cause of death  
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Cover letter 

 
 
Dear Editor, 
 
I would like to submit the manuscript entitled “Impact of body mass index on the efficacy 

of endocrine therapy in patients with metastatic breast cancer” to be considered for 

publication in the ….  

 

We found that BMI does not affect the response to either Fulvestrant or aromatase inhibitors 

in postmenopausal women with hormone-positive, metastatic breast cancer. Although our 

study can be considered as a “negative study” because we could not reveal any association 

between BMI and treatment outcome, we believe that these findings are equally important as 

“positive studies” to be published as they will (i) encourage clinicians to treat overweight and 

obese women with Fulvestrant according to current treatment guidelines, and (ii) motivate 

researchers to further investigate this, and related, research questions in a more 

comprehensive setting. 

 

I declare, on behalf of my co-authors, that this manuscript is original, has not been published 

before and is not currently considered for publication elsewhere We have no conflict of 

interest to declare. The manuscript has been read and approved for submission by all the co-

authors. 

Thank you for your consideration. 
 
Sincerely, 
 
 
Luwam Zewenghiel,  
medical student at Örebro University 
bachelor in medicine and biomedicine   
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Popular science summary 

 
BMI påverkar inte behandlingsresultat vid spridd bröstcancer  

 
Övervikt och fetma är sedan tidigare kända riskfaktorer för att utveckla bröstcancer hos 
kvinnor som passerat klimakteriet. Det är även etablerat att överviktiga kvinnor har en sämre 
prognos i sin cancersjukdom. Tidigare studier har visat att kvinnor med högt BMI svarar 
sämre på hormonell behandling än kvinnor med normalt BMI.  
 
I vår studie jämförde vi behandlingsresultaten hos kvinnor med normalt BMI med kvinnor 
med BMI som motsvarar övervikt eller fetma. Patientmaterial inhämtades från Eskilstuna och 
Uppsala, information om bl. a. tidigare sjukdomar, typ av cancer, behandlingar och BMI 
insamlades för statistisk analys. Alla kvinnor som ingick i studien hade en spridd bröstcancer 
och jämförelsen av behandlingseffekt gjordes för två specifika, hormonella, behandlingar.  
 
Studiens resultat visade att ingen skillnad kunde ses i behandlingseffekt utifrån BMI-
grupptillhörighet. Överviktiga och kvinnor med fetma i denna studie svarade alltså lika bra på 
behandlingen som normalviktiga kvinnor. Då denna studie är en retrospektiv, 
tillbakablickande, sådan bör man inte ta slutsatserna från resultatet som en absolut sanning. 
Och det är av stor vikt att man utifrån detta gör uppföljande studier. Under tiden ger resultaten 
från denna studie, att kvinnor med spridd bröstcancer svarar lika bra på behandling oavsett 
BMI, stöd åt att fortsätta behandla denna patientgrupp med oförändrad behandlingsstrategi.  
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Ethical considerations 

 

This study was pre-approved by the Ethical Review board in Stockholm (diary number: 

2017/1104-31).  

 

In a retrospective study, such as this, one of the most important factors that must considered is 

personal integrity of the participants. Therefore, all patient data were de-personalized and the 

list of sensitive information (patients´ name and Swedish personal number) was kept, in safe, 

by the primary investigator of the study, and could only be accessed by authorized personnel. 

Also, the results of this study are presented in a way that retrieving information about a 

specific patient isn’t possible.  

 

The research questions that were sought to be answered were both relevant and important, 

enough so to access patients’ medical journals in intentions other than to treat. The results of 

the study have the potential to give important information about treatment strategies that are 

available for a high proportion of women with metastatic breast cancer worldwide and with 

the resources, such as databases, available it would rather be un-ethical not to investigate 

questions as these. 


