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Introduction
As of 2015, there are an estimated 700 million obese peo-
ple worldwide. In the USA, the prevalence of obesity is 32% 
among adult individuals, while it ranges from 13 to 24% in 
Europe. The Multinational Monitoring of trends and deter-
minants in Cardiovascular disease (MONICA) project, spon-
sored by the World Health Organization (WHO), showed 
that 30% of population in the Arab World are overweight 
or obese.1–3

The WHO defines obesity as a body mass index 
(BMI) of $30 (Kg/m2). Overweight is defined as a BMI 
of 25.0–29.9.4

Obesity is linked with the development of several cancer 
types, including esophageal, pancreatic, colon, breast, endome-
trial, ovarian, gall bladder, and kidney cancers.5,6

Studies showed that obese breast cancer patients are more 
likely to develop larger primary tumor, higher grade pathol-
ogy, and more lymph node–positive disease.7

Furthermore, recent studies showed that obesity is 
linked with the development of metastases in women with 
breast cancer.7,8

Ewertz et al. also observed that both chemotherapy and 
endocrine therapy are less potent in obese patients compared 
with nonobese ones.7

A recent report on early breast cancer by Pan et al. showed 
that obesity appeared to be strongly and independently associ-
ated with breast cancer mortality in pre/perimenopausal breast 
cancer patients.9

Other reports demonstrated that the relationship 
between obesity and breast cancer may be affected by the 
stages of life in which a woman gains weight and becomes 
obese. Epidemiologists are actively working to address this 
issue. Weight gain during adult life, most often from about 
age 18 to between the ages of 50 and 60 years, has been 
consistently associated with a higher risk of breast cancer 
after menopause.10
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The relation between obesity and the development of 
breast cancer may also vary by race and ethnicity. There is lim-
ited evidence to confirm whether the risk associated with being 
overweight or obese may be less among African American and 
Hispanic women than among white women.10,11

study objectives
The objectives of this study are to compare the development of 
breast cancer metastases in obese and nonobese women and to 
evaluate the effect of first-line metastatic chemotherapy in each 
group in terms of treatment response and survival benefit.

Primary end points. The primary end points were breast 
cancer metastases, distant metastases-free survival (DMFS), 
and the response to first-line metastatic chemotherapy.

secondary end points. The secondary end points were 
progression-free survival (PFS) and overall survival (OS).

study design
This is a retrospective study. The research was approved 

by the Health Service Executive (HSE) North East Research 
Ethics Committee.

Participating institute. This study was performed in Our 
Lady of Lourdes Hospital, Drogheda, Republic of Ireland.

eligibility criteria. Inclusion criteria. The inclusion cri-
teria of the current study are patients should be aged between 
18 and 70 years, have an Eastern Cooperative Oncology 
Group performance status #2, and have a pathologically 
proven primary invasive breast cancer with concurrent or 
subsequent development of distant metastases. In addition, 
they should have initial pathology: tumors $1.0 cm in the 
largest diameter and positive hormone receptor status (estro-
gen receptor [ER] and/or partial remission [PR]), including 
either positive or negative human epidermal growth factor 
receptor 2 (HER2)/neu.

For the second part of the study, patients must have ade-
quate bone marrow reserve and renal and liver functions for 
chemotherapy. Patients may be chemonaive or received chemo-
therapy as part of their adjuvant treatment. They should not have 
received any prior chemotherapy in the metastatic setting.

Exclusion criteria. Patients who did not fit with the above-
mentioned criteria were excluded. Furthermore, patients who had 
locoregional recurrence, multiple comorbidities, or poor perfor-
mance status were excluded from the second part of the study.

The study design is shown in Table 1, and the study con-
sists of two parts.

The first part is a comparative analysis of metastases 
development of breast cancer in obese (arm A) and nonobese 
patients (arm B).

Obesity was defined as a BMI of $30. The non-
obese group included patients with a BMI ,30, including 
overweight patients.

The second part is a comparison between arm A (obese) 
and arm B (nonobese) in relation to their response to first-line 
metastatic chemotherapy and their survival.

response definitions. The following definitions are employed  
Response Evaluation Criteria In Solid Tumors (RECIST 1.1):

•	 Complete response (CR) is defined as disappearance of 
all measurable lesions.

•	 PR is defined as $30% reduction in the size of all 
measurable lesions.

•	 Disease progression (DP) is defined as $20% increase in the 
size of all measurable lesions or appearance of new lesions 
on computed tomography or magnetic resonance imaging.

table 1. study design.

Arm A (BMI ≥30) Arm B (BMI <30)

1st. part of the study:  

Analysis of metastases development  

2nd. part of the study:  

1st. line metastatic chemotherapy  

Response evaluation 

Treatment response  

Survival analysis 

CR PR SD DR

Arm BArm A
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table 2. Patients’ characteristics of each study arm.

ChaRaCtERiStiCS aRM a (56) aRM B (62) P-vaLuE

nuMBER % nuMBER %

age (at time of metastases)

18–,40 3 5 7 11 0.05

40–,51 11 20 19 31 0.06

51–,65 19 34 21 34 0.1

65–70 23 41 15 24 0.04

Body mass index (BMi)

,25 0 0 38 61 –

25–29.9 0 0 24 39 –

$30% 56 100 0 0 –

Performance status (ECOg)
0 28 50 38 61 0.06

1 18 32 16 26 0.1

2 10 18 8 13 0.08

Pathological classification
ductal 52 92 53 85 0.06

lobular 4 8 9 15 0.06

Pathological grade
1 0 0 2 3 0.07

2 26 46 29 47 0.1

3 30 54 31 50 0.08

initial stage (pathological)
i–ii 21 37 18 29 0.07

iii 18 33 20 33 0.08

iV 17 30 24 38 0.05

number of positive lymph node
0 6 11 6 10 0.15

1–3 15 27 12 20 0.08

4–9 16 29 16 26 0.2

.9 3 5 6 9 0.06

Unknown 16 28 22 35 –

Metastases site
lung 15 27 12 19 0.06

liver 20 36 16 26 0.05

Both 5 9 3 5 0.06

Brain 7 12 6 10 0.1

Bone 4 7 20 32 0.03

Bone and visceral 5 9 5 8 0.1

Receptor status

eR +ve, PR +ve 22 39 23 38 0.15

eR +ve, PR –ve 31 55 35 56 0.15

eR-ve, PR+ve 3 6 4 6 0.19

her 2 neu
Positive 20 35 22 36 0.17

negative 36 65 40 64 0.15

invasion
lymphatic 16 29 19 30 0.16

Vascular/Perineural 12 21 13 20 0.15

•	 Stable disease (SD) is defined as all other situations.12

Objective response rate (ORR) was defined as CR plus PR.
DMFS was checked from the initial cancer diagnosis 

or the first clinic visit till the time of distant cancer develop-
ment. PFS was measured from the time of metastases devel-
opment till progression or censored at the last follow-up 
visit. OS was measured from the time of metastases devel-
opment until death or censored at the last follow-up visit.

statistical analysis. All calculations were carried out using 
SPSS, version 20 software for windows. Mean, median values, 
and 95% confidence interval (CI) were used for the description 
of continuous data. Survival data for each arm were analyzed by 
the Kaplan–Meier method and compared using the log-rank 
and Wilcoxon tests. For comparison between the two arms, t 
tests and P value were used. Cox multivariate hazard analysis 
was used to evaluate the effect of prespecified prognostic fac-
tors, including age, performance state, histopathological type, 
grade, stage, HER2 status, and the number of positive lymph 
nodes, ORR, PFS, and OS times of arm A in comparison with 
arm B. P value # 0.05 was considered statistically significant.

results
Between January 2009 and December 2014, our institute 
reviewed 118 patients with metastatic breast cancer. Of 
these patients, 77 developed distant recurrence subsequent 
to the treatment of early breast cancer and 41 developed de 
novo metastatic breast cancer. Among the patients, 56 (48%) 
patients were obese, 62 (52%) were nonobese, and 24 (20%) 
were overweight. In arms A and B, the median ages were 54 
and 50 years (P value 0.08) and the median BMI values were 
34 and 22 (P value 0.03), respectively.

Table 2 shows the patients’ characteristics of the two 
study arms.

In arm A versus B, the median DMFS was 5.8 versus 7.6 years 
and the mean DMFS was 5.9 versus 7.7 years, respectively (range 
3–11 versus 3–18 years, respectively; P value 0.04; Table 3).

For the second part of the study, 45 and 38 patients from 
arms A and B, respectively, were found to be eligible for inclu-
sion into the study, and they underwent chemotherapy treat-
ment. Tables 4 and 5 respectively summarize the patients’ 
characteristics and the details regarding chemotherapy treat-
ment, including the median cycles administered in each arm.

treatment response evaluation. In arms A and B, 40 
and 35 patients of the 45 and 38 chemotherapy groups under-
went treatment response evaluation (89 and 92%), respectively. 
In arms A and B, 5 and 4 patients achieved CR,15 and 13 
patients achieved PR, 12 and 11 patients had SD, and 8 and 7 
patients had DP, respectively (Fig. 1). 

The ORRs for arms A and B were 50 and 48.6%, respec-
tively (P value 0.09; Table 6).

survival data. The median PFS rates for arms A and B 
were 16.5 and 19 months, respectively (95% CI was 7–26 and 
10–28 months, respectively, P value 0.06). (Figure 2, Table 7).
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table 3. the site of metastases and the median dMFs for each arm 
(years).

MEtaStaSES 
SitE

aRM a aRM B P 
vaLuEMEDian  

DMFS
(YEaRS)

RangE 
(YEaRS)

MEDian 
DMFS
(YEaRS)

RangE 
(YEaRS)

lung 5.2 3–11 7.2 3–18 0.05

liver 5.5 2–10 7.4 3–15 0.04

Brain 4.9 3–6 5.9 3–9 0.09

Bone 6.8 4–11 7.9 4–18 0.1
 

table 4. Patients’ characteristics of each arm.

aRM a vERSuS B
viSCERaL  
MEtaStaSES

aRM a vERSuS B
BOnE  
MEtaStaSES

RR P-vaLuE RR P-vaLuE

age

18–,40 0.7 0.04 0.9 0.09

40–,51 0.8 0.05 1.0 0.1

51–,65 0.9 0.07 1.0 0.1

65–70 1.0 0.1 1.1 0.1

Performance status:(ECOg)

0 1.0 0.1 1.0 0.09

1 1.0 0.1 0.9 0.1

2 0.8 0.07 0.9 0.09

Pathological classification

ductal 0.8 0.04 1.1 0.09

lobular 0.9 0.09 0.9 0.09

Pathological grade

1 0 0 0 0

2 0.8 0.06 1.0 0.1

3 0.6 0.04 1.1 0.09

initial stage (pathological)

i–ii 1.0 0.1 1.1 0.1

iii 0.8 0.05 0.9 0.9

number of positive lymph node

0 1.0 0.1 1.2 0.1

1–3 1.0 0.07 1.1 0.1

4–9 0.8 0.05 1.0 0.09

.9 0.6 0.01 0.07 0.04

Receptor status: her 2 neu

Positive 0.6 0.03 1.1 0.07

negative 0.7 0.05 1.2 0.09

invasion

lymphatic 0.7 0.05 0.8 0.09

Vascular/Perineural 0.8 0.09 1.0 0.1 ta
bl
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table 6. RR for ORR of arm a over arm B.

ChaRaCtERiStiCS aRM a (45) aRM B (38) P-vaLuE

nuMBER % nuMBER %

age (at time of metastases)

18–,40 2 4 3 7 0.09

40–,51 9 20 10 26 0.08

51–,65 16 36 14 37 0.15

65–70 18 40 11 30 0.06

age (median) 53 – 50 – 0.9

Body mass index (BMi)
,25 0 0 22 58 –

25–29.9 0 0 16 42 –

$30% 45 100 0 0 –

BMi (median) 33 – 21 – 0.04

Performance status (ECOg)
0 22 49 24 58 0.09

1 15 34 10 27 0.06

2 8 17 6 15 0.09

Performance status 
(median)

0 – 0 – 0.1

Pathological classification
ductal 41 91 32 84 0.06

lobular 4 9 6 16 0.08

Pathological grade
1 0 0 0 0 –

2 19 42 18 47 0.09

3 26 58 20 53 0.07

grade (median) 3 – 3 – 0.1

initial stage (pathological)
i–ii 15 33 10 27 0.06

iii 14 31 13 34 0.09

iV 16 36 15 39 0.08

number of positive lymph node
0 2 4 2 5 0.1

1–3 13 29 8 21 0.07

4–9 14 31 10 26 0.08

.9 3 7 4 11 0.06

Unknown 13 29 14 37 0.06

Lymph node number 
(median)

5 – 4.5 0.1

Metastases site
lung 15 33 12 32 0.09

liver 20 45 16 42 0.07

Both 5 11 3 8 0.08

Bone 1 2 2 5 0.06

Bone and visceral 4 9 5 13 0.06

Receptor status: her 2 neu
Positive 16 35 13 34 0.1

negative 29 65 25 66 0.1

invasion
lymphatic 14 31 18 47 0.06

Vascular/Perineural 10 22 12 31 0.06

DP

SD

PR

CR

0 5 10 15 20 25 30 35 40

Arm B

Arm A

%

Figure 1. treatment response for both arms.
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Figure 2. Median PFs of the two groups.
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Figure 3. Median Os of the two groups.

The median OS rates for arms A and B were 24.5 and 27 
months, respectively (95% CI was 9–46 and 10–48+ months, 
respectively; P value 0.06; (Figs. 3 and Tables 8).

discussion
It is increasingly recognized that obesity and breast can-
cer are linked. Additionally, obesity increases breast cancer 
mortality as demonstrated in three large population-based 
cohort studies.13,14
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Studies have shown that adjuvant chemotherapy in obese 
patients is well tolerated and the dose increases proportionally 
to weight without conferring a higher risk for toxicity. Never-
theless, adjuvant undertreatment of obese patients, if chemo-
therapy is not strictly weight based, is increasingly recognized 
as an important factor in early relapse.15,16

Ewertz et al.7 showed that adjuvant chemotherapy and 
endocrine therapies are less effective in obese patients, espe-
cially after 10 years from the diagnosis, compared with non-
obese patients. These differences in the adjuvant setting were 
attributed to undertreatment of obese women.7

Other studies showed that endocrine treatment was less 
efficient in obese breast cancer patients. In one study, anastro-
zole was associated with a significantly higher recurrence rate 
in obese compared with nonobese post meno pausal patients.8

Studies have also shown that breast cancer was more likely 
to be discovered at an advanced stage in obese patients.17–19 
Several recent reports have shown that obesity is linked with 
metastases development. A recent American Society of Clini-
cal Oncology 2014 abstract included data from 70 clinical trials 
among 60,000 patients with ER-positive metastatic disease, in 
which the authors reported that BMI was significantly associ-
ated with breast cancer mortality in premenopausal women 
with ER-positive tumors. Obese women were found to have a 
34% higher risk of dying from breast cancer.9

Another retrospective analysis by Ewertz et al.7 including 
more than 18,000 patients showed that 46% of them received 
chemotherapy, 19% received both chemotherapy and endo-
crine therapy (mainly tamoxifen), 17% endocrine therapy alone 
(mainly tamoxifen), and 18% received no adjuvant therapy. 

table 8. RR for Os of arm a over arm B.

RiSk FaCtOR RR OF PFS OF aRM a OvER B

RR P-vaLuE

age

18–,40 1.2 0.05

40–,51 1.1 0.9

51–,65 1.0 0.08

65–70 1.0 0.09

Performance status (ECOg)

0 1.0 0.09

1 1.0 0.09

2 1.1 0.09

Pathological classification

ductal 1.0 0.1

lobular 0.95 0.06

Pathological grade

1 – –

2 1.1 0.08

3 0.9 0.06

initial stage (pathological)

i-ii 1.1 0.09

iii 0.9 0.08

number of positive lymph node

0 1.0 0.15

1–3 1.0 0.1

4–9 1.1 0.09

.9 1.2 0.07

Receptor status: her 2 neu

Positive 1.0 0.09

negative 1.1 0.08

invasion

lymphatic 1.0 0.09

Vascular/Perineural 1.1 0.08
 

table 7. RR for PFs of arm a over arm B.

RiSk FaCtOR RR OF aRM a OvER B

RR P-vaLuE

age

18–,40 1.2 0.04

40–,51 1.1 0.08

51–,65 1.0 0.1

65–70 1.0 0.1

Performance status (ECOg)

0 1.0 0.1

1 1.0 0.1

2 0.9 0.09

Pathological classification

ductal 0.8 0.06

lobular 0.9 0.09

Pathological grade

1 – –

2 1.0 0.1

3 1.0 0.09

initial stage (pathological)

i–ii 0.9 0.08

iii 1.1 0.09

number of positive lymph node

0 0.9 0.1

1–3 1.0 0.1

4–9 1.1 0.1

.9 1.2 0.1

Receptor status: her 2 neu

Positive 1.0 0.1

negative 1.0 0.09

invasion

lymphatic 0.9 0.09

Vascular/Perineural 1.1 0.1
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The patients were observed for a long follow-up period, up to 
30 years. The authors observed that obesity was significantly 
linked with higher rates of metastases and cancer-specific 
mortality.7 Additionally, a study by Sestak et al.8 has shown 
that obesity was significantly linked with metastases develop-
ment (liver, lung, and bone).8

Several biological mechanisms explain the worse prog-
nosis in obese breast cancer patients compared with nonobese 
patients. Probably, the increased level of estrogen in obese 
women is a major cause. Estrogen is produced by the ovaries, 
the adipose tissue, and to a less extent by the adrenal gland. 
Because obese women have more fat tissue, their estrogen levels 
are higher, potentially leading to more rapid growth and more 
aggressive behavior of estrogen-responsive breast tumors.10

In addition, obesity is associated with low levels of sex 
hormone-binding globulin that decreases estrogen activity. 
Further, obesity leads to insulin resistance with subsequent 
hyperinsulinemia. Studies showed that hyperinsulinemia 
was associated with a higher risk of distant recurrences and 
increased mortality. Insulin can also stimulate the synthesis of 
insulin growth factor-1, which has multiple effects that have 
been linked to tumor growth and metastasis in several malig-
nancies, including breast cancer.20–22

Further, obesity leads to subclinical inflammation 
with large amount of proinflammatory mediators, such as 
tumor necrosis factor beta, interleukin-1, and interleukin-6,  
which further lead to insulin resistance and cancer 
aggressiveness.21,23,24

Adipocytes also secrete the adipokines leptin and adi-
ponectin. Obese women have a high level of plasma leptin. On 
the contrary, they have less adiponectin levels. Leptin exerts 
the following actions: it stimulates the growth of breast can-
cer via signaling through the receptors that are overexpressed 
in breast malignancies; it promotes the transcription of aro-
matase enzyme with a subsequent rise in the level of serum 
estrogen. Furthermore, studies showed that leptin overexpres-
sion in breast cancer was associated with a high mortality due 
to breast cancer.

Low levels of serum adiponectin contribute to insu-
lin resistance. Several studies have confirmed an inverse 
relationship between adiponectin and the risk of developing 
several malignancies, including breast cancer.21,22,25,26

Till date, few studies have examined the link between 
obesity and prognosis in patients with metastatic breast cancer. 
In fact, the present study is among the first reports to explore 
these research aspects. Moreover, to our knowledge, this is the 
first report to show the effect of chemotherapy in metastatic 
breast cancer upon progression, although the sample size is 
quite small.

Our patients fulfilled the inclusion criteria, and there were 
no statistically significant differences between the two groups.

This study showed that obesity was linked with the 
development of metastases in premenopausal patients and 
in parti cular with the development of liver, lung, and brain 

table 9. RR for visceral metastases (lung, liver, and brain) and bone 
metastases in arm a versus arm B.

RiSk FaCtOR RR OF OS OF aRM a OvER B

RR P-vaLuE

age

18–,40 1.2 0.05

40–,51 1.1 0.06

51–,65 1.0 0.09

65–70 1.0 0.1

Performance status (ECOg)

0 1.0 0.1

1 1.0 0.1

2 1.1 0.09

Pathological classification

ductal 0.95 0.1

lobular 1.0 0.09

Pathological grade

1 – –

2 1.0 0.1

3 1.0 0.09

initial stage (pathological)

i–ii 1.0 0.09

iii 0.86 0.06

number of positive lymph node

0 1.0 0.1

1–3 1.0 0.1

4–9 1.1 0.09

.9 1.2 0.06

Receptor status: her 2 neu

Positive 1.0 0.1

negative 1.0 0.09

invasion

lymphatic 1.0 0.1

Vascular/Perineural 1.0 0.1
 

metastases. The difference was found to be statistically sig-
nificant for liver and lung. For brain metastases, the result 
was not statistically significant, as shown in Tables 3 and 9.  
The studies by Ewertz et al.7, Sestak et al.8, and Pan et al.9, 
confirmed our results in terms of the link between obe-
sity and the development of liver and lung metastases. 
Further studies are required to determine whether there 
is a definite link between obesity and the development of 
brain metastases.

Among all the chemotherapy regimens administered to 
our patients, the commonest regimens were weekly paclitaxel 
at an average dose of 80 mg/m2 with or without trastuzumab. 
Most of our patients were given anthracycline in the adjuvant 
setting, as shown in Table 2.
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Our treatment results showed that there were no sig-
nificant differences in the ORR in arms A and B. But sub-
group analysis illustrates that better results were achieved in 
nonobese women who were premenopausal with performance 
state 2, pathological grade 3, and four or more positive lymph 
nodes. Further studies are required to confirm our results.

The relation between obesity and response to chemother-
apy was examined in the clinical trial by Litton et al.27 The 
authors showed that neoadjuvant chemotherapy achieved worse 
results in obese patients compared with nonobese women.27

Our survival results showed that nonobese women had a 
better PFS and OS than obese patients. Furthermore, subgroup 
analysis confirmed this observation. Better survival data were 
observed in nonobese women who were premenopausal with 
performance state 2, pathological grade 3, and four or more 
positive lymph nodes, although our sample was small, as shown 
in Tables 6 and 7. Ewertz et al.7 also found that the risk of 
dying from breast cancer increased in obese patients compared 
with nonobese women. They further observed that the posi-
tive relationship between obesity and cancer-related mortal-
ity strengthened after 10 years from diagnosis in obese breast 
cancer patients.

Our results also showed that obese premenopausal 
patients had worse ORR, PFS, and OS compared with non-
obese patients, as well as obese postmenopausal patients. This 
finding may confirm other reports that showed obesity as an 
independent risk factor in breast cancer. However, this aspect 
was not clearly analyzed in our series.28

Finally, it might be reasonable to mention that we selected 
our patients based on the inclusion criteria. In our institute, we 
apply strict criteria to accept only fit patients for chemotherapy. 
We do not accept either elderly patients or patients with poor 
performance status (.3) to avoid other confounding variables. 
However, we were concerned mainly with cancer metastases 
development in our patients who were fit for chemotherapy.

conclusion
Obesity is linked with visceral metastases development, espe-
cially lung and liver metastases. Moreover, first-line meta-
static chemotherapy achieved better results in nonobese versus 
obese patients. Further studies are required to confirm our 
results, especially the link between obesity and chemotherapy 
treatment response.
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