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Abstract — Objective: Patients with breast cancer (BC) who are obese or overweight at the time of diag-
nosis have a low survival rate and a high death rate. We aimed to investigate if having a higher body mass
index (BMI) at diagnosis raised the risk of local recurrence (LR) and distant metastasis.

Patients and Methods: Patients were divided into three categories based on their BMI. The patient’s
BMI was determined by dividing his weight in kilograms by his height in square meters (kg/m?). The WHO
defines normal weight as 18.5 < BMI < 25 kg/m?, overweight as 25 < BMI < 30 kg/m?, and obesity as BMI
=30 kg/m?.

Results: The mean BMI was 30.27+6.06 kg/m2. Out of 250 patients, 60 (24.0%), 73 (29.2%) and 117
(46.8%) patients had normal, overweight and obese BMI respectively. No significant difference between
BMI and estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor recep-
tor (HER2) was found, but there was an association between tumor (T) stage and lymph vascular inva-
sion (LVI) (p<0.05). Obese patients had poorer disease-free survival (DFS) and overall survival (OS) than
normal and overweight categories (35.38 +1.72 vs. 42.38 + 2.79 and 37.82 + 2.27 months) (39.65+1.65
vs. 45.70 + 2.53 and 44.31 + 2.04 months) (p<0.001). LR occurs more prevalent in over-weight and
obese patients than normal (p<0.03) but there is no significant difference for distant metastasis.

Conclusions: There is a strong negative association between increased BMI and BC prognosis and patient
survival; controlling of this phenomenon may improve the response to treatment and survival, therefore health
awareness programs should be implemented.
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INTRODUCTION

Overweight and Obesity are described as abnor-
mal or excessive fat accumulation that may have
a negative impact on health!. Obesity rates have
risen dramatically around the globe in recent de-
cades**. Between 1975 and 2016, the global in-
cidence of obesity nearly tripled. More than 1.9
billion people were overweight in 2016. Over 650
millions of these people were obese. Body Mass

Index (BMI) is a metric widely used to categorize
adults aged 20 years and up. It is determined by
dividing a person’s weight in kilograms (Kg) by
his height in meters (m?); which is expressed as
kg/m2. According to the World Health Organiza-
tion (WHO), overweight and obesity are defined
as follows: 18.5 to 24.9 is considered normal or
healthy weight, 25 to 29.9 is considered over-
weight, and 30 to 39.9 is considered obese and 40
or above means severely obese®. BMI is regarded
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as the most useful measure because it is the same
for both sexes and people of all ages. Diabetes,
dyslipidemia, hypertension, stroke, cardiovas-
cular diseases, musculoskeletal disorders, and at
least 13 types of cancer including estrogen-pos-
itive breast cancer (BC) in post-menopause and
triple-negative subtypes in pre-menopause are
all associated with increased BMI.%12, Obesity
is well-established risk factors for breast cancer
(BC) development and is associated with a 30%
increased chance of recurrence or death . The
chance of developing BC in post-menopaus-
al persons is 1.2—-1.4 times higher in those who
are obese or overweight compared to those who
are not and 1.2 times higher for every 5-unit in-
crease in BMI'15, According to the International
Agency for Research on Cancer (IARC) Working
Group, people with obesity or overweight are 0.8
times more prone to develop cancer during meno-
pause!S 16,

PATIENTS AND METHODS
Study design and patient population

Patients with early BC who attended the Clinical
Oncology Department at Assiut University Hos-
pital between January 1%, 2012 and December 31%,
2016 and satisfied the inclusion criteria were in-
cluded in our study.

Inclusion criteria

» Female patients aged 20 years and older with
histologically confirmed invasive ductal carci-
noma (IDC) and had early stages BC accord-
ing to the staging system of the American Joint
Committee of Cancer (AJCC) .

* Patients who underwent surgery followed by
adjuvant treatment.

» The weight and height at the time of diagnosis
have been recorded in the files.

* Patients have been followed up on for 5 years.

Exclusion criteria

* Male patients.
* No definitive surgery.

At the time of evaluation, there was no doc-
umentation of weight or height. There was no
recorded follow-up. The following data were re-
viewed: multiple variables were examined and an-
alyzed including age at diagnosis in years, weight
in kg and height in meters, menopausal status
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(premenopausal or postmenopausal), tumor size
(T), pathological types, grades (G), lymph vascu-
lar invasion (LVI), stage of the disease, estrogen
receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor (HER2)
status, surgery type: either modified radical mas-
tectomy (MRM) or breast conservative surgery
(BCS) and adjuvant treatment including chemo-
therapy and radiotherapy+ hormonal therapy.

GROUP CLASSIFICATION

We calculated BMI by dividing the patient’s
weight in kg by his height in square meters; we di-
vided our enrolled patients into three groups: nor-
mal weight 18.5 < BMI < 25 kg/m?* overweight 25
<BMI <30 kg/m?2., and obesity BMI > 30 kg/m?.

Follow-up

Clinical examination and radiological investiga-
tion were performed every three months for the
first two years then every six months for the third
year and then annually for the next two years.
Disease-free survival (DFS) was defined as the
period from diagnosis to the appearance of first
sighs of recurrence (distant metastasis or local-re-
gional recurrence) or the date of last follow-up
(31 December 2021). Overall survival (OS) was
defined as the period between diagnosis and the
last follow-up or death from breast cancer. DFS
was defined as the period from diagnosis to the
appearance of the first signs of recurrence (dis-
tant metastasis or local-regional recurrence) or
the date of last follow-up. (31st December 2021).
Overall survival (OS) was defined as the period
between diagnosis and the last follow-up or death
from BC.

Primary endpoint

The primary goal was to study the impact of in-
creased BMI at diagnosis on the disease charac-
teristics.

Secondary end point

Determine the DFS, which is described as the
time between random assignment in a clinical
trial and disease progression or death from any
cause, as well as the OS, which is measured from
the date of diagnosis to the date of death from any
cause or date of last Follow-up.
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Statistical analysis

The data was presented as a number, a percent-
age, and mean * standard deviation (SD). The
Chi-square test was used in the comparison. The
Kaplan-Meier method was used to determine DFS
and OS throughout a 5-year period. For signifi-
cance, the log-rank test was used, and the p-val-
ue is considered statistically significant when p<
0.05. The Statistical Package for Social Science
version 22 (SPSS Inc. Armonk, NY, USA) was
used for statistical analysis.

RESULTS

This retrospective study included 250 patients
with early stages BC who presented to our depart-
ment between the 1% of January 2012 and to 31% of
December 2016.

Table 1 shows the demographic data of our
enrolled patients. The mean age was 49.79+10.34
years (range 27-75 years). The mean weight and
height were 74.72 +15.80 kg and 1.57 £0.06 m,

TABLE 1. Patients and tumor characteristics.

Variable Total (no=250)/%
Age:

Mean + SD (Range) 49.79 + 10.34 (27.0-75.0)
Weight:

Mean=SD (Range) 74.72+15.80(42.0140.0)
Height:

Mean + SD (Range) 1.57 £0.06 (1.4-1.7)
BMI:

Mean + SD (kg/m?) (Range) 30.27 +6.06 (18.7-53.3)
- Normal - 60 (24.0%)

- Overweight - 73 (29.2%)

- Obese - 117 (46.8%)
Menopausal status:

- Pre-menopausal - 118 (47.2%)

- Post-menopausal - 132 (52.8%)
Pathology:

-IDC - 236 (94.4%)

- others - 14 (5.6%)
Pathological grade (G):

- GI - 5(2.0%)

-GII - 208 (83.2%)

- GIII - 37 (14.8%)

Stage:

-0 - 2(0.8%)

-1 - 17 (6.8%)

-1 - 114 (45.6%)

- I - 117 (46.8%)

Abbreviations - SD: Standard deviation, BMI: Body mass
index, IDC: Invasive ductal carcinoma.

respectively. As a result, the mean BMI was
30.27+6.06 kg/m? (range 18.7-53.3 kg/m?). Accord-
ing to the WHO BMI classification, 60 (24.0%),
73 (29.2%), and 117 (46.8%) patients were normal,
overweight, and obese, respectively; this indicates
that approximately three fourth of our enrolled
patients (no = 190, 76%) were either overweight
or obese. There were 118 (47.2%) pre-menopaus-
al patients with 91 (77.1%) being overweight or
obese. There were 132 (52.8%) postmenopaus-
al patients, with 99 (75%) being overweight or
obese. IDC was the most prevalent pathology, af-
fecting 236 (94.4%) of the patients. A total of 208
(83.2%) of the cases were with pathological G II.
stage I1I was present in 117 (46.8%), and LVI in 83
(33.2%). Table 2 shows that nearly two-thirds of
the overweight group (no = 73) were ER-positive
47 (64.38%), 37 (50.68%) were PR-positive, and
the majority were HER2 negative 61 (83.56%). In
obese cohort (no = 117), 81 (69.23%) patients were
ER-positive, 77 (65.81%) patients were PR-posi-
tive, and 97 (82.90%) were HER2 negative. In the
overweight and obese categories, 128 (67.3%) pa-
tients were ER-positive, 114 (60%) were PR-posi-
tive, and 158 (83.15%) were HER2 negative. There
was no significant difference between molecular
subtypes and BMI (p=0.330). T >2 cm was found
in 146 (76.84%) of overweight and obese patients,
LVI was found in 57 (30%). The Chi-square test
revealed that there was no significant difference
between BMI and ER, PR, and HER2 status but
there was a significant difference between T stage
and LVI (p <0.05). In regards to patient treatment,
Table 3 shows the various treatment options. In
regards to the surgery approach, MRM had been
carried out in (82.0%) of the patients. Adjuvant
chemotherapy was given to (98.0%) of patients.
Adjuvant local radiation was administered to
(85.2%) of patients. regarding adjuvant hormon-
al therapy, (36.4%), (20%), (5.2%) and (6.8%) of
patients received tamoxifen, letrozole, anastro-
zole and tamoxifen followed by aromatase inhib-
itor (Al), respectively. Trastuzumab was given to
(4.4%) of patients as showed in Table 4. Local re-
currence occurs more frequent in over-weight and
obese patients (no= 26, 13.68%) than normal (no=
1, 1.67%) (p<0.03) whereas distant metastasis oc-
curred in 66 (34.7%) patients with overweight and
obesity compared tol4 (23.33%) patients with nor-
mal BMI (p=0.254). The mean DFS and OS were
37.7741.25 and 43.40£1.15 months, respectively
(95% CI; 35.52 - 40.22 and 41.40 - 45.66). Obese
patients had poorer mean DFS and OS than nor-
mal and over-weight patients (35.38 £1.72 vs. 42.38
+ 2.79 and 37.82 + 2.27 months) (39.65+1.65 vs.
45.70 + 2.53 and 44.31 + 2.04 months) (p<0.001)
as shown in Figures 1 and 2.
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TABLE 2. The tumor characters according to BMI.

Item BMI status p-value
Normal no (%) Overweight no (%) Obese no (%)
=60 =73 =117

ER:

Positive 39 (65.0%) 47 (64.38%) 81 (69.23%)

Negative 21 (35.0%) 26 (35.62%) 36 (30.77%) p=0.744
PR:

Positive 33 (55.0%) 37 (50.68%) 77 (65.81%)

Negative 27 (45.0%) 36 (49.31%) 40 (34.18%) p=0.098
HER2:

Positive 6 (10.0%) 12 (16.43%) 20 (17.12%)

Negative 54 (90.0%) 61 (83.56%) 97 (82.90%) p=0.434
Luminal A 35 (58.3%) 43 (58.9%) 77 (65.8%)
Luminal B 4(6.7%) 6 (8.2%) 8 (6.8%)
TNBC 19 (31.7%) 18 (24.7%) 20 (17.1%)
Her?2 enriched 2 (3.3%) 6 (8.2%) 12 (10.3%) p=0.330
T stage:

T:<2cm 20 (33.33%) 23 (31.5%) 21 (17.94%)

T: 2-5 cm 30 (50.0%) 37 (50.7%) 64 (54.7%)

T:>5cm 10 (26.7%) 13 (17.8%) 32 (27.35%) p<0.03*
LVI:

Yes 26 (43.3%) 16 (21.9%) 41 (35.0%) p<0.02*

No 34 (56.7%) 57 (78.1%) 76 (65.0%)

Abbreviations - BMI: Body mass index, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth
factor receptor, TNBC: Triple negative breast cancer, T: Tumor, LVI: Lymph vascular invasion.

TABLE 3. Lines of treatment in study group.

Item Descriptive
‘ln=25 ”
Type of surgery:
* MRM 205 (82.0%)
* BCS 45 (18.0%)
Adjuvant chemotherapy:
* Yes: 245 (98.0%)
- Anthracycline based 191 (76.4%)
- Anthracycline and taxane based 44 (17.6%)
- Anthracycline then capecitabine 5 (2.0%)
- CMF 3 (1.2%)
- Anthracycline and taxane based then capecitabine 1 (0.4%)
- Capecitabine only 1 (0.4%)
* No 5(2.0%)
Adjuvant local radiotherapy:
* Yes 213 (85.2%)
* No 37 (14.8%)
Adjuvant hormonal therapy:
¢ Tamoxifen 91 (36.4%)
¢ Letrozole 50 (20%)
¢ Anastrozole 13 (5.2%)
* Tamoxifen then Al 17 (6.8%)
Trastuzumab:
* Yes 11 (4.4%)
* No 239 (95.6%)

Abbreviations - MRM: modified radical mastectomy, BCS: breast conservative surgery, Al: aromatase inhibitor.



TABLE 4. The tumor characters according to BML

BMI CORRELATION WITH LOCAL RECURRENCE IN BC

Item Total no (%) BMI status p-value
Normal Overweight Obese
“n=60" “n=73" “n=117"
LR:
Yes 27 (10.8%) 1 (1.67%) 10 (13.69%) 16 (13.67%) p<0.03*
No 223 (89.2%) 59 (98.3%) 63 (86.3%) 101 (86.3%)
Metastasis:
Yes 80 (32%) 14 (23.33%) 25 (34.24%) 41 (35.04%) p=0.254
No 170 (68%) 46 (76.67%) 48 (65.75%) 76 (64.95%)
DFS:
Mean+ SD 37.77+1.25 42.38 +2.79 37.82+2.27 3538 +1.72 p<0.001*
(95% CI) (35.52-40.22) (36.9-47.86)  (33.36-42.28) (32.00 — 38.76)
0OS:
Mean+ SD 43.40 £ 18.23 4570 £2.53 4431 £2.04 39.65 + 1.65 p<0.001**
(95% CI) (41.40 - 45.66) 40.74-50.65  (40.29-48.33) (38.4-44.89)

Abbreviations - BMI: Body mass index, LR: Local recurrence, DFS: Disease-free survival, CI: Confidence interval, OS: Overall

survival.

Fig. 1. Disease-free survival of patients according

to BMI.
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DISCUSSION

BC is the most prevalent malignancy in females
and the second leading cause of cancer death in
the United States. According to the American
Cancer Society 290,560 Americans will be diag-
nosed with BC in 2022 with 43,780 dying from
the disease ™. Similarly, BC is the most preva-
lent malignancy in Egyptian women. In 2020,
approximately 22,700 new cases are anticipat-
ed, accounting for 38.8% of all new cancer cas-
es and approximately 46.000 cases are expected
in 2050". BC mortality in Egypt is around 11%,
making it the second leading cause of cancer-re-
lated death after liver cancer®.

Obesity is one of the risk factors for BC de-
velopment, so there is a significant association. In
our study we found that roughly three-quarters
of the 190 cases (76%) were either overweight or
obese; this high incidence is consistent with the
findings of many other studies'>?!22, However,
this association between BMI and BC risk varies
depending on menopausal status. According to
significant number of studies, as BMI increased,
the risk of developing BC increased in post-meno-
pause?>2426-2 and decrease in pre-menopause?28,
Iyengar et al®® demonstrated that obesity in
post-menopause is associated with an increased
risk.

Liu et al*' discovered that as BMI increased
by about 5 kg/m? in post-menopause, the risk
increased by about 2% whereas it had a protec-
tive effect in pre-menopause. However, our re-
sults challenge these studies because we found
no significant difference in incidence between
pre-menopause and post-menopause patients. Our
results concluded that overweight and obesity are
strongly associated with high T stages (p<0.03)
which is consistent with previous studies’*34, Al-
though approximately two-thirds of overweight
and obese patients were ER and PR positive,
no significant difference was observed. Several
studies support these findings 3537 but other dis-
agree 3%, LR was found to be more prevalent in
overweight and obese patients than in normal pa-
tients with a significant difference (p<0.03) which
agrees with other results*-43. Other studies, how-
ever, found no change in LR between BMI cate-
gories*+45,

In comparison, there was no significant
difference in distant metastasis between over-
weight and obese patients and normal BMI pa-
tients (p=0.254). Ewertz et al * reported that
patients with a BMI of 25 kg/m? or higher had
a 42% to 46% higher risk of getting distant me-
tastasis than patients with a BMI less than 25

kg/m2. Blair et al** and Osman et al*® found the
same results, so our results didn’t correspond
to these studies?’. In terms of DFS and OS, we
found that obese patients had substantially low-
er DFS and OS than normal and over-weight
(p<0.001). A significant number of studies’
results agree with ours'*#4; however, Carmi-
chael et al®® disagree with us as because they
discovered no difference.

Recommendations

Based on our finding, there should be awareness
programs to explain the dangers of being over-
weight or obese to reduce their prevalence and as
a consequence the incidence of BC. Overweight
or obese people should have a regular periodic
breast examination through screening programs
to detect the tumor in its early stages. weight
management and lifestyle changes should be
implemented after a diagnosis of breast cancer
BC in overweight or obese patients to improve
response to treatment and decrease the chance
of recurrence. Breast cancer BC caused by being
overweight or obese should be avoided through
health education initiatives.

CONCLUSIONS

The purpose of this study is to assess BMI as a
risk and prognostic factor in BC. We found that
overweight and obesity at diagnosis can be con-
sidered independent risk factors independent of
others as well as a prognostic factor as by increas-
ing the BMI worsens the prognosis.
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