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RESEARCH ARTICLE

Body mass index as a prognostic factor in HER-2 positive early breast cancer
patients and its effect on duration of treatment with Trastuzumab: A

retrospective study

Abstract

Objective: To evaluate prognostic value of body mass index in human epidermal growth factor receptor 2-positive
early breast cancer, and to evaluate the duration of trastuzumab administration.

Methods: The retrospective study was conducted from March 2020 to December 2021 at Kafrelsheikh University Hospital
and Zagazig University Hospital, Egypt, and comprised data of women diagnosed between 2015 and 2017 with stage I-
Il human epidermal growth factor receptor 2-positivebreast cancer, who were treated with adjuvant chemotherapy and
trastuzumab for a year. Body mass index had been calculated at the time of diagnosis, and data was divided into 3 groups:
average weight group A, overweight group B and obese group C. Disease-free survival, distant disease-free survival and
overall survival were estimated for all the three groups. Data was analysed using SPSS 26.

Results: The mean age of 160 cases was 44.99+11.35 years (range: 25-66 years). There were 93(58.1) postmenopausal
women, 60(37.5%) had positive family history and 128 (80%) underwent modified radical mastectomy. There were
60(37.5%) patients in group A, 49(30.6%) in group B and 51(31.9%) in group C. There was significant association of
body mass index with disease-free survival and distant disease-free survival (p<0.05), but not with overall survival
(p>0.05). Significant difference was noted between body mass index and duration of trastuzumab (p<0.001).
Conclusion: Body mass index was found to be an independent prognostic factor for human epidermal growth factor

receptor 2-positiveearly breast cancer.
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Introduction

Breast cancer (BC) is an important health subject among
women due to its high morbidity and mortality rate.'It is
the most commonly diagnosed cancer? BC is a
heterogeneous disease showing many different biological
and morphological features and entails different clinical
behaviours and responses to treatment.?

Human epidermal growth factor receptor 2-positive
(HER2+) BC represents approximately 15-20% of all BC
cases. This subtype was linked to a higher risk of occurrence
of systemic and brain metastases and worse overall survival
(OS).*HER2+ malignancies <2cm in diameter provided a 20-
30% risk for distance metastases.’"HER2+ BC typically
returns in visceral locations as opposed to luminal
subtypes.®
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The emergence of anti-HER2 medications undoubtedly
improved the clinical prognosis in individuals with HER2+
BC. Trastuzumab (TTZ) with chemotherapy reduces relative
risk (RR) by about 40% and death by 34%.”But some HER2+
BC patients experience poor outcomes despite receiving
most effective anti-HER2 therapies.®

One year remains the standard duration of TTZ. Recently, a
meta-analysis of 12-month versus shorter therapy adopted
a non-inferiority design.’

After BC diagnosis, the immediate challenge is to
determine prognosis and to identify the most suitable
adjuvant systemic therapy.®

HER2+ early BC (eBQ)itself is a biologically heterogeneous
disease. Its outcome is influenced by both tumour biology
and host factors, including obesity and body mass index
(BMI). BC patients who are obese have worse prognosis
because they are less likely to undergo screening and the
disease is discovered at an advanced stage, increasing
operating time and complications post-surgery, and sub-
optimal chemotherapy treatment.?Also, in obese patients
it is more difficult to detect primary tumour and enlarged
axillary lymph node (LN). According to a study analysing
the mapping of axillary LNs,BMI had an adverse effect on
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the procedure which failed in individuals with increased
mean BML."

Epidemiological data suggests that obesity is an
independent risk factor for many solid tumours, including
BC'2, in addition to worse quality of life (QOL) and increased
risk of having lymphoedema and comorbidities, such as
hypertension (HTN), diabetes mellitus (DM) and
cardiovascular disease (CVD)."

Numerous studies have shown that HER2+ BC is a lipogenic
illness where bio-energetic preservation of HER2+ BC and
resistance to anti-HER2 target therapy are strongly
influenced by fatty acid de novo production and Fatty Acid
(FA) absorption.®

The connection between patient adiposity/BMI and clinical
results in patients with HER2+ BC could be explained by a
number of mechanisms, like insulin receptor and the
insulin-like growth factor 1 (IGF-1)", leptin and
adiponectin®™, TTZ pharmacokinetics?, sex hormone
alternation™, adipose chronic inflammation's, and lipid
metabolism.2 IGF-1 is a hormone that increases with
hyperinsulinaemia related to obesity and activates the
Mitogen-Activated  Protein  Kinase (MAPK) and
Phosphatidylinositol-3-Kinase (PI3K) pathways, causing
cancer-promoting effects of obesity, and reveals mitogenic
and anti-apoptotic effects. Increased insulin and IGF-1
levels are associated with increased mortality and poor
survival outcomes in BC cases.'

The most important factor for obesity linked to BC is leptin
which promotes tumour initiation, development, growth
and metastasis, and causes cross-talk with other signalling
molecules.”Leptin receptor can increase HER2 protein
levels and it can transactivate oestrogen receptor (ER).8Due
to the negative relationship between patient BMI and TTZ
plasma levels, obesity can influence the pharmacokinetics
of anti-HER2 medicines.®

Oestrogen, which is created by aromatase conversion of
androgens, may contribute to cancer via impacting
signalling pathways that result in deoxyribonucleic acid
(DNA) damage, activation of angiogenesis, mutagenesis
and cell proliferation.'

Obesity is characterised by a chronic low-grade
inflammation. Tumor Necrosis Factor-Alpha (TNF-X),
Monocyte chemoattractant protein-1(MCP-1), interleukin-
6 (IL-6) and Cyclooxygenase-2 (COX-2) are examples of the
pro-inflammatory mediators highly produced from
activated macrophages in the adipose tissue that promote
tumour progression.’® Also, chronic inflammation in the
adipose tissue promotes cancer growth and encourages
angiogenesis.'
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Regulating the development and proliferation of HER2+ BC
cells, and treatment resistance are associated with
plasmatic lipid uptake. Therefore, the fate of HER2+ BC
patients may be affected by elevated circulating lipid
contents.®

BMI, according to the World Health Organisation (WHO), is
a statistical index determined by dividing a person’s weight
in kilogrammes by their height in metres squared: BMI =
weight (in kg)/ height? (in m?). Obesity is defined as BMI
>30kg/m? and overweight as a BMI >25kg/m?.'¢

Currently, >1.9 billion and >600 million individuals can be
classified as overweight and obese, respectively, and the
numbers will keep rising in the coming years."”

Studies examining the relationship between obesity and
HER2+ eBC prognosis have reported mixed findings.'®
Despite the abundance of research on the link between
BMI and BC, there is a lack of information regarding patient,
tumour and therapy factors that may affect this association
and outcome.™

The current study was planned to evaluate prognostic
value of BMIin HER2-positive-BC cases, and to evaluate the
duration of TTZ administration.

Patients and Methods

The retrospective study was conducted from March 2020
to December 2021 at Kafrelsheikh University Hospital and
Zagazig University Hospital, Egypt, and comprised data of
women diagnosed between 2015 and 2017 with
histopathologically proven stage I-Il HER2+ invasive eBC,
who finished adjuvant chemotherapy and received TTZ for
a year. Data was retrieved using convenience sampling
technique after approval from the ethics review committee
of Kafrelsheikh University Hospital. Data was excluded if it
was related to patients with advanced or metastatic BC,
HER2-negative type and BC of non-epithelial origin, such
as phyllodes tumour, sarcoma, or lymphoma.

HER-2 positivity was defined as score +3 by
immunohistochemistry (IHC) in more than 10% of immune-
reactive cells, or amplification of erythroblastic oncogene
B (ERBB2) by in situ hybridisation.

All patients had been subjected to accurate diagnosis and
proper staging. Personal history included age, menopausal
status and marital status, while present history included
symptoms and duration, and past history included medical
comorbidities and their treatments, family history including
cancer history, date of surgery and modality of treatment,
including surgical procedure, supplementary radiation,
adjuvant chemotherapy and hormonal therapy.
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Laboratory investigations included complete blood count
(CBQ) with total and differential count, liver function tests
(LFTs) and renal function tests (RFTs).

Radiological investigations included mammography and
ultrasound (US) of breast and axilla, where available, plain
chest X-ray (CXR) and computed tomography (CT), when
needed, pelvi-abdominal US and/or CT scan, bone scan, if
indicated, and echocardiography with special emphasis on
left ventricular ejection fraction (LVEF).

Histopathological data included size of tumour, LN status,
histopathological type, pathological stage according to the
American Joint Committee on Cancer (AJCC)staging
guideline %, grade and presence of ductal carcinomain situ
(DCIS), lymph vascular invasion (LVI) or central necrosis. IHC
examination done on tumour specimens imbedded in
paraffin blocks included ER, progesterone receptor (PR),
HER2and Kiel-67 (Ki-67). HER2 status was examined by IHC
or fluorescence in-situ-hyperdisation(FISH). HER2+ was
shown by the overexpression of the HER2 gene which had
an IHC score of 3+ and scores of 0 and 1+ suggestedHER2
negativity, while score 2+ was considered equivocal, which
was confirmed through FISH. A HER2/CEP17 (Centromeric
Region Of Chromosome 17) ratio of 2.0 or higher, or a copy
number of the HER2 gene of 6 or more on FISH suggested
overexpression of the HER2 gene.

The patients received TTZ intravenous (IV) infusion once
every 21days, with 8mg/kg as the loading dose, followed
by maintenance dose of 6mg/kg for one year, according to
a clinical trial done in 2005. %

BMI had been calculated at the time of diagnosis, and data
was divided into 3 groups: average weight group A,
overweight group B and obese group C. There was an
insignificant number of underweight patients and their
data was made part of group A. Disease-free survival (DFS),
distant disease-free survival (DDFS) and OS were estimated
for all the three groups.

Data was analysed using SPSS 26. Quantitative data was
presented as mean + standard deviation, and qualitative
data as frequencies and percentages. One-way analysis of
variance (ANOVA) test was used to compare more than two
groups of normally distributed variables. Paired sample t-
test was used to compare between pre- and
post-treatment results of normally distributed variables.
Categorical variables were compared using Chi-square test.
Kaplan-Meier method was used for survival assessment.
Hazard ratio (HR) and associated 95% confidence interval
(Cl) of any recurrence were determined using Cox
multivariate proportional hazard regression model. P<0.05
was considered statistically significant.
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Results

The mean age of 160 cases was 44.99+11.35 years (range:
25-66 years), and mean BMI was 28.43+6.01kg/m? (range:
17-46.6kg/m?). There were 60(37.5%) patients in group A,
49(30.6%) in group B and 51(31.9%) in group C. Overall,
there were 93(58.1) postmenopausal women, 60(37.5%)
had positive family history and 128 (80%) underwent
modified radical mastectomy (MRM). Regarding tumour
characteristics, 102(63.8%) cases were of stage T2 and
93(58.1%) were N+, 160(100%) are MOand 149(93.1%) were
stage Il (Table 1). The median (IQR) follow-up was 68.0
months (64.0-71.0)

The relationship between BMI and DFS was significant, and
the highest mean duration was in group A (p<0.001). The
finding was confirmed by Kaplan Meier analysis (Figure)as
well as by multivariate analysis (p=0.01) (Table 2). Group B
patients had no significant difference compared to group
A patients (p>0.05).

Significant difference was noted between BMI and DDFS,
and the lowest mean duration was in group C patients
(p=0.007). The impact of obesity was significant in post-
menopausal obese patients (p=0.017), but was of no
significance in pre-menopausal patients (p>0.05).

No significant difference was found between BMI and OS
(p=0.1).

The mean DFS duration was 62.16+10.41 months and the
mean OS duration was 64.89+7.03 months (Table 3).

There was significant difference between BMI and TTZ
duration, and the highest mean duration was in group C
cases (p<0.001) (Table 4). Also, there was significant
difference between BMI and number of dissected LNs,
where the lowest mean number was in group A patients
(p<0.05).

Table-1: Demographicand tumour characteristics(n=160)

Characteristic Category Cases group
N=160
n (%)
Age (years) Mean +SD 44.99+11.35
(min-max) (25-66)
BMI Mean +SD 28.4316.01
(min-max) (17-46.6)
BMI Average weight (18 - <25) 60 (37.5)
Overweight (25 - <30) 49 (30.6)
Obese >30 51(31.9)
Family history Negative 100 (62.3)
Positive 60 (37.5)
Menstruation Premenopausal 67 (41.9)
Postmenopausal 93 (58.1)
Continued on next page
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Table-4: Body mass index (BMI) and herceptin duration(n=160)

Characteristic Category (Cases group Characteristic Average weight Overweight Obese>30 f  p-value Posthoc
N=160 (<25) (25-<30) N=51
n (%) N=60 N=49
Lymph node dissected Mean £SD 17.1547.35 Herceptin duration
(min-max) (7-27) Mean +£SD 13.75+£0.77  14.18+0.95 14.88+1.03 21.190 <0.001* P1=0.015
Tstage T 34(21.3) P2<0.001*
12 102 (63.8) P3<0.001*
I 24(15) *: Statistically significant at p < 0.05
N stage NO 67 (41.9)
N1 93(58.1)
AJC(Cstage group Stage | 11(6.9) ATy
Stage I 149 (93.1) o S BMi group
ER Negative 61(38.1) T
Positive 99 (619) b - e cons
PR Negative 73 (45.6) ek
Positive 87 (54.4) &
HER2 [HC+ve 104 (65) é
FISH +ve 56 (35) @
Ki-67 Low (<20) 93 (58.1) 2
High (>20) 67(41.9) |
Molecular Subtype Luminal B 99 (61.9) &
HER2 enriched 61(38.1) » FT) Fr we "
05 duration (In months)
BMI: Body mass index, AJCC: American Joint Committee on Cancer, ER:
Oestrogen receptor, PR: Progesterone receptor, HER2: Human epidermal e
growth factor receptor 2. IHC: Immuno-histochemistry, FISH: Fluorescence ol i — BMI group
insitu-hyperdisation, Ki-67: Kiel-67, SD: Standard deviation. | weion. S5 r.::’:,.‘.‘""
1 1 ohese
Lod| =t AeRiage wiight-censoned
Table-2: Cox regression analysis of DFS and OS in relation to L* B w g ZE'.’:E?J:;‘E:“""
BMI(n=160). % os
Variable Category Hazard  95% confidence p-value g _
according ratio interval =
to BMI Lower  Upper
bond  bond !
DFS  average weight (n=60)  Reference -l i 1
Overweight & B e o
(N=49) 1.044 .248 4391 0.953
Obese (n=51) 6.093 1550  23.958 0.01*
0s average weight (n=60)  Reference Figure: Kaplan—Meier for surv-ival time of 0S a-nd DFS(n=160). -
Overweight BMI: Body mass index, DFS: Disease-free survival, 0S: Overall survival.
(N=49) 1.178 281 4.937 0.832 . .
Obese (n=51) 3121 805 12008 01 Discussion

BMI: Body mass index, DFS: Disease-free survival, 0S: Overall survival.
*: Statistically significant at p < 0.05

Table-3: Disease-free survival (DFS) and overall survival (OS)
duration(n=160).

Variables Study group (n=160)
DFS duration

Mean +SD 62.16+10.41
Range (36-80)

0S Duration

Mean +SD 64.89+7.03
Range (47-80)

SD: Standard deviation/
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BC affects one in 8 women, almost 25.4% of all new cancer
cases in women.?HER2 status is an important prognostic
marker that has an aggressive behaviour to HER2+
BCtumours.?

Studies examining the impact of obesity on BC survival
have produced conflicting results.’®'°2324The impact of
obesity in the HER2+ population is not fully understood,
particularly in the wake of the advent of adjuvant TTZ.>*

The median follow-up in the current study was 68 months,
as previous studies have shown that the risk of recurrence
in eBC peaks in the first 2-3 years, then continuously
declines from 3-5years, after which it declines far more
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slowly. Additionally, earlier survival analyses with longer
follow-ups has demonstrated that the primary advantage
of HER2-target therapy is a decrease in early recurrence.?*

IN line with the current findings, Ligorio et al. showed that
obese patients with HR-/HER2+ subtype had worse DFS
and OS compared to those with low BMI.8Sun. et al. found
that being overweight and being obese were separate risk
factors for mortality and 5-year BC relapse.?*Cantini et al.
showed no significant differences between BMI classes and
prognosis in the total population of HER2+ malignancies.?*

As regard nodal status, the current findings were consistent
with Keskin O. et al'., but BMI and the number of
metastatic LNs did not correlate significantly, and the mean
number of the dissected and involved LNs was larger in the
HER2+ group compared to the negative ones."

The current findings related to TTZ and allied treatment
were in agreement with Ligorio et al.®but in contrast with
Martel et al. whose patients received chemotherapy and
different anti-HER2 therapies including lapatinib, TTZ, TTZ
followed by lapatinib or TTZ + lapatinib.'®

As regard TTZ duration, all current patients received TTZ for
1 year, and the association was significant between BMl and
Herceptin duration, where the highest mean duration was
among obese cases. This relatively longer duration may be
related to other factors rather than obesity, or any
interruption of the treatment.

According to Cantini et al., escalation techniques that
involve supplementing regular TTZ with additional anti-
HER2 medications may be advantageous for patients with
HR-/BMI=25, whereas people with HR+/BMI<25 may be
suited for shorter TTZ therapy.?*

As for menopausal status, the current study found
significant differences between BMI and menopausal
status, where most postmenopausal cases (80.4%) were
obese and the negative impact of obesity was significantly
correlated with postmenopausal status.

This was in agreement with Lohmann, A. et al. who showed
that following a 6-year follow-up, obese postmenopausal
women had a higher probability of dying from BC than
normal-weight women.”Sun, L. et al. discovered that
obesity at the time of diagnosis was associated with a bad
prognosis for BC regardless of the menopausal status,
whereas being overweight was associated with prognosis
in postmenopausal women.?

With respect to the hormonal status, 61.9% of current cases
were HR+, and there was significant difference between
BMI and hormonal status(p=0.019). But one examination
of the effect of hormonal status on survival in obese
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patients, there was no association of hormonal status with
DFS, OS and DDFS. The findings were in line with Martel et
al. even though their patients received different anti-HER2
therapy in the adjuvant setting.®

The current study has its limitations, including its
retrospective design and its relatively small sample size
which was not statistically calculated. Also, the sample was
raised using convenience sampling. As weight change may
affect prognosis, it is recommended that future
prospective, large-scale studies should measure BMI
multiple times and calculate weight change during
treatment and follow-up.

Conclusion

BMI was found to be an independent prognostic factor for
HER2+eBC cases. Obesity may interrupt ideal treatment,
and may prolong duration of TTZ treatment.
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