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Abstract

Purpose: Obesity was reported to be a poor prognostic 
factor for breast cancer. There is a growing evidence of 
increasing prevalence of obesity among Saudi women 
across all age groups (44%). Since the prognostic 
significance of obesity was not studied in Saudi patients 
with breast cancer, the aim of this study was to evaluate 
the impact of BMI on pCR in LABC patients post NAC.

Patients and Methods: This is a retrospective study 
between May 2005 to July 2010; 246 consecutive female 
patients who were diagnosed of LABC (Stage II & III) 
and underwent surgery in three tertiary care centers, 
representative of the Kingdom of Saudi Arabia (King Saud 
Medical City, Riyadh; King Abdullah Hospital, Mecca and 
King Fahad Specialist Hospital, Dammam) were included 
in this study. All included patients have received NAC 
(Anthracycline/Taxane based combination chemotherapy 
and ± Herceptin). Patients who were diagnosed to 
have stage IV breast cancer due to presence of distant 
metastasis were excluded.

Patients	were	 categorized	 as	 normal	 (BMI	<25	 kg/m2),	
overweight	 (BMI	 of	 25	 to	 <30	 kg/m2)	 and	 obese	 (BMI	
>30 kg/m2). pCR was defined as no invasive cancer in 
the breast or axillary tissue. Univariate and multivariate 
analysis were used to evaluate the statistical associations 
between pCR and BMI with respect to the other previously 
established prognostic factors, namely age, tumor grade, 
stage, ER/ PR /Her-2neu status, molecular subtypes, and 
lympho-vascular invasion (LVI).

Results: The median age was 50 years (range 24-68). 
Molecular subtypes were as follows: luminal A; 23.2%, 
luminal B; 45.1%, triple negative; 16.7% and Her-2 neu 
positive; 15%. Infiltrating ductal carcinoma represents 
the majority of our cohort (92.7%). Eighty-six (35%) were 
stage II and 160 (65%) were stage III. Intermediate and 
high-grade malignancies were found in 52% and 44.3% 
of the patients respectively. Positive lymph vascular 
invasion was detected in 41.5%. Obese patients constitute 
55.7% of our cohort. Pathologic complete response was 
achieved in 62 patients (25.2%). In Univariate analysis 
LVI and overweight /obesity were negatively correlated 
with pCR (P= 0.037 and 0.000 respectively) while tumor 
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grade was positively correlated with pCR (P= 0.008). In 
multivariate analysis, Overweight/ obesity was the only 
significant independent factor correlating with pCR (P 
=0.000). No impact of BMI has been demonstrated on 
both disease-free survival (DFS) and overall survival (OS) 
(P=0.93, 0.18 respectively).

Conclusion: In this study, Overweight/Obesity (which 
represent more than half of the patients =81.3 %) had 

a negative impact on pCR in Saudi patients with LABC 
treated with NAC. This poorer outcome in patients with 
abnormal weight (Overweight/Obesity) necessitates 
further prospective studies of this risk factor in order to 
optimize the care of this group of patients.

Keywords; Body mass index, neoadjuvant chemotherapy, 
Pathologic complete response locally advanced breast 
cancer
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Introduction
Breast cancer is the most common malignancy and 

the leading cause of cancer-related death amongst 
women worldwide [1] [2]. Similarly, in the kingdom of Saudi 
Arabia (KSA), breast cancer is currently the most common 
malignancy among females [3] [4] [5]. It represents 23% of 
the total number of cancer cases in the kingdom. There is 
gradual increase of its incidence with total cancer cases 
diagnosed at an average annual age standardized rate 
(ASR) of 15.6/100,000 [6]. Breast cancer among Saudi 
females is characterized being aggressive with poor 
prognostic clinicopathologic features and tendency to be 
found in younger women with median age of 47 years and 
as an advanced stage of the disease [7] [8, 9] [10]. The early 
onset of breast cancer correlates with a worse prognosis 
and disease outcome [11].

The association between anthropometric indices, 
including body mass index (BMI) and the risk of breast 
cancer has been studied and accepted worldwide. In a 
multivariate analysis, BMI showed significant positive 
associations with breast cancer risk among pre-and 
postmenopausal women [12] [13]. Obesity is also associated 
with advanced disease at diagnosis and with a poor 
prognosis in both pre- and post-menopausal women 
with breast cancer [14] [15].

The underlying mechanism of these effects remains 
unknown. Hypothetically, BMI is a surrogate marker of 
total body aromatization, hence, it might be a practical 
tool to individualize the hormonal treatment for breast 
cancer [15]. Longcope et al infused 88 women with different 
estrogens products and analyzed the blood and urine 
samples. They demonstrated that peripheral aromatization 
is positively correlated with adiposity but androgen 
interconversions and estrogen interconversions are not 
related to adiposity [16]. Most investigators believe that 
higher BMI is related to higher circulating concentrations 
of sex hormones, mainly estradiol, insulin and insulin-
like growth factor (ILGF), which lead to a distortion of 
the normal balance between cell differentiation and 

apoptosis, progression and proliferation of breast cancer 
cells [17, 18]. On the other side, the pharmacokinetics and 
pharmacodynamics of drugs in the obese are complex 
and variable. Commonly observed effects include an 
increased volume of distribution of lipophilic drugs and 
altered metabolism, elimination half-life, and clearance 
rate [19] [20] [21] [22].

After menopause, adipose tissue is the only source of 
estrogen. In adipose tissue, conversion of androgens to 
estrogens by aromatase occurs [23]. Estrogen accelerates 
breast tumor growth via the estrogen receptor as well 
as the cross talk between estrogen and ILGF pathways. 
Obesity has a negative effect on aromatase inhibitors (AI) 
efficacy used in hormonal sensitive tumors [24]. Sestak 
et. al. analyzed the data from ATAC trial. They found 
that anastrozole group had lower recurrence rates than 
the tamoxifen group in all BMI groups, the benefit was 
greatest	in	low	weight	women	(BMI	<23	kg/m2) [25]. Again, 
Gnant et. al. analyzed ABCSG-6a data retrospectively and 
confirmed that overweight and obese women had no 
benefit from the additional anastrozole compared to no 
further treatment [26]. 

BMI can predict the response to NAC. This was confirmed 
in retrospective analyses of various big trials addressing 
the benefit of NAC [27][28] while it was inconsistent among 
other studies as reported by Lee et. al. [29]. The prognostic 
role of obesity is even more controversial [30] [31]. 

To the best of our knowledge there is no report that 
has analyzed the impact of BMI both as a predictive and 
prognostic surrogate in Saudi breast cancer patients 
treated with NAC. In the present study, therefore, we 
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have investigated the relationship between BMI and 
the pathologic complete response (pCR) after NAC and 
in addition its impact on disease free survival (DFS) 
and overall survival (OS) among Saudi breast cancer 
patients treated with upfront NAC. We hypothesized that 
decreased rates of pCR among obese patients should 
also predict for worse DFS/ or OS with other previously 
established prognostic factors, namely age, tumor grade, 
stage, ER/PR /Her-2neu status, molecular subtypes, and 
lympho-vascular invasion (LVI) were taken into account 
as covariates. 

Patients and Methods

Study Population 

A total of 246 female patients diagnosed as stage II 
(n=86) and IIIA (n=160) histopathologically proved breast 
cancer were included in our study. Patients underwent 
either breast-conserving surgery or mastectomy post-
NAC and have been followed at three tertiary oncology 
centers representative for the Kingdom of Saudi Arabia 
namely, King Saud University Medical City/King Saud 
University, Riyadh; King Abdullah Hospital, Mecca and 
King Fahad Specialist Hospital, Dammam. The study was 
approved by the Institutional Review Board.

All breast tissue samples were obtained before primary 
systemic treatment by true-cut core needle biopsy and 
diagnosed as invasive breast carcinoma according to 
WHO histopathologic diagnostic criteria [32]. 

Medical records, pathology reports, H&E -stained 
sections, and immunohistochemical slides for basic 
biomarkers were reviewed for the detailed information of 
patients (age and menopausal status at start of NACth), 
clinical characteristics (height and weight at start of 
NACth, surgery type), and tumor characteristics (initial 
clinical assessment according to seventh UICC/AJCC [33]. 
Pathological T and N stage after primary systemic 
treatment, histological subtype according to WHO 
classification, histological grade (Bloom and Richardson 
grading system) {Elston, 2002 #304}, presence of 
carcinoma in situ, lymphatic invasion, tumor border, 
estrogen receptor (ER), progesterone receptor (PR), HER2 
status.

Hormonal receptors positive was defined as 
estrogen or progesterone expression > 1 % [34]. Her-2 
neu expression was diagnosed as positive if score = 3 
by immunochemistry or 2 by immunochemistry and 
FISH positive and Her-2 negative if score 0 or 1 by 
immunochemistry or IHC score 2 and FISH negative. [35]

Assessment of the pathologic complete response 
(pCR) in breast and axilla was defined as the complete 

disappearance of all invasive tumor cells from breast 
tissue and regional lymph nodes regardless of the 
presence of residual ductal carcinoma in situ [36] [37] .

BMI was calculated as weight (kg) divided by height 
(m2), and the patients were separated into three groups; 
normal	 weight	 (BMI<	25	 kg/m2),	 Overweight	 (BMI	
between 25-30 kg/m2) and Obese (BMI >30 kg/m2) 
and as described by the National Institutes of Health and 
National Heart, Lung, and Blood Institute [38].

Out of the 246 patients, 155patients (63%) were treated 
with the sequential dose dense AC-T chemotherapy 
regimen consisting of 60 mg/m2 doxorubicin i.v. on day 1 
and 600 mg/m2 cyclophophamide i.v for 4 cycles followed 
by 4 cycles of 75 mg/m2 docetaxel on day 1 every 2 
weeks with G-CSF support, The remaining 91(37%) 
received the FEC100 -Taxotere chemotherapy regimen 
consisting of 5-fluorouracil 500mg/m2, epirubicin 100 
mg/m2, cyclophosphamide 500 mg/m2 (FEC)q 3 weeks 
for 3 cycles followed by Taxotere 100 mg/m2 (T) q 3 
weeks for 3 cycles totally for 6 cycles before surgery. The 
patients underwent breast surgery 3–4 weeks after the 
last chemotherapy cycle. Adjuvant trastuzumab was given 
to Her 2neu positive patients in a dose of 8 mg/kg in the 
first cycle to be followed by 6 mg/kg for the remaining 
17 cycles. Endocrine Adjuvant treatment was offered 5 
years for women who were hormone receptor positive 
(ER-positive and/or PR positive) disease. Radiation 
therapy was included in the treatment plan for patients 
who were indicated. Surgical intervention was either 
breast-conserving surgery or mastectomy according to 
the breast surgeon decision.

Statistical Analysis

Patients were grouped as normal, overweight and 
obese. No patients were grouped as underweight. 
Evaluation of the correlation between the BMI and 
clinicopathologic parameters was carried out using 
Spearman rank order correlation or Mann-Whitney U test 
as appropriate.

For the survival analyses, disease-free survival (DFS) 
as defined by the time interval between the date of end 
of treatment and the date of first cancer recurrence or to 
death whenever death occurred before distant recurrence. 
Patients still alive at the last visit without documented 
evidence of distant metastases were censored. Overall 
survival (OS) was defined as the time period from the 
date of diagnosis to the date of death whenever death 
occurred before distant recurrence. Kaplan-Meier curves 
and log-rank test were used. Multivariate analysis by 
using a Cox proportional hazard regression model was 
applied to determine the influence of BMI, when adjusted 
to other variables, on OS and DFS [hazard ratios and 95% 
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confidence intervals (CI), Wald test]. P values are two-
sided, and P = .05 was considered statistically significant.

BMI, menopausal status, site of cancer, tumor histology, 
tumor grade, clinical stage, ER status, PR status, Her2 
status, types of operation, vascular or perineural invasion 
were included in the modeling of probability of the pCR to 
NACth and survival analysis. Univariate analysis was used 
to evaluate the predictive effect of each clinico-pathologic 
factor alone and then the multivariate analysis model 
was used to determine the probable independent factor. 
All analyses were carried out by using SPSS version 17 
software for Windows (SPSS, Chicago, IL). P values less 
than 0.05 were identified as statistically significant.

Results

Patient’s characteristics

Two hundred forty-six stage II & IIIA breast cancer 
patients who were eligible for neoadjuvant chemotherapy 
were included in our study. The mean age is 49.8 years. 
Based on molecular sub types classification, luminal A = 
23.2%, luminal B = 45.1%, triple negative = 16.7% and 
Her-2 neu positive = 15%. Infiltrating ductal carcinoma 
represents the majority of our cohort (92.7%). Stage II 
and IIIA represent 86 (35 %) and 160 (65%) respectively. 
Intermediate and high-grade malignancies were 
appreciated in 54.1% and 42.3% respectively. Positive 
lymphovascular invasion was detected in 102(41.5%) 
of the histopathology specimen. Pathologic complete 
response was achieved in 25.2% of patients. Obese 
patients constitute 137 (55.7%) of our cohort which is 
reflecting the high prevalence rate of abnormal weight in 
Saudi Arabian women.

Complete Pathologic Response and 
clinic pathological features

In a univariate analysis correlating the pCR with the 
other clinico pathological factors, low tumor grade, lymph 
vascular invasion and obesity showed significant positive 
correlation with the pCR; P =0.008, 0.037 and 0.002 
respectively Table 1.

In multivariate analysis obesity came as a highly 
significant independent factor correlating with pCR, P 
value =0.000

BMI and Clinico-Pathologic Parameter

Overweight and obese patients are less likely to attain 
pCR compared to normal weight patients (24% and 18% 
vs. 72% respectively, P= 0.000). Worth to mention the 
pCR is defined as absence of invasive carcinoma in the 
breast and negative axilla. 

The association between BMI, patients’ characteristics 
and tumor characteristics is shown in Table 2. There was no 
significant association between BMI and clinicopathologic 
characteristics except for breast cancer molecular 
subtypes as a significant number of overweight and 

Variables 
pCR

P value
No. (%*)

Yes No

Age

	 <50	years 36 (24%) 114 (76%) 0.65

 >50 years 26 (27%) 70 (73%)  

Histopathology

 IDC 56 (25%) 172 (75%) 0.4

 ILC 6 (33%) 12 (67%)  

Tumor grade

 Low 4 (44%) 5 (56%) 0

 Intermediate 22 (18%) 106 (83%)  

 High 36 (33%) 73 (67%)  

Disease stage

 II 25 (29%) 61 (71%) 0.35

 III 37 (23%) 123(77%)  

Molecular subtypes

 Luminal A 11 (19%) 46 (81%) 0.55

 Luminal B 32 (29%) 79 (71%)  

 Triple negative 12 (29%) 29 (71%)  

 HER2 positive 7 (19%) 30 (81%)  

LVI 0.03

 Yes 16 (17%) 80 (83%)  

 No 46 (31%) 103 (82%)  

BMI

 Normal weight 33 (72%) 13 (28%) 0.00*

 Overweight 15 (24%) 48 (76%)  

 Obese 24 (18%) 113 (82%)  

Overall survival

 Yes 51 (26%) 142 (74%) 0.36

 No 11(21%) 42 (79%)  

Relapse free survival

 Yes 13 (22%) 47 (78%) 0.6

 No 49 (26%) 137 (74%)  

Table 1. Correlation of pathologic complete response with 
clinicopathological features
ILC; invasive lobular carcinoma, IDC; invasive ductal carcinoma, 
LVI; lymphovascular invasion, BMI; body mass index, *BMI was 
the only variable with statistical significance in multivariate 
analysis. The percentages are rounded to the nearest ones.
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obese patients are luminal A & B breast cancer compared 
to triple negative and Her 2 - neu enriched subtypes 
(53,82,36,29 respectively p = 0.05, respectively).

BMI and Disease outcome

At a median follow up of 36 month (Rang 5-114), 
No significant heterogeneity trend has been observed 
between BMI category and Disease free survival ( HR= 1.4 
,CI 0.8-1.6, p = 0.93 Figure 1 .In addition, no significant 
correlation has been demonstrated with the over-all 
survival ( HR=1.6 ,CI 0.9-1.8, P = 0.18) Figure 2.

Discussion
A substantial body of evidence has emerged that 

has linked obesity with an increased risk of developing 
breast cancer [12] [13]. The association between obesity 
and breast cancer prognosis has been far less clear. The 
purpose of this study was to assess the predictive value of 
BMI, determined at diagnoses and its impact on disease 
outcome in Saudi patients diagnosed to have breast 
cancer and treated with NAC.

In our breast cancer cohort, more than 81% are 
overweight and obese. No wonder, as with changing the 
life style, significant decrease of the physical activity and 
high caloric intake, the obesity prevalence rate among 
Saudi adolescent and adult females is steadily increasing 
which was last reported at 30-38% with a fundamental 
public – health concern [39, 40].

Table 2: Correlation of BMI and clinicopathological features

Figure 1. Correlation between BMI and Relapse Free Survival

Figure 2. Overall Survival (OS) according to BMI

ILC; invasive lobular carcinoma, IDC; invasive ductal carcinoma, 
LVI; lymphovascular invasion, BMI; body mass index. 

Variables BMI P value

Normal 
weight

Overweight Obese

Age

	 <50	years 33 38 79 0.23

 >50 years 13 25 58

Histopathology

 IDC 43 61 124 0.29

 ILC 3 2 13

Tumor grade

 Low 1 4 4

 Intermediate 23 32 73 0.73

 High 22 27 60

Disease stage

 I 16 20 50 0.80

 II 30 43 87

Molecular subtypes

 Luminal A 4 17 36 0.05

 Luminal B 29 23 59

 Triple negative 5 15 21

 HER2 positive 8 8 21

LVI

 Yes 18 19 108 0.41

 No 28 44 28

Overall survival

 Yes 37 48 109 0.83

 No 9 15 28

Relapse free 
survival

 Yes 10 20 29 0.25

 No 36 43 108
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This high prevalence of combined overweight and 
obesity is considered even higher than the recent 
prevalence rate that was reported for adolescents in 
the United States. The National Health and Nutrition 
Examination Survey (NHANES) 2007-2008 reported a 
34.2% prevalence of overweight and obesity (BMI equal 
or above sex-and age-specific 85th percentile from the 
2000 CDC growth charts) among US adolescents [41, 42]. A 
recent international comparative study on the prevalence 
of overweight and obesity in school-age youths from 34 
countries used IOTF reference standards and reported 
high prevalence of overweight and obesity for youths 
from countries located in North America (from 19.3% in 
Canada to 25.1% in the USA), Great Britain (from 18.4 
in England to 21.5% in Wales), and South-Western 
Europe (from 18% in Portugal to 18.8% in Spain) [43]. 
The prevalence rates of overweight and obesity from the 
previous studies, however, were still lower than what was 
reported for our Saudi cohort. This is most likely due to 
opulence-driven socio-cultural and life style changes 
which seems a regional problem in the gulf area rather 
than being confined to the Saudi kingdom [44]. In addition, 
our results of the incidence of obesity in breast cancer 
patients came in agreement with that was reported in 
the unmatched case-control study conducted in the 
kingdom of Saudi Arabia at King Faisal Hospital and 
Research Center aiming to delineate the association of 
socio-demographic, reproductive and life-style related 
risk factors with breast cancer in the Arab population in 
534 cases of histologically confirmed breast cancer and 
638 controls, The authors concluded that 75.8% of the 
cases had abnormal weight. Moreover, obesity was found 
to be significantly associated with breast cancer [45]. 

Correlation of the breast cancer molecular subtypes, 
BMI and pCR has been confirmed in our study, overweight/
obesity is significantly associated with a certain molecular 
subtypes of breast cancer. A significant percentage of 
overweight and obese patients were diagnosed to have 
luminal A and B breast cancer subtypes compared to triple 
negative and Her 2 neu enriched subtypes (53,82,36,29 
respectively, p=.005, respectively) which has been 
significantly reflected on the rate of pCR; overweight 
and obese patients with ER positive and negative Her 2 
neu expression have a significantly lower pCR compared 
to normal weight with negative ER expression or 
triple negative disease (pCR 20.3% , 30.5% p= 0.045 
respectively) this came in agreement with what was 
reported by Iwase et al in a multivariate analysis, the pCR 
rate had a significant relationship with subtype and tumor 
stage. As for subtype, the HER2 enriched subtype (odds 
ratio	[OR]	4.46;	95%	CI,	1.42	to	14.0;	P	<	0.05)	and	triple	
negative	type	(OR	6.29;	95%	CI,	2.52	to	15.71;	P	<	0.05)	
had a more significant association with pCR compared with 

ER positive, HER negative subtype [46]. The predictive value 
of BMI was confirmed in our study. We demonstrated that 
overweight/obese patients have a significant and lower 
tendency to pCR. In concordance, Litton et al., showed 
that both overweight and obesity were significantly less 
likely to have a pCR (OR=0.59; 95% CI, 0.37 to 0.95; and 
OR = 0.67; 95% CI, 0.45 to 0.99, respectively) [28]. Again, 
patients	with	BMI<25	were	more	likely	to	achieve	a	pCR	
to NAC compared with patients with BMI >25 (Odds ratio: 
0.454, p = 0.033, multivariate analysis). Moreover, the 
predictive value of BMI for pCR to NAC was significantly 
shown in post-menopausal patients (p=0.004) and 
hormonal receptor status-negative patients (p = 0.038) 

[27]. Bao and colleagues studied the weight change during 
neoadjuvant chemotherapy and found no correlation to 
pCR in triple negative breast cancer [47]. 

In an attempt to evaluate the prognostic impact of the 
BMI among Japanese patients diagnosed to have breast 
cancer and treated with neoadjuvant chemotherapy, 
a unicenteric study was reported by Kawai et al. They 
studied 653 breast cancer patients with follow up for at 
least three years. They showed that the higher BMI was 
significantly associated with all-cause death among 
premenopausal	patients.	Interestingly	enough,	BMI	<21.2	
kg/m2 was also associated with all-cause (HR = 2.91; 
95% CI: 1.09–7.77) and breast cancer-specific death 
(HR = 7.23; 95% CI: 1.57–33.34) among patients with 
ER	+	or	PgR	+	tumors	[30]. A retrospective analysis of BIG 
02-98, questioning the benefit of adding docetaxel to 
anthracycline-based chemotherapy in more than 2800 
breast cancer patients showed that the estimated 5-year 
OS was 87% for non-obese and 83% for obese patients 
(HR 1.34; P = 0.013). The estimated 5-years DFS was 
76% for non-obese and 70% for obese patients (HR 
1.20; P = 0.041) [48]. Another big trial, the retrospective 
analysis of ABCSG-12 reported by Pfieler et. al. showed 
the same results. They examined the efficacy of ovarian 
suppression using goserelin in combination with 
anastrozole or tamoxifen with or without zoledronic acid 
in premenopausal women with endocrine-responsive 
breast cancer. Worth to mention that overweight patients 
(BMI>25 kg/m2) treated with anastrozole did worse, 
with 5.2% increase in the risk of death, compared with 
tamoxifen regarding DFS and OS, whereas this was not 
the case for normal weight patients. It is possible that in 
overweight patients, anastrozole was not able to suppress 
estrogen serum levels to the same extent as in normal 
weight patients, whereas tamoxifen competitively blocked 
the ER in overweight and normal weight patients [31]. This 
is in concordance with a Dawood et al, retrospective study 
involving 602 breast cancer patients to determine the 
association and prognostic value of BMI at the time of initial 
diagnosis in patients with locally advanced breast cancer 
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(LABC). Obesity or overweight had a significantly worse 
OS and RFS (P = 0.001) and a higher incidence of visceral 
recurrence compared to normal/underweight patients. 
In a multivariable model, BMI remained significantly 
associated with both OS and RFS for the entire cohort [49]. 
On the other part of the world, a pooled analysis of 
424,919 participants in Asia-Pacific cohort collaboration 
examined the association of BMI and all-cancer mortality. 
They confirmed that obesity/overweight is associated with 
increased mortality in postmenopausal breast cancer [50]. 
Our study failed to demonstrate a significant association 
between baseline BMI and neither DFS nor OS. Our study 
is apparently in contrast with above mentioned trials 
conclusion with the strong evidence showing the negative 
impact of BMI on breast cancer prognosis in that group of 
patients. The correlation between BMI and prognosis in 
biologically aggressive types of BC is controversial [51] [52]. 

Ademuyiwa FO et al have also reported the results of 
their retrospective study which was conducted on 418 
treated triple negative breast cancer. Recurrence-free 
survival (RFS) and overall survival (OS) were evaluated 
in relation to body mass index (BMI). One hundred 
twenty-four patients (29.7%) were normal/underweight 
(BMI ≤24.9), 130 patients (31.1%) were overweight 
(BMI from 25 to 29.9), and 164 patients (39.2%) were 
obese (BMI ≥30). At a median follow-up of 37.2 months, 
there were 105 recurrences (25.1%) and 87 deaths 
(20.8%). Compared with normal/underweight patients, 
the multivariate hazard ratio (HR) for RFS was 0.81 (95% 
confidence interval [CI], 0.49-1.34) for obese patients. 
Similarly, OS was not associated with BMI category; 
obese patients had an HR of death of 0.94 (95% CI, 0.54-
1.64) compared with normal/underweight patients. A Cox 
regression analysis identified the receipt of chemotherapy 
(HR, 0.25; 95% CI, 0.12-0.52), ductal histology (HR, 0.49; 
95% CI, 0.25-0.97), stage III disease (HR, 3.5; 95% CI, 
1.35-9.06), and increasing tumor size (HR, 1.19; 95% CI, 
1.09-1.3) as independent prognostic factors for OS [51]. 

Review of the literature observed a trend toward 
aggressive behavior of breast cancer in Saudi 
population [7], [9], [10]. This might support our finding of 
lack of association between BMI and disease outcome. 
Moreover, this lack could be also explained by the fact 
that our cohort were heterogeneous (16.7% were triple 
negative and 15% were Her2 – neu enriched breast 
cancer) reflecting different biological behavior, although 
overweight and obesity are usually defined by BMI, such 
index does not differentiate between fat and fat-free 
mass, nor does it represent the pattern of fat distribution. 
It might be argued that the association between higher 
BMI and adverse outcome is less important in women 
with aggressive BC biological subtypes, because the 

majority of them is treated with cytotoxic chemotherapy, 
and the potential detrimental effects of a higher BMI may 
be modified by effective systemic therapy [53].

In conclusion, this multi-institution study of breast 
cancer patients treated with NACth demonstrates that 
higher BMI is associated with lower pCR. Clinicians 
should be aware of higher BMI status as a host risk 
factor influencing pCR to NACth for which attention to 
chemotherapy dosing based on actual body weight, 
chemotherapy pharmacokinetics, and management of 
comorbidities may add a significant benefit in optimizing 
care and improving the outcome of patient with abnormal 
body weight.
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