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Abstract 
Background: Tobacco is linked to most cancers however despite overwhelming biological plausi- 
bility and decades of epidemiological studies, no association has been established between tobac- 
co and breast cancer. Although estrogen receptor status has been looked at as a variable there has 
been no evaluation of the role of Her-2 and smoking in breast cancer. Methods: Review of records 
from patients treated at the University of Miami/Jackson Memorial Hospital from 1998-2012. The 
incidence of smoking and Her-2 expression in1255 women was evaluated. Data was analyzed by 
age, race, ethnic group, menopausal status, tumor stage, and ER/PR/Her-2 receptor status. Re- 
sults: 1255 charts were analyzed with 1094 having full information. Overall rate of Her-2 expres- 
sion 18.1%. The rate of Her-2 expression was 21.4% in smokers and 17.0% in non-smokers (p = 
0.10). The rate of Her-2 expression was 10.8% in Caucasian smokers and 9.8% in Caucasian non- 
smokers (p = 0.88); 24.5% in smokers of African descent and 17.3% in non-smokers of African 
descent (p = 0.24); 22.9% in Latino smokers and 17.4% in Latino non-smokers (p = 0.10). The rate 
of Her-2/ER expression was 9.4% in smokers and 7.9% in non-smokers (p = 0.42); 5.4% in Cauca- 
sian smokers and 4.9% in Caucasian non-smokers (p = 0.916); 12.2% in smokers of African des- 
cent and 5.9% in non-smokers of African descent (p = 0.11); 9.5% in Latin smokers and 8.8% in 
Latin non-smokers (p = 0.77). Conclusions: We found non-statistically significant positive associa- 
tions in all analyses between Her-2 expression with or without ER expression and tobacco expo- 
sure when analyzed by ethnicity. 
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1. Introduction 
Tobacco still remains the leading cause of preventable death in the US [1] and causes many illnesses, most not- 
ably, cancer. Tobacco has been linked to many cancer types and a causative relationship has been established for 
some malignancies, such as lung cancer [1]. Epidemiological studies are mixed results regarding the effect of 
tobacco in breast cancer risk [2] [3]. These studies included only estrogen (ER) and progesterone (PR) receptor 
analysis and the effect of Human Epidermal growth factor Receptor 2 (HER-2) may have a significant associa- 
tion with tobacco and breast cancer risk. We are the first study to examine HER2, ER, PR, tobacco use and 
breast cancer risk. 

2. Methods 
After Institutional review board approval granted, a retrospective chart analysis was performed involving 1255 
patients. Medical records were combined electronic and paper charts from patients treated at the University of 
Miami Breast Clinic/Jackson Memorial Hospital, Miami, Florida. Two primary investigators performed chart 
review and data collection. Variables collected included age at diagnosis, stage at diagnosis, race, receptor status, 
smoking status and number of tobacco pack years. All patients enrolled in study had both paper and electronic 
charts and both were scanned in entirety for information from original date of consultation for breast cancer to 
most recent medical records in order to ensure highest accuracy of information extracted.  

Inclusion criteria were adult female with breast cancer diagnosed from 1998-2009 who had available docu- 
mented HER2 expression status, ER positivity and detailed smoking exposure history. To be considered a 
smoker, the patients had to be current or former cigarette smokers with exposure duration of one year or more. 
Patients with incomplete, inadequate or ambiguous smoking exposure were excluded, such as social history do- 
cumented as “negative times 3”. Likewise patients who did not have documented HER2 status or who had 
BRCA mutation were excluded from final analysis. Male patients with breast cancer were excluded as well. 

Primary outcome was association between HER2 overexpression and tobacco exposure. Secondary outcome 
was the association of ER/PR positivity and breast cancer stage with tobacco exposure. Furthermore, primary 
and secondary outcomes were stratified by race and menopausal status given potential biological differences in 
these groups. Age 51 was chosen based on United States national average of menopause and not by chart docu- 
mentation of menopausal status. 

Statistical analysis was performed using SPSS version 13.0. Association between HER2 overexpression, ER 
and PR with tobacco exposure was evaluated by chi-square using a dichotomized approach to these variables 
which was then expressed as odd-ratios with 95% confidence intervals. When patients did have tobacco expo- 
sure, the intensity of exposure measured by the pack-years mean between dichotomized outcomes was evaluated 
by t-test. Subgroup analysis was performed by race, ethnicity and menopausal status. We also analyzed tobacco 
exposure by race and ethnicity. 

3. Results 
A total of 1255 patient’s medical records were reviewed. Lack of records completeness resulted in exclusion of 
161 patients. Final analysis was performed in a cohort of 1094 (Table 1). Mean age was 56 with range of 22 to 
94 years old. Of the 1094 patients 725 (66.3%) where Latin, 78 (7.1%) where Caucasian, 286 (26.1%) were 
African American, and 5 (0.5%) were Asian. Of the 1095 patients 198 (18.1%) overexpressed HER2, 790 
(72.2%) expressed ER, 90 (8.2%) expressed both ER and HER2, 498 (45.5%) expressed PR, and 171 (15.6%) 
were triple negative. Of the 1094 patients 828 (75.7%) were never exposed to tobacco and 266 (24.3%) patients 
were exposed to tobacco. Of the 266 exposed patients 105 (9.6%) were actively smoking at time of diagnosis 
and the remaining 161 (14.7%) of patients had reportedly quit at time of diagnosis. Duration of quit status was 
not documented. Smoking rates were significantly higher in Caucasian versus African American women (47.4% 
vs. 17.1%, P < 0.01) and in Latin versus African American women (24.7% vs. 17.1%, P < 0.01). Staging demo- 
graphics of patients upon diagnosis were as follows: stage 1; 257 (23.5%), stage 2; 372 (34%), stage 3; 355 
(32.4%), stage 4; 110 (10.1%).  

HER2 receptor analysis: Odds Ratio of having HER2 over expression in patients who smoke vs. non- 
smokers is 1.33 (p = 0.105; 95% CI 0.94 - 1.87). Odds ratio of having HER2 over expression in Latin patient 
who smoke vs. non-smokers is 1.40 (p = 0.102; 95% CI 0.93 - 2.13). Odds Ratio of having HER2 over expres-  
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Table 1. Patient characteristics.                          

Characteristic n % 

Mean age, years 56 (range 22 - 94)  

Race   

Latin 725 66.3 

Caucasian 78 7.1 

African America 286 26.1 

Asian 5 0.5 

Receptor status   

ER Positive 790 72.2 

PR Positive (missing) 498(199) 45.5(18.2) 

HER2 Over-expression 198 18.1 

ER/HER2 Over-expression 90 8.2 

Triple negative 171 15.6 

Tobacco Exposure   

Exposed 266 24.3 

Active 105 9.6 

Quit 161 14.7 

Stage   

Stage I 257 23.5 

Stage II 372 34.0 

Stage III 355 32.4 

Stage IV 110 10.1 

 
sion in Caucasian patients who smoke vs. non smoker is 1.12 (p = 0.878; 95% CI 0.26 - 4.84). Odds Ratio of 
having HER2 over expression in African American patients who smoke vs. non- smokers is 1.55 (p = 0.238; 95% 
CI 0.74 - 3.23). Odds ratio of having HER2 over expression in premenopausal women who smoke vs. non- 
smokers is 1.71 (p = 0.096; 95% CI 0.91 - 3.22); and 1.20 (p = 0.379 95% CI 0.80 - 1.82) in post menopausal 
women 

Estrogen receptor analysis: Odds Ratio of having ER over expression in all patients who smoke vs. non- 
smokers is 0.95 (p = 0.74; 95% CI 0.70 - 1.29). Odds Ratio of having ER over expression in all Latin patients 
who smoke vs. non-smokers is 0.83 (p = 0.366; 95% CI 0.57 - 1.23). Odds Ratio of having ER over expression 
in all Caucasian patients who smoke vs. non- smokers is 0.74 (p = 0.611; 95% CI 0.24 - 2.3). Odds Ratio of 
having ER over expression in African American patients who smoke vs. non- smokers is 0.99 (p = 0.997; 95% 
CI 0.53 - 1.89). Odds Ratio of having ER over expression in premenopausal women who smoke vs. non- 
smokers is 1.12 (p = 0.700; 95% CI 0.62 - 2.00). Odds Ratio of having ER over expression in postmenopausal 
women who smoke vs. non- smokers is 0.89 (p = 0.519; 95% CI 0.62 - 1.28). 

Estrogen and HER2 receptor analysis: Odds Ratio of having ER/HER2 over expression in all patients who 
smoke vs. non- smokers is 1.22 (p = 0.424; 95% CI 0.75 - 1.97). Odds Ratio of having ER/HER2 over expres- 
sion in all Latin patients who smoke vs. non-smokers is 1.09 (p = 0.774; 95% CI 0.61 - 1.94). Odds Ratio of 
having ER/HER2 over expression in all Caucasian patients who smoke vs. non- smokers is 1.12 (p = 0.916; 95% 
CI 0.15 - 8.34). Odds Ratio of having ER/HER2 over expression in African American patients who smoke vs. 
non- smokers is 2.22 (p = 0.113; 95% CI 0.81 - 6.10). Odds Ratio of having ER/HER2 over expression in pre- 
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menopausal women who smoke vs. non- smokers is 1.56 (p = 0.329; 95% CI 0.64 - 3.79). Odds Ratio of having 
ER/HER2 over expression in postmenopausal women who smoke vs. non- smokers is 1.11 (p = 0.735; 95% CI 
0.62 - 1.97). 

Triple negative and progesterone receptor analysis: Analysis of associations between tobacco exposure 
and triple negative presentation and progesterone expression did not yield any trends or statistically significant 
correlations (data not shown) 

Staging Analysis: A analysis of the association between tobacco exposure and stage 1 - 4 did not show any 
statistical significant correlations (Table 2). 

4. Discussion 
Tobacco still remains the leading cause of preventable death in the US [1] and causes many illnesses, most not- 
ably, cancer. Tobacco has been linked to many cancer types and a causative relationship has been established for 
some malignancies, such as lung cancer [1]. Carcinogens found in tobacco smoke pass through the alveolar 
membrane [4] and into the blood stream where they are transported to the breast via plasma lipoproteins [5] [6]. 
Due to the fact that these carcinogens are lipophilic they can be stored in breast adipose tissue and then metabo- 
lized and activated by human mammary epithelial cells [7] [8]. Animal experiments and in vitro studies have 
shown that compounds found in tobacco smoke, such as polycyclic hydrocarbons, aromatic amines, and N-ni- 
trosamines, may induce mammary tumors [9]. The findings of smoking specific DNA adducts and p53 gene 
mutations in the breast tissue of smokers [2] further support the biological plausibility of a positive association 
between cigarette smoking and breast cancer, as does the detection of carcinogenic activity in breast fluid [2].  

However epidemiological studies are present mixed results regarding the effect of tobacco in breast cancer 
risk. Most studies point towards slightly increased risk, but others null or even inverse association [2] [3]. The 
heterogeneous results may be in part due to the fact that breast cancer is a diverse group of diseases that are 
caused by different pathological mechanisms [2]. Two thirds of breast cancers are ER and or PR positive tumors 
which are caused by hormones [3]. Estrogen is a well known risk for breast cancer and this has lead researchers 
to study ER and PR status in tobacco users yielding mixed results [2] [3]. Furthermore, recent reviews suggest 
that breast cancer risk differs in pre menopausal vs. post menopausal women [3].  

Roughly two thirds to three quarters of breast cancers are ER/PR dependent while the other third to one fifth 
of breast cancers are associated with over-expression of Human Epidermal growth factor Receptor 2 (HER-2). 
His receptor is notable for its role in the pathogenesis of breast cancer and as a target for treatment. It is a cell 
membrane surface-bound receptor tyrosine kinase and is normally involved in the signal transduction pathways 
leading to cell growth and differentiation.  
 

Table 2. Staging and Tobacco exposure.                         

 
Smoke Exposure 

Total 
No Yes 

Stage 

I 
Count 194 63 257 

% within Smoke Exposure 23.4% 23.7% 23.5% 

II 
Count 285 87 372 

% within Smoke Exposure 34.4% 32.7% 34.0% 

III 
Count 269 86 355 

% within Smoke Exposure 32.5% 32.3% 32.4% 

IV 
Count 80 30 110 

% within Smoke Exposure 9.7% 11.3% 10.1% 

Total 
Count 828 266 1094 

% within Smoke Exposure 100.0% 100.0% 100.0% 
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Approximately 15% - 20% percent of breast cancers have an amplification of the HER2 gene or overexpres- 
sion of its protein product. Overexpression of this receptor in breast cancer is associated with increased disease 
recurrence and worse prognosis. Because of its prognostic role as well as its ability to predict response to tras- 
tuzumab, breast tumors are routinely checked for overexpression of HER2. Overexpression also occurs in other 
cancer such as ovarian cancer, stomach cancer, and biologically aggressive forms of uterine cancer, such as ute- 
rine serous endometrial carcinoma. These cancers have a proven association with tobacco consumption. HER2 
breast cancer has some estrogen dependent pathways, but not as much as HER2 negative breast cancers with ER 
and PR positive markers. Therefore it can be postulated that tobacco consumption may lead to HER2 overex- 
pressing breast cancer more so than HER2 negative breast cancers. Currently there is no evidence on the rela- 
tionship between risk of HER2 breast cancer and tobacco use. We found non-statistically significant positive 
associations in all analyses between Her-2 expression with or without ER expression and tobacco exposure 
when analyzed by ethnicity. This is suggestive that there is a potential positive association between tobacco use 
and HER2 positive breast cancer. A larger number of patients should be investigated in order to clarify this rela- 
tionship. 
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