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Abstract 
 
 

       More than half of all cases of breast cancer occur among women without any 

known risk factors.  More research is needed on suspected risk factors in order to 

refine current breast cancer screening tools.  The objectives of this thesis were: to 

determine the breast cancer risk associated with known risk factors (ethnicity, 

family history, breast biopsy, age at menarche, age at first birth, alcohol, HRT, and 

BMI), suspected risk factors (smoking, second‐hand smoke exposure, 

smoked/grilled foods, and NSAID use), and to examine the above associations 

according to tumour receptor status, histologic grade, and menopausal status, with 

potential confounders also considered.  This thesis project was conducted within the 

framework of the Molecular Epidemiology of Breast Cancer study, a case‐control 

study of women in Vancouver, BC and Kingston, ON, with 1140 cases and 1169 

controls recruited from 2005‐2010.  Information was collected from a detailed 

questionnaire. 

       Cases and controls were similar in terms of age at menarche, age at first birth, 

smoking history, second‐hand smoke exposure, lifetime smoked/grilled food 

consumption, HRT, and BMI.  Among cases, there were significantly less Europeans 

and more Chinese, Japanese, and Filipino subjects compared to controls.  Cases were 

more likely to have a first degree relative with breast cancer, as well as a previous 

benign breast biopsy.  Alcohol consumption and past NSAID usage was higher 

among controls.  The level of education completed was higher among controls.  

Cases were also more likely to be postmenopausal. 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Family history was associated with breast cancer risk (OR=1.59, CI=1.30‐1.94), 

as was BMI (OR=1.28, CI=1.05‐1.58 for overweight and OR=2.28, CI=1.35‐3.86 for 

obese class II).  Second‐hand smoke was also found to be associated with breast 

cancer risk (OR=1.42, CI=1.02‐1.97 for individuals with a less than 10 pack‐year 

smoking history).  Due to reduced sample size with stratification and marginally 

significant results, it is not possible to draw definitive conclusions regarding 

pathology sub‐types.   

In summary, these results provide support for the association between 

several risk factors and breast cancer risk.  More research is needed to ascertain 

how receptor status, histologic grade, and menopausal status affect these 

associations. 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Chapter 1.0  Introduction 
 
 
       Breast cancer is an exceedingly common diagnosis in North America.   

Approximately 23,400 new cases are predicted to be diagnosed in 2011 in Canada 

alone.(1)  It is estimated that a woman’s lifetime risk of breast cancer is approximately 

one in nine.(2)  Because of the high frequency with which this disease is diagnosed, 

numerous provincial breast screening programs exist. The lifetime breast cancer risk in 

women is commonly assessed by way of risk assessment tools, such as the Gail model, 

Claus model, and the BRCAPRO model. 

       Such tools rely on the assessment of an individual patient based on a combination of 

established risk factors.  These risk factors can be demographic (such as age and 

ethnicity), based upon past medical history (e.g., number of benign breast biopsies, age at 

menarche, and age at birth of first child) and family history (e.g., number of first-degree 

relatives with a breast cancer diagnosis), or based upon genetic tests (such as the presence 

of BRCA1 or BRCA2 genes). 

       More than half of all cases of breast cancer occur among women lacking any of the 

known risk factors.(3)  One possible explanation for this phenomenon is that there are 

additional important risk factors unaccounted for by current screening tools. Thus, more 

research is needed on suspected risk factors. The consensus in the literature is that breast 

cancer is likely caused by a complex interplay of genetic and environmental factors.(4-9)  

The current thesis project aimed to examine several lifestyle-related variables that are 

possibly associated with breast cancer risk. 
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       This study utilized data from the Molecular Epidemiology of Breast Cancer (MEBC) 

Study of women in Vancouver, British Columbia and Kingston, Ontario.  Information 

from a detailed questionnaire will be used in order to ascertain whether a selection of 

modifiable lifestyle variables is related to risk of a breast cancer diagnosis.  Specifically, 

it examined whether breast cancer risk is related to smoking, cumulative exposure to 

second-hand smoke, consumption of alcohol, lifetime consumption of smoked/grilled 

foods, and use of nonsteroidal anti-inflammatory medications (NSAIDs).  In addition, an 

outcome subgroup analysis by tumour pathology variables (histologic subtype, histologic 

grade, and tumour receptor status) was performed.  Menopausal status was examined as 

an effect modifier for the relationship between breast cancer and several modifiable risk 

factors. 

       Results from this thesis may be used in future breast cancer prevention strategies.  If 

research confirms that the variables of interest in this project are, in fact, significant 

breast cancer risk factors, eventually they can be combined with the currently known risk 

factors in newer risk assessment tools, in order to yield more accurate assessments of 

breast cancer risk than are currently available.  In turn, better risk assessment tools will 

lead to better risk stratification and earlier detection of breast cancer, ultimately lowering 

the societal burden of this disease. 
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Chapter 2.0  Literature Review 
 

2.1 Breast Cancer 

2.1.1  Tumorigenesis 

       Although the molecular underpinnings of breast cancer tumorigenesis are still being 

elucidated, there are some central ideas that are agreed upon.  Studies of breast tumours 

have formed the basis for a more general understanding of cancer pathogenesis.(10, 11)  

One of the earliest detectable changes in the breast cancer tumorigenesis process is loss 

of regulation of cell number.  This often results in epithelial hyperplasia or sclerosing 

adenosis.  Subsequent genetic instability occurs in multiple small clonal populations of 

cells.  This is recognizable histologically as atypical hyperplasia. 

       After progression to carcinoma, numerous cellular aberrations can be indentified, 

including increased expression of oncogenes (e.g., c-ras, c-myc, c-erb-B2), decreased 

expression or function of tumour suppressor genes (e.g., p53, RB), and alterations in cell 

structure.  These alterations in cell structure can result in a loss of cell adhesion, 

increased expression of cellular proteins (e.g., cyclins, Ki-67), increased expression of 

angiogenic factors (e.g., vascular endothelial growth factor), and increased expression of 

proteases (e.g., cathepsin-D).  Not all of these changes occur in all cancers.  In fact, no 

combination of the above changes is consistently seen in any one breast cancer subtype.  

This suggests that the malignant phenotype is due to an accumulation of multiple 

changes, rather than a predictable and orderly progression.  It should also be noted that 

many of these genetic and cellular alterations can be found in both invasive and in-situ 

breast tumours.  It is therefore unclear which specific changes create the conditions 

necessary for stromal invasion and metastasis. 
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2.1.2  Epidemiology 

       Currently, breast cancer is the leading site-specific cancer in North American 

women.  As previously stated, a North American woman’s overall lifetime risk of an 

invasive breast cancer has been estimated to be one in 8.8 (11.4%). Breast cancer is also a 

leading cause of cancer mortality among North American women (second only to lung 

cancer).  It is predicted that there will be 5,100 breast cancer deaths in Canada in 2011.(2) 

       According to Statistics Canada, breast cancer mortality rates have been declining 

since the mid-1980’s.(2)  Between 1986 and 2009, the age-standardized mortality rate fell 

from 32 to 22 per 100,000.  Between 1999 and 2009, the age standardized mortality rate 

has declined by approximately 1.6% per year.  Although breast cancer incidence rates 

have been relatively stable over the past decade, there was in increase between the mid-

1980’s and 1999 (from 82 to 105 per 100,000; age-standardized).(2)  The increase in 

incidence and decline in mortality have been attributed to a combination of uptake of 

mammographic screening and more effective adjuvant breast cancer therapies applied 

postoperatively. 

 

2.1.3  Subtypes 

       A plethora of pathologic subtypes of breast cancer can be identified histologically.  

These patterns are influenced by both the histologic appearance and growth pattern of the 

tumour.  Most breast cancer arises from the epithelial lining of the large or intermediate-

sized ducts (ductal carcinoma) or from the epithelium of the terminal ducts of the lobules 
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(lobular carcinoma).(12, 13)  Most histologic types are subtypes of invasive ductal 

carcinoma.  Table 1 shows the distribution of common histologic breast cancer subtypes. 

 

Table 1.  Common breast cancer histologic types and their frequencies.  Taken from 
Hulka.(12) 

Type Frequency 
Infiltrating Ductal NOS 80-90% 
Medullary 5-8% 
Colloid (mucinous) 2-4% 
Tubular 1-2% 
Papillary 1-2% 
Invasive Lobular 6-8% 
Noninvasive 4-6% 
DCIS 2-3% 
LCIS 2-3% 
Rare Cancers <1% 
Juvenile (secretory) . 
Adenoid cystic . 
Epidermoid . 
Sudoriferous . 

 

 

       Breast cancers can be broadly classified as invasive and in-situ.  Invasive breast 

cancer is a malignancy that has invaded the extraductal or extralobular tissues.  Cancer 

that is contained within ducts or lobules is labeled in-situ cancer.  In-situ cancers, by 

definition, have not invaded the basement membranes of ducts and, hence, lack the ability 

to spread.  However, one to three percent of patients diagnosed with in-situ breast cancers 

have occult synchronous invasive tumours that metastasize to regional lymph nodes.(14) 

       Two special clinical forms of breast cancer that are of note are Paget’s carcinoma 

and inflammatory carcinoma.  Paget’s carcinoma of the breast is a special form of ductal 

carcinoma in-situ (DCIS), wherein the ducts of the nipple epithelium are infiltrated, but 

gross nipple changes are often quite minimal.  It is an uncommon form of breast cancer 

(less than one percent), but it is an important form of cancer nonetheless, as the nipple 
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changes often appear innocuous, leading to misdiagnosis (often as a bacterial infection) 

and a delay in proper treatment. 

       Inflammatory carcinoma of the breast is the most malignant form of breast cancer.  It 

comprises just less than three percent of all newly diagnosed breast cancer cases.(15)  In 

inflammatory carcinoma of the breast, there is often no distinct breast mass.  In this 

aggressive form of cancer, the overlying skin becomes erythematous, edematous, warm 

and tender.  However, in some cases there is a rapidly enlarging mass that is sometimes 

painful and enlarges the entire breast.  The inflammatory changes in the breast are caused 

by carcinomatous invasion of the subdermal lymphatics.  Metastases occur early and 

widely.  For this reason, inflammatory carcinoma is rarely curable.  In inflammatory 

carcinoma of the breast mastectomy is only indicated when chemotherapy and radiation 

result in clinical remission with no evidence of distant metastases. 

       Ductal carcinoma in-situ (DCIS) is thought to be a premalignant lesion, with 40-60% 

of DCIS lesions progressing to frankly invasive breast carcinoma over the patients’ 

lifetimes if left untreated.  The malignant potential of lobular carcinoma in-situ (LCIS) is 

controversial.  To date, it is considered to be a strong risk factor for breast cancer but is 

not, in and of itself, considered to be a premalignant lesion.(16)  Women with a diagnosis 

of lobular carcinoma in-situ have a 40% lifetime risk of developing an invasive breast 

cancer.(17)  However, the risk is of a cancer in either breast (not necessarily the breast in 

which LCIS was diagnosed).  Also, of the invasive cancers that are diagnosed in women 

with prior LCIS diagnoses, 70% are ductal in origin.   

       To date, the only pathologic variables proven to be of prognostic significance are 

whether the breast cancer is invasive or in-situ and, for invasive cancers, the TNM stage 
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at diagnosis and receptor status.(18)  Prognosis by cancer stage is discussed below.  

Research has examined the prognostic significance of other tumour pathology variables, 

such as histologic tissue type, lymphovascular invasion, and extent of tumour necrosis, 

but these have not proven to be of value.(18) 

 

2.1.4  Bilateral Breast Cancer 

       Synchronous bilateral breast cancers are extremely rare (less than one percent of 

newly diagnosed breast cancer cases).  Bilaterality occurs more frequently in women with 

familial breast cancer, in women younger than age 50 years, and when the primary breast 

tumour is lobular.  The incidence of second breast cancers in these women is 

approximately one percent per year.(19) 

 

2.1.5  Receptor Status 

       Receptor status refers to whether the cytoplasm of the tumour cells contains estrogen, 

progesterone, or Her-2/neu receptors.  Patients whose breast tumours are estrogen or 

progesterone receptor positive tend to have a more favourable disease course than those 

whose tumours are negative for these receptors.  Knowledge of a patient’s tumour 

receptor status is important for planning appropriate adjuvant therapy, as well as for 

managing patients with metastatic disease.  Adjuvant hormonal therapy in patients with 

estrogen and progesterone receptor-positive tumours improves survival rates, even in the 

absence of lymph node metastases.(20) 

       With respect to metastatic breast cancer, up to 60% of patients with metastatic 

disease will respond to hormonal manipulation (e.g., Tamoxifen, a selective estrogen 

receptor modulator) if their tumours are estrogen receptor-positive versus less than five 
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percent in those with estrogen receptor-negative tumours.(21)  Progesterone receptor-

positive tumours are thought to be even more sensitive to hormonal manipulation.  As 

many as 80% of patients with metastatic breast cancer respond favourably to adjuvant 

hormonal therapy.(21)  It should be noted that tumour receptor status does not impact the 

patient’s response to chemotherapy. 

       A positive tumour receptor status does not always confer a favourable prognosis or 

response to treatment.   The Her-2/neu receptor is an orphan receptor of the epidermal 

growth factor receptor family.  The ligand for this receptor is currently unknown.(22) 

Women with Her-2/neu receptor-positive tumours have a higher recurrence rate and a 

worse overall prognosis than women with Her-2/neu receptor negative tumours. 

       There have been a number of recent studies addressing the etiologic heterogeneity of 

different breast tumour types.  Particular emphasis has been placed on tumour receptor 

status.  There is now evidence that tumours with certain receptor subtypes are more likely 

to occur in women from certain demographics or with certain constellations of risk 

factors.(23-28)  For example, it has been shown that basal-like tumours (ER-, PR-, and 

HER2-) are more likely to occur in patients who are younger and/or of African origin.(23, 

24)  These tumours also have a more aggressive behaviour (in terms of recurrence and 

metastasis) when compared with tumours of the luminal subtype (ER+ and/or PR+ and 

HER2-).(23, 24)  A recent literature review, detailing findings from the Carolina Breast 

Cancer Study (CBCS; a case-control study run from 1993 to 2001), indicated that triple 

negatives were more likely to occur in women who had gone through menarche at age 

younger than thirteen (case-case OR = 1.3).(27)  The CBCS data also shows a differential 

effect of parity by tumour subtype.  That is, although women in this study who had 
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children (regardless of number) had a decreased odds of developing luminal A type 

breast cancer (OR = 0.7).(27, 28)  However, the risk of developing basal-like breast 

cancer was higher in parous women than in nulliparous women.  Moreover, there as a 

dose-response effect, with risk of developing basal-like breast cancer increasing with 

number of children (case-control OR = 1.7, 1.8, and 1.9 for 1, 2, and 3+ children 

respectively; case-case OR = 1.6 and 1.7 for 1-2 and 3+ children respectively).(27, 28)  

The differential effects of tumour subtype by parity have been well documented by prior 

studies.(25, 26, 29)  This provides a good justification for stratifying results based on 

tumour pathology. 

 

2.1.6  Metastasis 

Axillary Lymph Node Metastases 

       The lymphatic tissue in the axilla receives approximately 75% of the lymphatic 

drainage from the breast.  Axillary lymph nodes metastases tend to occur sequentially 

from the level I nodes (inferolateral to the pectoralis minor muscle), then to the level II 

nodes (beneath the pectoralis minor and inferior to the axillary vein), and then to level III 

nodes (medial to the pectoralis minor and against the chest wall).(30)  Axillary lymph 

node status at breast cancer diagnosis is the most important predictor of both disease-free 

and overall survival in breast cancer.(30)  In general, women who are axillary node-

negative have a 30% lifetime risk of breast cancer recurrence versus 75% of women who 

are axillary node positive. 
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Distant Metastases 

       Breast cancer cells may be shed directly into the systemic venous blood supply once 

the breast tumour develops its own blood supply (neovascularization).  The tumour cells 

may travel into the pulmonary circulation via the axillary and intercostal veins or may 

enter Batson’s plexus, which spans the length of the vertebral column.  Common sites of 

distant metastases of breast cancer (ordered from most to least frequent) are bone, lung, 

pleura, soft tissues, and liver.(31)  Distant metastatic spread of tumour is the most 

common cause of death among breast cancer patients for up to 10 years following a 

diagnosis of primary breast cancer.(32)  Sixty percent of women develop distant 

metastases within two years of treatment.(33)  However, women can develop up to 30 

years after treatment.  Ninety five percent of women who die of breast cancer have 

distant metastases at the time of death.(31) 

 

2.1.7  Staging and Prognosis 

       In terms of staging, the American Join Committee on Cancer and the International 

Union Against Cancer have reached a consensus on a staging system for breast cancer, 

called the ‘TNM’ classification.  The ‘T’ refers to the size and/or extent of the tumour 

(i.e., maximal dimension), measured to the nearest 0.1cm.  The ‘N’ refers to the nodal 

status of the tumour and the ‘M’ refers to the presence or absence of distant metastatic 

disease.  The TNM information is used in order to determine stage designation (from 

stage 0 to stage IV).  For a detailed chart of the TNM staging system for breast cancer, 

please refer to Appendix 1. 

       Breast cancer staging designation is the most reliable indicator of prognosis.(34)  As 

breast cancer stage increases, there is an accompanying drop in five- and 10- year 
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survival.  Axillary lymph node status is the most studied prognostic factor and is 

associated with prognosis at all tumour sizes.  Patients with small (less than two 

centimeter), estrogen and progesterone receptor-positive, node-negative breast cancers 

have a five-year survival greater than 95%.(35)  If axillary lymph nodes are involved at 

all with tumour, this figure drops to 50-70% at five years and 25-40% at 10 years.  Table 

2 shows the approximate percentage of patients still alive at five and 10 years by TNM 

stage. 

 

Table 2.  Five- and 10-year survival of female breast cancer patients by TNM stage.  
Taken from Singletary et al.(13) 

TNM Stage 5-Year Survival 10-Year Survival 
0 95 90 
I 85 70 
IIa 70 50 
IIb 60 40 
IIIa 55 30 
IIIb 30 20 
IV 5-10 2 
Overall 65 30 

 

 

2.1.8  Treatment 

 

       This is section meant only to be a general overview of treatment type by stage of 

breast cancer.  It is not meant to be an exhaustive or comprehensive discussion of 

available treatment modalities and their indications.  The field of breast cancer therapy is 

changing at a rapid rate and clinical trials are ongoing. 
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Stage 0 

       Low-grade DCIS that is less than 0.5cm in maximal diameter may be managed with 

lumpectomy alone.  For larger lesions, lumpectomy plus adjuvant radiation therapy is 

currently the standard of care.  However, if DCIS is widespread (i.e., involving two or 

more quadrants of the breast), the patient may require a mastectomy.  Adjuvant 

Tamoxifen is considered in all patients with DCIS. 

       Because LCIS is not considered to be a premalignant lesion, LCIS is not surgically 

resected.  However, because of the substantial risk of subsequent invasive breast cancer 

in women with this diagnosis, Tamoxifen chemoprophylaxis is suggested.(36) 

 

Stage I, IIa, or IIb 

       At the present time, lumpectomy with assessment of axillary lymph node status, 

followed by radiotherapy, is the standard of care for patients with stage I or II breast 

cancer.  This recommendation is based on findings from the National Surgical Adjuvant 

Breast and Bowel Project that showed similar five- and eight-year disease-free and 

overall survival rates between patients with early breast cancer treated with lumpectomy 

plus radiation therapy compared to patients who had undergone total mastectomy 

(NSABP).(37)  Several contraindications to breast conserving therapy do exist, however.  

Patients with prior radiotherapy to the breast or chest wall, involved surgical margins 

following re-excision of a breast mass, multicentric disease, and certain connective tissue 

disorders (e.g., scleroderma) must usually undergo a mastectomy.(13) 

       Assessment of axillary node status often takes the form of a sentinel lymph node 

biopsy.  Candidates for this procedure have a T1 or T2 primary cancer and clinically 
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uninvolved axillary lymph nodes.  If the sentinel lymph node cannot be found or is 

involved with disease, a full axillary lymph node clearance is performed.  Patients with 

clinically detectable axillary lymphadenopathy must undergo a full axillary dissection. 

       Many women with early breast cancer undergo systemic adjuvant chemotherapy in 

addition to radiotherapy.  Chemotherapy is indicated for all node-positive cancers and 

tumours larger than one centimeter in size.(13)  Adjuvant hormonal therapy is determined 

by the hormone receptor status of the tumour.  Tamoxifen therapy or an aromatase 

inhibitor is indicated when the tumour is estrogen or progesterone receptor positive and 

Trastuzumab (a monoclonal antibody to the Her-2/neu receptor) is recommended for 

tumours that overexpress Her-2/neu proteins. 

 

Stage IIIa and Operable Stage IIIc 

       Stage III breast cancer is locally advanced.  Women with stage IIIa and stage IIIc 

cancers are divided into two categories: those with resectable disease and those whose 

disease processes are not amenable to surgical management.(13)  For patients with 

resectable cancer, the approach to management is generally a modified radical 

mastectomy (removal of all breast tissue, including the nipple-areolar complex plus an 

axillary lymph node dissection), plus adjuvant chemotherapy and radiation therapy.  In 

selected patients, neoadjuvant chemotherapy is used in order to decrease the size of the 

primary tumour.(38)  Indications for hormonal therapy and/or trastuzumab are the same 

as in stage I and stage II disease. 
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Stage IIIb, and Inoperable Stage IIIc, and Inflammatory Breast Cancer 

       For patients with stage IIIb cancer, inoperable stage IIIc disease, or inflammatory 

breast cancer, a multimodal approach to therapy is standard.  Although this stage of 

cancer is locally advanced, the intent of therapy is still to achieve a cure.(13)  The initial 

treatment is with neoadjuvant chemotherapy.  Patients who respond favourably to 

neoadjuvant chemotherapy are generally considered for a modified radical mastectomy 

with postoperative radiotherapy to the chest wall and regional lymphatics.(13)  In some 

cases, patients may be eligible for a breast-conserving surgical approach.  A subsequent 

course of chemotherapy may be recommended.(38)  Indications for hormonal 

manipulation and/or Trastuzumab therapy are the same as for stage I and stage II cancers.  

Patients with these types of breast cancer should be considered for inclusion in clinical 

trials. 

 

Stage IV 

       The goals of treatment for stage IV breast cancer are prolongation of survival and 

enhancement of quality of life.  Unfortunately, a cure is not possible when there are 

distant metastases present.  Hormonal therapies are often a first line treatment in estrogen 

or progesterone receptor-positive cancers, women with bone or soft tissue metastases 

only, or women with limited and asymptomatic visceral metastases.(13)  For receptor-

negative cancers, hormone-refractory cancers, or symptomatic visceral metastases, 

systemic chemotherapy is the most appropriate modality of treatment.(16)  Individualized 

palliative surgical approaches can be used for symptomatic control (e.g., in the case of 
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brain metastases or biliary obstruction).  In women with bone metastases, 

bisphosphonates can be used in order to help prevent pathologic fractures. 

 

2.2  Risk Assessment Tools and Known Breast Cancer Risk Factors 

       A key step in the planning of risk reduction and clinical management of patients is 

the identification of those at significantly increased risk of a future breast cancer 

diagnosis.  Numerous breast cancer risk factors have been identified.   However, the 

interactions between these risk factors are complex.(39)  For this reason, breast cancer 

risk assessment must go beyond simply looking at these risk factors individually.  

Statistical modeling has made this possible.  The most popular breast cancer risk 

assessment tools, borne out of the statistical modeling approach, are the Gail model and 

the Claus model.(40-42) 

       The Gail model is a multiple logistic regression model that is used to calculate an 

individual woman’s 5-year and lifetime breast cancer risk.  The original Gail model was 

based on risk factor data collected during the Breast Cancer Detection and Demonstration 

Project, a prospective cohort study that collected data on 275,000 US women and 

recorded all instances of breast cancer between 1973 and 1980.(41) This model used the 

following risk factors: age, age at menarche, age at first childbirth, number of first-degree 

female relatives with breast cancer, number of past breast biopsies, and whether cellular 

atypia was present in any of the biopsy specimens.(41)  The original Gail model was only 

validated for use on white females.(42)  The iteration of the Gail model that is currently 

in use is valid for Europeans, African Americans, Hispanics, Asian/Pacific Islanders, and 

American Indians/Alaska Natives.  This adjustment to the Gail model was made with the 

use of breast cancer data from ethnic minorities collected during the National Cancer 
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Institute’s Surveillance, Epidemiology and End Results (SEER) and Contraceptive and 

Reproductive Experiences (CARE) studies.(42) 

       Other breast cancer risk assessment models include the Claus model, the 

BRACAPRO model, and the Tyrer-Cuzick model.(40, 43, 44)  None of these models can 

perfectly predict an individual’s breast cancer risk.  In fact, the Gail, Claus, BRACAPRO 

models all underestimate breast cancer risk.(45)  These models also have poor 

concordance with one another, since they are based upon different data sets.(45) 

       Therefore, each breast cancer risk assessment model has its own associated 

criticisms.  Since the Gail model only takes into account breast cancer history in first-

degree relatives, it essentially ignores any contribution of paternal lineage to an 

individual’s risk.(46-48)  It also does not take into account the age of onset of breast 

cancer.(47, 48)  Therefore, the Gail model consistently underestimates breast cancer risk 

in individuals with a strong paternal family history of breast cancer.(47, 48)  While the 

Claus model does take into account breast cancer histories in both first- and second-

degree relatives, it does not include any of the nonhereditary risk factors addressed by the 

Gail model.(45)  The BRACAPRO model estimates the likelihood of finding a BrCA1 or 

BrCA2 mutation in a particular family but does not make use of other genetic 

information.(45)  It also does not consider nonhereditary risk factors.  The Tyrer-Cuzick 

model is newest model and the one that most accurately determines breast cancer 

risk.(45)  This model integrates information about family history, hormonal factors, and 

benign breast disease.  However, even this model has certain associated problems, such 

as the need for genetic testing (to screen families for BrCA1/BrCA2 mutations).  The 
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Tyrer-Cuzick model also overestimates breast cancer risk in individials with cellular 

atypia on breast biopsy.(49, 50) 

       The Gail model remains the most well-known and widely used breast cancer risk 

assessment tool.(50)  Its popularity stems from the fact that it is easy to use and interpret.  

Handheld calculators, internet web sites, and computer programs allow clinicians to 

quickly calculate 5-year and lifetime breast cancer risks for their patients.  Many Gail 

model calculators are also in the public domain and free of charge. 

 

2.3  Additional Known Breast Cancer Risk Factors 

2.3.1  Alcohol 

Mechanism of Carcinogenesis 

       As is the case with PAHs, alcohol’s carcinogenic effects are likely to be mainly 

mediated by acetaldehyde, its first (and most toxic) metabolite.(51)  Acetaldehyde 

intercalates into the DNA double helix, forming stable DNA adducts.  These 

acetaldehyde-DNA adducts have been found in varying concentrations in the tissues of 

alcohol consumers.(51)  However, the process of conversion of ethanol to acetaldehyde 

and, lastly, to acetate has been postulated to lead to carcinogenesis in several different 

ways. 

       A theory regarding the process of ethanol-induced carcinogenesis is given quite 

succinctly in a publication by Seitz and Stickel from 2007.(52)  Alcohol is metabolized to 

acetaldehyde by alcohol dehydrogenase (ADH), the cytochrome P450 2E1 enzyme 

(CYP2E1) and further oxidized to acetate by acetaldehyde dehydrogenase (ALDH).  

CYP2E1 activity generates reactive oxygen species (ROS) in addition to the 

acetaldehyde, which themselves react with lipids to form lipid peroxidation products that 
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also form adducts with DNA.  The reduction of ethanol by ADH requires the reduction of 

nicotinamide adenine dinucleotide (NAD+) to (NADH).  This process is reversed (i.e., 

oxidation of NADH to NAD+) in the mitochondria, where more ROS are generated.  

CYP2E1 also decreases tissue levels of retinoic acid, which is an important mediator of 

cell growth and differentiation.  Lastly, CYP2E1 participates in the conversion of pro-

carcinogens (such as PAHs) into carcinogens.  Figure 1 illustrates the interrelationships 

between the different components of the human body’s ethanol metabolism process and 

how they relate to carcinogenesis. 

 

Figure 1.  The role of ethanol metabolism in carcinogenesis.  Taken from Seitz and 
Stickel.(52) 
 

 
 

       As with PAHs, there is a certain degree of genetic variability in the ability to 

metabolize alcohol and, therefore, in the susceptibility to ethanol’s carcinogenic effects.  

Different polymorphisms in ADH, ALDH, and CYP2E1 exist which make individuals 
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more or less efficient in ethanol metabolism and, hence, more or less susceptible to 

ethanol-induced cancers.(52)  For example, there are two identified polymorphisms of the 

ALDH2 gene.  ALDH2*1 is the normal allele and ALDH2*2 is the allele that codes for a 

nonfunctioning ALDH2 gene product.  Individuals homozygous for ALDH2*2 are 

unable to tolerate alcohol due to an inability to oxidize acetaldehyde.  Heterozygotes have 

an ALDH2 gene product with reduced function.  These individuals can tolerate alcohol, 

but in lower amounts than individuals homozygous for the normal allele.  Research done 

by Matsuda in 2006 showed that levels of acetaldehyde-DNA adducts were significantly 

higher in individuals with one ALDH2*2 allele when compared with individuals without 

this variant.(53)  In turn, Yokoyama (in 2006) showed a significantly higher risk for 

upper aerodigestive tract cancers in alcoholic males with an ALDH2*2 allele when 

compared with individuals without this mutation.(54) 

 

Epidemiologic Research 

       To date, there is a substantial body of evidence to demonstrate that alcohol 

consumption increases the risk of breast cancer.(55-59)  In 1994, Longnecker performed 

a meta-analysis of 38 epidemiologic studies and found a dose-response relationship 

between alcohol consumption and breast cancer risk.(58)  Compared to nondrinkers, odds 

ratios were as follows: 1.1 for one drink per day (95% CI: 1.1-1.2), 1.2 for two drinks per 

day (95% CI: 1.1-1.3), and 1.4 for three or more drinks per day (95% CI: 1.2-1.6).(58)  A 

pooled analysis of six prospective studies done in 1998 by Smith-Warner and colleagues 

showed a similar dose-dependent trend in breast cancer risk with alcohol consumption, 

once other breast cancer risk factors were taken into account.(59)  A more recent (2002) 

pooled analysis by Hamajima et al. concluded that for every 10g/day increase in alcohol 
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consumption breast cancer risk increases by 7.1% (std. error: 1.3%) in never 

smokers.(57)  One of the most recent studies to address the connection between breast 

cancer and alcohol consumption is the Million Women Study.(55)  In this study, a total of 

1,280,296 women in the United Kingdom were routinely followed for incident cancer.  

The results of this study thus far indicate that each alcoholic drink (10g) contributes 11 

breast cancer cases per thousand women, up to age 75.(55) 

       Although the proposed mechanism by which alcohol increases breast cancer risk is 

still only theoretical, the contribution to breast cancer risk made by alcohol consumption 

is quite apparent.  Recent research conducted by Lew et al., using data from the National 

Institutes of Health – AARP Diet and Health Study suggests that the relationship is 

stronger for women with ER-positive/PR-positive breast cancers than for women with 

tumours of other receptor status.(60)  Further research involving the interaction between 

alcohol consumption and receptor status may yield clues as to a mechanism for the 

overall relationship between breast cancer and alcohol consumption. 

 

2.3.2  Hormone Replacement Therapy 

Mechanism of Carcinogenesis 

       Research has suggested that catechol metabolites of steroidal estrogens are the main 

cause of the DNA damage implicated in breast carcinogenesis.(61-63)    The metabolic 

redox cycling of these catechol metabolites is thought to cause oxidative stress and 

damage to DNA molecules.  Figure 5 shows a proposed model for how the oxidative 

metabolism of steroidal estrogens leads to DNA damage and, hence, carcinogenesis.  

Support for this model has been borne out in-vivo in a number of studies.  For example, a 
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study by Aldercreutz and colleagues (1986) showed that the ratio of urine 

catecholestrogens to other estrogen metabolites were several times higher in Finnish 

women (a population with an increased risk of breast cancer) than in Asian women.(61)  

Further, Malins and colleagues (1993) found increased levels of 8-OH-dG (a marker of 

oxidative stress damage to DNA) in DNA from human breast tissue, compared to normal 

breast tissue adjacent to it.(62)  Figure 2 illustrates the mechanism of DNA damage to 

mammalian cells caused by oxidative metabolism and redox cycling of estrogens. 

       Progestins are thought to influence breast cancer risk via their proliferative effects on 

the breast epithelium.(64)  Although uncertainty exists as to what role progestins play in 

breast carcinogenesis, it has been demonstrated in a primate model that progesterone 

supplementation amplifies the breast cancer risk of exogenous estrogen 

supplementation.(64) 

 

Figure 2.  Oxidative metabolism and redox cycling of estrogens leading to oxidative 

DNA damage in mammalian cells.  Taken from Yager and Zurlo.(65) 
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Epidemiologic Research 

       Hormone replacement therapy is unquestionably linked to breast cancer.  There is a 

multitude of studies that confirm that hormone replacement therapy, regardless of the 

type (estrogen or estrogen plus progestin), is associated with an elevated breast cancer 

risk.(66-73)  Two notable examples of research in which this association is investigated 

arise from the Million Women Study and the U.S. Women’s Health Initiative (WHI).  In 

the Million Women Study, it was an increase of up to three percent (of the non-hormone 

risk) per year in breast cancer risk was reported among women taking estrogen 

replacement therapy.(74)  The WHI was a set of clinical trials and an observational study, 

launched in 1991 and run for 15 years.  It included a total of 161,808 healthy 

postmenopausal women.  Results from a randomized clinical trial performed within the 

WHI suggest that postmenopausal women taking estrogen plus progestin experience a 

five to six percent increase in breast cancer risk per year of hormone replacement 

therapy.(67) 

 

2.3.3  Body Mass Index 

       Body mass index (BMI) is a surrogate measure for obesity.  It is calculated by 

dividing an individual’s weight (in kilograms) by the square of their height in meters.(75)  

For the purposes of this study, it is assumed that a higher body mass index is a result of 

more adipose tissue. 
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Mechanism of Carcinogenesis 

       Adipose tissue plays an important role in the biosynthesis of estrogen.  Estrogen 

biosynthesis is catalyzed by an enzyme called aromatase P450.(76)  It has been 

discovered that aromatase expression occurs in the stromal cells that surround 

adipocytes.(77)  These stromal cells are believed to be preadopocytes, that can be 

converted to adipocytes under appropriate nutritional and hormonal stimuli.(77) 

       There are marked regional variations in adipose tissue aromatase expression, with 

highest values being found in the buttock and thigh regions.(78)  Also of note is the fact 

that adipose estrogen biosynthesis rates are higher in elderly women than in women of 

childbearing age.(78)  Although the mechanism underlying this phenomenon is not yet 

well understood, it is speculated to be a result of stimulation of aromatase expression in 

stromal cells by circulating serum glucocorticoids.(79)  Body fat percentage is positively 

correlated with circulating estrogen levels.(80)  Because estrogen metabolism is a source 

of oxidative stress damage to DNA, women with higher body fat percentages may be 

more vulnerable to estrogen-mediated breast carcinogenesis. 

 

Epidemiologic Research 

       Body mass index has been shown to increase breast cancer risk, mainly among 

postmenopausal women.(81-84)  In a population-based case-control study, Trentham-

Dietz and colleagues (1997) found an increased risk of breast cancer in both 

premenopausal and postmenopausal women (OR=1.36, CI=1.05-1.76 and OR=1.27, 

CI=1.11-1.45, respectively).(81)  In a Japanese case-control study, Yoo and colleagues 

(2001) found an increased risk of breast cancer in obese women (OR=1.17, CI=1.10-1.25 
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for each 1 kg/m2 over ideal BMI).(84)  In a pooled analysis of prospective cohort studies, 

van den Brandt and colleagues (1999) found that postmenopausal women with a BMI 

exceeding 31 kg/m2 had a relative risk or breast cancer of 1.29 (CI=1.09-1.46) compared 

to women with a BMI of less than 31 kg/m2.(82)  These results strongly suggest a 

positive association between BMI and breast cancer risk. 

 

2.4  Suspected Breast Cancer Risk Factors 

2.4.1 Polycyclic Aromatic Hydrocarbons 

       Polycyclic aromatic hydrocarbons (PAHs) are a form of chemical carcinogen that 

results from the incomplete combustion of organic material.(85)  Exposure to PAHs in 

the general population occurs due to air pollution, wood- and coal-burning stoves, 

tobacco smoke, and charred, smoked, and broiled foods.(86)  PAHs are known 

carcinogens in humans and have been shown to cause mammary tumours in laboratory 

animals.(87, 88)  The first PAH to receive widespread attention as a chemical carcinogen 

is benzo[a]pyrene.(89)  Of note is the fact that this PAH is contained in cigarette smoke.  

The US Environmental Protection Agency has classified a total of seven PAHs as 

probable human carcinogens: benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, 

benzo[k]fluoranthene, chrysene, dibenz(ah)anthracene, and indeno(1,2,3-cd)pyrene.(90) 
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Mechanism of Carcinogenesis 

       Not all PAHs have the same degree of carcinogenicity.  Differences in structure 

between different PAHs, as well as differences in biologically effective doses, affect the 

ability of PAHs to cause cancer.  Research has suggested that many PAHs are parent 

compounds of DNA mutagens.  That is, the PAH metabolites may be more potent 

carcinogens than the PAHs from which they were derived.(91)  A model example of the 

aforementioned process is carcinogenesis caused by benzo[a]pyrene.  The CPY1A1 

enzyme (an isoenzyme of the cytochrome P450 superfamily) has been deemed 

responsible for the biological activation of benzo[a]pyrene.(92)  See Figure 3 for an 

illustration of how this enzyme is involved in the metabolism of benzo[a]pyrene. 

 

Figure 3.  The metabolism of benzo[a]pyrene to benzo[a]pyrene 7,8dihydrodiol 
9,10epixide by cytochrome P450.  Taken from Cortessis et al.(93) 

 
 

       It is these PAH metabolites that intercalate into the DNA structure, forming adducts.  

These DNA adducts can cause alterations in normal cell replication.(94)  This occurs 

when a PAH-DNA adduct forms at a site in the DNA double helix that is critical to cell 
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growth, differentiation, or replication.  This is why it is the cells that have the highest 

replicative turnover (e.g., bone marrow, skin, lung) that are most significantly affected by 

exposure to PAHs.  One possible key step in the development of lung carcinoma from 

cigarette smoke is the covalent binding of benzo[a]pyrene diol epoxide adducts to several 

guanine positions in the bronchial epithelial cell DNA p53 gene.(95)  Figure 4 shows the 

intercalation of the benzo[a]pyrene diol epoxide into the DNA sequence. 

 
 
Figure 4.  Intercalation of benzo[a]pyrene diol epoxide into DNA sequence to form 
BPDE-DNA adduct.  Taken from Lodish et al.(94) 

 
 

       PAHs bind to DNA and are often stored in adipose tissue, including the fatty tissue 

of the breasts.(5, 96)  When PAH exposure is high and/or when detoxification is low, 

PAH-DNA adducts are formed and these adducts persist when DNA repair mechanisms 

are inadequate.(97)  Hence, the presence and amount of tissue PAH-DNA adducts 

reflects not only cumulative exposure to PAHs, but also inter-individual differences in 

metabolism and/or DNA repair capacity.(5, 97) 
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Cigarette Smoking 

       Cigarette smoke has been shown to be associated with PAH-DNA adducts human 

tissues.(98)  Further studies have confirmed a higher prevalence of smoking-specific 

DNA adducts and p53 gene mutations in the breast tissues of smokers when compared 

with nonsmokers and never smokers.(7, 99)  Moreover, in 2002, Russo and colleagues 

demonstrated that cigarette smoke induced neoplastic transformation of breast tissue 

epithelial cells in vitro.(100)  It therefore would be logical to surmise that an association 

between smoking and breast cancer would be borne out in epidemiologic literature.  

However, the literature examining the connection between smoking and breast cancer is 

mixed.  Methodologic issues, including varying definitions of smoking behaviour and 

small sample sizes, have been cited as reasons for the lack of consistency in the 

literature.(101)  A recent (2008) pooled analysis by Ambrosone and colleagues 

demonstrated a significantly increased risk of breast cancer among women with the N-

acetyltransferase 2 (NAT2) slow acetylation genotype (pooled RR 1.49, 95% CI: 1.08-

2.04).(102)  This study was based on data from  11,030 women over 9 separate case-

control studies.  Smoking has been shown to have a modest association with breast 

cancer risk but the association is only consistent for genetically susceptible individuals 

(such as those with the NAT2 slow acetylation genotype).(103, 104)  Overall, most 

literature to date has concluded that smoking does not significantly contribute to breast 

cancer risk.(102-104)  There is a need for more research in the area of smoking and 

breast cancer in order to further clarify whether this is truly the case. 
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Second-Hand Smoke 

       Despite the lack of consistency in literature seeking to find a link between primary 

smoking behaviour and breast cancer, breast cancer literature has established a modest 

positive association between passive smoking (i.e. exposure to second-hand smoke) and 

breast cancer risk.(97-109)  In general, this literature demonstrates that long-term passive 

smoking is associated with increased odds of breast cancer.  Of seven studies (a mix of 

case-control and cohort), carried out between 1994 and 2002, that examined passive 

smoking and breast cancer, five found a statistically significant association.(105, 108, 

110-114)  Of the studies that had significant results, odds ratios ranged from 1.3 (95% CI: 

1.0-1.7) to 3.2 (95% CI: 1.5-6.5).(105, 108)  It has been speculated that the reason for the 

relative consistency of the association between exposure to second-hand smoke and 

breast cancer risk is that second-hand smoke contains a higher concentration of PAHs, 

nitrosamines, and other carcinogenic constituents when compared to the smoke that is 

actively inhaled by the smoker.(115) 

 

Smoked/Grilled Foods 

      PAHs are readily found on the surfaces of grilled meat products.(116)  This is either a 

result of smoke created by the incomplete combustion of carbon and hydrogen in fat that 

has fallen onto hot coals or from pollutants in the air and/or water involved in the cooking 

process.(117)  Although epidemiologic studies examining meat intake and ‘doneness’ of 

consumed meat have yielded somewhat inconsistent results, this is likely because these 

studies have focused on recent dietary habits.(106, 109)  Lifetime intake of 

smoked/grilled meats may be more relevant to carcinogenesis.  In a population-based, 
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case-control study performed in Long Island, NY from 1996 to 1997, Steck and 

colleagues found a modest increased risk of breast cancer among postmenopausal women 

who ate the most barbequed/grilled/smoked meats over their lifetimes (OR 1.47, 95% CI: 

1.12-1.92 for highest vs. lowest tertile of intake).(117)  A higher OR was observed for 

postmenopausal women who had low fruit and vegetable intake, combined with high 

intake of barbequed/grilled/smoked meats (OR 1.74, 95% CI: 1.20-2.50).(117) 

 

2.4.2  NSAIDs 

       In contrast to the above risk factors, NSAID usage is a potential protective factor in 

breast cancer risk.  Research has demonstrated that tissue levels of prostaglandins are 

higher in breast cancer than in normal tissues and has speculated that prostaglandins are 

involved in tumorigenesis.(118, 119)  Therefore, a possible target for cancer 

chemoprevention is the cyclooxygenase (COX) class of enzymes, those enzymes that 

play a key role in the synthesis of prostaglandins via the arachidonic acid pathway.  In 

fact, studies have shown overexpression of the COX-2 gene in breast cancer.(118, 119)  

NSAIDS, such as aspirin and ibuprofen, block COX enzymes and therefore block the 

conversion of tissue arachidonic acid into prostaglandins.(118, 119) 

 

 

Mechanism of Carcinogenesis of COX-2 

       Cell membrane phospholipids are converted to arachidonic acid by way of 

phospholipase A2.  In the inflammatory pathway, arachidonic acid is converted by COX-

2 to prostaglandin G2 (PGG2), which is then converted to prostaglandin H2 (PGH2) by 

endoperoxidases.  PGH2 is converted, by several different prostaglandin synthases, into 
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prostaglandin E2 (PGE2), prostaglandin I2 (PGI2), prostaglandin F2α (PGF2α), and 

thromboxane A2 (TXA2).  These prostaglandins promote cell division and angiogenesis, 

as well as invasion of tissues.  They also have an inhibitory effect on apoptosis.  The next 

effect of this is increased tumour growth.  Moreover, these prostaglandins incite invasive 

behaviour in rapidly dividing cell lines, ultimately leading to metastasis.(120)  Figure 5 

illustrates the role of COX-2 in carcinogenesis. 

 

Figure 5.  The role of COX-2 in carcinogenesis.  Taken from Grosch et al.(121) 

 

 
 

 

Epidemiologic Research 

       Epidemiologic literature has already established a protective role for NSAIDS in 

cancers other than in the breast.  Such effects have been demonstrated in colorectal 

cancer literature, as well as for gastric and esophageal cancers.(122-124)  However, the 

available literature regarding the role of NSAIDs in breast cancer is conflicting, with 

some studies showing an increased incidence of breast cancer in NSAID users.  A 2001 
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meta-analysis performed by Khuder and Mutgi evaluated studies published between 1980 

and 2000 and 2001-2005 separately.(125)  These researchers found pooled odds ratios of 

0.82 (95% CI: 0.75-0.89) and 0.75 (95% CI: 0.64-0.88) respectively.(125)  Over 20 

observational studies on the role of NSAIDs in breast cancer have been published since 

2005, with quite heterogeneous results.(126)  Included in these studies was a large 

Danish cohort study with 28,695 women, which clearly showed an increased risk of 

breast cancer in NSAID users (RR=1.27, 95% CI: 1.10-1.45).(127)  In 2009, Zhao et al. 

sought to reconcile the discrepant findings in the NSAID and breast cancer literature by 

performing a large meta-analysis on all such studies between 1950 and 2008.(126)  They 

focused on case-control and cohort studies, eventually including 26 methodologically 

strong studies overall (528,705 participants in total).  Using a random effects model, they 

obtained a pooled relative risk of 0.94 (95% CI: 0.88-1.00).(126)  Slight reductions in 

breast cancer risk were observed with both aspirin (RR=0.91, 95% CI: 0.83-0.98) and 

ibuprofen (RR=0.81, 95% CI: 0.67-0.97).(126)  Perhaps the most encouraging results so 

far come from a recent study done by Brasky et al. (2010), where the association between 

lifetime aspirin intake and breast cancer risk was assessed.(128)  This study used data 

from the Western New York Exposures and Breast Cancer (WEB) study (1996-2001).  In 

this study, it was found that average monthly lifetime aspirin consumption was 

significantly associated with breast cancer risk (OR=0.68, 95% CI: 0.46-1.00), when 

women consuming more than ten 81mg pills per month were compared with women who 

took ten or less pills per month.(128)  More research is needed in order to elucidate the 

role of NSAIDs in breast cancer risk attenuation. 
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2.5  Rationale 

       Although improvements are constantly being made in contemporary breast cancer 

risk assessment tools, the extant tools are still quite limited in their ability to discriminate 

which women will develop breast cancer and which will not.  Numerous carcinogenic 

lifestyle-related exposures are emerging within breast cancer literature, such as smoking 

and consumption of certain pharmacologic agents.  However, in many cases, the research 

linking these factors to breast cancer is inconsistent.  More research into these exposures 

in needed in order to firmly establish them as breast cancer risk factors.  If research 

confirms these variables as breast cancer risk factors, they can be combined with the 

currently known risk factors in newer risk assessment tools in order to yield more 

accurate assessments of breast cancer risk than are currently available.  The current 

project aims to examine the role of several of these lifestyle-related variables in breast 

cancer risk. 
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Chapter 3.0 Methods 

3.1 Objectives 

Objective 1: To determine the breast cancer risk associated with known risk factors 

in a sample of women from Vancouver, BC and Kingston, Ontario. Known factors 

will include: 

i. Ethnicity 

ii. The number of first degree relatives with a positive breast cancer history 

iii. Past benign breast biopsy 

iv. Age at menarche 

v. Age of first birth 

vi. Consumption of alcohol 

vii. Hormone replacement therapy 

viii. Body mass index 

 

Hypotheses: 

i. European women will have the highest risk of breast cancer. Asian women 

will have the lowest risk of breast cancer. Women with ethnicity neither 

European nor Asian will have intermediate risk. 

ii. Women with a higher number of first degree relatives with a breast cancer 

history will have a higher breast cancer risk than those with a lower number of 

(or zero) first degree relatives with a past breast cancer diagnosis. 
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iii. Women who have had at least one past benign breast biopsy will have a 

higher breast cancer risk than women who have not had a past benign breast 

biopsy. 

iv. Women with an earlier age of menarche will have a higher breast cancer risk 

than women with a later age of menarche. 

v. Women with a later age at the birth of their first child will have a higher breast 

cancer risk than women with an earlier age at first birth. 

vi. Women with higher lifetime alcohol consumption will have a higher risk of 

breast cancer. 

vii. Women with a history of hormone replacement therapy will have a higher risk 

of breast cancer than women who have not used hormone replacement 

therapy. 

viii. Women with a higher body mass index will have a higher risk of breast cancer 

than women with lower body mass index. 

 

Objective 2: To determine the breast cancer risk associated with selected lifestyle 

variables that are suspected to increase risk. Suspected risk factors will include: 

i. Smoking 

ii. Exposure to second-hand smoke 

iii. Consumption of smoked/grilled foods 

iv. Use of non-steroidal anti-inflammatory drugs (NSAIDs) 

 

 



  35 

Hypotheses: 

i. Women with a higher lifetime cigarette smoke exposure will have a higher 

breast cancer risk than nonsmokers and women with a lower cigarette smoke 

exposure. 

ii. Women with a higher lifetime second-hand smoke exposure will have a 

higher breast cancer risk. 

iii. Women with a higher lifetime consumption of smoked/grilled foods will have 

a higher breast cancer risk than women with a lower lifetime intake of 

smoked/grilled foods. 

iv. Women with a higher lifetime exposure to NSAIDs will have a lower breast 

cancer risk than women with a lower exposure to NSAIDs or who have never 

taken these medications. 

 

Objective 3: To determine the associations for the modifiable risk factors in 

objectives 1 and 2 (alcohol, hormone replacement, smoking, second-hand smoke, 

smoked/grilled foods, and NSAIDs) according to the following variables: 

i. Tumour hormone receptor status (estrogen, progesterone, and Her2/neu) 

ii. Scharff-Bloom-Richardson histologic grade 

iii. Menopausal status 

Hypothesis: The associations between the aforementioned known and suspected risk 

factors will differ for different outcome subgroups of tumour receptor status, 

histologic grade, and for different strata of menopausal status. 
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3.2 Overview of Molecular Epidemiology of Breast Cancer Study Design 

       The objectives of the current project will be achieved using data collected by 

Aronson et al., from 2005 to 2010, in the Molecular Epidemiology of Breast Cancer 

(MEBC) study.(85) The MEBC study is a case-control study of breast cancer with most 

subjects recruited in Vancouver, British Columbia and a small portion recruited in 

Kingston Ontario. In Vancouver, subjects were recruited via a ‘registry ascertainment 

protocol,’ while a ‘clinic-based’ method was used in Kingston.  In the registry 

ascertainment protocol, cases were identified through the BC Cancer Registry. Cases and 

controls were contacted by mail and sent a study package, questionnaire, and consent 

form. Study participation involved completion of a study questionnaire, as well as 

providing a blood sample and access to medical records to allow information relating to 

breast health to be obtained. The consent form indicated subjects’ consent to participate 

in the study by completing the enclosed questionnaire, allowing members of the MEBC 

research team access to medical records of information pertaining to breast health, 

providing a blood sample. All study participants were asked to complete the 

questionnaire, which contains information relating to sociodemographic, medical and 

lifestyle variables, reproductive history, family history of cancer, as well as potentially 

carcinogenic environmental and occupational exposures. All questionnaire responses 

were collected in telephone interviews and for non-English speaking individuals study 

materials were also available in Chinese (Cantonese, Mandarin) and Punjabi. For a copy 

of the questionnaire used in the MEBC study, please see Appendix 3. 

       In the Kingston arm of the MEBC study, subjects were recruited from participating 

regional breast assessment clinics. Referrals to these specialty clinics may be made for a 
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variety of reasons, including but not limited to: abnormal screening mammograms, 

family history of breast cancer, genetic testing for BRCA1/2 polymorphisms, or clinical 

symptoms such as mastalgia, palpable breast lumps, or nipple discharge.  Patients were 

referred to these breast assessment clinics by primary care physicians.  About half of 

these women were scheduled for a breast biopsy. Upon first visiting the breast clinic, 

women were given an explanation of the MEBC study and given a ‘consent to contact’ 

form, giving permission for study staff to contact them with more information concerning 

study participation. Those who consented to be contacted were called by MEBC study 

staff to confirm eligibility and were sent a study package with a consent form (the same 

form as was given to potential subjects in Vancouver). Of those women who signed the 

consent form, all women to receive a subsequent diagnosis of in-situ or invasive breast 

cancer were enrolled in the study as cases. That is, individuals were enrolled in the study 

before knowing their diagnosis. Participants who had a subsequent benign diagnosis after 

biopsy without an increase in breast cancer risk (about two thirds of those with benign 

biopsies), or who were not referred to the breast clinic for biopsy acted as controls and 

were frequency matched to cases on age, ethnicity (Asian descent vs. other), and 

menopausal status. In Kingston, most of the subjects were interviewed by phone in order 

to collect their questionnaire responses. However, the subjects were given the option to 

mail in their responses. 
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3.3 Study Population 

Source Population and Consent 

Vancouver 

       In Vancouver, 1062 cases and 1015 controls participated in the study. In the BC arm 

of the MEBC study, cases were comprised of women living in the BC Lower Mainland 

(Vancouver, Burnaby, Richmond and New Westminster) who had in 2006-2010 a new 

diagnosis of invasive breast cancer and no prior cancer history (except non-melanoma 

skin cancer). Controls were women randomly selected from the Screening 

Mammography Program of BC, frequency matched to cases in five-year age groups. The 

study population from Vancouver had an age range from 25 to 80.  At the time of the 

MEBC study data collection, just over 15% of Vancouver women of the ages of interest 

for breast cancer risk (primarily 60-80 years old) consisted of Asian people, with more 

than half of these of Chinese descent. 

 

Kingston 

       In the Kingston arm of the study, subjects were between the ages of 30 and 79. In 

Kingston, 131 cases and 164 controls participated in the study. These women were from 

the Kingston, Frontenac, Lennox, and Addington catchment area of the Kingston 

Regional Cancer Center. Both cases and controls were recruited at the regional breast 

screening clinic. 

       In both potential controls were recruited from regional breast screening clinics. In 

Vancouver, controls were recruited via the Screening Mammography Program of BC 

(SMPBC).  In Kingston, controls were recruited via the Ontario Breast Screening 
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Program (OBSP). That is, during a visit to the breast clinic, women were given an 

explanation of the MEBC study and given the ‘consent to contact’ form. Those who 

consented to be contacted were called by MEBC study staff to confirm eligibility and 

were sent a study package containing a questionnaire and consent form. The response 

rates in Vancouver were: 50% for cases and 54% for controls.  In Kingston, the rates 

were: 59% for cases and 49% for controls. 

 

3.4 Questionnaire 

       As previously stated, all study participants were required to complete a detailed 

questionnaire. Please refer to Appendix 3 for a copy of the questionnaire. The 

questionnaire took approximately one hour to complete. It collected information from the 

subjects regarding PAH exposure, exposure to light at night, lifetime dietary habits, 

occupational and residential histories, and potential confounders. It should be noted that 

the questionnaire was designed to address the broader set of objectives of the MEBC 

project. Therefore, the current thesis project does not make use of all information 

garnered by the questionnaire. 

       Demographic information was collected in this questionnaire, including date of birth, 

ethnicity, education, income, employment status, income, and place of birth. Patients 

were asked to provide their weight (past and current) and height. Medical information 

was gathered, including menopausal status and past gynecologic surgeries (hysterectomy 

and oophorectomy), as well as past breast screening and workup for breast pathology. A 

menstrual history and pregnancy history were included on the questionnaire, as well as a 

medication history. The medication history included a record of all fertility drugs, all 
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antidepressants, and all hormone replacement therapies. It also included a record of oral 

contraceptive pills and NSAIDs taken for at least six months. A detailed personal and 

family history of cancer was included in the questionnaire. 

       A lifetime smoking history was recorded in terms of estimated total number of 

cigarettes per day/week over the course of one’s life. A history of exposure to non-work 

related passive smoking (measured in hours per week) was recorded by decade of life 

and, for subjects over 60 years of age, for the most recent two years. Alcohol 

consumption was also measured in the same way by decade over the course of one’s life 

and measured in drinks (of beer, wine, or spirits) per week/month. 

       The relevant dietary history portion of the questionnaire assessed dietary habits over 

one’s lifetime. Participants were asked to recall their consumption of smoked, grilled, or 

pickled foods by decade (and over the last two years for those over 60 years of age). 

Participants had the option of listing their frequency of consumption of these types of 

foods by times per week, month, or year. 

       An occupational history was collected detailing every job held by each participant 

for six months or longer. This includes volunteer and military service. Information was 

obtained regarding the method of commuting, length of commuting time, and work-

related passive smoking exposures during each job. The questionnaire also gathered a 

detailed residential history from each subject. The beginning and end dates for each 

residency, the full address of each home, and proximity of one kilometer or less to major 

traffic or pollution sources were recorded. 
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3.5 Primary Breast Cancer Outcome 

       The outcome of interest in the current thesis project was a diagnosis of invasive 

breast cancer. The WHO’s ICD-0-3 classification system was used in order to classify 

breast cancer cases. All cases were required to have an ICD code of C50, denoting a 

primary breast neoplasm. The behaviour code for the breast neoplasm was required to be 

3, indicating malignant disease. In order to qualify for inclusion as a case in the MEBC 

study data (and thus in the current project), the cancer had to be a first occurrence of a 

primary breast cancer. 

       In Vancouver, cases of invasive cancer were identified directly from the from the BC 

cancer registry. In Kingston, cases are identified from patients who are followed forward 

clinically from the point of first visit to a breast screening clinic. Individuals who 

underwent a breast biopsy (fine needle aspiration, core biopsy, excisional biopsy) that 

yielded a result of invasive carcinoma were included in the study as cases. If possible, 

pathology results from the specimen yielded by definitive surgical therapy were used in 

place of the biopsy pathology data (as the surgical pathology reports are often more 

detailed). Surgical pathology reports also yielded information regarding the patient’s 

nodal status (i.e., the number of regional lymph nodes containing malignant cells). 

Available tumour pathology data included tumour size, histologic type (ductal, lobular, 

etc.), nuclear and/or histologic grade, presence of lymphatic or vascular invasion, and 

estrogen receptor status, progesterone receptor status, and Her-2/neu protein 

overexpression. 
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3.6 Exposure Assessment 

3.6.1 Characterization of Known Risk Factors 

Ethnicity 

       Like age, ethnicity was considered as a main effect, due to its presence as a Gail 

model breast cancer risk factor.  However, when other variables were being considered as 

main effects, ethnicity was placed in the regression models as a confounder.  The 

contemporary version of the Gail model stratifies breast cancer risk on the basis of 

ethnicity. This newer version of the Gail model requires women to indicate their ethnicity 

in one of six categories: European, African American, Hispanic, Asian/Pacific Islander, 

Aboriginal, and other. The MEBC questionnaire collected ethnicity information as part of 

the demographic information.  When indicating their ethnicity, women were given 12 

options: White (European), Black, Latin American, Chinese, South Asian, South East 

Asian, Filipino, Japanese, Korean, Arab/West Asian, First Nations/Aboriginal, or “other.” 

In the situation of mixed ethnic background, women were allowed to indicate as many of 

the above choices that applied to them. If a woman chose ‘other,’ she was asked to 

specify her ethnicity in writing. 

       Prior to characterizing the ethnicity information into a categorical variable for 

analysis, frequencies for each response were calculated. There was a total of 26 separate 

responses given. In order to create an ethnicity variable for the purposes of the analysis, 

only categories with cell counts of greater than 10 (for both cases or controls) were 

retained as separate categories.  The rest were either included in the ‘Mixed’ category (if 

applicable) or placed in the ‘other’ category.  Ultimately, responses were categorized as 

White, Chinese, South Asian, Filipino, Japanese, Mixed or other.   A categorical ethnicity 
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variable was created, using the above categories of interest.  To avoid misclassification, 

missing values were coded as missing and not included in any analyses. 

 

Number of First Degree Relatives with a Breast Cancer Diagnosis 

       The MEBC questionnaire contained a large number of items relating to this 

predictor.  An extensive oncologic history was taken from each participant.  Subjects 

were essentially asked to indicate if any of their relatives had cancer, to list which ones 

had cancer, what type of cancer each relative had (i.e., what organs were involved), the 

year of diagnosis, and year of death in the case of deceased relatives.  Because the current 

thesis project was concerned with a history of breast cancer in first degree relatives, the 

items on the questionnaire relating to cancer diagnoses in the participant’s mother, any of 

her sisters (where applicable), and any of her daughters (where applicable) were used. 

       Women were allowed to list up to 10 sisters and 10 daughters with cancer.  For the 

purpose of the current study, variables were created for each possible daughter with 

cancer and each possible sister with cancer.  Further variables were created for each 

response containing ‘breast’ or ‘breast cancer.’  These latter variables were dichotomous 

(i.e., 1 for ‘yes’ and 0 for ‘no’).  The same process was used in order to create a variable 

that indicated whether a participant’s mother had breast cancer.  Finally, for each 

participant, a variable was created to represent the number of first-degree relatives with 

breast cancer by simply taking the sum of affirmative responses over each individual’s 

daughters, sisters, and mother.  Because of low number of individuals with greater than 

two first degree relatives with breast cancer (there were only two subjects in this 

category), this variable was made into a categorical variable, indicating whether an 
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individual had zero, one, or two or more first degree relatives with breast cancer.  Any 

missing values were coded as such and not included in the analysis. 

 

Benign Breast Biopsy 

       The original Gail model required women to state the number of breast biopsies they 

had undergone. The MEBC questionnaire did not ask information that would allow a 

determination of the number of breast biopsies undergone by participants. The 

questionnaire did however ask participants whether they had ever had a lump or cyst in 

either breast more than a year prior to the study enrollment. For cases, the assumption 

was made that a biopsy performed more than a year ago was not the biopsy that lead to 

the index breast cancer diagnosis. Participants were also asked whether they had ever had 

this lump/cyst examined by a physician and whether they had a biopsy of fine needle 

aspiration of this lesion. This information was used in order to create a dichotomous 

variable indicating whether or not a subject had undergone a breast biopsy more than a 

year prior to enrollment in the study.  It should be noted that a lack of response to these 

questionnaire items was interpreted as the subject not having had a biopsy. 

 

Age at Menarche 

       The menstrual history contained within the MEBC questionnaire included an item 

where subjects were asked to write their age when they had their first menstrual period. 

This information was used as a continuous variable.  Missing values were coded as 

missing and excluded from analyses. 
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Age at First Birth 

       The MEBC questionnaire asked participants questions regarding up to eight possible 

pregnancies. For each pregnancy, subjects were asked how old they were when they 

became pregnant. They were also asked about the outcome of each pregnancy. There 

were six possible outcomes choices for each pregnancy: single live birth, multiple live 

births, stillbirth, abortion, and not applicable. A single variable was created that listed 

each participant’s age at the time of their first full term pregnancy (i.e., the first 

pregnancy that resulted in a single live birth, multiple live birth, or stillbirth) plus one 

year. 

       Although Gail in his original (1989) paper describes age at “first live birth” as a risk 

factor of interest, no explanation is given as to why the pregnancy had to result in a live 

child.(41) Subsequent literature has described the possible role of pregnancy-related 

factors in breast cancer.(129, 130) In particular, it has been speculated that the exposures 

to beta human chorionic gonadotropin and alphafetoprotein (which are thought to be 

chemoprotective through promotion of apoptosis) are maximized in a full-term 

pregnancy.(129) Therefore, for the purposes of the current study, the age at first full term 

birth was used, rather than the age at first live birth.  For individuals who indicated that 

they were nulliparous, the value for their age at first full term birth was set to 29.  In 

studies that have validated the Gail model, this has been the convention.(46, 131) 

 

Alcohol Consumption 

       Cumulative alcohol exposure was characterized in this thesis project as total number 

of grams of alcohol consumed during the course of one’s life, excluding a 10-year latency 
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period. The MEBC questionnaire contained two items that specifically addressed 

subjects’ drinking habits. The first item asked whether participants drank beer, wine, or 

spirits more than twice per year. Participants who answered yes to any of the three were 

asked to answer a more detailed question where they were asked to specify the number of 

drinks per week they consumed of each of beer, wine, and spirits over their teenage years 

(age 15-19) and each subsequent decade of life. Those 60 years and older were asked to 

report their consumption of these three types of alcoholic beverages over the two most 

recent years prior to enrollment in the study. 

       An individual’s cumulative lifetime alcohol exposure was determined in a way 

similar to how second-hand smoke and smoked/grilled food exposures were calculated. 

Cumulative lifetime alcohol consumption was characterized as ‘drink-years.’  Essentially, 

the number of drinks per week in a given interval was multiplied by the number of years 

in that time interval and then this sum was divided by seven, to yield that individual’s 

lifetime alcohol consumption in drink-years.  As with the PAH-related exposures, a 10 

year latency was chosen for this exposure. Also, as in the PAH-related variables, for 

individuals aged 70 or greater, information regarding exposure to alcohol is unavailable 

past the sixth decade of life because it was not captured by the MEBC questionnaire. 

       There is currently no consensus on the latency period of alcohol exposure in breast 

carcinogenesis.(132, 133) However, the true latency period could be anywhere from six 

to over 30 years.(133) Thygesen and colleagues, in a recent (2008) retrospective cohort 

study of 7176 women from the Copenhagen City Heart Study (a Danish cohort study run 

from 1976 to 2004), presented results that suggest the latency period between alcohol 

consumption and breast carcinogenesis to be around 20 years.(133) The 10 year latency 
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was chosen due to the fact that the proposed mechanism of carcinogenesis for alcohol 

(formation of acetaldehyde-DNA adducts) is very similar to the mechanism of 

carcinogenesis for PAH’s. A 10 year latency period also seemed like a reasonable 

compromise between incorporating a realistic latency period into the data analysis and 

retaining an adequate amount of exposure information at the level of the individual 

subject.  Because of the high proportion of subjects reporting zero or negligible alcohol 

intake (26.95% of cases and 14.70% of controls), this variable was ultimately 

characterized as a four-level categorical variable, with the lowest level representing zero 

and the subsequent three levels representing tertiles of the non-zero values, calculated 

using controls only.  Missing values were coded as zero. 

 

Hormone Replacement Therapy 

       Hormone replacement therapy (HRT) has been associated with not only an increased 

risk of breast cancer but also cellular atypia in breast tissues.(134)  Together with the fact 

that HRT has been implicated not only in increased risk of primary breast cancer but also 

with higher recurrence rates, it is prudent to examine HRT as a main effect in the current 

analysis.(135) 

       The MEBC questionnaire asked subjects if they had ever taken any type of hormone 

therapy. Those who replied in the affirmative were asked more specific questions 

regarding the HRT, but for the purposes of the current study, the specific details of each 

subject’s HRT are not utilized, in order to be consistent with previous research that treats 

hormone replacement therapy an as all-or-none phenomenon. A dichotomous variable 
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was created which indicated simply whether a subject had ever taken HRT or not.  

Missing values were treated as negative responses. 

 

Body Mass Index 

       A large number of recent studies have also shown an association between BMI and 

breast cancer risk.(83)  The MEBC questionnaire asked subjects for their height and 

weight in either metric or imperial measurements. All measurements were converted into 

the metric scale and BMI was calculated as (weight in kg)/(height in m)2.  Although 

subjects were asked both for their weights at enrollment in the study and also asked what 

their weights were two years prior to the study, only weight at enrollment was 

considered.  Although efforts were made to calculate a BMI using the weights from two 

years prior to the start of the MEBC study, there was quite a lot of missing data for these 

earlier weight measurements and an unacceptable number of inappropriate values, 

leading to more than 480 missing BMI values.  For this reason, only BMI values based on 

weight at enrollment were used in the current thesis project.  Ultimately, BMI was 

characterized as a categorical (ordinal) variable with seven levels.  The BMI categories 

were as follows: less than 16 (severe underweight), 16-18.5 (underweight), 18.5-25 

(normal), 25-30 (overweight), 30-35 (obese class I), 35-40 (obese class II), 40 and over 

(obese class III).  These categories were determined based on prior literature.(136) 
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3.6.2 Characterization of Suspected Risk Factors 

Cigarette Smoking 

       In the ‘lifestyle habits’ section of the MEBC questionnaire, several items address 

smoking behaviour. First, participants are asked if they have smoked more than 100 

cigarettes in their lifetimes. If the answer is yes, then they are considered to be either a 

current smoker or an ex-smoker and are asked four subsequent questions. Participants are 

then asked if they are currently smokers. Participants who answered that they are not 

current smokers were then required to specify how old they were when they quit 

smoking. Then both current and ex-smokers are asked to estimate the total number of 

years they have smoked, as well their average daily or weekly cigarette consumption. 

       In order to assess participants’ smoking exposure, an estimate of their total lifetime 

pack-year smoking history calculated. It was decided upon that a reasonable lag time for 

exposure would be 10 years, as environmental exposure literature seems to suggest that 

this is the minimum amount of time necessary for exposure to PAHs to affect increased 

breast cancer risk (actually, literature estimates of this latency period range between 10 

and 60 years).(4, 137, 138) For current smokers, total lifetime cigarette consumption 

excluding the most recent 10 years was calculated based on the product of the number of 

daily or weekly cigarette consumption and the total number of smoking years minus 10. 

For ex-smokers who had quit smoking more than 10 years prior to enrollment in the 

MEBC study, total lifetime cigarette consumption was calculated by simply taking the 

product of the weekly or daily number of cigarettes and the total number of years that 

they listed as smoking years. For ex-smokers who quit smoking less than 10 years prior 

to enrollment, their average daily or weekly cigarette consumption was multiplied by 



  50 

their number of smoking years minus the difference between 10 years and their actual 

smoking cessation date. The resulting figures were then divided by 20 (the number of 

cigarettes in a pack) in order to yield subjects’ total pack-year consumption of cigarettes.  

This variable was then reclassified as a four-level categorical variable due to the high 

frequency of zero-level responses (66.40% of cases and 64.75% of controls), with zero as 

the lowest level and tertiles of non-zero values comprising the three higher levels (based 

on the distribution of controls only).  Missing values were coded as zero. 

 

Second-hand Smoke 

       Second-hand smoke exposure was measured in the MEBC questionnaire as hours per 

week of exposure to someone else’s tobacco smoke. Participants were asked to recall the 

approximate number of hours each week, over each individual decade of life. In the 

MEBC questionnaire, the first two decades of life were considered together. Also, this 

questionnaire did not consider entire decades beyond the sixth decade of life. Rather than 

having to write down a specific number, participants were given seven interval choices as 

to the range of number of hours of exposure per week in a given decade (0, <1, 1-2, 3-4, 

5-6, 7-9, and >9). Individuals 60 years or older were asked to recall the number of hours 

per week two years ago that they were exposed to second-hand smoke. 

       In this thesis, second-hand smoke exposure is characterized as the number of years 

an individual has been exposed to one hour of side-stream smoke per day.  Second-hand 

smoke exposure was characterized in this way in a 2005 study by Eisner and 

colleagues.(139)  In order to calculate cumulative hours of second-hand smoke exposure 

for each individual, the midpoint of each interval was chosen as an estimate. For example 
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if a patient chose 5-6 for the number of hours per week exposed to second-hand smoke, a 

value of 5.5 hours per week would be assigned to that subject for that particular decade of 

life. A value of 10 was substituted for the interval of >9. 

       For the reasons explained above, a 10-year latency was used for exposure to second-

hand smoke. For each participant, the total number of years of an hour per day of second-

hand smoke for each decade of life was calculated by dividing the estimated number of 

hours of second-hand smoke per week by seven. For subjects under 70 years of age, total 

cumulative second-hand smoke exposure was therefore calculated by summing up the 

total estimated number of hours of second-hand smoke exposure up to 10 years prior to 

their date of enrollment in the MEBC study, including the appropriate fraction of their 

penultimate decade. For participants 70 years old or greater, estimated second-hand 

smoke exposures over only the first six decades of life were summed because the 

questionnaire did not yield information regarding exposure to second-hand smoke in 

subsequent decades of life. Although the questionnaire did ask about second-hand smoke 

exposure during the most recent two years of life for individuals 60 years and older, this 

information is not used in the current thesis project because it refers to exposures taking 

place during the latency period.  The variable was then categorized in a similar way to the 

above two exposure variables: in four levels, with zero representing the lowest level, 

followed by tertiles of non-zero values (calculated based on controls).  Again this was 

because of the high proportion of zero-level responses (11.15% of cases and 10.68% of 

controls).  Missing values were coded as zero. 
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Consumption of Smoked/Grilled Foods 

       The MEBC questionnaire contained three specific items relating to participants’ 

lifetime consumption of smoked/grilled foods. For each decade of life, participants were 

asked how many times per week, month, or year they ate meat or fish that had been 

smoked or had a strong smoky taste. They were asked in the same manner how many 

times per week, month, or year they ate charcoal-grilled foods in the summer. A third 

item asked subjects how many times per week, month, or year they ate charcoal-grilled 

foods in the winter. These three items inquired about smoked/grilled food consumption 

habits over the teenage years (ages 12-19), subsequent decades of life (by decade), and, 

for individuals 60 years or older, for the two years prior to enrollment in the study. 

       Exposure to smoked/grilled foods over one’s lifetime was characterized in this thesis 

project as the number of years an individual has consumed one meal per day containing a 

smoked or grilled food product.  Cumulative exposure to smoked/grilled foods was 

calculated in a similar manner as for second-hand smoke exposure. For each decade of 

life, including the appropriate fraction of the penultimate decade, totals were determined 

for the number of meals containing smoked foods, the number of meals containing grilled 

foods in the summer, and the number of grilled foods in the winter. The aforementioned 

10-year latency period was also used for this variable. Totals for smoked/grilled food 

exposure for all appropriate decades were summed together in order to give an estimate 

of total cumulative lifetime exposure (minus a 10-year latency). As in the case of second-

hand smoke exposure, for individuals aged 70 or greater, only the exposures from the 

first six decades of life were summed together.  Again, a four-level categorical variable 
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was constructed, with zero as the lowest level, followed by tertiles of non-zero values 

(based on the distribution of controls).  Again, this was due to the high number of zero-

level responses in the subject population (18.19% of cases and 15.47% of controls).  

Missing values were coded as zero. 

 

Lifetime NSAID usage 

       The MEBC questionnaire contains an item that asks participants whether they took 

aspirin, ibuprofen, or other nonsteroidal anti-inflammatory pain medications or any 

acetaminophen-based pain medication at least once per week for a period of 6 months or 

longer. Participants who answered in the affirmative were then asked to list the brand 

name of the medication, the type of medication (pill/other), the strength of each dose, the 

number of doses per week, the start and end dates for the medication, and an estimate of 

total duration of treatment. Participants were allowed to list up to six separate pain 

medications. 

       Total lifetime NSAID use was characterized as the total number of years during 

which an individual took the equivalent of a daily dose (150mg) of Diclofenac. Because 

of the different potencies of different NSAID preparations, a dosing equivalency chart 

was used in order to convert all NSAID doses to Diclofenac equivalents, which is a 

recommendation for the universal reporting of NSAID exposure in clinical trials.(140) A 

variable was created that summed all of each participant’s NSAID exposures over their 

lifetimes. For each medication, the start and stop dates were used in order to obtain total 

duration of exposure in weeks then the total weekly dose was calculated by taking the 

product of the dose strength and number of doses per week of each medication. The total 
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dose of each medication was then ascertained by multiplying the total weekly dose by the 

duration of usage. Finally, the total dose of each medication (in milligrams) was 

multiplied by the appropriate conversion factor (to obtain total Diclofenac equivalents) 

and then divided by 150 in order to obtain the number of years that the subjects took the 

equivalent of 150mg Diclofenac per day. The NSAID medications that were used in the 

current study population were: Acetylsalicylic Acid, Diclofenac, Celecoxib, Ibuprofen, 

Indomethacin, Ketoprofen, Ketorolac, Mefenamic Acid, Meloxicam, Nabumetone, 

Naproxen, Rofecoxib, Sulindac, and Valdecoxib. The Diclofenac equivalencies of these 

medications are as follows: 12.5mg Rofecoxib = 15mg Meloxicam = 15mg Valdecoxib = 

40mg Ketorolac = 150mg Diclofenac = 150mg Indomethacin = 200mg Ketoprofen = 

300mg Sulindac = 400mg Celecoxib = 1000mg Naproxen = 1500mg Nabumetone = 2250 

mg Mefenamic Acid = 2400mg Ibuprofen = 2400mg Mesalamine = 4200mg 

Acetylsalicylic Acid.  Missing values were coded as zero. 

       The literature evidence that latency of NSAID exposure influences the attenuation of 

breast cancer risk is quite scant. There is recent research to suggest that the latency of 

NSAID use is unlikely to affect its impact on breast cancer risk. One recent study (Brasky 

et al., 2010) examined the effects of several different NSAID latency periods on breast 

cancer risk by timing of use (one to 40 years) and found comparable breast cancer risk 

reduction regardless of timing.(128) Older literature has suggested that a NSAID 

exposure more recent that two years is unlikely to have an effect on breast cancer 

risk.(141, 142) Hence, in the current thesis project, a two-year latency period was used 

for NSAID exposure. 
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3.7 Characterization of Potential Confounders 

       The potential confounders considered in the current thesis project are ethnicity and 

socioeconomic status. In order to be considered as a potential confounder, they had to 

meet the classic definition of a confounder.(143) That is, the covariate must be associated 

with the exposure(s) of interest in the source population of the study, it must be 

associated with the outcome of interest, and it must not be on the causal pathway between 

exposure and outcome.  

 

Age 

       Although age was a risk factor in the Gail model, it is not considered as such in this 

thesis project because of the frequency matching based upon age that was done in the 

MEBC study.  In the current project age was considered as a confounder and was 

included in all regression models during the analysis.  Although in the design of the 

MEBC study controls were frequency matched to cases in five-year age groups to 

account for the expected impact of age, any residual effects are accounted for by still 

including it in all modeling.  The MEBC questionnaire asked participants who were cases 

their age at diagnosis, and controls were asked to provide their age at enrollment in the 

study. 

 

Ethnicity 

       This variable is considered as a main effect, since it is characterized as a “known” 

risk factor from the Gail model (see above).  However, for the purposes of the current 
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analysis, it is also considered as a potential confounder when other variables are of 

interest as the main effects. 

 

Socioeconomic Status 

       Socioeconomic status (SES) has been clearly tied to ethnicity.(144) Certain ethnic 

groups (for example Aboriginals) are more likely to be socially disadvantaged. SES has 

also been linked with higher rates of smoking compared to the general population in 

Canada. In fact, despite an overall decline in national smoking rates since the late 1990’s, 

smoking rates among individuals of lower SES, particularly those with less education 

(less than secondary school completed), were persistently elevated with respect to the 

general population.(145) SES has also been associated with breast cancer. Yin and 

colleagues, in a large 2010 California cohort study, found that female breast cancer 

incidence increased with increasing socioeconomic status.(146) This pattern was 

consistent across all four ethnic groups examined (European, Black, Hispanic, Asian). 

SES will be considered as a potential confounder. 

       The three components of SES are educational attainment, household income, and 

occupation.  Educational attainment is used in this thesis project as a proxy measure of 

SES. Educational attainment is widely regarded as the strongest individual predictor of 

SES.(147) Educational attainment also correlates very strongly with overall measures of 

SES.(147, 148) The MEBC questionnaire asked participants to state their highest level of 

educational attainment in the ‘general information’ section. Subjects were given eight 

choices: some elementary school, completed elementary school, some secondary school, 

completed secondary school, trade certificate, certificate/diploma from a community 
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college or CEGEP, university bachelor’s degree, or a graduate/professional degree (post-

baccalaureate).  It was decided that the first three categories could be collapsed together 

due to low frequencies: some elementary school, completed elementary school, and some 

secondary school were collapsed into ‘not completed secondary school. A categorical 

educational attainment variable was created with the six ordinal categories and this 

variable served as a proxy for a measure of overall SES.  Missing values were coded as 

such and not used in analyses. 

       Another strong correlate of overall SES is yearly household income.(146-148)  In the 

MEBC questionnaire, participants were presented with 10 income ranges and asked to 

indicate into which of the 10 categories their overall yearly household income could be 

categorized.  Subjects were presented with the following options: no income, less than 

$15,000, $15,000-$19,999, $20,000-$29,999, $30,000-$39,999, $40,000-$49,999, 

$50,000-$59,999, $60,000-$69,999, $70,000-$79,999, $80,000-$99,999, $100,000 or 

more, and not stated.  For the purposes of the current study, a categorical variable was 

created with four levels of yearly household income: <$30,000, $30,000-$59,999, 

$60,000-$99,999, and $100,000 or more.  Missing values and the ‘not stated’ response 

were simply coded as missing.  Because occupation is not a variable that lends itself to 

ordinal classification, it was not used in the  

 

3.8 Characterization of Outcome Subgroups 

Receptor Status 

       Breast tumour estrogen receptor status information was collected in the pathologic 

analysis of the MEBC study. This information was made available for all invasive breast 
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cancers. All pathology information was taken from the BC cancer registry for the 

Vancouver cases and extracted from the electronic patient charts for the Kingston 

subjects. Estrogen receptor status was determined by an immunohistochemistry (IHC) 

technique. In the MEBC study, ER status was classified in the following way: OZER = 

negative (0/3), OLOW = weakly positive (1/3), OMOD = moderately positive (2/3), 

OHIG = strongly positive (3/3), OXXX = ER is done and not sufficient quantity for 

interpretation or result is borderline/equivocal, XXXX = not done, N/A, or unknown. For 

the purposes of the current project, results were dichotomized into positive and negative. 

Therefore, a new variable was created where OLOW, OMOD, and OHIG results were 

simply coded as ‘positive’ and all other results were coded as ‘negative.’ 

       As with breast tumour estrogen receptor status, breast tumour progesterone receptor 

status information was collected in the MEBC study’s pathologic analysis. It was also 

determined by IHC. The same classification system was used for progesterone receptor 

status as for estrogen receptor status: OZER = negative (0/3), OLOW = weakly positive 

(1/3), OMOD = moderately positive (2/3), OHIG = strongly positive (3/3), OXXX = ER 

is done and not sufficient quantity for interpretation or result is borderline/equivocal, 

XXXX = not done, N/A, or unknown. In the current project, results were dichotomized 

into positive and negative. As with estrogen receptor status, a new variable was created 

where weakly positive, moderately positive, and strongly positive results were coded as 

‘positive’ and all other results were coded as ‘negative.’ 

       As with the previous two variables, Her2/neu status was determined for cases in the 

tumour pathology analysis. The determination of Her2/neu status was two-tiered. That is, 

an IHC method was first employed and, if results were indeterminate or equivocal, a 
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fluorescence in-situ hybridization (FISH) technique was used. The IHC Her2/neu test 

results were coded as follows: 0 = negative, 1 = weak staining (+1), 2 = 

equivocal/indeterminate (2+), 3 = strong staining (3+), 4 = positive result but not 

quantified, 8 = not done/not applicable, 9 = done but result unknown. The FISH analysis 

was coded in the following way: 33 = indeterminate result (ratio >4.0 and <8.0), 44 = 

negative (ratio <4.0), 55 = positive (ratio >8.0), 66 = negative but ratio not given, 77 = 

positive but ratio not given, 88 = not done/not applicable, 99 = done but result unknown. 

For the purposes of the current project, Her2/neu status was dichotomized into positive 

and negative. Therefore, a variable was created wherein IHC results of ‘weak staining,’ 

‘strong staining,’ and ‘positive but not quantified’ were coded as positive, ‘negative,’ ‘not 

done/not applicable,’ and ‘result unknown’ were coded as negative. In there case where 

the IHC analysis was equivocal/indeterminate, the result of the FISH analysis was used. 

The FISH results were dichotomized as follows: results of ‘positive (>8.0),’ and ‘positive 

but ratio not given’ were coded as positive and all other results were coded as negative. 

       The estrogen, progesterone, and Her2/neu status variables where then coded into a 

single categorical variable with four levels (ER+PR+Her2+, ER and/or PR+Her2-, ER-

PR-Her2+, and ER-PR-Her2-).  Although there were eight possible combinations of 

receptor status, estrogen and progesterone receptor status had to be combined for the 

purpose of this project’s statistical analysis due to excessively small cell counts.  For 

example, if all eight possible combinations were considered (ER+PR+Her2+, 

ER+PR+Her2-, ER+PR-Her2+, ER-PR+Her2+, ER+PR-Her2-, ER-PR+Her2-, ER-PR-

Her2+, and ER-PR-Her2-), then groups such as ER-PR+Her2+ (6 cases) and ER-

PR+Her2- (4 cases) would have to be included in the analysis and would yield 
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uninterpretable results.  Therefore, for the purposes of the current project, estrogen and 

progesterone status were considered jointly.  Tumours were classified as ER and/or PR+ 

Her2- (luminal A), ER and/or PR+Her2+ (luminal B), ER-PR-Her2+ (Her2 

overexpressing), and ER-PR-Her2- (triple negative or basal-like).  This method has been 

used recently in both a Chinese case-control study by Xing and colleagues (2010) and a 

large pooled analysis by Yang and colleagues (2010).(149, 150) 

 

Scarff-Bloom-Richardson Histologic Grade 

       The Scarff-Bloom-Richardson score is a commonly used system for grading tumours 

with respect to their potential for aggressive behaviour.(151) Three dimensions of the 

tumour microscopic appearance are used in order to determine this score: mitosis count, 

tubule formation, and nuclear pleomorphism. For each of these three dimensions, a score 

out of three is given to yield an overall score out of nine. The higher the score, the more 

aggressive the tumour. For mitosis count, the number of mitoses per high power field 

(HPF) is counted. Up to seven mitoses per HPF is assigned a score of ‘1,’ eight to 14 is 

assigned a score of ‘2,’ and 15 or more is given a score of ‘3.’ For tubule formation, more 

than 75% is given a score of ‘1,’ 10-75% is given a score of ‘2,’ and less than 10% is 

given a score of ‘3.’ Finally for nuclear pleomorphism, small, uniform cells are given a 

score of ‘1,’ a moderate increase in cell size and variability is given a ‘2,’ and marked 

variation is given a ‘3.’ The total score out of nine is then converted to a grade out of 

three. A score of five or less is assigned ‘grade 1’ status and is considered to be well-

differentiated. Grade one tumours are the least aggressive. A score of six or seven 

translates into a ‘grade 2,’ or moderately differentiated tumour. A score of eight or nine 
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denotes a ‘grade 3’ tumour which are considered the most aggressive and generally have 

the worst prognosis.(151, 152) 

 

3.9 Characterization of Menopausal Status as an Effect Modifier 
 
       When the relationship between an exposure and an outcome (i.e., the relative risk or 

odds ratio) in the underlying population changes over different strata of a third variable, 

that third variable is considered to be an effect modifier.  There is said to be effect 

modification or interaction between the exposure and the third variable in this case.(153) 

 

Menopausal Status 

       There is some evidence that breast cancers in postmenopausal women are 

etiologically different from those in premenopausal women, and some evidence that the 

breast cancer risk factors may be different between pre- and postmenopausal 

women.(154, 155) Therefore, it is common to stratify data based on menopausal status in 

order to ascertain whether any significant exposure-outcome relationships observed in the 

overall study population are amplified or attenuated in pre- and postmenopausal strata. 

       Menopausal status can be complex to define in a study population. For the purposes 

of the current study, the definition of menopausal status employed in a publication by 

Friedenreich and colleagues from 2001 has been used as a rough guideline.(156) That is, 

premenopausal women were defined as those who: indicated that they were still 

menstruating at the time of the enrollment (controls) or index date (cases), had stopped 

menstruating (naturally) for less than one year prior to enrollment or prior to the index 

date, or those who has stopped menstruating due to a hysterectomy but who were 
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younger than 50 years of age and who still had at least one ovary.(156)  It should be 

noted that women under age 50 whose periods stopped because of an oncologic treatment 

intervention (other than oophorectomy), such as chemotherapy, radiation therapy, or 

Tamoxifen use, were considered to be premenopausal. Postmenopausal women were 

defined as those who: had their last menstrual period more than one year prior to the 

enrollment or index date (and had menstrual periods that stopped naturally), have had a 

bilateral oophorectomy, or are 50 years or older and had their menstrual periods cease 

due to a hysterectomy. Although Friedenreich’s definition of postmenopausal states that 

women whose periods stopped naturally more than a year ago should be 50 years of age 

or older, this definition may be overly restrictive and there is a small number of subjects 

below the age of 50 (41 subjects) whose periods stopped naturally more than a year prior 

to the study. 

       The MEBC questionnaire contained a detailed menstrual history. Participants were 

asked whether they were still menstruating and, if not, how many months it has been 

since their last menstrual period. Subjects were also asked how their periods stopped 

(naturally, as a result of a hysterectomy, as a result of radiation or chemotherapy, or 

other).  Two questions asked participants if they had a hysterectomy or an oophorectomy 

and, if so, at what ages. Menopausal status was characterized as a dichotomous variable, 

utilizing the above criteria. 

 

3.10 Power Calculations 

       Power calculations for the current thesis project were done with PASS (Version 11, 

NCSS, Kaysville, UT).  A logistic regression analysis performed in a study with an 
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overall N of 2371 (1190 cases and 1181 controls), and an alpha value of 0.05, should 

have 80% power to detect an odds ratio of 1.302. For these determinations, the PASS 

software package used guidelines outlined a publication by Hsieh and colleagues 

(1998).(157) 

 

3.11 Statistical Analysis 

       All statistical analyses in this project were done with SAS (Version 9.2, SAS Inst., 

Cary, NC). To achieve the objectives of the current project, a series of multiple logistic 

regression analyses were performed in order to ascertain associations between the 

numerous exposures of interest and breast cancer risk.  Odds ratios were used as 

estimates of relative risk.  This is because breast cancer, although it is one of the most 

common cancers in women, is a relatively rare disease.  In case-control studies where the 

outcome of interest is rare, odds ratios approximate relative risk.(158, 159) 

 

3.11.1 Descriptive Analysis 

       Histograms were made for all categorical variables with more than two levels 

(ethnicity and educational attainment). For all continuous variables distributions (age, 

number of first degree relatives with a breast cancer history, age at menarche, age at first 

birth, smoking, second-hand smoke, alcohol, smoked/grilled foods, NSAIDs, and BMI) 

were examined for and measures of central tendency and dispersion were calculated.  All 

exposure variables of interest were compared by outcome status (case/control). For this 

comparison, t-tests were done for continuous variables and Chi-square tests were 

performed for categorical variables. 



  64 

 

3.11.2   Logistic Regression Analysis 

       The series of bivariate and multivariate logistic regression analyses described below 

involve regression models based upon associations determined a priori.  These a priori 

associations were based upon biological plausibility.  Rather than performing a formal 

confounder analysis, each regression model contained all potential confounders of 

interest, since they are conceptually linked to the main risk factors of interest.  By 

including all potential confounders in each regression model, it is assumed that any 

variability contributed to the model by the confounders is accounted for, regardless of 

whether a formal assessment of confounding would have indicated these covariates to be 

empirical confounders. 

 

Bivariate Analysis of Known Risk Factors 

       A series of bivariate logistic regression models was generated in order to separately 

examine associations between each known risk factor of interest and breast cancer risk.  

First, the bivariate logistic regression models were created with the associations adjusted 

for age only.  Subsequently, the logistic regression models for the same risk factors were 

created and adjusted for age, ethnicity, and SES (education and income).  Odds ratios 

were used as estimates of relative risk and 95% confidence intervals were reported. 

       It should be noted that the benign breast biopsy variable was not considered past this 

initial analysis.  This is because, although it makes sense that it would be included in a 

prospective assessment of breast cancer risk such as the Gail model, when it is 
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conceptualized in an etiologic framework, this variable is in the causal pathway between 

risk factors and breast cancer.  

 

Multivariate Adjusted Analysis of Known Risk Factors 

       Two multivariate logistic regression models were then generated for the known risk 

factors.  The established breast cancer risk factors of the Gail model (age, ethnicity, 

number of first degree relatives with breast cancer, age at menarche, and age at first birth) 

were placed together in a regression model.  Then, more recently established known risk 

factors (alcohol, hormone replacement, and BMI) were added to the Gail model risk 

factors to create a second regression model.  Both models were adjusted for education 

and income.  The purpose of the creation of the above model (with all conceptually 

linked variables included together in the model) was to examine the effects on breast 

cancer of each of the individual risk factors, while simultaneously accounting for the 

influence of the others. 

 

Analysis of Suspected Risk Factors 

       Three sets of logistic regression analyses were performed on the suspected risk 

factors.  Initially, a bivariate logistic regression model that was adjusted for age only was 

created for each of the suspected risk factors (smoking, second-hand smoke, 

smoked/grilled foods, and NSAIDs).  A second set of logistic regression models were 

then built for these suspected risk factors, this time adjusted for age, ethnicity, education, 

and income.  Finally, a third set of regression models investigating the association 

between each suspected risk factor and breast cancer was run.  Each of these models 
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adjusted for all previously mentioned known risk factors (age, ethnicity, number of first 

degree relatives with breast cancer, age at menarche, and age at first birth), as well as 

education and income, were built. 

 

3.11.3 Outcome Subgroup Analysis and Analysis of Effect Modification 

       An outcome subgroup analysis was performed on all modifiable risk factors 

examined in this thesis project (alcohol, hormone replacement, BMI, smoking, second-

hand smoke, smoked/grilled foods, and NSAIDs).  In order to ascertain the effects of the 

proposed pathological variables of interest (tumour hormone receptor status, histologic 

grade, and participants' menopausal status), data were grouped by the different levels of 

these variables.  For the outcome subgroup analysis, polytomous regression analysis was 

run in a manner described by Hosmer and Lemeshow.(160)  A polytomous regression 

approach was chosen because it permits direct comparisons across strata.  For example, 

for tumour hormone receptor status, the case group data was stratified into four groups: 

ER and/or PR+Her2-, ER and/or PR+Her2+, ER-PR-Her2+, and ER-PR-Her2- (luminal 

A, luminal B, Her2 overexpressing, and triple negative, respectively) and the fifth 

outcome group was the controls.  In the polytomous logistic regression analysis, the 

control group was selected as the baseline group and the procedure compared each 

subgroup of cases with the control group.  Each modifiable risk factor was included in the 

polytomous logistic regression model, adjusted for age, ethnicity, education, and income, 

as well as previously identified breast cancer risk factors.  The above process was 

repeated for the data stratified by Scarff-Bloom-Richardson histologic grade (three strata, 

grades 1-3). 
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       Effect modification by menopausal status was then examined.  Data were stratified 

into a premenopausal group and a postmenopausal group and the series of adjusted 

logistic regression analyses were performed on each of the modifiable risk factors.  

Subsequently, a set of logistic regression models was created for each of the modifiable 

risk factors that incorporated an interaction term (for menopausal status and the risk 

factors of interest). For categorical variables, the significance of the set of interaction 

terms for that variable to the logistic regression model was evaluated using the likelihood 

ratio test. 

 

3.11.4  Sensitivity Analyses 

       In this thesis project, a series of sensitivity analyses were run.  The first sensitivity 

analysis was run in order to determine whether the association between age at first birth 

and breast cancer risk was altered by the exclusion of nulliparous women from the data.  

In this analysis, the bivariate adjusted logistic regression model examining the association 

between age at first birth and breast cancer risk was rerun, using only parous subjects. 

       The second sensitivity analysis was done in order to determine whether the same 

associations were observed if Kingston subjects were excluded from the data.  In this 

analysis, the multivariate adjusted logistic regression model containing all known risk 

factors was rerun with only BC subjects.  Subsequently, the bivariate adjusted logistic 

regression model containing the suspected risk factor shown to have the strongest 

association with breast cancer risk in this project was also rerun with data from only the 

BC subjects. 
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       A final sensitivity analysis was run in order to check whether the results were altered 

with the exclusion of cases with an age of first mammogram less than one year prior to 

their breast cancer diagnosis.  It was assumed that any cases with an age of first 

mammogram less than one year prior to diagnosis had not participated in a breast 

screening program and than their first mammogram lead to their diagnosis.  Therefore, 

this sensitivity analysis was intended to allow an assessment of whether the different 

selection process for cases and controls in BC affected this study’s results.  For this part 

of the sensitivity analysis, the multivariate adjusted logistic regression analysis of all 

known risk factors was first rerun, followed by the adjusted regression model the 

suspected risk factor found to have the strongest association with breast cancer risk. 

 

3.12 Ethical Considerations 

       Ethical approval for the MEBC project was granted by the Queen’s University 

Health Sciences Research Ethics Board, and by the British Columbia Cancer Agency 

(BCCA). All participants provided signed informed consent. Identifying information will 

be kept strictly confidential and will be accessible only to the MEBC research team. 

Personal identifiers were kept in locked filing cabinets at the Queen’s Cancer Research 

Institute and BCCA analysis files did not contain any personal identifiers. It was not 

possible to identify individual participants in any of these files, nor was it possible to 

identify an individual in any data analysis or report.  Please refer to Appendix 2 for a 

certificate of ethical approval for the current thesis project, granted by the Queen’s 

University Research Ethics Board. 
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Chapter 4.0 Results 
 
4.1 Descriptive Analysis 
 
4.1.1  Descriptive analysis of cases and controls with respect to known risk factors 
 
       Table 3 illustrates summary statistics and frequencies for known breast cancer risk 

factors across case and control groups.  All cases had a diagnosis of breast cancer prior to 

enrollment in the study and had a pathologically confirmed malignancy with an ICD-0-3 

behaviour code of ‘3.’  Controls represented a heterogeneous group of women who had 

presented to a breast screening clinic in either Kingston, Ontario or Vancouver, BC.  As 

mentioned previously, the age range of the subjects in the current analysis was restricted 

to the ages to 40-79 for a total of 1140 cases and 1169 controls being used in the analysis. 

       Since cases and controls were frequency matched based on age, the average age of 

the two groups were similar.  The case and control groups had mean ages of 57.35 

(SD=10.31) and 56.90 years (SD=9.89), respectively.  The largest five-year age block 

was from 50-54 years of age (with 211 cases and 213 controls).  The 75-79 year age 

block contained the smallest numbers of participants (with 74 cases and 60 controls). 

       In terms of ethnicity, both cases and controls were predominantly European (62% 

and 78%, respectively).  There were more Chinese subjects in the case group (21.08% vs. 

9.55%) and a similar pattern was observed among Filipino (5.47% vs. 3.27%) and 

Japanese (2.12% vs. 1.20%) participants. A significant difference in ethnicity distribution 

between cases and controls was detected (p<0.001). 

       The number of first-degree relatives with breast cancer also differed between cases 

and controls, with 17.54% of cases and 13.00% of controls having one first-degree 

relative with a breast cancer diagnosis.  Roughly twice the number of cases as controls 



  70 

had two or more first-degree relatives with a breast cancer diagnosis (2.02% vs. 1.03%).  

These differences between the case and control groups were statistically significant.  In 

terms of previous breast biopsy, approximately 67.81% of cases had a breast biopsy more 

than a year prior to enrollment in the study, compared with 21.47% of controls, 

significantly different (p<0.0001). 

       Age at menarche was quite similar between the case group and the control group, 

with a mean of 12.88 (SD=1.58) for the cases and 12.84 (SD=1.52) for the controls.  

Although age at menarche ranged from eight to 22, the median age of menarche was 13 

for both groups.  About 32% of cases and controls experienced menarche at the age of 13.  

Mean age at first birth was 28.01 (SD=4.72) for cases and 28.00 (SD=4.51) for controls.  

For both groups, the median age at first birth occurred at age 28 (calculated using parous 

women only). 

       The alcohol variable was significantly right-skewed (skeweness=4.66), owing to the 

significant proportion of participants (20.61%) who reported drinking beer, wine, or 

spirits less than twice per year.  Alcohol, measured in drink-years, did differ significantly 

between the case groups and the control group.  Among those participants who did 

consume alcohol, the average alcohol intake for cases was 28.11 (SD=24.85) and for 

controls was 30.64 (SD=28.52).  The large standard deviation is a result of the large 

range (with a maximum of 510 and a minimum of zero).  A significant intergroup 

difference was detected here (p=0.003).  Hormone replacement therapy was categorized 

as a dichotomous variable (i.e., whether or not the person has ever been on hormone 

replacement therapy).  Similar proportions of cases and controls (31.14% and 33.45%, 

respectively) reported past use of hormone replacement therapy. 



  71 

       The BMI variable (measured in kg/m2) was slightly right-skewed (skewness=3.16).  

The mean BMI for cases was 25.67 (SD=5.52) and for controls was 25.26 (5.83), which 

was significantly different (p=.042).  More than half of cases (50.96%) and controls 

(55.69%) were within the ‘normal’ BMI range. 
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Table 3.  Means, standard deviations, and frequencies of known risk factors by case-
control status. 

Known risk factors  Cases 
(n=1140) 

Controls 
(n=1170) p-value 

  Mean (SD) / n (%) Mean (SD) / n (%)  

Age  57.35 (10.31) 56.90 (9.89) 0.281a 

     

 40-44 143 (12.54) 152 (13.00) 

 45-49 182 (15.96) 186 (15.91) 

 50-54 211 (18.51) 213 (18.22) 

 55-59 168 (14.74) 187 (16.00) 

 60-64 146 (12.81) 154 (13.17) 

 65-69 117 (10.26) 133 (11.38) 

 70-74 99 (8.68) 84 (7.19) 

 75-79 74 (6.49) 60 (5.13) 

 

Ethnicity European 712 (62.79) 915 (78.74) 

 Chinese 239 (21.08) 111 (9.55) 

 South Asian 34 (3.00) 35 (3.01) 

 Filipino 62 (5.47) 38 (3.27) 

 Japanese 24 (2.12) 14 (1.20) 

 Mixed 18 (1.59) 11 (0.95) 

 Other 45 (3.97) 38 (3.27) 

<0.001b 

 Missing 6 (0.53) 7 (0.60)  

0 917 (80.44) 1005 (85.97) 

1 200 (17.54) 152 (13.00) 

Number of first-degree relatives with breast 
cancer 

2+ 23 (2.02) 12 (1.03) 

0.001b 

Prev. breast biopsy Yes 773 (67.81) 251 (21.47) 

 No 367 (32.19) 918 (78.53) 
<0.0001b 

Age at menarche  12.88 (1.58) 12.84 (1.52) 0.515a 

     

 8-11 186 (16.45) 206 (17.80) 

 12 276 (24.40) 269 (23.25) 

 13 354 (31.30) 369 (31.89) 

 14 176 (15.56) 159 (13.74) 

 15-22 139 (12.29) 154 (13.31) 

 

 Missing 9 (0.79) 12 (1.03)  

Age at first term birth  28.01 (4.72) 28.00 (4.51) 0.9785a 

     

 15-25 303 (26.58) 305 (26.09) 

 26-28 189 (16.58) 180 (15.40) 

 29 344 (30.18) 413 (35.33) 

 30+ 304 (26.67) 271 (23.18) 

 

Alcohol (drink-years)  28.11 (24.85) 30.64 (28.52) 0.003c 

     

 0 305 (26.75) 171 (14.63) 

 >0 and <=10 301 (26.40) 274 (23.440) 

 >10 and <=30 297 (26.05) 409 (34.99) 

 >30 237 (20.79) 315 (26.95) 

 

Hormone replacement therapy Yes 355 (31.14) 391 (33.45) 

 No 785 (68.86) 778 (66.55) 
0.236b 

BMI (kg/m2)  25.67 (5.52) 25.26 (5.83) 0.044c 

     

 <16  (severe underweight) 21 (1.84) 15 (1.28) 

 16-18.5  (underweight) 22 (1.93) 25 (2.14) 

 18.5-25  (normal) 581 (50.96) 651 (55.69) 

 25-30  (overweight) 339 (29.74) 317 (27.12) 

 30-35  (obese class I) 103 (9.04) 112 (9.58) 

 35-40  (obese class II) 46 (4.04) 25 (2.14) 

 40+  (obese class III) 28 (2.46) 24 (2.05) 

 

a. p-value generated by an independent-sample t-test on untransformed data. 
b. p-value generated by a Chi-square test. 
c. p-value generated by an independent-sample t-test on log-transformed data. 
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4.1.2  Descriptive analysis of cases and controls with respect to suspected risk factors 
 
       Table 4 shows summary statistics and frequencies of suspected risk factors with 

respect to case-control status.  Smoking, smoked/grilled food consumption, and NSAIDs 

were all markedly skewed to the right with skewness values of 3.17, 3.67 and 22.45, 

respectively.  The second-hand smoke variable was also skewed to the right with a 

skewness of 0.86, although not as profoundly as the other three suspected risk factors.  

This is due to the fact that, for each variable, the majority of subjects indicated that they 

had negligible exposure to these potential risk factors and were thus coded as having zero 

exposure.  This created obvious modes at the zero points in the distributions of these 

variables.  Also of note is the fact that all of these variables have large ranges and 

therefore large standard deviations about their means.  Note that in Table 4, means for 

alcohol consumption, smoking, second-hand smoke exposure, smoked/grilled food 

consumption, and NSAID usage were calculated based on the non-zero responses. 

       Because of the preponderance of zero values in all of the above variables, the 

variables were each categorized in four levels (as previously mentioned), with zero 

representing the lowest level and the subsequent three levels representing tertiles of the 

non-zero values.  In terms of smoking behaviour (measured in pack-years), 66.17% of 

cases and 64.75% of controls were non-smokers.  A two-sample t-test performed on the 

log-transformed variable showed that there was some indication, although not statistically 

significant, that cases smoked more often than controls.  The non-zero tertile cutpoints 

for this variable were five and 15 pack-years. 

       For second-hand smoke (characterized as the number of years of one hour exposure 

per day), 10.79% of cases and 10.53% of controls rated their exposure as negligible.  No 
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intergroup difference was detected for this variable.  The non-zero tertile cutpoints were 

10 and 30.  In terms of smoked/grilled food consumption among those exposed 

participants (measured as the number of years of one meal per day containing a 

smoked/grilled meat product), the mean for cases was 5.07 (SD=7.70) and the mean for 

controls was 5.02 (SD=6.58).  The non-zero cutpoints were one and five, and 17.72% of 

cases and 15.21% of controls reported negligible intake. 

       NSAID intake in this study’s population was defined as the number of years a patient 

took the equivalent of a standard daily dose (150mg) of diclofenac.  The vast majority of 

subjects (93% of cases and 91% of controls) did not report taking an NSAID medication 

for six months or longer at any point during their lives.  Mean NSAID usage among 

NSAID users (measured in years of daily standard dose diclofenac) for 76 cases was 

10.79 (SD=20.89) and was 15.68 (SD=41.00) for 101 controls.
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Table 4.  Means, standard deviations, and frequencies of suspected risk factors by case-

control status. 

Suspected risk factors  Cases 
(n=1140) 

Controls 
(n=1169) p-value 

  Mean (SD) / n (%) Mean (SD) / n (%)  

     

Smoking (pack-years)  15.19 (15.42) 13.80 (14.21) 0.064 

     

 0 749 (66.17) 752 (64.72)  

 >0 and <=5 122 (10.78) 143 (12.31)  

 >5 and <=15 121 (10.69) 129 (11.10)  

 >15 140 (12.37) 138 (11.88)  

 Missing 8 (0.70) 7 (0.60)  

     

Second-hand smoke   23.85 (18.98) 24.30 (19.04) 0.471 

(years of 1hr/day)     

 0 123 (10.79) 123 (10.53)  

 >0 and <=10 331 (29.04) 314 (26.88)  

 >10 and <=30 359 (31.49) 389 (33.30)  

 >30 327 (28.68) 342 (29.28)  

     

Smoked/grilled foods   5.07 (7.70) 5.02 (6.58) 0.108 

(years of 1 meal/day)     

 0 202 (17.72) 177 (15.14)  

 >0 and <=1 334 (29.30) 305 (26.09)  

 >1 and <=5 304 (26.67) 358 (30.62)  

 >5 300 (26.32) 329 (28.14)  

 Missing 0 (0.00) 0 (0.00)  

     

NSAIDs (years of std.  10.79 (20.89) 15.68 (41.00) 0.699 

150 mg daily dose of      

diclofenac) 0 1063 (93.33) 1063 (91.32)  

 >0 and <=2  35 (3.07) 45 (3.87)  

 >2 and <=15 26 (2.28) 31 (2.66)  

 >15 15 (1.32) 25 (2.15)  

p-values generated by independent-sample t-tests on log-transformed data. 
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4.1.3  Descriptive analysis of cases and controls with respect to potential confounders 
and menopausal status 
 
       Table 5 displays a descriptive analysis of potential confounders by case-control 

status.  In terms of education, a greater proportion of subjects with less than secondary 

school education were found in the case group (13.52%) compared to the controls 

(6.00%).  Similarly, a smaller proportion with a graduate or professional degree was 

present in the case group (11.13%) than in the control group (19.13%).  There were 

similar numbers of subjects in case and control groups who had completed secondary 

school, trade certificates, community college programs, and bachelors degrees (21.38%, 

9.10%, 21.38% and 23.27% for cases and 19.64%, 8.32%, 21.27%, and 25.64% for 

controls, respectively).  A significant difference between the case group and the control 

group in terms of their respective distributions of education levels was detected 

(p<.0001).  In terms of yearly household income, more cases than controls had an income 

less than $30,000 per annum (17.81% versus 10.35%, respectively).  Conversely, more 

controls than cases made over $100,000 per annum (29.03% versus 21.30, respectively).  

A significant difference in yearly household income was detected between cases and 

controls. 

       Menopausal status (defined according to criteria discussed in the methods section of 

this thesis) was also a dichotomous variable.  A slightly higher proportion of cases 

(65.75%) than of controls (62.47%) were postmenopausal at their time of enrollment in 

the MEBC study, although this was not statistically significant (p = 0.101).  
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Table 5.  Means, standard deviations, and frequencies of potential confounders and 
menopausal status by case-control status. 

Variable  Cases 
(n=1140) 

Controls 
(n=1169) p-value 

  Mean (SD) / n (%) Mean (SD) / n (%)  

     
Education level Less than secondary 153 (13.52) 70 (6.00) 

 Completed secondary 242 (21.38) 229 (19.64) 
 Trade certificate 103 (9.10) 97 (8.32) 

 Community college 
Certificate/diploma/CEGEP 242 (21.38) 248 (21.27) 

 Bachelor’s degree 266 (23.50) 299 (25.64) 

 Graduate/professional degree 126 (11.13) 223 (19.13) 

<0.0001b 

 Missing 8 (0.70) 3 (0.26)  
     

Household income ($/yr) <30,000 203 (17.81) 121 (10.35) 
 30,000-59,999 281 (25.04) 267 (23.00) 
 60,000-99,999 247 (22.01) 282 (24.29) 
 >100,000 239 (21.30) 337 (29.03) 

<0.0001b 

 Not stated/missing 170 (14.91) 162 (13.86)  
     
Menopausal status  Premenopausal 388 (34.25) 438 (37.53) 

 Postmenopausal 745 (65.75) 729 (62.47) 
0.101b 

 Missing 7 (0.61) 2 (0.17)  

a. p-value generated by an independent-sample t-test on log-transformed data. 
b. p-value generated by a Chi-square test. 

 
 
4.2  Results with respect to Objective 1 (to determine the breast cancer risk 
associated with known risk factors in the MEBC study population) 
 
4.2.1  Effect of ethnicity on breast cancer risk 
 
       It was hypothesized that women of European background would have the highest 

breast cancer risk and Asian women would have the lowest risk.  This hypothesis was not 

supported by the results of this study.  However, the observed phenomenon was 

essentially the reverse of what was hypothesized. 

       Ethnicity did appear to be associated with breast cancer risk in this thesis study’s 

population.  In the age-adjusted bivariate analysis (Table 6), Chinese, Filipino, Japanese 

subjects were shown to have significantly higher breast cancer risks than Europeans.  The 

group with the highest breast cancer risk was Chinese (OR=2.87, CI=2.24-3.67).  In a 

bivariate analysis that was adjusted for other empirical confounders (education level and 
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household income) as well as age, the odds ratios for the Chinese and Filipino ethnic 

groups were attenuated somewhat (but still significantly elevated) and the odds ratio for 

the Japanese subjects was slightly increased.  Chinese, Filipino, and Japanese participants 

were still found to be more than twice as likely as Europeans to be diagnosed with breast 

cancer.  Although the ‘other’ and ‘mixed’ categories were found to be significantly more 

at risk than the European one in the age-adjusted analysis, when education and income 

were added to the model, the odds ratios in both these groups fell short of significance. 

       Table 7 shows the results of a multivariate logistic regression analysis, that includes 

all historically known risk factors (age, ethnicity, number of first degree relatives with a 

breast cancer diagnosis, age at menarche, and age at first birth) and adjusted for education 

and income.  Table 8 shows the multivariate adjusted logistic regression analysis with the 

addition of alcohol, hormone replacement therapy, and BMI.  Again, although there was 

a slight attenuation of odds ratios with the addition of the additional risk factors, in this 

analysis it is shown that Chinese, Filipino, and Japanese subjects were at significantly 

higher risk than Europeans for having a breast cancer diagnosis. 
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Table 6.  Bivariate adjusted regression analysis of known risk factors and breast 
cancer risk. 

Variable Adjusted 
OR (95% CI)a 

Adjusted 
OR (95% CI)b 

Age 1.00 (0.99-1.01)  

Ethnicity  Chinese 2.87 (2.24-3.67) 2.31 (1.78-3.00) 

 South Asian 1.26 (0.78-2.04) 1.02 (0.62-1.68) 

 Filipino 2.18 (1.44-3.31) 2.14 (1.39-3.28) 

 Japanese 2.23 (1.15-4.35) 2.27 (1.16-4.46) 

 Mixed 2.22 (1.04-4.74) 2.12 (0.98-4.57) 

 Other 1.60 (1.03-2.50) 1.43 (0.90-2.27) 

Number of first-degree relatives with 
breast cancer 1.42 (1.17-1.72) 1.58 (1.29-1.92) 

Breast biopsy (yes/no) 7.80 (6.46-9.42) 7.85 (6.30-9.79) 

Age at menarche 1.02 (0.96-1.07) 0.97 (0.92-1.03) 

Age at first birth 1.00 (0.99-1.02) 1.02 (0.99-1.04) 

Alcohol   

       0                 ref                    ref  

     >0 and <=10 0.62 (0.48 – 0.80) 0.79 (0.60 – 1.04) 

     >10 and <=30 0.41 (0.32 – 0.52) 0.66 (0.49 – 0.88) 

    >30 0.42 (0.33 – 0.55) 0.71 (0.52 – 0.97) 

Hormone replacement 0.84 (0.70-1.02) 0.95 (0.78-1.16) 

BMI   

    <16  (severe underweight) 1.58 (0.81 – 3.10) 1.50 (0.73 – 3.06) 

    16-18.5  (underweight) 0.98 (0.55 – 1.76) 0.83 (0.45 – 1.52) 

    18.5-25  (normal) ref ref 

    25-30  (overweight) 1.19 (0.98 – 1.44) 1.15 (0.94 – 1.39) 

    30-35  (obese class I) 1.02 (0.76 – 1.36) 0.94 (0.70 – 1.27) 

    35-40  (obese class II) 2.04 (1.24 – 3.37) 1.89 (1.13 – 3.16) 

    40+  (obese class III) 1.31 (0.75 – 2.28) 1.22 (0.69 – 2.15) 

a. Adjusted for age 
b. Adjusted for age, ethnicity, education, and income 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Table 7.  Multivariate adjusted logistic regression model of historical known risk 
factors and breast cancer risk. 

Variable Adjusted 
OR (95% CI) 

Age  1.00 (0.99-1.01) 

Ethnicity  Chinese 2.37 (1.82-3.10) 

 South Asian 1.06 (0.63-1.76) 

 Filipino 2.08 (1.35-3.21) 

 Japanese 2.25 (1.14-4.43) 

 Mixed 2.03 (0.94-4.40) 

 Other 1.41 (0.88-2.24) 
Number of first degree 
relatives with breast cancer 1.57 (1.29-1.92) 

Age at menarche 0.97 (0.91-1.02) 

Age at first birth 1.01 (0.99-1.03) 

 
Adjusted for education and income 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Table 8.  Multivariate adjusted logistic regression model of historical known risk 
factors plus alcohol, hormone replacement, and BMI. 

Variable Adjusted 
OR (95% CI) 

Age  1.00 (0.99-1.01) 

Ethnicity  Chinese 2.13 (1.56-2.90) 

 South Asian 0.83 (0.48-1.41) 

 Filipino 1.70 (1.07-2.70) 

 Japanese 2.21 (1.11-4.42) 

 Mixed 1.89 (0.87-4.09) 

 Other 1.23 (0.76-1.99) 
Number of first degree 
relatives with breast cancer 1.59 (1.30-1.94) 

Age at menarche 0.98 (0.92-1.04) 

Age at first birth 1.02 (1.00-1.04) 

Alcohol  

     0 ref 

     >0 and <=10 0.79 (0.60 – 1.05) 

     >10 and <=30 0.67 (0.50 – 0.91) 

    >30 0.70 (0.51 – 0.96) 

Hormone replacement 1.00 (0.60-1.05) 

BMI  

    <16  (severe underweight) 1.48 (0.70 – 3.15) 

    16-18.5  (underweight) 0.76 (0.41 – 1.42) 

    18.5-25  (normal) ref 

    25-30  (overweight) 1.28 (1.05 – 1.58) 

    30-35  (obese class I) 1.14 (0.83 – 1.57) 

    35-40  (obese class II) 2.28 (1.35 – 3.86) 

    40+  (obese class III) 1.41 (0.79 – 2.50) 
Adjusted for education and income 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4.2.2  Effect of number of first-degree relatives with breast cancer on individual breast 
cancer risk 
 
       The age-adjusted bivariate analyses (Table 6) show a significant increase in breast 

cancer risk associated with participants’ number of first-degree relatives with breast 

cancer.  This association was consistently shown in both the bivariate and multivariate 

analyses.  In the multivariate adjusted models that considered suspected risk factors 

(Tables 7 and 8), number of first-degree relatives was consistently associated with an 

elevated odds ratio.  It was hypothesized that breast cancer would increase with an 

increasing number of first degree relatives with a breast cancer history.  That hypothesis 

was supported by this study’s results. 

 
 
4.2.3  Effect of past benign breast biopsy on breast cancer risk 
 
       It was hypothesized that having a history of a benign breast biopsy would lead to an 

increased breast cancer risk in the MEBC study population.  Past benign breast biopsy 

was found to be strongly associated with breast cancer risk in the MEBC study 

population.  In the age-adjusted bivariate analysis, as well as the analysis adjusted for 

age, ethnicity, education and income (Table 6), participants with a past benign breast 

biopsy were found to be approximately eight times as likely to be diagnosed with breast 

cancer as those without a history of breast biopsy.  For reasons previously discussed, the 

biopsy variable was excluded from the multivariate analysis. 
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4.2.4   Effect of age at menarche on breast cancer risk 
 
       Younger age of menarche was hypothesized to be associated with higher breast 

cancer risk.  Age at menarche was not found to be associated with breast cancer risk.  

Neither the bivariate analyses (Table 6) nor the multivariate analyses (Tables 7 and 8) 

showed a relationship between age at menarche and breast cancer risk. 

 
 
4.2.5  Effect of age of first birth on breast cancer risk 
 
       It was hypothesized that women with a later age at first birth will be at higher risk of 

breast cancer than women with an earlier age at first birth.  Age at first birth was not 

found to be associated with breast cancer risk in the MEBC study participants.  This was 

true for both the bivariate analysis (Table 6) and the multivariate analysis (Tables 7 and 

8). 

 
 
4.2.6  Effect of alcohol consumption on breast cancer risk 
 
        It was hypothesized that a positive relationship between alcohol consumption and 

would be observed in the MEBC study subjects.  Overall, alcohol was not found to be 

associated with breast cancer risk.  The age-adjusted bivariate analysis (Table 6) revealed 

a negative association between alcohol and breast cancer risk.  However, when the 

bivariate association was further adjusted for education level and household income, the 

association was no longer significant for individuals in the lowest alcohol consumption 

tertile.  When incorporated into the second adjusted multivariable model with other 

known risk factors (Table 8), a similar pattern, where only the top two tertiles of alcohol 

consumption were associated with breast cancer risk was observed. 
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4.2.7  Effect of hormone replacement therapy on breast cancer risk 
 
       It was hypothesized that individuals with a history of hormone replacement therapy 

would be at higher risk of breast cancer than women without a history of exogenous 

hormone treatment.  Hormone replacement therapy was not found to be associated with 

breast cancer risk among the MEBC study participants.  In both the bivariate (Table 6) 

and multivariate adjusted analyses (Table 8), there was no significant association between 

hormone replacement therapy and risk of breast cancer. 
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4.2.8  Effect of body mass index on breast cancer risk 
 

       Body mass index was shown to be significantly associated with breast cancer risk.  In 

both the bivariate (Table 6) and multivariate (Table 8) logistic regression analyses, 

individuals in obese class II (BMI 35-40) were shown to have a significantly increased 

risk of breast cancer. Additionnally, in the multivariate analysis (Table 8) a significantly 

increased breast cancer risk was also observed for the overweight  (BMI 25-30) category.  

 
 
4.3  Results with respect to Objective 2 (to determine the breast cancer risk 
associated with suspected risk factors in the MEBC study population) 
 
4.3.1  Effect of smoking on breast cancer risk 
 
       Smoking was hypothesized to be associated with breast cancer.  Smoking was found 

to be positively associated with breast cancer risk in the current project.  In the logistic 

regression model that was adjusted for all known risk factors, (Table 9) the odds ratio of 

smoking  increased across smoking categories, and although no individual category was 

statistically significant, the p-value for trend did achieve statistical significance (p = 

0.02). 
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Table 9.  Adjusted logistic regression analysis of suspected risk factors and breast 
cancer risk. 

Variable Adjusted 
OR (95% CI)a 

Adjusted 
OR (95% CI)b 

Adjusted 
OR (95% CI)c 

Smoking    

    0 ref ref  

    >0 and <=5 0.86 (0.66-1.11) 1.07 (0.81-1.40) 1.14 (0.86-1.51) 

    >5 and <=15 0.94 (0.72-1.23) 1.18 (0.89-1.57) 1.29 (0.96-1.72) 

    >15 1.00 (0.77-1.29) 1.24 (0.94-1.63) 1.31 (0.98-1.73) 

Second-hand smoke    

     0 ref ref ref 

     >0 and <=10 1.07 (0.79-1.43) 1.28 (0.93-1.76) 1.42 (1.02-1.97) 

     >10 and <=30 0.93 (0.70-1.24) 1.19 (0.87-1.63) 1.31 (0.94-1.81) 

     >30 0.95 (0.71-1.27) 1.23 (0.89-1.71) 1.33 (0.94-1.86) 

Smoked/grilled foods    

     0 ref ref ref 

     >0 and <=1 0.98 (0.76-1.28) 1.05 (0.80-1.39) 1.07 (0.81-1.43) 

     >1 and <=5 0.76 (0.59-0.98) 0.99 (0.75-1.31) 1.03 (0.78-1.37) 

     >5 0.81 (0.63-1.05) 1.14 (0.86-1.51) 1.20 (0.90-1.60) 

NSAIDs    

     0 ref ref ref 

     >0 and <=2 0.77 (0.49-1.21) 0.85 (0.53-1.35) 0.84 (0.52-1.34) 

     >2 and <=15 0.84 (0.49-1.42) 1.10 (0.64-1.89) 1.20 (0.69-2.09) 

     >15 0.59 (0.31-1.13) 0.75 (0.39-1.45) 0.75 (0.39-1.48) 

    
a. Adjusted for age 
b. Adjusted for age, ethnicity, education, and income 
c. Adjusted for age, ethnicity, education, income, age at menarche, age at first 

birth, alcohol consumption, hormone replacement, and BMI 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4.3.2  Effect of second-hand smoke on breast cancer risk 
 
       Second-hand smoke was hypothesized to be positively associated with breast cancer 

risk.  While second-hand smoke was associated with breast cancer risk among individuals 

with 0 to 10 years exposure, no relationship was seen in the other two categories (Table 

9).   The test for trend across categories also did not reach statistical significance (p = 

0.47). 

 
 
4.3.3  Effect of smoked/grilled food consumption in breast cancer risk 
 
       Consumption of smoked/grilled food was hypothesized to be positively associated 

with breast cancer risk.  Smoked/grilled food consumption was not found to be associated 

with breast cancer risk in the current project overall.  In the regression model that was 

adjusted for age only, smoked/grilled food consumption was found to be negatively 

associated with breast cancer risk (Table 9).  However, with the addition of other 

variables into the model, the association disappeared. 

 
 
4.3.4  Effect of NSAID usage on breast cancer risk 
 
       NSAID usage was hypothesized to have a protective effect in terms of breast cancer 

risk.  That is, it was theorized to be negatively associated with breast cancer risk.  In the 

current thesis, NSAID usage was not found to be significantly associated with breast 

cancer risk.  In the age-adjusted logistic regression analysis (Table 9), while not 

statistically significant, odds ratios for all tertiles of NSAID use were protective with 

respect to breast cancer risk.  However, when adjusted for education level and income, 

the odds ratio for the second tertile (2 – 15 years of NSAID use) changed direction, 
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although it still did not reach statistical significance (Table 9). This same pattern was 

observed when the model was further adjusted for all known risk factors in the study 

(Table 9).    

 
 
4.4  Results with respect to Objective 3 (to determine the associations between 
modifiable risk factors and breast cancer risk according to tumour receptor status, 
histologic grade, and menopausal status) 
 
4.4.1  Tumour receptor status 

       Overall, there was evidence of differences in the relationships between various risk 

factors and breast cancer by tumour receptor status.  Table 10 shows the results of a 

polytomous logistic regression analysis, taking tumour receptor status into account.  As 

previously described, tumour receptor status was divided into four groups.  Although 

pathologic information was available for estrogen receptor status, progesterone receptor 

status, and Her2/neu overexpression (creating eight possible combinations), this would 

create cell counts too small to allow meaningful intergroup comparisons.  Therefore 

estrogen and progesterone receptor status were considered jointly (as previously 

described), creating four possible combinations (ER and/or PR+Her2-, ER and/or 

PR+Her2+, ER-PR-Her2-, and ER-PR-Her2-).  Of the 1140 cases aged 40-79 in the 

MEBC study, 1106 were used in the polytomous regression analyses.  There were 726 

ER and/or PR+Her2- (luminal A) cases, 133 ER and/or PR+Her2+ (luminal B) cases, 54 

ER-PR-Her2+ (Her2 overexpressing) cases, and 193 ER-PR-Her2- (triple negative) cases 

used (refer to Table 10).  For the polytomous logistic regression procedure, controls 

(n=1133) were used as the baseline group. 
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       Alcohol consumption in the second and third tertiles (10-30 drink years and >30 

drink years) was found to be negatively associated with risk of triple negative and 

luminal A breast cancers (Table 10) but not with the other tumour pathology groups.  

Hormone replacement therapy was not significantly associated with breast cancer risk for 

any receptor subtypes. For the purposes of this analysis, when looking at BMI, the two 

underweight groups (BMI < 18.5) and two highest obese groups (BMI > 35) were 

combined due to small numbers within strata.  An increased risk of breast cancer was 

observed for the overweight and obese class II + III groups for luminal A tumours and for 

the overweight group for Her2 overexpressing tumours. No association between BMI and 

breast cancer risk was observed for other tumour types. NSAID usage was not 

significantly associated with breast cancer risk for any tumour type.  Greater than 30 

years of second-hand smoke exposure was positively associated with Her2 

overexpressing tumours only. While a consistent trend of breast cancer risk with smoking 

was not observed for any tumour type, for luminal A tumours 10 – 30 pack years of 

smoking was associated with increased breast cancer risk, while >30 pack years of 

smoking was associated with risk of triple negative tumours.    For the most part, 

consumption of smoked/grilled food was not associated with breast cancer risk in the 

analysis by tumour hormone receptor status, although an increased risk was observed for 

the >5 years of 1 meal/day of smoked/grilled foods group among those with luminal A 

tumours. 
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Table 10.  Polytomous regression analysis of modifiable risk factors and breast 
cancer risk by tumour hormone receptor status. 

Variable 

ER and/or 
PR+Her2- 

(n=726 
OR (95% CI) 

ER/PR+Her2+ 
(n=133) 

OR (95% CI) 

ER-PR-Her2+ 
(n=54) 

OR (95% CI) 

ER-PR-Her2- 
(n=193) 

OR (95% CI) 

Alcohol     

     0 ref ref ref ref 

     >0 and <=10 0.75 (0.55-1.03) 0.86 (0.48-1.54) 0.69 (0.29-1.62) 0.64 (0.40-1.03 

     >10 and <=30 0.57 (0.40-0.80) 0.91 (0.49-1.71) 0.40 (0.14-1.17) 0.51 (0.30-0.85) 

    >30 0.61 (0.42-0.89) 0.75 (0.37-1.53) 1.05 (0.37-3.01) 0.37 (0.20-0.69) 

Hormone replacement 0.94 (0.75-1.19) 1.25 (0.80-1.96) 1.40 (0.71-2.78) 0.90 (0.62-1.32) 

BMI     

    <16  (severe underweight) 1.79 (0.80-3.98) 2.24 (0.59-8.48) 2.00 (0.23-17.37) Too small 

    16-18.5  (underweight) 0.76 (0.38-1.54) 0.95 (0.27-3.13) Too small 0.67 (0.22-2.03) 

    18.5-25  (normal) ref ref ref ref 

    25-30  (overweight) 1.40 (1.11-1.76) 0.96 (0.60-1.52) 2.13 (1.12-4.05) 0.82 (0.55-1.22) 

    30-35  (obese class I) 0.97 (0.67-1.40) 1.43 (0.76-2.67) 1.10 (0.34-3.54) 1.14 (0.66-1.95) 

    35-40  (obese class II) 2.25 (1.25-4.07) 1.53 (0.50-4.75) 5.79 (1.65-20.34) 1.85 (0.78-4.42) 

    40+  (obese class III) 1.38 (0.72-2.65) 1.63 (0.53-5.07) Too small 1.46 (0.56-3.81) 

Smoking     

     0 ref ref ref ref 

     >0 and <=10 1.13 (0.82-1.56) 1.19 (0.65-2.18) 1.23 (0.49-3.07) 1.04 (0.60-1.81) 

     >10 and <=30 1.41 (1.02-1.95) 1.23 (0.65-2.34) 0.67 (0.21-2.11) 1.08 (0.59-1.98) 

     >30 1.18 (0.84-1.64) 1.50 (0.81-2.77) 1.38 (0.54-3.55) 1.89 (1.14-3.14) 

Second-hand smoke     

     0 ref ref ref ref 

     >0 and <=10 1.34 (0.92-1.93) 1.22 (0.62-2.37) 2.60 (0.69-9.80) 1.46 (0.82-2.62) 

     >10 and <=30 1.22 (0.84-1.77) 2.01 (0.51-2.01) 3.38 (0.91-12.54) 1.36 (0.76-2.46) 

     >30 1.19 (0.81-1.75) 1.17 (0.58-2.39) 4.04 (1.04-15.69) 1.13 (0.60-2.12) 

Smoked/grilled foods     

     0 ref ref ref ref 

     >0 and <=1 1.15 (0.83-1.59) 0.65 (0.37-1.15) 1.18 (0.49-2.86) 1.18 (0.72-1.94) 

     >1 and <=5 1.14 (0.82-1.58) 0.63 (0.36-1.10) 0.97 (0.39-2.44) 0.89 (0.53-1.50) 

     >5 1.44 (1.04-2.01) 0.57 (0.31-1.03) 1.02 (0.39-2.67) 1.09 (0.64-1.86) 

NSAIDs     

     0 ref ref ref ref 

     >0 and <=2 0.97 (0.58-1.62) 0.42 (0.10-1.77) Too small 0.92 (0.38-2.27) 

     >2 and <=15 1.34 (0.72-2.48) 0.97 (0.28-3.38) 2.07 (0.44-9.69) 0.85 (0.25-2.88) 

     >15 0.55 (0.24-1.26) 1.20 (0.34-4.22) 0.50 (0.06-4.20) 0.92 (0.26-3.22) 

Adjusted for age, ethnicity, education, and income 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4.4.2  Scarff-Bloom-Richardson histologic grade 

        This analysis shows evidence that Scarff-Bloom-Richardson histologic grade was an 

effect modifier for some of the previously examined risk factors.  Table 11 shows the 

results of a polytomous logistic regression analysis that takes tumour grade into account.  

Tumours were graded as grade 1 (well-differentiated), grade 2 (moderately 

differentiated), or grade 3 (poorly differentiated).  Of the 1140 cases in the MEBC study, 

the polytomous regression analysis used 902.  Cases with whose tumours were graded in 

a method other than the Scarff-Bloom-Richardson histologic grade were excluded.  In the 

cases used for this statistical procedure, there were 211 grade 1 tumours, 365 grade 2 

tumours, and 326 grade 3 tumours.  For this analysis, 1133 controls were used as the 

baseline group. 

       As for the hormone receptor status analysis, body mass index was recoded to 

combine the two underweight (BMI <18.5) and two highest obese (BMI >35) categories 

due to small numbers within strata. An increased risk of breast cancer was observed for 

those in the obese classes II+III group for grade 1 tumours and for grade 3 tumours, both 

the overweight and obese class II+III groups had an increased risk of breast cancer.  No 

association was observed between smoking and risk of breast cancer of any grade.  

Individuals with 2 – 15 years of NSAID use had an increased risk of grade 2 breast 

cancer, but not grade 1 or 3 breast cancer.  Alcohol intake appeared to be protective of 

grade 3 breast cancer, although no associations between alcohol and breast cancer risk 

were observed for grade 1 or 2 tumours.  While no consistent pattern of risk with second 

hand smoke exposure was observed for any tumour grade, a significantly increased risk 

was observed among those with 0 – 10 years exposure for grade 1 tumours. Hormone 



  92 

replacement therapyand smoked/grilled food consumption were not found to be 

associated with breast cancer risk in the analysis by histologic grade. 
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Table 11.  Polytomous regression analysis of modifiable risk factors and breast 
cancer risk by tumour histologic grade. 

Variable 
Grade 1 
(n=211) 

OR (95% CI) 

Grade 2 
(n=365) 

OR (95% CI) 

Grade 3 
(n=326) 

OR (95% CI) 

Alcohol    

     0 ref ref ref 

     >0 and <=10 0.71 (0.44-1.14) 0.93 (0.63-1.35) 0.62 (0.42-0.92) 

     >10 and <=30 0.61 (0.36-1.03) 0.65 (0.42-1.00) 0.44 (0.28-0.69) 

    >30 0.67 (0.38-1.19) 0.69 (0.43-1.11) 0.52 (0.32-0.85) 

Hormone replacement  1.18 (0.83-1.69) 0.85 (0.63-1.15) 1.06 (0.77-1.46) 

BMI    

    <16  (severe underweight) 1.66 (0.51-5.45) 1.90 (0.73-4.92) 0.84 (0.26-2.78) 

    16-18.5  (underweight) 0.72 (0.24-2.19) 0.67 (0.27-1.67) 1.11 (0.48-2.56) 

    18.5-25  (normal) ref ref ref 

    25-30  (overweight) 1.23 (0.86-1.76) 1.26 (0.94-1.69) 1.43 (1.06-1.94) 

    30-35  (obese class I) 1.02 (0.58-1.81) 0.83 (0.51-1.37) 1.35 (0.84-2.17) 

    35-40  (obese class II) 2.15 (0.87-5.31) 2.02 (0.96-4.28) 3.08 (1.50-6.34) 

    40+  (obese class III) 2.06 (0.86-4.92) 1.34 (0.59-3.03) 1.53 (0.65-3.61) 

Smoking    

     0 ref ref ref 

     >0 and <=10 1.09 (0.66-1.82) 1.18 (0.78-1.79) 1.29 (0.85-1.94) 

     >10 and <=30 1.23 (0.72-2.10) 1.44 (0.94-2.20) 1.07 (0.66-1.72) 

     >30 1.98 (1.23-3.20) 1.48 (0.96-2.27) 1.13 (0.71-1.80) 

Second-hand smoke    

     0 ref ref ref 

     >0 and <=10 2.01 (1.09-3.72) 1.38 (0.88-2.17) 1.17 (0.73-1.86) 

     >10 and <=30 1.72 (0.93-3.20) 1.20 (0.76-1.90) 1.27 (0.79-2.03) 

     >30 1.47 (0.77-2.83) 1.03 (0.64-1.68) 1.44 (0.88-2.36) 

Smoked/grilled foods    

     0 ref ref ref 

     >0 and <=1 1.07 (0.66-1.72) 1.00 (0.68-1.47) 1.04 (0.69-1.47) 

     >1 and <=5 0.99 (0.60-1.61) 0.84 (0.56-1.26) 0.91 (0.60-1.39) 

     >5 0.94 (0.57-1.57) 1.00 (0.66-1.51) 1.02 (0.66-1.57) 

NSAIDs    

     0 ref ref ref 

     >0 and <=2 1.22 (0.59-2.54) 0.83 (0.40-1.71) 0.85 (0.41-1.77) 

     >2 and <=15 1.14 (0.43-3.04) 2.22 (1.11-4.45) 1.35 (0.59-3.09) 

     >15 0.22 (0.03-1.69) 1.30 (0.56-3.06) 0.59 (0.20-1.80) 

    

Adjusted for age, ethnicity, education, and income 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4.3.3  Menopausal Status 
 
        The study population was stratified by menopausal status and the overall adjusted 

multivariate logistic regression model was run once for each stratum.  Table 12 shows the 

results of this stratified analysis.  Overall, there were 720 premenopausal subjects used in 

the analysis (348 cases and 372 controls) and 1243 postmenopausal subjects (635 cases 

and 608 controls).       Being either overweight or obese was associated with breast cancer 

risk in the postmenopausal group of subjects only.  The p-value for the interaction 

between menopausal status and BMI (p=0.01)  suggesting menopausal status is an effect 

modifier for the relationship between BMI and breast cancer risk. No other modifiable 

risk factors were found to be significantly associated with breast cancer in the stratified 

analysis. 
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Table 12.  Modifiable risk factors and breast cancer risk stratified by menopausal 
status, excluding Kingston subjects 

Variable 
Premenopausal 

(n=720) 
OR (95% CI) 

Postmenopausal 
(n=1243) 

OR (95% CI) 

Interaction Term 
p-value* 

Alcohol   0.73 
     0 ref ref  
     >0 and <=10 0.64 (0.40-1.03) 0.82 (0.57-1.19)  
     >10 and <=30 0.45 (0.26-0.78) 0.70 (0.47-1.03)  
    >30 0.48 (0.27-0.85) 0.76 (0.50-1.16)  
Hormone replacement  0.89 (0.46-1.73)  0.99 (0.78-1.25)  0.67  
BMI    0.01 
    <16  (severe underweight) 1.92 (0.67-5.53) 0.92 (0.30-2.85)  
    16-18.5  (underweight) 0.75 (0.26-2.16) 0.83 (0.36-1.89)  
    18.5-25  (normal) ref ref  
    25-30  (overweight) 1.04 (0.72-1.52) 1.45 (1.11-1.89)  
    30-35  (obese class I) 0.60 (0.31-1.15) 1.68 (1.11-2.54)  
    35-40  (obese class II) 2.58 (0.92-7.24) 2.66 (1.30-5.43)  
    40+  (obese class III) 0.35 (0.09-1.34) 4.31 (1.79-10.37)  
Smoking   0.83 
     0 ref ref  
     >0 and <=10 1.08 (0.66-1.74) 1.28 (0.88-1.88)  
     >10 and <=30 1.25 (0.73-2.15) 1.13 (0.77-1.65)  
     >30 1.56 (0.80-3.06) 1.39 (0.99-1.96)  
Second-hand smoke   0.45 
     0 ref ref - 
     >0 and <=10 1.14 (0.67-1.92) 1.45 (0.95-2.23)  
     >10 and <=30 1.25 (0.73-2.15) 1.28 (0.84-1.96)  
     >30 1.48 (0.82-2.69) 1.37 (0.89-2.11)  
Smoked/grilled foods   0.12 
     0 ref ref  
     >0 and <=1 0.70 (0.41-1.18) 1.35 (0.95-1.91)  
     >1 and <=5 0.82 (0.48-1.41) 1.14 (0.80-1.62)  
     >5 1.16 (0.65-2.07) 1.09 (0.77-1.56)  
NSAIDs   0.26 
     0 ref ref  
     >0 and <=2 0.47 (0.17-1.30) 1.01 (0.59-1.73)  
     >2 and <=15 1.73 (0.62-4.86) 0.97 (0.50-1.87)  
     >15 0.33 (0.07-1.60) 0.97 (0.46-2.06)  

    
* Interaction terms for interaction between menopausal status and the risk factor in the 
    variable column 
All models adjusted for age, ethnicity, education, and income 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4.5  Sensitivity Analyses 
 
4.5.1  Association of age at first birth with breast cancer risk only in parous women 
 
       In order to assess whether the relationship between age at first birth and breast cancer 

risk was altered with the exclusion of the nulliparous subjects (194 cases and 240 

controls), the bivariate logistic regression analysis (adjusted for age, BMI, education 

level, and household inceome) was re-run with only subjects who had one or more term 

births.  The resulting odds ratio (OR=1.02, CI=1.00-1.04) was identical to the odds ratio 

generated with inclusion of the nulliparous women and was not statistically significant. 

 
 
4.5.2  Multivariate logistic regression model for known risk factors with Kingston 
subjects excluded 
 
       In order to assess whether the associations in the multivariate adjusted logistic 

regression (for known risk factors) were present when Kingston subjects were excluded 

from the analysis, a the analysis was re-run with only the BC subjects.  Table 13 shows 

the results of this analysis.  Data are not significantly different from the results generated 

from this analysis when Kingston subjects were included (compared to results in Table 

8). 
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Table 13.  Multivariate adjusted model of all known breast cancer risk factors with 
Kingston subjects excluded. 

Variable Adjusted 
OR (95% CI) 

Age   1.00 (0.98-1.01) 

Ethnicity  Chinese 2.09 (1.46-2.78) 

 South Asian 0.76 (0.44-1.32) 

 Filipino 1.61 (1.00-2.57) 

 Japanese 2.19 (1.09-4.39) 

 Mixed 1.86 (0.83-4.19) 

 Other 1.06 (0.64-1.76) 
Number of first degree 
relatives with breast cancer 1.69 (1.35-2.11) 

Age at menarche 0.99 (0.93-1.05) 

Age at first birth 1.01 (0.98-1.03) 

Alcohol  

     0 ref 

     >0 and <=10 0.76 (0.57-1.03) 

     >10 and <=30 0.61 (0.44-0.85) 

    >30 0.64 (0.45-0.90) 
Hormone replacement 
therapy 1.06 (0.85-1.33) 

BMI  

    <16  (severe underweight) 1.26 (0.57-2.77) 

    16-18.5  (underweight) 0.81 (0.42-1.56) 

    18.5-25  (normal) ref 

    25-30  (overweight) 1.30 (1.05-1.62) 

    30-35  (obese class I) 1.23 (0.87-1.74) 

    35-40  (obese class II) 2.62 (1.44-4.75) 

    40+  (obese class III) 1.86 (0.98-3.55) 

Adjusted for education and income 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4.5.3  Adjusted logistic regression model for known NSAID use with Kingston subjects 
excluded 
 

       Because NSAID use was the suspected risk factor shown to be most strongly 

associated with breast cancer risk, the logistic regression analysis of this variable 

(adjusted all known risk factors) was rerun with Kingston subjects excluded.  The 

resulting odds ratios (0 – 1 years: OR=0.83, CI=0.52-1.34; 1 – 5 years: OR=1.18, 

CI=0.67-2.06; >5 years: OR=0.73, CI=0.37-1.44) were not different from the odds ratios 

generated in the original bivariate analysis (see Table 9). 

 

4.5.4  Multivariate logistic regression model for known risk factors, excluding cases with 
age of first mammogram less than one year prior to diagnosis 
 
       In order to assess whether results would be affects by removal of cases assumed not 

to have participated in a breast screening program, the multivariate adjusted logistic 

regression model for known risk factors was generated on a dataset that excluded these 

cases (there were 191 such cases, where 146 had a mammogram <1 year prior to study 

and 45 were missing).  The results are shown in Table 14.  It is clear that results are quite 

similar to those of the corresponding analysis that made use of the entire data set (see 

Table 8). 

 

4.5.5  Adjusted logistic regression model for NSAIDs, excluding cases with age of first 
mammogram less than one year prior to diagnosis 
 
       For reasons previously mentioned, the logistic regression analysis of NSAIDs was 

rerun.  The resulting odds ratios (0 – 1 year: OR=0.84, CI=0.52-1.36; 1 – 5 years: 
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OR=1.29, CI=0.74-2.26; >5 years: OR=0.67, CI=0.34-1.34) were not significantly 

different from the odds ratios generated by the whole data set (see Table 9). 
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Table 14.  Multivariate adjusted model of all known breast cancer risk factors, 
excluding cases with age of first mammogram less than one year prior to diagnosis 

Variable Adjusted 
OR (95% CI) 

Age  1.00 (0.98-1.01) 

Ethnicity  Chinese 2.02 (1.46-2.78) 

 South Asian 0.76 (0.44-1.32) 

 Filipino 1.61 (1.00-2.57) 

 Japanese 2.19 (1.09-4.39) 

 Mixed 1.86 (0.83-4.19) 

 Other 1.06 (0.64-1.76) 
Number of first degree 
relatives with breast cancer 1.69 (1.35-2.11) 

Age at menarche 0.99 (0.93-1.05) 

Age at first birth 1.01 (0.98-1.03) 

Alcohol  

     0 ref 

     >0 and <=10 0.76 (0.57-1.03) 

     >10 and <=30 0.61 (0.44-0.85) 

    >30 0.64 (0.45-0.90) 
Hormone replacement 
therapy 1.06 (0.85-1.33) 

BMI  

    <16  (severe underweight) 1.26 (0.57-2.77) 

    16-18.5  (underweight) 0.81 (0.42-1.56) 

    18.5-25  (normal) ref 

    25-30  (overweight) 1.30 (1.05-1.62) 

    30-35  (obese class I) 1.23 (0.87-1.73) 

    35-40  (obese class II) 2.62 (1.44-4.74) 

    40+  (obese class III) 1.86 (0.98-3.54) 

Adjusted for education and income 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Chapter 5.0  Discussion 
 
5.1  Summary of Results 
 
       This thesis project sought to clarify the relationships of a number of risk factors, 

both known and suspected, with breast cancer risk.  It also sought to determine 

whether these associations varied over tumour receptor subtype, tumour histologic 

grade, and menopausal status.  Data from the MEBC study (a large case‐control 

study with subjects in both Vancouver, BC and Kingston, ON) was used for this 

project. 

       Not all known risk factors were shown to be significantly associated with breast 

cancer risk.  Overall, after adjusting for confounding (by age, educational status, and 

household income), Chinese, Filipino, and Japanese subjects were found to have 

significantly increased breast cancer risk when compared with European subjects.  

The number of first‐degree relatives with breast cancer was also found to 

significantly increase breast cancer risk.  Alcohol was not shown to be associated 

with breast cancer risk.  Age at menarche and age at first birth were not associated 

with risk of breast cancer.  Further, this thesis study did not support a relationship 

between breast cancer risk and second‐hand smoke or smoked/grilled foods.  After 

adjusting for all known risk factors in the study, a positive association was shown 

for smoking but it was only marginally statistically significant. 

       Although it was hypothesized that NSAIDS would have a protective effect on 

breast cancer risk, in this study NSAID use was not significantly associated with risk 

of breast cancer.  Although there was a significant effect of 2 – 15 years of NSAID use 

for grade 2 tumours, overall there did not appear to be differential effects by 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receptor status, histologic grade and menopausal status. Further, data should be 

interpreted cautiously, due to several methodologic considerations discussed below. 

 
5.2  Breast cancer risk associated with known risk factors 
 
       Overall, the results of this thesis provide support for an association between 

some, but not all, of the established risk factors of interest.  The frequency matching 

of cases and controls based on five‐year age categories did not allow an assessment 

of the influence of age on breast cancer risk in the MEBC study population.  Ethnicity 

was shown to be significantly associated with breast cancer in the study population.  

Both Chinese and Japanese subjects were shown to be at elevated risk of breast 

cancer when compared to European subjects.  However, this finding is not 

consistent with previous research, which has shown a lower breast cancer risk for 

Asian women compared to European women.(161, 162)  In this study, there was 

roughly twice the number of Chinese and Japanese people in the case group than in 

the control group.  Although the reason for this phenomenon is difficult to ascertain 

from the data at hand, it may be due to volunteer bias in the control group (as 

women from these ethnic groups may have been less likely to volunteer as controls).  

It may be explained in part by the fact that BC controls are from a breast cancer 

screening population.  The 2010 annual report for the screening mammography 

program of the BC cancer agency shows that women of East/South‐East Asian 

descent were 10% less likely to participate than the provincial average (49% vs. 

59% of women age 50 to 69).(163)  Further, there is literature evidence that Asian 

women are significantly less likely to participate in North American breast 

screening programs than their European counterparts.(164) 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The number of first‐degree relatives with a breast cancer diagnosis was also 

shown to be significantly associated with breast cancer risk.  Numerous existing 

studies have demonstrated a relationship between close family history and breast 

cancer risk, such that the results of this study are consistent with previous 

work.(39‐42, 44‐48, 50, 162)  This finding makes sense, as breast cancer etiology is 

understood to be, in many cases, a result of the interaction between genetic and 

environmental forces.  While there are established breast cancer risk genes, such as 

BrCA1 and BrCA2, these genes are present in only a very small segment of the 

population (only about two percent each of breast cancer patients and less than 

20% of familial breast cancers).(165, 166)  The familial influences on breast cancer 

are likely to be polygenic, so it is therefore difficult to detect a specific inheritance 

pattern for many forms of breast cancer for individuals not carry the BrCA1 or 

BrCA2 genes.  The only unrefutable evidence of genetic underpinnings in breast 

cancer is the close clustering of cases within families, as evidenced by the 

association between a women’s number of first degree relatives with breast cancer 

and her own breast cancer risk.(167) 

       This thesis, was unfortunately unable to definitively demonstrate an association 

between breast cancer and whether a woman had a breast biopsy more than a year 

prior to enrollment in the study.  As previously mentioned, this is likely due to the 

significant delays from time of consent to time of actual participation in the MEBC 

study (often over six months).  This suggests that for many cases the “breast biopsy 

more than one year prior to diagnosis” may have been the diagnostic biopsy.  This 

may explain the extremely high degree of association between benign breast biopsy 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and breast cancer risk that was observed in the bivariate regression analysis.  This 

means that the biopsy variable in the MEBC study may not have been a true risk 

factor and it would therefore have been inappropriate to include it in a multivariate 

regression model. 

       The observed positive association between several categories of body mass 

index and breast cancer risk was expected, since BMI has become established as a 

breast cancer risk factor. The observation of an increased breast cancer risk in the 

overweight category only in multivariate models may be due to the inclusion of 

covariates such as ethnicity and alcohol in the regression models, both of which 

have been shown to impact BMI.(168‐171) 

 
5.3  Breast cancer risk associated with suspected risk factors 
 
       This project suggested an association between smoking and breast cancer risk.  

Although the association between smoking and breast cancer risk observed in this 

study did not reach statistical significance for any category, the fact that there was a 

significant trend across categories and odds ratiosstrengthened as more variables 

were forced into the regression model suggests that there were residual sources of 

confounding at play.  It is likely that if these sources of confounding were identified 

and addressed, the association between smoking and breast cancer risk would have 

been further strengthened. 

       This project did not detect any consistent association between NSAID use and 

breast cancer risk.  Although the literature in this area is heterogeneous, the 

majority of studies indicate a protective effect of NSAIDs against breast cancer 

risk.(122‐126)  A simple explanation for the lack of association between NSAID use 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and breast cancer in this study remains elusive.  Although surveillance bias is a 

possibility, the previously mentioned finding of later age at first mammogram for 

cases makes this explanation less likely. 

       The relationship between NSAIDs and breast cancer may be more complicated 

than was originally thought.  There is new evidence that different types of NSAIDs 

differentially effect breast cancer risk, with acetylsalicylic acid reducing breast 

cancer risk and ibuprofen actually increasing risk.(172, 173)  It has been speculated 

that the difference may be related to the fact that acetylsalicylic acid is an 

irreversible inhibitor of the cyclooxygenase enzymes whereas ibuprofen is a 

reversible inhibitor.  However, the mechanism underlying the phenomenon has not 

been elucidated and research in this area is ongoing.(172, 173)  Because such a 

small proportion of subjects in the MEBC study were classified as having taken 

NSAIDs, it was not possible to examine the association between different NSAIDs 

and cancer risk individually.  Complicating this issue is the fact that many patients 

who had a history of NSAID use had taken several different NSAIDs over the course 

of their lives. These reasons could explain the inability of this study to detect an 

association between NSAID use and breast cancer risk. 

       This project failed to detect associations between breast cancer risk and the 

other suspected risk factors (second‐hand smoke and smoked/grilled foods).  This 

lack of association could have been an artifact of the case group not adequately 

representing North American women with breast cancer.  That is, the study 

population’s proportion of Asians was higher than in the population of Canada.(174)  

Although the categorization of these variables reduced statistical power, this was a 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necessary step due to the strongly skewed variables and preponderance of zero‐

level responses for the suspected risk factors (i.e., there was lack of exposure 

variability for these variables).  In addition to the way the variables were 

categorized for statistical analysis, wording of items in the study questionnaire did 

not permit the discrimination of individuals with low levels of exposure from 

individuals with zero exposure to the suspected risk factors.  For example in the 

case of smoking, any individuals who have smoked less than 100 cigarettes in their 

lifetime were classified as having had zero exposure to cigarette smoking.  This may 

comprise a source of nondifferential misclassification. 

 
5.4  Breast cancer risk by receptor status, histologic grade, and menopausal 

status 
 
       The polytomous regression analyses and stratified analysis were unfortunately 

affected by low cell counts.  However, despite the limited statistical power of the 

analysis, a negative relationship between alcohol and breast cancer risk still reached 

statistical significance.  This result is relatively consistent with recent literature that 

shows a protective effect of alcohol for triple negative breast cancer but not for ER+ 

breast cancer.(175)  Data for BMI is more difficult to interpret.  However, the lack of 

consistent association between BMI and breast cancer risk is likely to be a direct 

result of low power due to small cell counts in the polytomous regression analyses 

(by both tumour receptor status and histologic grade).  Previous analyses had 

indicated an association between both the overweight and obese class II BMI 

categories and breast cancer risk.  In the polymous regression analyses, where 

significant associations between BMI categories and breast cancer were observed, it 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was with these aforementioned categories. It stands to reason that small numbers 

within strata for the polytomous regression could explain the absence of statistically 

significant findings in some groups.  There is literature evidence that BMI is more 

strongly associated with ER+ (luminal A and luminal B) breast cancers.(25, 176)  

However the data generated by this thesis likely did not allow for a proper 

assessment in the luminal B category due to small numbers.  In the analysis for 

effect modification by menopausal status, BMI was shown to only be a breast cancer 

risk factor in postmenopausal subjects.  This finding is consistent with previous 

literature that also shows that BMI is a breast cancer risk factor in postmenopausal 

women only.(81, 82, 84, 177‐181).   

       Data for smoking show that smoking was not significantly associated with breast 

tumours of any grade in the MEBC study population.  This is consistent with 

previous literature, as no studies exist suggesting differential risks for smoking by 

histologic grade.   

       Second‐hand smoke was shown to be positively associated with breast cancer 

only in Her2 overexpressing (ER‐PR‐Her2+) tumours for the highest tertile of 

second hand smoke exposure.  Her2/neu status and exposure to tobacco smoke has 

not been evaluated in the literature.  Only one very recent study has examined the 

relationship between tobacco smoke exposure and Her2/neu expression in breast 

cancer and this study’s results did not reach statistical significance.(182)  Moreover, 

in the context of the current study, these results need to be interpreted cautiously, 

due to the small number of cases (n=54) upon which the association was based. 



  108 

       The results of the stratified analysis for NSAIDs showed no significant 

association any of the four hormone receptor categories.  A previous study has 

shown an association between ibuprofen and increased risk of luminal A breast 

cancer.(172) Although NSAIDs have been significantly associated with increased 

breast cancer risk in postmenopausal subjects only in  previous literature, in this 

study no interaction between NSAID use and menopausal status was detected.(183) 

       The outcome subgroup analyses and analysis for effect modification were 

important parts of this thesis.  However, the analysis was limited by small sample 

sizes of individual subgroups.  Overall, low power due to small cell counts plagued 

the outcome subgroup analysis by receptor status for most variables, making 

interpretation difficult. 

 
 
5.5  Methodological Considerations 
 
5.5.1  Strengths 
 
       This study had several major strengths.  The MEBC study was conducted by a 

large, multidisciplinary team, in two cities with strong research centers.  Because of 

this, a vast amount of expertise has been brought together in order to better 

understand the etiology of breast cancer.  The MEBC study was a large case‐control 

study, with over 2300 participants.  This large sample size has the potential to yield 

good statistical power for many projects.  As the study took place in two cities, it 

was able to take advantage of two geographic locations with different ethnic 

makeups, which increases generalizability of the study results. 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The study also made use of an extremely extensive questionnaire that asked 

information about many different facets of subjects’ health and lifestyle, 

incorporating both known and suspected risk factors.  A wealth of information was 

gained about each individual participant and the resulting dataset contained 2275 

separate variables. 

       During the course of the study, a large amount of pathology data was collected 

regarding the breast tumours of the cases.  Both the BC Cancer Registry and the 

electronic charts from the Kingston Hospital Network are rich sources of data 

regarding both clinical and pathologic variables.  This provided a high level of 

completeness of the breast cancer data. 

       The main strength of this specific thesis project include the fact that it examined 

both well‐established risk factors and suspected breast cancer risk factors in an 

attempt to create a comprehensive model that encompasses both genetically related 

and environmental factors.  Another novel aspect of this thesis project is the 

outcome subgroup analysis in this set of variables by receptor status and histologic 

grade.   

 
 
5.5.2  Limitations 
 
       Limitations of this study include the potential for selection bias, participation 

bias/non‐response bias, recall bias, information error, residual confounding, 

uncertainty regarding latency of exposures, and concerns about generalizability of 

study findings.  More specific concerns were related to the MEBC questionnaire 

items and to the changing nature of receptor status assay cutoffs. 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As Vancouver cases were obtained from a provincial cancer registry and 

controls were recruited at breast screening clinics, there is a potential for selection 

bias in the study.  This was done mainly for ease of recruitment and did ensure a 

very good sample size for the study.  In order to assure internal validity in a case‐

control study, it is important that cases and controls are selected from the same 

underlying population with respect to exposures of interest.(158, 159)  When a 

different method is used in the recruitment of cases and controls, it can be difficult 

to argue that cases and controls come from the same base population.  This may 

have contributed to systematic sampling error (selection bias).  A possible example 

of this phenomenon is the under‐representaton of Chinese and Japanese individuals 

in the control group. 

       In order to address the possibility that cases and controls were not selected 

from the same underlying population, a sensitivity analysis was performed that 

excluded cases with an age of first mammogram less than one year prior to 

diagnosis (i.e., cases that were less likely to have participated in a breast cancer 

screening program).  No significant changes in the data were seen.  It is therefore 

possible to conclude that, should there have been selection bias in the MEBC study, 

the results of this thesis are not greatly affected by this bias. 

       Another potential limitation of the MEBC study is the possibility of participation 

(or non‐response) bias.  This concern arises from the fact that the participation rate 

for the MEBC study was just over 50% for both cases and controls.  In the best‐case 

scenario, the participants in each group comprise a random sample of those 

individuals who were contacted by the study team.  However, if either the cases or 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the controls who participated in the study did not adequately represent the 

underlying target population, then results would be biased either towards or away 

from the null. Information regarding potential subjects’ reasons for non‐

participation is not currently readily available.  For this reason, it is not possible to 

determine whether participation in either the case or control groups (or both) was 

affected in a systematic way.  However, the most readily discernible way in which 

participation bias affected the data is the under‐representation of women of Asian 

descent in the control group.  There were proportionately more subjects from these 

ethnic groups in the case group than in the control group and this likely reflects the 

fact that minorities in general (but particularly Asians) are less likely to participate 

in clinical and public health research.(184, 185)  In order to compensate for this 

non‐response bias, ethnicity was included in all logistic regression models in order 

to account for the effects of this variable on other associations of interest. 

       Information regarding the reasons for non‐participation among potential 

subjects in the MEBC study would have been useful in terms of allowing inferences 

to be made about how the non‐response bias likely affected this project’s results.  

Unfortunately, that information was not available at the time of this thesis project.  

However, this information currently exists in a rudimentary form and is not 

accessible to all members of the MEBC study team.  This data will be thoroughly 

examined and, if deemed to be of sufficient caliber, will be used in future projects 

involving the MEBC study data. 

       It should be emphasized that, despite the non‐response bias, the MEBC study 

data did demonstrate several important associations.  Most notably, significant 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associations were found between family history and breast cancer risk, as well as 

BMI and breast cancer risk for the postmenopausal women.  Had the non‐response 

bias comprised a fatal flaw in the MEBC study methodology, these important 

associations would not likely have been demonstrated.  The fact that these results 

are apparent strongly suggests that there is much meaningful information to be 

extracted from this data set, irrespective of the possibility of non‐response bias 

among the controls. 

       With all case‐control studies that rely on subjects to provide information about 

past exposures, recall bias is a possibility.(186)  Cases may more readily remember 

and under‐ or overestimate their level of exposure to factors that are understood to 

be involved in the etiology of their specific disease process.(159, 186)  This leads to 

more false positive exposure histories in case groups and is often a source of 

differential misclassification that spuriously affects effect sizes.  Conversely, 

differential misclassification can also result from cases underreporting exposures 

because of feelings of guilt (this is a form of response bias).(159, 186)  Risk of recall 

bias is inherent in the use of any tool that relies on subjects’ memories of past 

events.  However, the admininstration of a highly structured and detailed 

questionnaire to both cases and controls in the MEBC study likely attenuated the 

effects of such bias. 

       Another concern relates to information error. The questionnaire used in the 

MEBC study contained numerous items for which very detailed recollections are 

required.  For example, subjects were asked whether they took NSAIDs for pain for a 

period of more than six months at some point in their lives.  They were also asked to 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disclose information regarding brand, dosage, and duration.  This type of 

information is often difficult to remember, especially for elderly individuals for 

whom the exposure may have been decades in the past.  This information error is a 

source of non‐differential misclassification and tends to bias results towards the 

null (i.e., since both cases and controls complete the same questionnaire).  Certainly, 

any variable that requires the recollection of fine details is subject to information 

error.  This underscores the importance of significant results obtained in the current 

project, as if they have been attenuated by the effects of information error, then the 

‘true’ effects are likely to be even stronger.  An example of this phenomenon is the 

NSAID usage variable, which required subjects to recall brand names, dosages, and 

duration of use for each drug over their lifetimes. 

       Although several major confounders were assessed in the current thesis project, 

there remain possible sources of residual confounding.  However, only strong 

confounders would be expected to affect the results here.  In terms of the two 

variables that we would have liked to assess, it would have useful to take into 

account breast density and diabetes status in the current project.  Diabetes status 

has been shown to be independently associated with breast cancer risk.(187, 188)  

In the current project, BMI is used as a proxy for diabetes status, as the MEBC 

questionnaire did not contain items related to diabetes.  It has been shown that 

lifetime diabetes risk is over 70% for individuals with BMIs of 35 or greater.(136)   

However, there is no perfect correlation between obesity and diabetes status and 

the assumption that obesity necessarily bring about diabetes leads to non‐

differential misclassification of data. 



  114 

       Another potential confounder of importance for which information was not 

available in this study is breast density.  It has been shown that women with high 

breast density on mammogram are at increased risk of breast cancer.(189, 190)  

Other potential confounders of interest that would have been useful in the current 

project include history of radiation exposure to the chest area (for reasons other 

than cancer therapeutics), exposure to diethylsilbestrol (DES), and long‐term 

stress/anxiety levels.  Physical activity was also a confounder of interest.  However, 

an inquiry into subjects’ level of physical activity and its association with breast 

cancer risk is an extremely complex undertaking and was not practical within the 

context of this thesis (it is the subject of another masters thesis). 

       Appropriate latencies of exposure were difficult to assess in the current thesis 

project, due to lack of literature precedent.  The 10‐year window of exposure that 

was used for PAH‐related exposures, as well as alcohol consumption is based on a 

very small amount of literature evidence.(4, 132, 133, 137, 138)  It is possible that 

by excluding patients’ exposures to carcinogenic substances during a lag time, 

exposures that contribute to breast cancer risk are being discounted.  The same 

concern applies to the two‐year window used for NSAID exposure, which is based 

upon even sparser evidence. 

       Although one of the MEBC study’s strengths is that it took place over two cities 

(Vancouver and Kingston), there is still concern regarding the generalizability of the 

study findings.  Demographically, neither Vancouver nor Kingston represent North 

America in terms of ethnic makeup.  According 2006 Canadian census data, 

nationwide, visible minorities accounted for just less than 17% of the total Canadian 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population.(174)  In the MEBC study, they accounted for almost 38% of cases and 

almost 22% of control.  Much of this discrepancy arose from the high proportion of 

Asian subjects contributing to the Vancouver data.  Results of this study therefore 

need to be interpreted with caution, as they may not represent results that could be 

seen distributed over the North American populace. 

       The MEBC questionnaire, although detailed, did have some limitations when 

attempting to use data in the context of the Gail model.  Specifically, in many cases, 

questions were not asked in such a way that allowed variables to be coded into Gail 

model variables.  For example, there was no way to tell if subjects had more than 

one previous breast biopsy as this information was obtained in a yes/no question.  

Also, there was no item specifically asking subjects’ exact ages at first birth.  For 

example the variable corresponding to age at first birth had to be constructed using 

information from several questions.  This complicated the process of characterizing 

the variables.  However, the MEBC questionnaire was designed to test a very broad 

scope of breast cancer risk factors in order to accommodate a number of different 

clinical inquiries and it is very successful in this regard.  It is difficult to completely 

accommodate the objectives of only one specific project with a questionnaire so 

broad in scope. 

       Cutoffs for the various assays used to determine receptor status are constantly 

changing.  During the course of the MEBC study (i.e. from 2005‐2010), the criteria 

for receptor positivity changed somewhat.  For example, the criteria for estrogen 

receptor positivity in immunohistochemical assays has changed from 10% positive 

to 1% positive.  That is, the criteria for calling a tumour estrogen receptor positive 



  116 

has become less conservative.  This means that certain cases who were identified as 

estrogen receptor positive near the end of the MEBC study would not have been 

identified as such towards the beginning of the study.  This further complicates the 

interpretation of relationships by receptor status outcome subgroups.  Any potential 

receptor status subgroup differences would be obscured if misclassification of 

receptor subtype occurred.  However, this phenomenon is an unavoidable 

consequence of performing a research study within the context of a medical field 

where clinical and pathologic guidelines are constantly being refined.  It is not 

practical to retroactively reclassify previously collected data according to current 

guidelines, only to have guidelines change again. 

 

 
5.6  Summary explanation for null findings 
 
       Age of menopause, age at first birth, hormone replacement therapy, and alcohol 

consumption were all established risk factors for which no association with breast 

cancer risk was noted in this study.  For these variables, there was adequate 

statistical power to detect even a modest effect.  In the adjusted bivariate and 

multivariate logistic regression models, these variables had odds ratios that were 

extremely close to unity with fairly narrow confidence intervals.  This suggests that 

these variables were truly not associated with breast cancer risk in the study 

population.  Although these variables are established breast cancer risk factors from 

the Gail model, the literature has been mixed with respect to age of menarche, age of 

first birth, and alcohol consumption.  That is, not all studies have found these 

variables to be associated with breast cancer.(191‐194)  In the case of hormone 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replacement therapy, the null association could possibly be explained by the way 

the variable was coded.  Use of a dichotomized variable in a logistic regression 

analysis leads to a less powerful analysis than if the variable was continuous or 

ordinal.  There is also the possibility that residual confounding may have obscured 

any significant associations between the above variables and breast cancer risk. 

       The lack of significant findings related to suspected risk factors in this project 

may result, in large part, from inadequate statistical power to detect associations (as 

discussed above) due to a lack of exposure variability.  Because of the high 

proportion of zero‐level responses, all of the suspected risk factor variables 

(second‐hand smoke and smoked/grilled foods) were markedly skewed to the right, 

with extreme modes at the zero.  This contributed to very large variances for the 

variables and necessitated categorization of these variables.  However, the process 

of categorization itself contributed to a reduction in statistical power.  If there had 

been threshold effects, the way the variables were categorized would have made the 

detection of these effects difficult. 

       In addition to reduction in power, these suspected risk factors were subject to 

possible information error as discussed above.  Because subjects were asked to 

recall exposures from previous decades, there was potential for exposure 

misclassification that we assume is similar for cases and controls.  Inaccuracy of 

responses may have comprised a source of non‐differential misclassification that 

biased results towards the null. 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5.7  Future Directions 
 
       As the generalizability of this study was somewhat limited by the ethnic 

composition of the MEBC participants, a logical next step would be to extend this 

research to a sample more representative of the Canadian population.  One possible 

way to accomplish this would be to collaborate with other research groups 

nationwide in order to extend the MEBC project to more cities within Canada.  

Alternatively, sampling techniques such as stratified sampling could be used in 

order to ensure that the study population is a representative sample of the base 

population. 

       Future studies could also consider the addition of analysis of mammographic 

density.  As previously mentioned, there is now a burgeoning line of research that 

considers mammographic density as a risk factor for breast cancer.  It is likely that 

information regarding mammographic density could be used to improve the 

discriminative power of existing regression models. 

        While the current study was concerned specifically with breast cancer etiology 

and thus focused on first occurrence of disease, risk factors for disease recurrence in 

an area of emerging interest.  It would be useful for clinicians to have a readily 

available tool to predict the chances of recurrence, given a particular set of risk 

factors.  There are already immunohistochemical tools to help predict breast cancer 

recurrence risk, such as Mammostrat.(195)  However, it would be interesting to 

compare such tools to an affordable (perhaps even free) regression based prediction 

tool that simply utilizes data from a patient’s medical history. 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5.8  Summary and Contribution 

       This thesis has examined a novel combination of risk factors for breast cancer 

not previously studied together.  It has made efficient use of data collected within 

the MEBC study to examine the simultaneous contribution to breast cancer risk of 

known and suspected risk factors.  Overall, this project confirmed that there is a 

likely influence of a woman’s number of first‐degree relatives with breast cancer, 

and BMI on breast cancer risk.  Smoking was suggested to be associated with breast 

cancer in this study population, although other lifestyle‐related factors were not 

shown to be associated with breast cancer risk.  However, results need to be 

interpreted with caution for reasons previously mentioned. 

        The information yielded from this project may eventually be used in the 

refinement of breast cancer risk assessment tools. Pending more research and 

validation, BMI and smoking status could potentially be added to such tools in order 

to improve their discriminative power. Hopefully, researchers will continue to 

search for the right combination of genetic and lifestyle variables that will comprise 

an accurate predictor of breast cancer risk.  Breast cancer is a complex disease with 

many etiological contributors from both nature and nurture.  This project is a 

potential step towards the further refinement of breast cancer prediction tools that 

take this complexity into account. 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Appendix 1 
 
TNM Staging for Breast Cancer 
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Table 1.1.  Staging of primary tumour (T).b  Taken from AJCC Cancer Staging Manual,  
       7th ed. (2010).(196) 

TX Primary tumor cannot be assessed. 
T0 No evidence of primary tumor. 
Tis Carcinoma in situ. 
Tis (DCIS) DCIS. 
Tis (LCIS) LCIS. 
Tis (Paget) Paget disease of the nipple NOT associated with invasive carcinoma and/or 

carcinoma in situ (DCIS and/or LCIS) in the underlying breast 
parenchyma. Carcinomas in the breast parenchyma associated with Paget 
disease are categorized based on the size and characteristics of the 
parenchymal disease, although the presence of Paget disease should still be 
noted. 

T1 Tumor ≤20 mm in greatest dimension. 
T1mi Tumor ≤1 mm in greatest dimension. 
T1a Tumor >1 mm but ≤5 mm in greatest dimension. 
T1b Tumor >5 mm but ≤10 mm in greatest dimension. 
T1c Tumor >10 mm but ≤20 mm in greatest dimension. 
T2 Tumor >20 mm but ≤50 mm in greatest dimension. 
T3 Tumor >50 mm in greatest dimension. 
T4 Tumor of any size with direct extension to the chest wall and/or to the skin 

(ulceration or skin nodules).a 
T4a Extension to the chest wall, not including only pectoralis muscle 

adherence/invasion. 
T4b Ulceration and/or ipsilateral satellite nodules and/or edema (including peau 

d'orange) of the skin, which do not meet the criteria for inflammatory 
carcinoma. 

T4c Both T4a and T4b. 
T4d Inflammatory carcinoma. 
DCIS = ductal carcinoma in-situ; LCIS = lobular carcinoma in-situ. 
aInvasion of the dermis alone does not qualify as T4. 
 
b The T classification of the primary tumor is the same regardless of whether it is based 
on clinical or pathologic criteria, or both. Size should be measured to the nearest 
millimeter. If the tumor size is slightly less than or greater than a cutoff for a given T 
classification, it is recommended that the size be rounded to the millimeter reading that is 
closest to the cutoff. For example, a reported size of 1.1 mm is reported as 1 mm, or a 
size of 2.01 cm is reported as 2.0 cm. Designation should be made with the subscript "c" 
or "p" modifier to indicate whether the T classification was determined by clinical 
(physical examination or radiologic) or pathologic measurements, respectively. In 
general, pathologic determination should take precedence over clinical determination of 
T size. 
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Table 1.2.  Staging of regional lymph nodes (N). Taken from AJCC Cancer Staging 
Manual, 7th ed. (2010).(196) 
NX Regional lymph nodes cannot be assessed (e.g., previously removed). 
N0 No regional lymph node metastases. 
N1 Metastases to movable ipsilateral level I, II axillary lymph node(s). 

Metastases in ipsilateral level I, II axillary lymph nodes that are clinically 
fixed or matted. 
OR 

N2 

Metastases in clinically detecteda ipsilateral internal mammary nodes in the 
absence of clinically evident axillary lymph node metastases. 

N2a Metastases in ipsilateral level I, II axillary lymph nodes fixed to one another 
(matted) or to other structures. 

N2b Metastases only in clinically detecteda ipsilateral internal mammary nodes 
and in the absence of clinically evident level I, II axillary lymph node 
metastases. 
Metastases in ipsilateral infraclavicular (level III axillary) lymph node(s) 
with or without level I, II axillary lymph node involvement. 
OR 
Metastases in clinically detecteda ipsilateral internal mammary lymph 
node(s) with clinically evident level I, II axillary lymph node metastases. 
OR 

N3 

Metastases in ipsilateral supraclavicular lymph node(s) with or without 
axillary or internal mammary lymph node involvement. 

N3a Metastases in ipsilateral infraclavicular lymph node(s). 
N3b Metastases in ipsilateral internal mammary lymph node(s) and axillary 

lymph node(s). 
N3c Metastases in ipsilateral supraclavicular lymph node(s). 
 
a Clinically detected is defined as detected by imaging studies (excluding 
lymphoscintigraphy) or by clinical examination and having characteristics highly 
suspicious for malignancy or a presumed pathologic macrometastasis based on fine 
needle aspiration biopsy with cytologic examination. Confirmation of clinically detected 
metastatic disease by fine needle aspiration without excision biopsy is designated with an 
(f) suffix, for example, cN3a(f). Excisional biopsy of a lymph node or biopsy of a 
sentinel node, in the absence of assignment of a pT, is classified as a clinical N, for 
example, cN1. Information regarding the confirmation of the nodal status will be 
designated in site-specific factors as clinical, fine needle aspiration, core biopsy, or 
sentinel lymph node biopsy. Pathologic classification (pN) is used for excision or sentinel 
lymph node biopsy only in conjunction with a pathologic T assignment. 
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Table 1.3.  Pathologic nodal staging (pN).c  Taken from AJCC Cancer Staging Manual,  
              7th ed. (2010).(196) 
pNX Regional lymph nodes cannot be assessed (e.g., previously removed or not removed for pathologic study). 
pN0 No regional lymph node metastasis identified histologically. 
Note: ITCs are defined as small clusters of cells ≤0.2 mm, or single tumor cells, or a cluster of <200 cells in a single histologic cross-
section. ITCs may be detected by routine histology or by IHC methods. Nodes containing only ITCs are excluded from the total 
positive node count for purposes of N classification but should be included in the total number of nodes evaluated. 
pN0(i–) No regional lymph node metastases histologically, negative IHC. 
pN0(i+) Malignant cells in regional lymph node(s) ≤0.2 mm (detected by H&E or IHC including ITC). 
pN0(mol–) No regional lymph node metastases histologically, negative molecular findings (RT-PCR). 
pN0(mol+) Positive molecular findings (RT-PCR), but no regional lymph node metastases detected by histology or IHC. 

Micrometastases. 
OR 
Metastases in 1–3 axillary lymph nodes. 
AND/OR 

pN1 

Metastases in internal mammary nodes with metastases detected by sentinel lymph node biopsy but not clinically 
detected.a 

pN1mi Micrometastases (>0.2 mm and/or >200 cells but none >2.0 mm). 
pN1a Metastases in 1–3 axillary lymph nodes, at least one metastasis >2.0 mm. 
pN1b Metastases in internal mammary nodes with micrometastases or macrometastases detected by sentinel lymph node 

biopsy but not clinically detected.a 
pN1c Metastases in 1–3 axillary lymph nodes and in internal mammary lymph nodes with micrometastases or 

macrometastases detected by sentinel lymph node biopsy but not clinically detected. 
Metastases in 4–9 axillary lymph nodes. 
OR 

pN2 

Metastases in clinically detectedb internal mammary lymph nodes in the absence of axillary lymph node metastases. 
pN2a Metastases in 4–9 axillary lymph nodes (at least 1 tumor deposit >2 mm). 
pN2b Metastases in clinically detectedb internal mammary lymph nodes in the absence of axillary lymph node metastases. 

Metastases in ≥10 axillary lymph nodes. 
OR 
Metastases in infraclavicular (level III axillary) lymph nodes. 
OR 
Metastases in clinically detecteda ipsilateral internal mammary lymph nodes in the presence of one or more positive 
level I, II axillary lymph nodes. 
OR 
Metastases in >3 axillary lymph nodes and in internal mammary lymph nodes with micrometastases or 
macrometastases detected by sentinel lymph node biopsy but not clinically detected.a 
OR 

pN3 

Metastases in ipsilateral supraclavicular lymph nodes. 
Metastases in ≥10 axillary lymph nodes (at least 1 tumor deposit >2.0 mm). 
OR 

pN3a 

Metastases to the infraclavicular (level III axillary lymph) nodes. 
Metastases in clinically detectedb ipsilateral internal mammary lymph nodes in the presence of one or more positive 
axillary lymph nodes; 
OR 

pN3b 

Metastases in >3 axillary lymph nodes and in internal mammary lymph nodes with micrometastases or 
macrometastases detected by sentinel lymph node biopsy but not clinically detected.a 

pN3c Metastases in ipsilateral supraclavicular lymph nodes. 
AND = axillary node dissection; H&E = hematoxylin and eosin stain; IHC = immunohistochemical; ITC = isolated tumor cells; RT-
PCR = reverse transcriptase/polymerase chain reaction. 
 
a"Not clinically detected" is defined as not detected by imaging studies (excluding lymphoscintigraphy) or 
not detected by clinical examination. 
 
b"Clinically detected" is defined as detected by imaging studies (excluding lymphoscintigraphy) or by 
clinical examination and having characteristics highly suspicious for malignancy or a presumed pathologic 
macrometastasis based on fine-needle aspiration biopsy with cytologic examination. 
 
cClassification is based on axillary lymph node dissection with or without sentinel lymph node biopsy. 
Classification based solely on sentinel lymph node biopsy without subsequent axillary lymph node 
dissection is designated (SN) for "sentinel node," for example, pN0(SN). 
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Table 1.4.  Staging of distant metastases (M). Taken from AJCC Cancer Staging Manual,  
              7th ed. (2010).(196) 
M0 No clinical or radiographic evidence of distant metastases. 
cM0(i+) No clinical or radiographic evidence of distant metastases, but deposits of 

molecularly or microscopically detected tumor cells in circulating blood, 
bone marrow, or other nonregional nodal tissue that are ≤0.2 mm in a patient 
without symptoms or signs of metastases. 

M1 Distant detectable metastases as determined by classic clinical and 
radiographic means and/or histologically proven >0.2 mm. 

 
 
 
Table 1.5.  Anatomic stage/prognostic groups. Taken from AJCC Cancer Staging  

       Manual, 7th ed. (2010).(196) 
Stage T N M 

0  Tis  N0  M0 
IA  T1a  N0  M0 

T0  N1mi  M0 IB 
T1a  N1mi  M0 
T0  N1b  M0 
T1a  N1b  M0 

IIA 

T2  N0  M0 
T2  N1  M0 IIB 
T3  N0  M0 
T0  N2  M0 
T1a  N2  M0 
T2  N2  M0 
T3  N1  M0 

IIIA 

T3  N2  M0 
T4  N0  M0 
T4  N1  M0 

IIIB 

T4  N2  M0 
IIIC  Any T  N3  M0 
IV  Any T  Any N  M1 
 
aT1 includes T1mi. 
bT0 and T1 tumors with nodal micrometastases only are excluded from Stage IIA and are classified Stage IB. 
–M0 includes M0(i+). 
–The designation pM0 is not valid; any M0 should be clinical. 
–If a patient presents with M1 prior to neoadjuvant systemic therapy, the stage is considered Stage IV and remains Stage IV regardless 
of response to neoadjuvant therapy. 
–Stage designation may be changed if postsurgical imaging studies reveal the presence of distant metastases, provided that the studies 
are carried out within 4 months of diagnosis in the absence of disease progression and provided that the patient has not received 
neoadjuvant therapy. 
–Postneoadjuvant therapy is designated with "yc" or "yp" prefix. Of note, no stage group is assigned if there is a complete pathologic 
response (CR) to neoadjuvant therapy, for example, ypT0ypN0cM0. 
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Appendix 3 
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