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Abstract 

 

Background: Breast density and insulin-like growth factor-I (IGF-I) have both been linked to 

breast cancer risk. Prior research has shown an overwhelmingly positive association between 

these two factors, but almost exclusively in pre-menopausal women. In fact, few studies have 

focused on this relationship in post-menopausal women. Evidence suggests that reproductive 

hormones, like estrogen, might play a role in the overarching pathways connecting IGF-I, breast 

density, and breast cancer. 

 

Objective: The objectives of this thesis were to examine the relationship between IGF-I and 

breast density in post-menopausal women, and then determine if there was any effect 

modification of this association by estrogen level. 

 

Methods: This thesis focused on a cohort of 568 post-menopausal women from a clinical trial 

that analyzed the efficacy of exemestane in reducing breast cancer risk. Cumulus software was 

used to calculate percent breast density values from provided mammograms. These values were 

then dichotomized as being either low (< 25%) or moderately high (≥ 25%). IGF-I 

concentrations were determined by ELISA from collected serum samples, and then standardized 

prior to data analysis. The association between IGF-I level (standardized) and percent breast 

density (dichotomized) was analyzed using multivariable modified Poisson regression. In 

addition, log-transformed percent breast density values were used to measure the association 

through multiple linear regression. Effect modification by treatment arm (i.e. exemestane or 

placebo) was examined to determine if estrogen level plays any part in this relationship. 



iii 
 

Results: Percent breast density values were lower than anticipated (µ = 5.54%) with few women 

(13.9%) being classified as having moderately high breast density. Serum IGF-I levels were 

higher than expected (µ = 178.52 ng/mL), due in large part to exemestane administration. After 

identifying and controlling for potential covariates, there was no significant association detected 

between IGF-I and percent breast density in either its dichotomized (p = 0.30) or log-transformed 

(p = 0.60) form. The inclusion of an interaction term also returned a non-significant result for 

effect modification of these relationships by estrogen level. 

  

Conclusion: There was no observed association between IGF-I and breast density in 

postmenopausal women. This was seen regardless of estrogen level, as determined by treatment 

arm. 
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Chapter 1 

Introduction 

 

1.1 Overview and Rationale 

Breast cancer currently has the highest incidence and mortality rates among all cancer 

types for women around the world1, with both of these on the rise2. In Canada, incidence rates 

have remained fairly constant since the early 1990’s, while mortality rates have been on the 

decline since the mid 1980’s3. Similar trends can be seen in other developed countries4, and are 

in large part due to advancements in technology and cancer research that have led to improved 

screening and treatment methods5. However, even in these developed countries, breast cancer is 

still the most common type of cancer among women, and is now the second leading cause of 

cancer-related death behind lung cancer1. Consequently, breast cancer still remains an important 

public health challenge on a global scale.  

Researchers estimate that only 10 to 15% of all breast cancer cases are due to genetic 

predisposition6,7, such that reproductive, lifestyle, and environmental factors account for a rather 

large role in breast cancer etiology. Unfortunately, many of the well-established risk factors for 

breast cancer are either non-modifiable (e.g. age, race, family history) or cannot be targeted by 

interventions later in life (e.g. age at menarche, parity, age at first birth)8. Thus, the investigation 

of modifiable risk factors is of paramount importance for the primary prevention of breast 

cancer. 

Over the past 40 years, breast density, the relative amount of dense tissue in the breast, 

has consistently been shown to have a statistically significant association with breast cancer 
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risk9. In fact, only older age and BRCA gene mutations are associated with higher relative risks 

of breast cancer among women10. While breast density appears to be determined, in part, by 

genetics11,12, there is also evidence to suggest that it is somewhat modifiable13,14. This would 

allow for breast density to be used not only as a biomarker for breast cancer15, but also as a 

possible surrogate endpoint in clinical trials aimed at breast cancer prevention10. 

It has been hypothesized that certain endogenous hormones and growth factors may play 

a role in the proliferation of dense tissue in the breast, thereby increasing breast density16. 

Researchers have identified insulin-like growth factor-I (IGF-I) as one such candidate due to its 

mitogenic effect on breast epithelial cells17. Epidemiological studies have demonstrated an 

overall association between IGF-I levels and breast density, but the majority of these findings 

relate strictly to pre-menopausal women16,18–22. There has been less of an emphasis on examining 

this relationship solely in post-menopausal women23–27, and only one of these studies has found a 

statistically significant association similar to that seen in pre-menopausal women24. This thesis 

will explore the relationship between IGF-I and breast density in a relatively large cohort of post-

menopausal women. 

Several studies have noted the effect that reproductive hormones have in relation to 

breast cancer risk28, breast density modulation29, and growth factor regulation30. Estrogen has 

been implicated in interactions with the local expression of proteins in breast tissue31 as well as 

the growth factor pathways of the endocrine system32,33. Menopause is marked by a substantial 

decrease in estrogen production as the primary site of synthesis shifts from the ovaries to 

peripheral (mainly adipose) tissue34. However, even in post-menopausal women, estrogen levels 

are still strongly associated with breast cancer risk35. Due to the nature of the clinical trial from 

which this thesis derives its data, assessing a drug that lowers the amount of circulating estrogen 
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for breast cancer prevention, it will also be possible to discern any effect that estrogen level may 

have on the association between IGF-I and breast density in post-menopausal women. 

 

1.2 Thesis Objectives 

The purpose of this thesis is to examine the relationship between IGF-I and breast density 

in post-menopausal women by using a subset of data collected in the Canadian Cancer Trials 

Group (CCTG) Mammary Prevention 3 (MAP.3) trial, which examined the preventive effect of 

exemestane, an aromatase inhibitor, against breast cancer. The primary objective of this thesis is 

to determine the relationship between serum IGF-I level and percent breast density in this cohort, 

while the secondary objective is to assess for a similar association as it relates to absolute breast 

density, which is simply the total amount of dense tissue in the breast, irrespective of overall 

size. The tertiary objective is to then evaluate any potential effect modification of these 

relationships by treatment arm (i.e. exemestane or placebo), which will serve as a proxy for 

estrogen level.  

 

1.3 Overview of Study Design 

While there were 4,560 post-menopausal women enrolled in the MAP.3 trial, this thesis 

will only focus on a cohort of 568 participants who consented to and had additional blood and 

mammographic analyses performed as part of a correlative breast density sub-study conducted 

prior to this thesis. Per the objectives of this thesis, serum IGF-I levels were determined from 

blood samples drawn at 1-year post-randomization, and percent breast density values were 

calculated from mammograms taken at ≥ 3 years follow-up. 
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1.4 Thesis Organization 

This thesis is organized in a traditional format adhering to the guidelines provided by the 

School of Graduate Studies at Queen’s University. The second chapter of this thesis provides a 

detailed review of the literature related to breast density and IGF-I in regards to their risk factors, 

implications in breast cancer, susceptibility to hormonal effects, and associations with each 

other. The third chapter describes the study methods used in this thesis, while the fourth chapter 

contains the results of the analyses related to the thesis objectives. The fifth and final chapter 

discusses the implication of these results, methodological issues that may be present in the thesis 

design, and provides suggestions for further research related to this topic. 
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Chapter 2 

Literature Review 

 

2.1. Breast Cancer 

2.1.1 Descriptive Epidemiology of Breast Cancer 

 Worldwide, breast cancer is now the most commonly diagnosed cancer among women1. 

Data collected in 2012 by the International Agency for Research on Cancer (IARC) estimates 

that breast cancer has an age-standardized incidence rate of 43.3 per 100,000 women, accounting 

for roughly 25% of all newly diagnosed cancer cases in women1. This same data shows that 

breast cancer represents almost 15% of all cancer-related deaths in women, with a reported age-

standardized mortality rate of 12.9 per 100,000 women that is the highest among all cancer types 

in women1. These incidence and mortality rates have increased by more than 20% and 14%, 

respectively, from the previous estimates made in 20082. Of particular note are the disparities 

between developed and developing countries, as demonstrated by comparing the case fatality 

rate (CFR) in high income countries (0.37) to that in low and middle income countries (0.25)3. 

Taken as a whole, this highlights the need for not only clinical advances that improve survival 

outcomes to reach women in developing countries, but also the continued support of primary 

prevention research and subsequent intervention strategies across the globe. 

Narrowing the focus down to a national level, the Canadian Cancer Society (CCS) 

estimates that 26,000 women were diagnosed with breast cancer over the past year, and that this 

disease was responsible for the death of 5,000 women during the same time period4. This 

represents an age-standardized incidence rate of 130.1 per 100,000 women, and an age-
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standardized mortality rate of 23.4 per 100,000 women4. Current estimates are that 1 in 9 

Canadian women will develop breast cancer at some point in her lifetime, with 1 in 30 dying 

from the disease4. 

It is important to remember that breast cancer is a heterogeneous disease consisting of at 

least 31 distinct types based on tumor morphology5. However, epidemiological distinctions can 

most readily be made on the basis of age, menopausal status, or family history, such that tumor 

biology and prognostic profiles differ greatly between these groups (e.g. pre-menopausal versus 

post-menopausal)6. Thus, while many risk factors are shared between pre-menopausal and post-

menopausal breast cancers, the direction and magnitude of the related associations often vary6. 

Therefore, whenever possible in this thesis, risk factors and their estimates will be presented as 

they specifically relate to post-menopausal women. 

 

2.1.2 Breast Cancer Risk Factors 

Age, race, personal history of benign breast disease, family history of breast cancer in a 

first degree relative, and high penetrance gene mutations (e.g. BRCA1, BRCA2) have all 

demonstrated a moderate to strong association with breast cancer risk7. Reproductive and 

hormonal risk factors for breast cancer include age at menarche, parity, age at first live birth, 

breastfeeding duration, age at menopause, as well as the use of oral contraceptive (OC) and 

hormone replacement therapy (HRT)7. Other lifestyle and environmental factors that are 

associated with breast cancer risk include body mass index (BMI), physical activity, diet, alcohol 

consumption, smoking status, exposure to diethylstilbestrol (DES) in utero, vitamin D levels, 

prior radiation to the face and chest, shift work, and elevated mammographic parenchymal 

patterns (breast density)7,8. 
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As was mentioned previously, the strength of association between certain risk factors and 

breast cancer can vary depending on menopausal status. One of the clearest examples of this can 

be seen in relation to BMI. Obesity is associated with an almost two-fold increase in breast 

cancer risk among postmenopausal women, as well as a reduced incidence among pre-

menopausal women7. Certain risk factors are also associated with different types of breast cancer 

that are more common in women of various ages, and hence differentially impact women before 

and after menopause. BRCA gene mutations are often associated with more aggressive types of 

breast cancer that affect younger (pre-menopausal) women, and the younger a family member 

develops breast cancer the greater the risk for female relatives7. 

While genetic and hereditary factors have the strongest associations with breast cancer 

risk7, they are relatively rare when compared to other established and suspected risk factors for 

breast cancer, and as such, have a much lower population attributable risk than most of their 

modifiable counterparts. For instance, while roughly 60% of women who inherit a harmful 

BRCA1 mutation will develop breast cancer9–11, the approximate prevalence of these mutations 

is only 0.1% in the general population9,12. Thus, while high-risk BRCA1 mutations account for 

about 2% of all breast cancer cases13, this is drastically lower than the estimated 33% that is due 

to poor diet, nutrition, and exercise14. Additionally, the importance of lifestyle and environmental 

risk factors for breast cancer is emphasized by several epidemiological studies involving 

migrants, which have shown that breast cancer rates can change from those of the country of 

origin to those more reminiscent of the host country in as little as two generations15,16.  
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2.2 Breast Density 

2.2.1 Description of Breast Density 

Breast density is a quantitative measurement of the composition of breast tissue as it 

appears on a mammogram. Breast tissue can be classified as either dense or non-dense based on 

the type of tissue and its corresponding radiodensity. Dense breast tissue consists of fibrous 

connective tissue (stroma) as well as glandular epithelial tissue (parenchyma) that lines the 

mammary ducts17, and appears light gray or white on a mammogram due to its high X-ray 

attenuation18. The remainder of the breast consists of non-dense or fatty tissue17, and appears 

dark on a mammogram18. Breast (mammographic) density is generally assessed as a relative 

measurement, the ratio of dense to overall tissue, and reported as a percentage. 

 

2.2.2. History of Breast Density 

The association between breast density and breast cancer was first identified in the mid 

1970’s when a radiologist named John Wolfe started dividing mammograms into four 

parenchymal pattern categories (N1, P1, P2, DY) based on the distribution of fat and the 

prominence of the ducts in the image19. Although this method is highly subjective and widely 

variable in terms of agreement20, it did show that there was an increase in breast cancer incidence 

(0.14%, 0.52%, 1.96%, and 5.22%) according to parenchymal classification19. In the early 

1990’s, the American College of Radiology instituted the Breast Imaging Reporting and Data 

System (BI-RADS) classification scheme to address the lack of standardization and uniformity in 

mammographic reporting21. This also included a four-tiered classification system (entirely fatty, 

scattered granularity, heterogeneously dense, extremely dense) for describing and assessing the 

breast tissue composition of mammographic images22. However, while the BI-RADS 
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classification scheme is still qualitative in nature, there is a greater emphasis on detailed and 

standardized criteria than compared to the Wolfe classification system.  

The digitization of mammographic film that began in the mid 1990’s meant that more 

objective and quantifiable measurements could be made through the use of computer-assisted 

image analysis, allowing for percent breast density to eventually become the predominantly 

reported measurement in breast density research23. However, clinical radiologists continue to use 

the qualitative BI-RADS classification scheme in regards to describing mammographic 

composition. An attempt was made to bridge the assessment gap between scientific research and 

clinical practice with the inclusion of percent breast density ranges to the existing BI-RADS 

categories, but this failed to gain adoption by most radiologists, and was subsequently dropped22. 

This disconnect is primarily due to the technical and time constraints associated with quantitative 

measurements of percent breast density. However, new technologies and improvements in 

software automation are the focus of several prominent researchers24,25, which will hopefully 

lead to greater knowledge translation in this field. 

 

2.2.3 Breast Density and Breast Cancer 

Breast density is strongly associated with breast cancer risk, a meta-analysis of 42 studies 

across various classification systems determined that women with ≥ 75% breast density have a 

much greater risk (RR = 4.64, 95% CI: 3.64 – 5.91) of developing breast cancer than women 

with < 5% breast density26. When roughly quartile increments of percent breast density were 

compared, the relationship with breast cancer risk was observed to have a strong linear 

increasing trend, which was never quantified26. However, in a nested case-control study (cases = 

305, controls = 305) that explored breast cancer risk among women between the ages of 40 and 
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60 in the Canadian National Breast Screening Study (NBSS), a 2% increase in relative risk for 

every 1% increase in breast density was determined27. The association between breast density 

and breast cancer risk also appears to be independent of menopausal status, as a large prospective 

cohort study (n = 61,844) found that the relative risk of breast cancer between the highest and 

lowest BI-RADS categories was statistically equivalent (p = 0.74) for pre-menopausal (RR = 

4.61, 95% CI: 1.68 – 12.64) and post-menopausal (RR = 3.88, 95% CI: 2.60 – 5.78) women28. 

When adjusted for age and ethnicity, a model based on breast density alone is as accurate in 

predicting the risk of breast cancer as the Gail model29. This is a validated and widely used 

statistical model designed by the National Cancer Institute (NCI) that uses several non-

modifiable risk factors to identify women who are at high-risk for developing invasive breast 

cancer30. 

Researchers have suggested several rationales, based on underlying biological 

mechanisms, for the association between breast density and breast cancer31. These include the 

hypotheses that breast density reflects the following: the number of susceptible cells from which 

breast cancer originates32, the combined effects of cell proliferation and genetic damage33, the 

local estrogen production in the breasts34, the degree of lobular involution35, and the mechanical 

properties of breast tissue due to collagen matrix stiffness and crosslinking36,37.  

Since breast density is a relative measurement, it is also worthwhile to look at its 

components, dense and non-dense breast area, separately. A case-control study (cases = 960, 

controls = 1,662), nested within both Nurses’ Health Studies, that examined breast cancer risk in 

post-menopausal women according to quintiles of mammographic areas found independent 

associations for dense (OR = 2.19, 95% CI: 1.65 – 2.89) and non-dense (OR = 0.46, 95% CI: 

0.34 – 0.62) area, but also that percentage dense area (relative breast density) was an even 
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stronger risk factor (OR = 3.28, 95% CI: 2.41 – 4.45)38. This is why breast density is generally 

assessed with a relative measurement, the ratio of dense to overall tissue, rather than with an 

absolute measurement of denseness. However, it has been argued that even though percent breast 

density is a better prognostic factor for overall breast cancer outcomes, a measure of absolute 

density may have better etiologic value since its reflects the actual amount of stromal and 

epithelial tissue present in the breast39, and is thereby more reflective of the tissue in which 

breast cancers arise40. 

 

2.2.4 Masking Effect of Breast Density 

A potential issue that arises when discussing the association between breast density and 

breast cancer risk is the presence of a masking bias. The detection of cancer in women with 

radiographic dense breasts represents a major limitation of most mammographic screening 

programs due to the similarities in appearance between tumor and dense breast tissue on 

mammograms41. Thus, the observation that breast cancer incidence is increased in women with 

high breast density may be due to the presence of tumors in dense breast tissue being concealed 

during initial examinations, and then manifesting themselves in later years42,43.  

Several epidemiological studies have attempted to determine the existence of this 

masking bias by examining breast cancer risk at various time points from an initial 

mammographic evaluation. The relative risk of breast cancer for women with dense 

mammograms compared to those with lucent mammograms was shown to increase over time, 

which would be suggestive of a masking effect44–46. However, rather than returning to unity, 

these relative risks would eventually plateau, and were found to persist even up to a decade after 

the initial examination44–46. Thus, while it appears that a masking bias does exist, especially in 
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the short-term of 2 to 3 years42, it does not fully account for the increased breast cancer risk that 

has been historically seen in women with radiographic dense breasts. 

There is still a clinical importance to the masking effect in that women with high breast 

density who develop breast cancer are more likely to have received false negative 

mammographic readings prior to their diagnoses47. It is reasonable to assume that increased time 

to cancer diagnosis and treatment is associated with poorer outcomes, and there is a rather large 

amount of evidence that supports this in regards to breast cancer, especially when compared to 

studies of other cancer types48. Indeed, a retrospective cohort study (n = 121) of women with 

negative results at mammographic screening within 17 months of a confirmed breast cancer 

diagnosis found significant differences in tumor size, grade, and stage among women in the 

highest BI-RADS category compared to those in the lowest49. Thus, women with radiographic 

dense breasts are disadvantaged in two ways, they are at an increased risk for developing breast 

cancer in the first place, and any tumors that do develop in the breast tissue will be much more 

difficult to detect during regular mammographic screening44. 

 

2.2.5 Determinants of Breast Density 

Many of the characteristics that are associated with breast density are also risk factors for 

breast cancer, and can similarly vary depending on menopausal status. Specifically for post-

menopausal women, these include age, body size, age at menarche, parity, age at first birth, age 

at menopause, HRT use, diet, and alcohol consumption50. Although the biological mechanisms 

through which breast density may influence breast cancer risk are not completely understood, it 

has been postulated that many of the these overlapping factors may affect breast cancer risk 

through their effect on breast density50. 
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Breast density has an inverse relationship with age, as mean percent breast density 

decreases in a linear fashion of about 1% per year for women who do not transition through 

menopause33,51. This caveat is mentioned as post-menopausal women generally have a lower 

mean percent breast density than pre-menopausal women52–56. It was observed over a 5 year 

period that women who transitioned through menopause had a roughly 3% greater decrease in 

percent breast density than those who did not51. Weight and BMI are both positively associated 

with the total and non-dense tissue area of the breast as it appears on a mammogram, while being 

negatively associated with percent breast density39,57. For reference, percent breast density 

decreases by roughly 1% for each additional 2.8 kg of body weight gained58. These associations 

likely reflect correlations between increased body fat and adipose tissue deposition in the breast, 

which then drives the inverse association with percent breast density through its effect on total 

breast area57. 

On average, nulliparous women have higher breast density than parous women, 

regardless of age59, with an associated 2% decrease in percent breast density per live birth60,61. In 

regards to family history, women with ≥ 75% breast density are more likely (OR = 1.70, 95% CI: 

1.05 – 2.07) to have at least one first-degree relative with breast cancer than women with < 25% 

breast density62. Additionally, women with one affected first-degree relative have a mean breast 

density that is 3.1% higher than those who have none, increasing to 7.0% for women with two or 

more affected first-degree relatives63. 

Positive associations have been reported between breast density and greater saturated fat 

intake64, vitamin B12 supplement use65, and alcohol consumption65. However, vitamin D and 

calcium supplement use are both negatively associated with breast density66. It is worth 
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mentioning that the inverse relationship related to taking vitamin D supplements does not 

translate to serum levels of calcifediol67,68, the biologically active form of vitamin D. 

 

2.2.6 Pike Model of Breast Cancer 

 Given that percent breast density is independently associated with breast cancer risk69, 

and since it has been shown that breast density decreases with increasing age33, it would seem 

paradoxical that breast cancer incidence increases with age70. This paradox is somewhat 

explained by the Pike model of breast cancer that was proposed in the early 1980’s to address the 

fact that breast cancer does not exhibit the expected log-log relationship between incidence and 

age that is seen among most cancer types71. This model was also used to address the fact that 

certain breast cancer risk factors, like breast density, exhibited increases or decreases with age 

that did not correlate to the increased risk of breast cancer in older women71.  

The Pike model put forth the concept of breast tissue age rather than chronological age as 

the relevant measure for describing the age-specific incidence of breast cancer72. In this model, 

breast tissue age refers to the cumulative exposure of breast tissue to hormones and growth 

factors over a lifetime, and the effect this has on the kinetics of breast cells and the accumulation 

of genetic damage33. This aging is heavily influenced by reproductive events (e.g. menarche, 

pregnancy, and menopause)71, where there are dramatic shifts in reproductive and growth 

hormone levels. To this end, the rate of breast tissue aging is at its highest during puberty, and 

then slowly decreases over adulthood with significant decreases occurring during pregnancy and 

perimenopause71. The concept of breast tissue age shares many similarities with breast density, 

especially in relation to how and when it can change over the course of a lifetime. Thus, long-

term breast density may be more reflective of a cumulative exposure to hormones and growth 
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factors that stimulate cell division in breast stroma and epithelium, and this exposure could be an 

important factor underlying the age-specific incidence of breast cancer in the population72. 

 

2.2.7 Estrogen Effects on Breast Density 

Breast density is influenced by endogenous and exogenous sources of estrogen, and can 

be regarded as a marker for the effect of estrogen on breast tissue73. As stated previously, breast 

density decreases after menopause as ovarian function, and subsequently estrogen production, 

declines51. A similar inverse relationship can be seen in individuals who are taking anti-

estrogenic medication. 

 

2.2.7.1 Selective Estrogen Receptor Modulators 

  Selective estrogen receptor modulators (SERMs), which have been used regularly in the 

prevention and treatment of breast cancer74,75, are a range of compounds that interact with 

estrogen receptors in either an agonistic, antagonistic, or mixed fashion76. Thus, while the 

amount of circulating estrogen remains unchanged, its ability to bind and interact with various 

cellular receptors throughout the body is greatly reduced. Tamoxifen, the most commonly 

prescribed SERM, has been used for almost 40 years to treat estrogen receptor positive (ER+) 

breast cancers by interfering with the ability of estrogen to stimulate the growth of breast cancer 

cells77. In several studies of women at high risk for breast cancer, tamoxifen use was associated 

with a greater decrease in breast density of about 6% when compared to those who received 

placebo78,79. While these reductions were observed over a roughly 4 year period78,79, it was noted 

that they were already present within the first 18 months of treatment79. However, these studies 
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also found an interaction with age, such that the mean decreases in breast density were larger in 

pre-menopausal women than in post-menopausal women78,79.  

 

2.2.7.2 Aromatase Inhibitors 

Exemestane belongs to another class of drugs that disrupts estrogen activity, known as 

aromatase inhibitors (AIs). As their name implies, these drugs prevent aromatase, a hormonal 

enzyme, from properly functioning. This enzyme is responsible for the biosynthetic conversion 

of precursor androgens to estrogen, which for post-menopausal women occurs mainly in 

peripheral adipose tissue. Thus, by preventing aromatase from catalyzing this reaction, the body 

is effectively depleted of estrogen. These drugs have mainly been used in the treatment of ER+ 

breast cancers in postmenopausal women80, although the MAP.3 trial, from which the data for 

thesis was derived, demonstrated its potential for invasive breast cancer prevention81. However, 

in studies that have examined the changes in breast density brought on by the initiation of 

aromatase inhibitor treatment in post-menopausal women, the results remain unclear due to 

conflicting findings. 

 

2.2.7.3 Exogenous Estrogen Supplementation 

HRT has been shown to increase breast density, with discontinuation of HRT showing a 

subsequent decrease in breast density82. This transient effect of increased breast density while on 

HRT is also affected by the duration of the therapy as those women who were on HRT for longer 

periods of time also had longer periods of sustained high density after discontinuation82.  

Due to the fact that breast density is a quantification of the amount of stromal and 

epithelial tissue in the breast, it may be a reflection of exposure to various endogenous hormones 
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and growth factors that stimulate the division of these types of cells, and thus are responsible for 

the differences in breast tissue composition among women55.  

 

2.3. Insulin-Like Growth Factor-I 

2.3.1 Description of IGF-I 

IGF-I is a small (70 amino acid) protein that derives its name from the roughly 50% 

sequence similarity it shares with proinsulin83. It was discovered during the 1970’s, and was 

initially called somatomedin C, and was characterized due to its insulin-like effects on tissue. It 

is primarily produced in the liver as an endocrine hormone in response to direct stimulation by 

growth hormone, which is released from the pituitary gland. However, it can also be secreted by 

multiple tissues types, but with a much diminished autocrine and paracrine effect84. Circulating 

levels of IGF-I increase during childhood, peaking during puberty, and then slowly decrease 

throughout adolescence and adulthood85. Thus, IGF-I levels are at their lowest during infancy 

and old age85, and noticeably lower in women after menopause86. The amount of freely 

circulating IGF-I in the bloodstream is always low as approximately 99% of circulating IGF-I is 

bound to 1 of 6 of its binding proteins (IGFBP), with IGFBP-3 being the most abundant binding 

partner accounting for 75-90% of all IGF-I binding87. This binding to carrier proteins creates a 

complex that has a half-life of 12-15 hours, compared to 20 minutes for growth hormone, which 

means that concentrations of IGF-I are more stable and do not suffer from circadian fluctuation 

like growth hormone and other hormones88. This stability in relation to other hormones has 

clinical benefits, as abnormalities in growth hormone production in children are actually tested 

for in clinical settings by measuring IGF-I levels. Since IGF-I is directly stimulated by growth 

hormone, increased IGF-I levels are a better indicator of growth hormone imbalances, as growth 
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hormone varies widely throughout the day. This is why acromegaly, a condition brought on by 

the overproduction of growth hormone, is actually diagnosed through the detection of 

abnormally high IGF-I levels. 

 IGF-I plays an important role in skeletal growth, and while stimulated by growth 

hormone it also simultaneously mediates its effects. IGF-I, like most growth factors, is 

responsible for muscle and bone growth during childhood and adolescence, and has anabolic 

effect related to muscle and bone maintenance throughout adulthood. Its role in muscle and bone 

growth is why it is used to treat growth failures, has been prescribed in elderly population to 

maintain muscle and bone health, and is widely used as muscle growth enhancer by professional 

body builders. IGF-I’s primary role as a mediator of growth hormone is due to the abundance of 

receptor protein IGFR1 that is found on cells throughout the body as well as its ability to bind to 

insulin receptors. However, the focus of this thesis on IGF-I is in relation to the effects that it has 

on proliferation and division on a cellular level. 

 

2.3.2 IGF-I and Breast Cancer 

IGF-I is also responsible for regulating the proliferation, differentiation, and specific 

functions of many cell types. IGF-I has been established as a mitogen, and has been linked to the 

progression of breast89,90, colon91, lung92, and prostate cancers93,94. It has been shown that due to 

its role in cell differentiation and proliferation, IGF-I has a mitogenic effect on breast cells, as 

well as a protective effect against breast cell apoptosis and chemotherapy treatment95. Although 

the mechanisms underlying the association between IGF-I and breast cancer risk remain to be 

elucidated, it is speculated that growth factors, including IGF-I, play an important role in the 

pathogenesis of breast cancer. For instance, women with acromegaly, also known as gigantism, 
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have higher levels of IGF-I, and are known to be at an increased risk of breast cancer compared 

to the general population96. A pooled analysis of 17 different prospective cohort studies showed 

that high circulating levels of IGF-I are positively associated with breast cancer risk in women 

(OR = 1.28, 95% CI: 1.14 – 1.44), regardless of menopausal status97.  

However, this analysis did stress that a better understanding of the joint effects of 

hormones on this association is needed. A study that looked at both IGF-I levels and the critical 

period of estrogen exposure (age at menarche until first live birth) in relation to breast cancer risk 

saw there was no significant association between IGF-I levels and breast cancer risk in post-

menopausal women (OR = 1.53, 95% CI: 0.75 – 3.10), but did see that elevated IGF-I levels in 

conjunction with a prolonged critical period of estrogen exposure were associated with increased 

breast cancer risk (OR = 2.24, 95% CI: 1.26 – 3.98)98. The authors concluded that the joint effect 

of IGF-I and estrogen may provide for novel methods of breast cancer risk reduction among 

women. 

 

2.3.3 Determinants of IGF-I 

The most important factor controlling IGF-I secretion and concentration, biologically, is 

growth hormone99, but age (post-puberty) has a strong inverse relationship with IGF-I levels100. 

Genetic factors and levels of other hormones (i.e. insulin, estrogen, testosterone, and cortisol) 

have also been shown to regulate IGF-I secretion101. Many of the other factors affecting IGF-I 

levels are related to lifestyle choices, including body mass index (BMI)102, physical 

activity103,104, diet105, alcohol consumption106, and vitamin D107. 
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2.3.4 Estrogen Effects on IGF-I 

Estrogen regulates IGF-I concentration through its secretion, action, and degradation, but 

the distinction between endogenous and exogenous sources, as well as between past and current 

use remains unclear. Tamoxifen, a potent SERM, has been shown to decrease IGF-I levels108,109, 

which suggests that their estrogen-like effects on IGF-I production are mediated through 

estrogen receptor activation. The use of AI has been shown to increase IGF-I levels in the 

intermediate timeframes of 3 to 6 months, but these changes were no longer present at 1 year110. 

Future studies that look at AI effects on IGF-I levels require longer study periods and larger 

sample sizes in order to better understand this relationship. 

 

2.4 IGF-I and Breast Density 

While growth hormone is believed to be primarily responsible for mammary ductal 

morphogenesis, it has been demonstrated that IGF-I can mimic this action on mammary 

development in the absence of growth hormone111. During the literature review phase of this 

thesis, 6 studies were identified that looked at the relationship between IGF-I levels and breast 

density in women, and showed an overall significant association. However, when these analyses 

were stratified by menopausal status, the association only remained significant for pre-

menopausal women53,55,56,112–114. An additional 5 studies were found that examined this 

association strictly in post-menopausal women115–119, and only one of them reported a significant 

association116. This particular study was conducted in Norwegian women (n = 977) participating 

in a national mammographic screening program. Percent breast density was log-transformed 

(continuous) and IGF-I was categorized into quartiles and then treated as a continuous variable 
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(1-4) for analysis. The absolute difference in percent breast density was 1.5% between the 

highest and lowest quartile of IGF-I, which corresponded to a 21% relative difference116. 

Of the 10 studies that did not find a significant association between IGF-I and breast 

density in post-menopausal women, all had a cross-sectional design. The sample sizes for these 

studies were quite small, especially in those where the post-menopausal cohort was a stratified 

segment of the study population. It is interesting to note that the one study that saw a positive 

association between IGF-I and breast density, also happened to be the largest. This may point to 

issues of power that are affecting the ability of the other studies to detect a significant 

association, especially when considering that most of these other studies have sample sizes of 

about 1/5 the size. While all these studies had some type of criteria for assessing the menopausal 

status of the participants, there were other differences in the eligibility and ineligibility criteria. 

Some only selected women who had not recently had HRT, some required natural menopause 

such that younger women who had had bilateral oophorectomies were not eligible, while others 

had BMI requirements. Often these criteria were tied to the initial aims of the trials or studies 

that collected mammograms and blood samples, from which the data used in these studies were 

taken. 

IGF-I concentrations were measured by several different assays, although the majority of 

the assays used relied on similar biochemical methods, that required different reagents and 

imaging equipment. While the inter-assay CVs reported for each of these assays were low, the 

correlation between measurements of different assays is unknown. However, Cumulus software 

was used in each of the studies that assessed a quantitative measurement of percent breast 

density. Those that provided reliability measurements calculated from the reassessment of a 

random sample showed that intra-reader reliability for this software is quite high. Several of the 
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studies had a rather low mean percent breast density in comparison to other studies, while a few 

merely provided a median value most likely due to a non-normal distribution of percent breast 

density values. The differences in the distribution of the exposure and outcome variable led to 

differences in analysis strategies depending on whether the variable was treated as continuous, 

transformed, or categorized. 

Analyses were often a test for trends across quartiles of the exposure variable, or a linear 

regression. Two studies merely tested for a correlation between the two variables. Estimates 

made by the studies varied from those that were positive, but not significant all the way to those 

showing non-significant inverse associations. The one constant in any of the assays that stratified 

on HRT use was that women who had never had or were not current users of HRT, tended to 

have stronger associations between IGF-I and breast density, although these associations were 

still statistically null. 

 

2.5 Breast Density, IGF-I, and Interactions with Estrogen 

It is believed that IGF-I and growth hormone mediate glandular mammary development 

together with estrogen. IGF-I has also been shown to act synergistically with estrogen to 

stimulate breast cell growth120, and blockade of their action results in tumor growth inhibition121. 

While initially it was believed that these agents acted independently, it has now been suggested 

that IGF and estrogen-mediated signaling pathways are interconnected122. 
Due to the interaction of the cellular pathways and mechanisms between IGF-I and 

estrogen, the changes in breast density in response to estrogenic manipulation, and the 

synergistic effects that these hormones have on breast tissue growth (and thus on breast density), 

there is ample evidence of potential effect modification of the association between IGF-I and 
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breast density by estrogen level. There is a need to better understand the mechanism by which 

IGF-I may cause breast cancer, as well as the role that estrogen may play in the etiology. This 

study will explore one possible mechanism via breast density, and seeks to better understand the 

association between IGF-I levels and breast density in post-menopausal women while taking into 

account any potential effects from estrogen, which is an investigation that has been 

recommended in several previous studies that looked at this association. Access to data from a 

cohort of post-menopausal women randomized to either exemestane or placebo will allow for an 

evaluation of the relationship between IGF-I and breast density independent of estrogen effects.  

 

2.6 References 

1.  Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer Incidence and Mortality Worldwide: 

Sources, Methods and Major Patterns in GLOBOCAN 2012. Int J Cancer. 

2015;136(5):E359-E386. doi:10.1002/ijc.29210. 

2.  International Agency for Research on Cancer. Latest World Cancer Statistics Global 

Cancer Burden Rises to 14.1 Million New Cases in 2012: Marked Increase in Breast 

Cancers Must Be Addressed. Lyon, France; 2013. 

3.  Yip CH, Taib NA. Breast Health in Developing Countries. Climacteric. 2014;17(S2):54-

59. doi:10.3109/13697137.2014.947255. 

4.  Canadian Cancer Society’s Advisory Committee on Cancer Statistics. Canadian Cancer 

Statistics 2016. Toronto, ON; 2016. 

5.  Sinn H-P, Kreipe H. A Brief Overview of the WHO Classification of Breast Tumors, 4th 

Edition, Focusing on Issues and Updates From the 3rd Edition. Breast Care. 



28 
 

2013;8(2):149-154. doi:10.1159/000350774. 

6.  Phipps AI, Li CI. Breast Cancer Biology and Clinical Characteristics. In: Li C, ed. Breast 

Cancer Epidemiology. 1st ed. New York, NY: Springer-Verlag; 2010:21-46. 

7.  McPherson K, Steel CM, Dixon JM. ABC of Breast Diseases. Breast Cancer-

Epidemiology, Risk Factors, and Genetics. Br Med J. 2000;321(7261):624-628. 

8.  American Cancer Society. Cancer Facts & Figures 2015. Atlanta, GA; 2015. 

9.  Janavicius R. Founder BRCA1/2 Mutations in the Europe: Implications for Hereditary 

Breast-Ovarian Cancer Prevention and Control. EPMA J. 2010;1(3):397-412. 

doi:10.1007/s13167-010-0037-y. 

10.  Mann GJ, Thorne H, Balleine RL, et al. Analysis of Cancer Risk and BRCA1 and BRCA2 

Mutation Prevalence in the kConFab Familial Breast Cancer Resource. Breast Cancer 

Res. 2006;8(1):R12. doi:10.1186/bcr1377. 

11.  Fackenthal JD, Olopade OI. Breast Cancer Risk Associated With BRCA1 and BRCA2 in 

Diverse Populations. Nat Rev Cancer. 2007;7(12):937-948. doi:10.1038/nrc2054. 

12.  Anglian Breast Cancer Study Group, Pharoah PDP, Easton DF, Ponder BAJ. Prevalence 

and Penetrance of BRCA1 and BRCA2 Mutations in a Population-Based Series of Breast 

Cancer Cases. Br J Cancer. 2000;83(10):1301-1308. doi:10.1054/bjoc.2000.1407. 

13.  Kiechle M, Meindl A. Predisposition for Breast Cancer. In: Molecular Oncology of Breast 

Cancer. Jones and Barlett; 2005:48-59. 

14.  Mezzetti M, la Vecchia C, Decarli A, Boyle P, Talamini R, Franceschi S. Population 



29 
 

Attributable Risk for Breast Cancer: Diet, Nutrition, and Physical Exercise. J Natl Cancer 

Inst. 1998;90(5):389-394. 

15.  Shimizu H, Ross RK, Bernstein L, Yatani R, Henderson BE, Mack TM. Cancers of the 

Prostate and Breast Among Japanese and White Immigrants in Los Angeles County. Br J 

Cancer. 1991;63(6):963-966. 

16.  Ziegler RG, Hoover RN, Pike MC, et al. Migration Patterns and Breast Cancer Risk in 

Asian-American Women. J Natl Cancer Inst. 1993;85(22):1819-1827. 

17.  Yaffe MJ. Mammographic Density. Measurement of Mammographic Density. Breast 

Cancer Res. 2008;10(3):209. doi:10.1186/bcr2102. 

18.  Johns PC, Yaffe MJ. X-Ray Characterisation of Normal and Neoplastic Breast Tissues. 

Phys Med Biol. 1987;32(6):675-695. 

19.  Wolfe JN. Breast Patterns as an Index of Risk for Developing Breast Cancer. Am J 

Roentgenol. 1976;126(6):1130-1139. doi:10.2214/ajr.126.6.1130. 

20.  Toniolo P, Bleich AR, Beinart C, Koenig KL. Reproducibility of Wolfe’s Classification of 

Mammographic Parenchymal Patterns. Prev Med (Baltim). 1992;21(1):1-7. 

21.  Burnside ES, Sickles EA, Bassett LW, et al. The ACR BI-RADS Experience: Learning 

From History. J Am Coll Radiol. 2009;6(12):851-860. doi:10.1016/j.jacr.2009.07.023. 

22.  Sickles EA, D’Orsi CJ, Bassett LW. ACR BI-RADS Mammography. In: ACR BI-RADS 

Atlas. 5th ed. Reston, VA: American College of Radiology; 2013:121-140. 

23.  Byng JW, Boyd NF, Fishell E, Jong RA, Yaffe MJ. Automated Analysis of 



30 
 

Mammographic Densities. Phys Med Biol. 1996;41(5):909-923. 

24.  Nickson C, Arzhaeva Y, Aitken Z, et al. AutoDensity: An Automated Method to Measure 

Mammographic Breast Density That Predicts Breast Cancer Risk and Screening 

Outcomes. Breast Cancer Res. 2013;15(5):R80. doi:10.1186/bcr3474. 

25.  Alonzo-Proulx O, Mawdsley GE, Patrie JT, Yaffe MJ, Harvey JA. Reliability of 

Automated Breast Density Measurements. Radiology. 2015;275(2):366-376. 

doi:10.1148/radiol.15141686. 

26.  McCormack VA, dos Santos Silva I. Breast Density and Parenchymal Patterns as Markers 

of Breast Cancer Risk: A Meta-Analysis. Cancer Epidemiol Biomarkers Prev. 

2006;15(6):1159-1169. doi:10.1158/1055-9965.EPI-06-0034. 

27.  Boyd NF, Byng JW, Jong RA, et al. Quantitative Classification of Mammographic 

Densities and Breast Cancer Risk: Results From the Canadian National Breast Screening 

Study. J Natl Cancer Inst. 1995;87(9):670-675. 

28.  Vacek PM, Geller BM. A Prospective Study of Breast Cancer Risk Using Routine 

Mammographic Breast Density Measurements. Cancer Epidemiol Biomarkers Prev. 

2004;13(5):715-722. 

29.  Tice JA, Cummings SR, Ziv E, Kerlikowske K. Mammographic Breast Density and the 

Gail Model for Breast Cancer Risk Prediction in a Screening Population. Breast Cancer 

Res Treat. 2005;94(2):115-122. doi:10.1007/s10549-005-5152-4. 

30.  Bondy ML, Newman LA. Assessing Breast Cancer Risk: Evolution of the Gail Model. J 

Natl Cancer Inst. 2006;98(17):1172-1173. doi:10.1093/jnci/djj365. 



31 
 

31.  Pettersson A, Tamimi RM. Breast Density and Breast Cancer Risk: Understanding of 

Biology and Risk. Curr Epidemiol Reports. 2014;1(3):120-129. doi:10.1007/s40471-014-

0018-0. 

32.  Trichopoulos D, Lipman RD. Mammary Gland Mass and Breast Cancer Risk. 

Epidemiology. 1992;3(6):523-526. 

33.  Martin LJ, Boyd NF. Mammographic Density. Potential Mechanisms of Breast Cancer 

Risk Associated With Mammographic Density: Hypotheses Based on Epidemiological 

Evidence. Breast Cancer Res. 2008;10(1):201. doi:10.1186/bcr1831. 

34.  Vachon CM, Sasano H, Ghosh K, et al. Aromatase Immunoreactivity is Increased in 

Mammographically Dense Regions of the Breast. Breast Cancer Res Treat. 

2011;125(1):243-252. doi:10.1007/s10549-010-0944-6. 

35.  Ginsburg OM, Martin LJ, Boyd NF. Mammographic Density, Lobular Involution, and 

Risk of Breast Cancer. Br J Cancer. 2008;99(9):1369-1374. doi:10.1038/sj.bjc.6604635. 

36.  Provenzano PP, Inman DR, Eliceiri KW, Keely PJ. Matrix Density-Induced 

Mechanoregulation of Breast Cell Phenotype, Signaling and Gene Expression Through a 

FAK-ERK Linkage. Oncogene. 2009;28(49):4326-4343. doi:10.1038/onc.2009.299. 

37.  Levental KR, Yu H, Kass L, et al. Matrix Crosslinking Forces Tumor Progression by 

Enhancing Integrin Signaling. Cell. 2009;139(5):891-906. doi:10.1016/j.cell.2009.10.027. 

38.  Pettersson A, Hankinson SE, Willett WC, Lagiou P, Trichopoulos D, Tamimi RM. 

Nondense Mammographic Area and Risk of Breast Cancer. Breast Cancer Res. 

2011;13(5):R100. doi:10.1186/bcr3041. 



32 
 

39.  Haars G, van Noord PAH, van Gils CH, Grobbee DE, Peeters PHM. Measurements of 

Breast Density: No Ratio for a Ratio. Cancer Epidemiol Biomarkers Prev. 

2005;14(11):2634-2640. doi:10.1158/1055-9965.EPI-05-0824. 

40.  Ursin G, Hovanessian-Larsen L, Parisky YR, Pike MC, Wu AH. Greatly Increased 

Occurrence of Breast Cancers in Areas of Mammographically Dense Tissue. Breast 

Cancer Res. 2005;7(5):R605-R608. doi:10.1186/bcr1260. 

41.  Helvie MA. Digital Mammography Imaging: Breast Tomosynthesis and Advanced 

Applications. Radiol Clin North Am. 2010;48(5):917-929. doi:10.1016/j.rcl.2010.06.009. 

42.  Egan RL, Mosteller RC. Breast Cancer Mammography Patterns. Cancer. 

1977;40(5):2087-2090. 

43.  van Gils CH, Otten JDM, Verbeek ALM, Hendriks JHCL. Mammographic Breast Density 

and Risk of Breast Cancer: Masking Bias or Causality? Eur J Epidemiol. 1998;14(4):315-

320. 

44.  Whitehead J, Carlile T, Kopecky KJ, et al. Wolfe Mammographic Parenchymal Patterns. 

A Study of the Masking Hypothesis of Egan and Mosteller. Cancer. 1985;56(6):1280-

1286. 

45.  Brisson J, Morrison AS, Khalid N. Mammographic Parenchymal Features and Breast 

Cancer in the Breast Cancer Detection Demonstration Project. J Natl Cancer Inst. 

1988;80(19):1534-1540. 

46.  Byrne C, Schairer C, Wolfe J, et al. Mammographic Features and Breast Cancer Risk: 

Effects With Time, Age, and Menopause Status. J Natl Cancer Inst. 1995;87(21):1622-



33 
 

1629. 

47.  Mandelson MT, Oestreicher N, Porter PL, et al. Breast Density as a Predictor of 

Mammographic Detection: Comparison of Interval- and Screen-Detected Cancers. J Natl 

Cancer Inst. 2000;92(13):1081-1087. 

48.  Neal RD, Tharmanathan P, France B, et al. Is Increased Time to Diagnosis and Treatment 

in Symptomatic Cancer Associated With Poorer Outcomes? Systematic Review. Br J 

Cancer. 2015;112(S1):S92-S107. doi:10.1038/bjc.2015.48. 

49.  Roubidoux MA, Bailey JE, Wray LA, Helvie MA. Invasive Cancers Detected After Breast 

Cancer Screening Yielded a Negative Result: Relationship of Mammographic Density to 

Tumor Prognostic Factors. Radiology. 2004;230(1):42-48. 

doi:10.1148/radiol.2301020589. 

50.  Vachon CM, Kuni CC, Anderson K, Anderson VE, Sellers TA. Association of 

Mammographically Defined Percent Breast Density With Epidemiologic Factors for 

Breast Cancer (United States). Cancer Causes Control. 2000;11(7):653-662. 

51.  Boyd N, Martin L, Stone J, Little L, Minkin S, Yaffe M. A Longitudinal Study of the 

Effects of Menopause on Mammographic Features. Cancer Epidemiol Biomarkers Prev. 

2002;11(10):1048-1053. 

52.  Diorio C, Pollak M, Byrne C, et al. Insulin-Like Growth Factor-I, IGF-Binding Protein-3, 

and Mammographic Breast Density. Cancer Epidemiol Biomarkers Prev. 

2005;14(5):1065-1073. doi:10.1158/1055-9965.EPI-04-0706. 

53.  Byrne C, Colditz GA, Willett WC, Speizer FE, Pollak M, Hankinson SE. Plasma Insulin-



34 
 

Like Growth Factor (IGF) I, IGF-Binding Protein 3, and Mammographic Density. Cancer 

Res. 2000;60(14):3744-3748. 

54.  Lai JH, Vesprini D, Zhang W, Yaffe MJ, Pollak M, Narod SA. A Polymorphic Locus in 

the Promoter Region of the IGFBP3 Gene Is Related to Mammographic Breast Density. 

Cancer Epidemiol Biomarkers Prev. 2004;13(4):573-582. 

55.  Boyd NF, Stone J, Martin LJ, et al. The Association of Breast Mitogens With 

Mammographic Densities. Br J Cancer. 2002;87(8):876-882. doi:10.1038/sj.bjc.6600537. 

56.  dos Santos Silva I, Johnson N, de Stavola B, et al. The Insulin-Like Growth Factor System 

and Mammographic Features in Premenopausal and Postmenopausal Women. Cancer 

Epidemiol Biomarkers Prev. 2006;15(3):449-455. doi:10.1158/1055-9965.EPI-05-0555. 

57.  Tseng M, Byrne C. Adiposity, Adult Weight Gain and Mammographic Breast Density in 

US Chinese Women. Int J Cancer. 2011;128(2):418-425. doi:10.1002/ijc.25338. 

58.  Reeves KW, Stone RA, Modugno F, et al. Longitudinal Association of Anthropometry 

With Mammographic Breast Density in the Study of Women’s Health Across the Nation. 

Int J Cancer. 2009;124(5):1169-1177. doi:10.1002/ijc.23996. 

59.  McCormack VA, Perry NM, Vinnicombe SJ, dos Santos Silva I. Changes and Tracking of 

Mammographic Density in Relation to Pike’s Model of Breast Tissue Aging: A UK 

Longitudinal Study. Int J Cancer. 2010;127(2):452-461. doi:10.1002/ijc.25053. 

60.  Li T, Sun L, Miller N, et al. The Association of Measured Breast Tissue Characteristics 

With Mammographic Density and Other Risk Factors for Breast Cancer. Cancer 

Epidemiol Biomarkers Prev. 2005;14(2):343-349. doi:10.1158/1055-9965.EPI-04-0490. 



35 
 

61.  Boyd NF, Guo H, Martin LJ, et al. Mammographic Density and the Risk and Detection of 

Breast Cancer. N Engl J Med. 2007;356(3):227-236. doi:10.1056/NEJMoa062790. 

62.  Ziv E, Shepherd J, Smith-Bindman R, Kerlikowske K. Mammographic Breast Density and 

Family History of Breast Cancer. J Natl Cancer Inst. 2003;95(7):556-558. 

63.  Martin LJ, Melnichouk O, Guo H, et al. Family History, Mammographic Density, and 

Risk of Breast Cancer. Cancer Epidemiol Biomarkers Prev. 2010;19(2):456-463. 

doi:10.1158/1055-9965.EPI-09-0881. 

64.  Brisson J, Verreault R, Morrison AS, Tennina S, Meyer F. Diet, Mammographic Features 

of Breast Tissue, and Breast Cancer Risk. Am J Epidemiol. 1989;130(1):14-24. 

65.  Vachon CM, Kushi LH, Cerhan JR, Kuni CC, Sellers TA. Association of Diet and 

Mammographic Breast Density in the Minnesota Breast Cancer Family Cohort. Cancer 

Epidemiol Biomarkers Prev. 2000;9(2):151-160. 

66.  Berube S, Diorio C, Verhoek-Oftedahl W, Brisson J. Vitamin D, Calcium, and 

Mammographic Breast Densities. Cancer Epidemiol Biomarkers Prev. 2004;13(9):1466-

1472. 

67.  Walker M. Vitamin D and Mammographic Density in Postmenopausal Women: A Cohort 

Study Nested Within a Chemoprevention Trial. 2014. 

68.  Fair AM, Lewis TJ, Sanderson M, et al. Increased Vitamin D and Calcium Intake 

Associated With Reduced Mammographic Breast Density Among Premenopausal 

Women. Nutr Res. 2015;35(10):851-857. doi:10.1016/j.nutres.2015.07.004. 

69.  Boyd NF, Lockwood GA, Byng JW, Tritchler DL, Yaffe MJ. Mammographic Densities 



36 
 

and Breast Cancer Risk. Cancer Epidemiol Biomarkers Prev. 1998;7(12):1133-1144. 

70.  Anderson WF, Chu KC, Chang S, Sherman ME. Comparison of Age-Specific Incidence 

Rate Patterns for Different Histopathologic Types of Breast Carcinoma. Vol 13.; 2004. 

71.  Pike MC, Krailo MD, Henderson BE, Casagrande JT, Hoel DG. “Hormonal” Risk 

Factors, “Breast Tissue Age” and the Age-Incidence of Breast Cancer. Nature. 

1983;303(5920):767-770. 

72.  Boyd NF, Rommens JM, Vogt K, et al. Mammographic Breast Density as an Intermediate 

Phenotype for Breast Cancer. Lancet Oncol. 2005;6(10):798-808. doi:10.1016/S1470-

2045(05)70390-9. 

73.  Chen JH, Hsu FT, Shih HN, et al. Does Breast Density Show Difference in Patients With 

Estrogen Receptor-Positive and Estrogen Receptor-Negative Breast Cancer Measured on 

MRI? Ann Oncol. 2009;20(8):1447-1449. doi:10.1093/annonc/mdp362. 

74.  Swaby RF, Sharma CGN, Jordan VC. SERMs for the Treatment and Prevention of Breast 

Cancer. Rev Endocr Metab Disord. 2007;8(3):229-239. doi:10.1007/s11154-007-9034-4. 

75.  Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for Prevention of Breast 

Cancer: Report of the National Surgical Adjuvant Breast and Bowel Project P-1 Study. J 

Natl Cancer Inst. 1998;90(18):1371-1388. 

76.  Martinkovich S, Shah D, Planey SL, Arnott JA. Selective Estrogen Receptor Modulators: 

Tissue Specificity and Clinical Utility. Clin Interv Aging. 2014;9:1437-1452. 

doi:10.2147/CIA.S66690. 

77.  Jordan VC. Tamoxifen: A Most Unlikely Pioneering Medicine. Nat Rev Drug Discov. 



37 
 

2003;2(3):205-213. doi:10.1038/nrd1031. 

78.  Brisson J, Brisson B, Cote G, Maunsell E, Berube S, Robert J. Tamoxifen and 

Mammographic Breast Densities. Cancer Epidemiol Biomarkers Prev. 2000;9(9):911-915. 

79.  Cuzick J, Warwick J, Pinney E, Warren RML, Duffy SW. Tamoxifen and Breast Density 

in Women at Increased Risk of Breast Cancer. J Natl Cancer Inst. 2004;96(8):621-628. 

80.  Dowsett M. Aromatase Inhibitors Come of Age. Ann Oncol. 1997;8(7):631-632. 

81.  Goss PE, Ingle JN, Ales-Martinez JE, et al. Exemestane for Breast-Cancer Prevention in 

Postmenopausal Women. N Engl J Med. 2011;364(25):2381-2391. 

doi:10.1056/NEJMoa1103507. 

82.  Rutter CM, Mandelson MT, Laya MB, Seger DJ, Taplin S. Changes in Breast Density 

Associated With Initiation, Discontinuation, and Continuing Use of Hormone 

Replacement Therapy. J Am Med Assoc. 2001;285(2):171-176. 

83.  Rinderknecht E, Humbel RE. The Amino Acid Sequence of Human Insulin-Like Growth 

Factor I and Its Structural Homology With Proinsulin. J Biol Chem. 1978;253(8):2769-

2776. 

84.  Melmed S. Medical Progress: Acromegaly. N Engl J Med. 2006;355(24):2558-2573. 

doi:10.1056/NEJMMra062453. 

85.  Tiryakioglu O, Kadiolgu P, Canerolgu NU, Hatemi H. Age Dependency of Serum Insulin-

Like Growth Factor (IGF)-1 in Healthy Turkish Adolescents and Adults. Indian J Med 

Sci. 2003;57(12):543-548. 



38 
 

86.  Nasu M, Sugimoto T, Chihara M, Hiraumi M, Kurimoto F, Chihara K. Effect of Natural 

Menopause on Serum Levels of IGF-I and IGF-Binding Proteins: Relationship With Bone 

Mineral Density and Lipid Metabolism in Perimenopausal Women. Eur J Endocrinol. 

1997;136(6):608-616. 

87.  Jogie-Brahim S, Feldman D, Oh Y. Unraveling Insulin-Like Growth Factor Binding 

Protein-3 Actions in Human Disease. Endocr Rev. 2009;30(5):417-437. 

doi:10.1210/er.2008-0028. 

88.  Guler H-P, Zapf J, Schmid C, Froesch ER. Insulin-Like Growth Factors I and II in 

Healthy Man. Estimations of Half-Lives and Production Rates. Acta Endocrinol (Copenh). 

1989;121(6):753-758. 

89.  Hankinson SE, Willett WC, Colditz GA, et al. Circulating Concentrations of Insulin-Like 

Growth Factor I and Risk of Breast Cancer. Lancet. 1998;351(9113):1393-1396. 

doi:10.1016/S0140-6736(97)10384-1. 

90.  Bohlke K, Cramer DW, Trichopoulos D, Mantzoros CS. Insulin-Like Growth Factor-I in 

Relation to Premenopausal Ductal Carcinoma in Situ of the Breast. Epidemiology. 

1998;9(5):570-573. 

91.  Ma J, Pollak MN, Giovannucci E, et al. Prospective Study of Colorectal Cancer Risk in 

Men and Plasma Levels of Insulin-Like Growth Factor (IGF)-I and IGF-Binding Protein-

3. J Natl Cancer Inst. 1999;91(7):620-625. 

92.  Yu H, Spitz MR, Mistry J, Gu J, Hong WK, Wu X. Plasma Levels of Insulin-Like Growth 

Factor-I and Lung Cancer Risk: A Case-Control Analysis. J Natl Cancer Inst. 



39 
 

1999;91(2):151-156. 

93.  Chan JM, Stampfer MJ, Giovannucci E, et al. Plasma Insulin-Like Growth Factor-I and 

Prostate Cancer Risk: A Prospective Study. Science (80- ). 1998;279(5350):563-566. 

94.  Wolk A, Mantzoros CS, Andersson S-O, et al. Insulin-Like Growth Factor 1 and Prostate 

Cancer Risk: A Population-Based, Case-Control Study. J Natl Cancer Inst. 

1998;90(12):911-915. 

95.  Sachdev D, Yee D. The IGF System and Breast Cancer. Endocr Relat Cancer. 

2001;8(3):197-209. 

96.  van der Lely AJ, de Herder WW, Janssen JAMJL, Lamberts SWJ. Acromegaly: The 

Significance of Serum Total and Free IGF-I and IGF-Binding Protein-3 in Diagnosis. J 

Endocrinol. 1997;155(S1):S9-S13. 

97.  Endogenous Hormones and Breast Cancer Collaborative Group, Key TJ, Appleby PN, 

Reeves GK, Roddam AW. Insulin-Like Growth Factor 1 (IGF1), IGF Binding Protein 3 

(IGFBP3), and Breast Cancer Risk: Pooled Individual Data Analysis of 17 Prospective 

Studies. Lancet Oncol. 2010;11(6):530-542. doi:10.1016/S1470-2045(10)70095-4. 

98.  Wu M-H, Chou Y-C, Chou W-Y, et al. Relationships Between Critical Period of Estrogen 

Exposure and Circulating Levels of Insulin-Like Growth Factor-I (IGF-I) in Breast 

Cancer: Evidence From a Case-Control Study. Int J Cancer. 2010;126(2):508-514. 

doi:10.1002/ijc.24722. 

99.  Mathews LS, Norstedt G, Palmiter RD. Regulation of Insulin-Like Growth Factor I Gene 

Expression by Growth Hormone. Proc Natl Acad Sci U S A. 1986;83(24):9343-9347. 



40 
 

100.  O’Connor KG, Tobin JD, Harman SM, et al. Serum Levels of Insulin-Like Growth 

Factor-I Are Related to Age and Not to Body Composition in Healthy Women and Men. 

Journals Gerontol Ser A Biol Sci Med Sci. 1998;53(3):M176-M182. 

101.  Livingstone C. Insulin-Like Growth Factor-I (IGF-I) and Clinical Nutrition. Clin Sci. 

2013;125(6):265-280. doi:10.1042/CS20120663. 

102.  Schneider HJ, Saller B, Klotsche J, et al. Opposite Associations of Age-Dependent 

Insulin-Like Growth Factor-I Standard Deviation Scores With Nutritional State in Normal 

Weight and Obese Subjects. Eur J Endocrinol. 2006;154(5):699-706. 

doi:10.1530/eje.1.02131. 

103.  Roelen CAM, de Vries WR, Koppeschaar HPF, Vervoom C, Thijssen JHH, Blankenstein 

MA. Plasma Insulin-Like Growth Factor-I and High Affinity Growth Hormone-Binding 

Protein Levels Increase After Two Weeks of Strenuous Physical Training. In: 

International Journal of Sports Medicine. Vol 18. ; 1997:238-241. doi:10.1055/s-2007-

972626. 

104.  Moran S, Chen Y, Ruthie A, Nir Y. Alterations in IGF-I Affect Elderly: Role of Physical 

Activity. Eur Rev Aging Phys Act. 2007;4(22):77-84. doi:10.1007/s11556-007-0022-1. 

105.  Crowe FL, Key TJ, Allen NE, et al. The Association Between Diet and Serum 

Concentrations of IGF-I, IGFBP-1, IGFBP-2, and IGFBP-3 in the European Prospective 

Investigation Into Cancer and Nutrition. Cancer Epidemiol Biomarkers Prev. 

2009;18(5):1333-1340. doi:10.1158/1055-9965.EPI-08-0781. 

106.  Bradbury KE, Balkwill A, Tipper SJ, et al. The Association of Plasma IGF-I With 



41 
 

Dietary, Lifestyle, Anthropometric, and Early Life Factors in Postmenopausal Women. 

Growth Horm IGF Res. 2015;25(2):90-95. doi:10.1016/j.ghir.2015.01.001. 

107.  Ameri P, Giusti A, Boschetti M, Murialdo G, Minuto F, Ferone D. Interactions Between 

Vitamin D and IGF-I: From Physiology to Clinical Practice. Clin Endocrinol (Oxf). 

2013;79(4):457-463. doi:10.1111/cen.12268. 

108.  Mandala M, Moro C, Ferretti G, et al. Effect of Tamoxifen on GH and IGF-1 Serum Level 

in Stage I-II Breast Cancer Patients. In: Anticancer Research. Vol 21. ; 2001:585-588. 

109.  Pollak MN, Huynh HT, Lefebvre SP. Tamoxifen Reduces Serum Insulin-Like Growth 

Factor I (IGF-I). Breast Cancer Res Treat. 1992;22(1):91-100. 

110.  Mrozek E, Layman R, Ramaswamy B, et al. Phase II Trial of Exemestane in Combination 

With Fulvestrant in Postmenopausal Women With Advanced, Hormone-Responsive 

Breast Cancer. Clin Breast Cancer. 2012;12(2):151-156. doi:10.1016/j.clbc.2012.01.003. 

111.  Walden PD, Ruan W, Feldman M, Kleinberg DL. Evidence That the Mammary Fat Pad 

Mediates the Action of Growth Hormone in Mammary Gland Development. 

Endocrinolgy. 1998;139(2):659-662. doi:10.1210/endo.139.2.5718. 

112.  Izzo L, Meggiorini ML, Nofroni I, et al. Insulin-Like Growth Factor-I (IGF-I), IGF-

Binding Protein-3 (IGFBP-3) and Mammographic Features. G di Chir. 2012;33(5):153-

162. 

113.  Maskarinec G, Takata Y, Chen Z, et al. IGF-I and Mammographic Density in Four 

Geographic Locations: A Pooled Analysis. Int J Cancer. 2007;121(8):1786-1792. 

doi:10.1002/ijc.22834. 



42 
 

114.  Rice MS, Tworoger SS, Rosner BA, Pollak MN, Hankinson SE, Tamimi RM. Insulin-

Like Growth Factor-1, Insulin-Like Growth Factor-Binding Protein-3, Growth Hormone, 

and Mammographic Density in the Nurses’ Health Studies. Breast Cancer Res Treat. 

2012;136(3):805-812. doi:10.1007/s10549-012-2303-2. 

115.  Aiello EJ, Tworoger SS, Yasui Y, et al. Associations Among Circulating Sex Hormones, 

Insulin-Like Growth Factor, Lipids, and Mammographic Density in Postmenopausal 

Women. Cancer Epidemiol Biomarkers Prev. 2005;14(6):1411-1417. doi:10.1158/1055-

9965.EPI-04-0920. 

116.  Bremnes Y, Ursin G, Bjurstam N, Rinaldi S, Kaaks R, Gram IT. Insulin-Like Growth 

Factor and Mammographic Density in Postmenopausal Norwegian Women. Cancer 

Epidemiol Biomarkers Prev. 2007;16(1):57-62. doi:10.1158/1055-9965.EPI-06-0788. 

117.  Johansson H, Gandini S, Bonanni B, et al. Relationships Between Circulating Hormone 

Levels, Mammographic Percent Density and Breast Cancer Risk Factors in 

Postmenopausal Women. Breast Cancer Res Treat. 2008;108(1):57-67. 

doi:10.1007/s10549-007-9577-9. 

118.  McCormack VA, Dowsett M, Folkerd E, et al. Sex Steroids, Growth Factors and 

Mammographic Density: A Cross-Sectional Study of UK Postmenopausal Caucasian and 

Afro-Caribbean Women. Breast Cancer Res. 2009;11(3):R38. doi:10.1186/bcr2325. 

119.  Woolcott CG, Courneya KS, Boyd NF, et al. Longitudinal Changes in IGF-I and IGFBP-

3, and Mammographic Density Among Postmenopausal Women. Cancer Epidemiol 

Biomarkers Prev. 2013;22(11):2116-2120. doi:10.1158/1055-9965.EPI-13-0401. 



43 
 

120.  van der Burg B, Rutteman GR, Blankenstein MA, de Laat SW, van Zoelen EJJ. Mitogenic 

Stimulation of Human Breast Cancer Cells in a Growth Factor-Defined Medium: 

Synergistic Action of Insulin and Estrogen. J Cell Physiol. 1988;134(1):101-108. 

doi:10.1002/jcp.1041340112. 

121.  Osborne CK, Clemmons DR, Arteaga CL. Regulation of Breast Cancer Growth by 

Insulin-Like Growth Factors. J Steroid Biochem Mol Biol. 1990;37(6):805-809. 

122.  Bradley LM, Gierthy JF, Pentecost BT. Role of the Insulin-Like Growth Factor System on 

an Estrogen-Dependent Cancer Phenotype in the MCF-7 Human Breast Cancer Cell Line. 

J Steroid Biochem Mol Biol. 2008;109(1-2):185-196. doi:10.1016/j.jsbmb.2007.10.006. 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

Chapter 3 

Study Methods 

 

3.1 Study Design 

3.1.1 MAP.3 Trial Population 

 The study sample for this thesis comes from a subset of women nested within the CCTG 

MAP.3 trial. This was an international, randomized, double-blind, placebo-controlled clinical 

trial that assessed the effectiveness of exemestane, an aromatase inhibitor, in reducing the 

incidence of invasive breast cancer in post-menopausal women who were at an increased risk of 

developing the disease1,2. Overall, 4,560 women from Canada, the United States, Spain, and 

France were enrolled in the clinical trial from September 2004 to March 20102. Eligible 

participants were women identified as post-menopausal based on cessation of menses for at least 

12 months, follicle-stimulating hormone (FSH) levels within a post-menopausal range, or having 

a prior bilateral oophorectomy2. Additional eligibility criteria required participants to be at 

moderately increased risk for developing breast cancer by having at least one of the following 

risk factors: a Gail score > 1.66, being at least 60 years old, a prior atypical ductal or lobular 

hyperplasia or lobular carcinoma in situ identified through a breast biopsy, or a prior ductal 

carcinoma in situ treated by mastectomy2. 

Women were considered to be ineligible if they were identified as pre-menopausal, had 

prior invasive breast cancer or prior ductal carcinoma in situ treated with a lumpectomy, or were 

known carriers of either the BRCA1 or BRCA2 gene2. Prior use of menopausal hormone therapy 

(estrogen with or without progestin), luteinizing hormone-releasing hormone (LHRH) analog, 
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prolactin inhibitor, SERM, or anti-androgen was allowed, but only if usage had ended more than 

3 months prior to randomization2. Additional relevant comorbidities also excluded participants 

from the clinical trial. These included a history of other malignancies (except for treated non-

melanoma skin cancer, cervical carcinoma in situ, or other solid tumors that had no evidence of 

disease recurrence or progression for at least 5 years), uncontrolled hypothyroidism or 

hyperthyroidism, and chronic liver disease2. 

Eligible participants were then required to have a baseline medical records review and 

physical examination (with blood draw), as well as complete a questionnaire focused on 

additional medical, reproductive, and sociodemographic factors via interview with clinical trial 

staff. They were also required to provide a mammogram taken within 1 year prior to 

randomization, as well as consent to be followed for a minimum of 5 years with subsequent 

yearly physical examination and mammography throughout their duration in the clinical trial. 

 

3.1.2 Breast Density Sub-Study Population 

The data available for this thesis comes from a cohort of 568 women enrolled in the 

MAP.3 trial whose medical and demographic information, breast imaging, and serum samples 

were used for a correlative sub-study that examined the association between vitamin D and 

breast density3. For inclusion into this sub-study, participants were identified from trial centers 

located at northern latitudes, and considered eligible if at least 3 years had elapsed between their 

baseline and most recent mammograms3. This threshold was used to ensure sufficient follow-up 

time for creating a change in breast density variable, while also maximizing the number of 

eligible participants3. Exclusion criteria for this sub-study consisted of being diagnosed with 

breast cancer during the clinical trial, not having all mammograms performed at the same 
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radiological facility, refusing consent to optional blood collections, and not having serum 

samples available from the CCTG Tumour Bank3. 

 Of the original 4,560 post-menopausal women who were enrolled in the clinical trial, 896 

individuals were identified who met all of the inclusion criteria for the sub-study3. Chart reviews 

of these 896 eligible participants led to the exclusion of 216 women, in total, for the following 

reasons: having a diagnosis of breast cancer during the clinical trial (n = 13), baseline and 

follow-up mammograms taken at different radiological facilities (n = 171), or no available serum 

samples held by the CCTG Tumour Bank (n = 32)3. However, it was then decided that 65 of 

those individuals who had met all inclusion criteria, except that their mammograms were taken at 

different radiological facilities, would also be included in order to ensure an adequate overall 

sample size to meet the sub-study objectives3. 

 Therefore, 745 requests for the baseline and most recent follow-up mammograms were 

sent out to 20 trial centers (19 across Canada and 1 in Buffalo, NY)3. Mammograms for 575 of 

these individuals were ultimately received3. The consulting radiologist for the sub-study (D. 

Jabs) excluded an additional 7 women during mammographic analysis due to the determination 

that the participant had either a breast implant or breast reconstruction surgery (n = 2), or a 

submitted mammogram of poor image quality (n = 5)3. Thus, 568 post-menopausal women were 

included in the sub-study, and had data available to be analyzed for this thesis (Figure 3.1). 
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Figure 3.1 CONSORT Diagram of Sample Size Breakdown Throughout Thesis 
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3.1.3 Empirical Objectives and Thesis Hypotheses 

1. Determine the association between serum IGF-I level at 1-year post-randomization and 

percent breast density at ≥ 3 years follow-up. 

Hypothesis: It is hypothesized that women with higher IGF-I levels at 1-year post-

randomization will have higher percent breast density at ≥ 3 years follow-up. 

2. Determine the association between serum IGF-I level at 1-year post-randomization and 

absolute breast density at ≥ 3 years follow-up. 

Hypothesis: It is hypothesized that women with higher IGF-I levels at 1-year post-

randomization will have higher absolute breast density at ≥ 3 years follow-up. 

3. Evaluate potential effect modification of the relationship between IGF-I and breast density by 

treatment arm (i.e. exemestane or placebo). 

Hypothesis: Women receiving placebo will have normal post-menopausal levels of 

estrogen while women receiving exemestane will have no detectable levels of estrogen. Thus, if 

an interaction between IGF-I and estrogen is responsible for the higher relative risk of increased 

breast density observed in pre-menopausal women, then the association between IGF-I and 

breast density should be stronger in the group of women who received placebo compared to the 

women who received exemestane. The significance of any difference in relative risk between the 

two groups would be representative of effect modification by estrogen level. Thus, it is 

hypothesized that women in the placebo treatment arm with high IGF-I levels at 1-year post-

randomization will have higher percent breast density at ≥ 3 years follow-up compared to the 

women in the exemestane treatment arm with high IGF-I levels. 
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3.1.5 Breast Density: Outcome Assessment 

3.1.5.1 Measurement and Calculation of Percent Breast Density Values 

Mammographic images can be captured through either film-screen (FS) or digital 

acquisition techniques4, and both formats were accepted for the breast density sub-study. Upon 

receipt at Hotel Dieu Hospital (Kingston, ON), film mammograms were first scanned and 

digitized using the iCAD mammography film digitizer, and then all mammograms were de-

identified, recoded with their corresponding CCTG patient serial number, and transferred to 

compact disc using Centricity Radiology RA600 and PacsCube software3. Once all 

mammograms were received and digitally processed, they were sent to the consulting radiologist 

for breast density determination3. 

Several studies have demonstrated that there is a high correlation between breast density 

measurements taken from mammograms of both the left and right breasts for a given individual5–

7. Previous studies involved with calculating breast density values have employed a number of 

strategies for determining which mammogram(s) to use for analytical purposes. These include 

randomly choosing a breast for each individual8, consistently using either the left or right breast 

for all participants7, or simply averaging the breast density measurements from both 

mammograms9. For this thesis, the mammogram pertaining to the craniocaudal view of the left 

breast was consistently used to determine breast density values for each participant, except for 

those instances where this mammogram was not available, in which case the corresponding view 

of the right breast was used3. 

The consulting radiologist used Cumulus software to calculate the percent breast density 

of each mammogram by measuring both the dense and total breast areas. This was accomplished 

by first inputting user-defined pixel intensity thresholds to outline the entire breast against the 
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dark background of the mammographic image, as well as to delineate the pectoral muscle that 

marks the posterior edge of the breast. This represented the total breast area, and the software 

was able to compute the number of pixels found in this defined region. As mentioned previously, 

due to the difference in x-ray attenuation, dense tissue appears white on a mammogram while 

non-dense tissue appears gray10. This allowed for pixel intensity to be used yet again, but now to 

separate these two types of breast tissue from each other based on their distinct mammographic 

appearances. Once the dense tissue had been mapped out on the mammographic image, the 

software then determined the number of pixels present in this area. Thus, the Cumulus software 

only reported the number of pixels in both the dense and total breast areas, which were then used 

to calculate a breast density value. For this thesis, the raw Cumulus data from the sub-study was 

provided. 

This data consisted simply of the number of pixels corresponding to the dense and total 

breast areas, as well as the pixel value for each mammographic measurement. This pixel value 

variable represented the length, in millimeters (mm), of the pixel for that specific measurement. 

For each mammogram, the corresponding pixel value was converted to centimeters (cm), and 

then squared to determine the overall pixel size (in cm2). This pixel size was then multiplied by 

the number of pixels for both the dense and total breast areas to convert these values into a more 

practical and comparable measurement of area (in cm2). For each mammogram, the non-dense 

breast area was also determined by simply subtracting the dense breast area from the total breast 

area. Finally, the percent breast density measurement was calculated by dividing the dense breast 

area by the total breast area, and then multiplying the result by 100.  

It is worth noting that while mammograms were always read in pairs for a single 

participant, their order was randomized, as was the overall order of the participants. Thus, the 
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consulting radiologist was blinded to the timing of the mammogram (i.e. baseline or follow-up), 

as well as to which treatment arm (i.e. placebo or exemestane) the participant had been allocated. 

A random sample constituting roughly 10% (n = 118) of the available mammograms was read an 

additional time in order to assess the intra-rater reliability of the thresholding method used to 

derive these measurements. 

 

3.1.5.2 Determination of Percent Breast Density Outcome Variable 

Of the 568 participants with submitted and useable mammograms, 491 had both baseline 

and follow-up mammograms available for breast density analysis. The other remaining 77 

individuals had only the most recent follow-up mammogram sent from their radiological facility. 

It is worth noting that the follow-up mammograms that were provided only reflected the most 

recent yearly mammogram that had been taken for each participant as per the requirements of the 

MAP.3 trial. Since one of the inclusion criteria for the breast density sub-study was at least 3 

years of mammographic follow-up, it can be assumed that these follow-up mammograms were 

taken anywhere between 3 and 6 years after the corresponding baseline mammogram, which was 

also submitted. Follow-up breast density was chosen as the outcome variable due to the focus of 

this thesis on the relationship between IGF-I and long-term breast density, rather than the change 

in breast density between these two mammographic time points. Since this data comes from a 

randomized clinical trial, it can be assumed that the distribution of baseline breast density values 

would be similar across both treatment arms. Thus, the choice to exclude this baseline data, by 

not examining the change in breast density, is unlikely to impact any evaluation of potential 

effect modification. Lastly, follow-up breast density measurements were available for all 568 
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participants, which would allow for the greatest number of participants to be included in any 

analyses that were performed.  

When the follow-up percent breast density data was plotted, it was apparent that these 

values were quite low, even when considering the cohort from which they were provided. This 

resulted in a distribution of follow-up percent breast density data that was highly right skewed. It 

should be mentioned that a similar skewness was also observed in the distribution of the baseline 

percent breast density data. It was decided that two methods would be employed in an attempt to 

overcome the statistical challenges associated with a highly skewed outcome variable of limited 

variability. The first technique was to create a dichotomous variable that separated the follow-up 

percent breast density data into either a low (< 25%) or moderately high (≥ 25%) breast density 

category. This dichotomization value was chosen to reflect clinical and potentially biological 

differences in breast density that are pertinent to breast cancer risk. The same categorization was 

used in a previous epidemiological study to assess differences between lucent and dense 

mammograms11, as this 25% cutpoint effectively segregated the entirely fatty (category A) 

mammograms, according to the BI-RADS classification scheme. This dichotomized percent 

breast density was chosen as the main representation of the primary outcome for the analyses 

employed in this thesis. The second technique involved a natural log transformation of the 

follow-up percent breast density data to create a variable that had a more normal distribution. 

However, it is worth noting that slightly more than 4% (n = 22) of the individuals in the analyzed 

cohort had a follow-up percent breast density calculated to be 0.00% due to the presence of no 

apparent dense breast tissue on their respective mammogram. To compensate for this fact, all 

percent breast density values were increased by 1.00% prior to natural log transformation. The 

log-transformed data was treated as a continuous variable, and was used to describe the percent 
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breast density data as well as examine relationships with potential covariates through the use of 

geometric means and estimates that were derived via back-transformation. 

 

3.1.5.3 Determination of Absolute Breast Density Outcome Variable 

It has been mentioned previously that while a relative measurement of breast density may 

be a clinically useful and easily applicable risk factor for breast cancer, an etiologic 

interpretation of this relationship might be better assessed with the use of an absolute density 

measurement12. Therefore, it is crucial to understand if IGF-I influences breast density through a 

combined effect on dense and non-dense tissues (relative breast density), or a direct effect on 

dense tissue (absolute breast density). To this end, absolute breast density was explored as a 

secondary outcome in all analyses related to the objectives of this thesis. Since the Cumulus 

software records the amount of dense tissue present for each mammogram during the second 

phase of its measurement routine, as it is a component of the percent breast density calculation, 

this data was already accessible for analytical purposes. 

As the relative measurement is the most widely used variable in studies related to breast 

density, there is substantially less literature that focuses on absolute breast density in great detail. 

This also extends to relationships with known risk factors or associated outcomes. Therefore, 

unlike its relative counterpart, there are no regularly used or identified cutpoints of any clinical 

importance for absolute breast density. This data was also highly right skewed, as it is simply the 

numerator of the percent breast density variable. As such, in order to normalize the dataset, the 

absolute breast density values were log-transformed through a similar process, and analyzed as a 

continuous variable. 
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3.1.6 IGF-I: Exposure Assessment 

3.1.6.1 Measurement and Calculation of IGF-I Concentrations 

As part of the MAP.3 trial, blood was collected from each participant during the physical 

examinations that occurred at baseline, 1-year post-randomization, and when the participant went 

off-treatment, with a portion of each sample being banked for future research purposes as stipulated 

in the informed consent forms (Appendix 1). At each of these visits, a non-fasting blood sample was 

collected into serum separator tubes and centrifuged for 30 minutes. A total of approximately 6 

mL of serum was then divided into 3 aliquots, and frozen at -20 ºC on site. These serum samples 

were then shipped to the CCTG Tumour Bank located at Kingston General Hospital within 2 

months of collection, at which point they were kept frozen at -80 ºC for long-term storage. The 

baseline and 1-year post-randomization serum samples that belonged to participants who were 

selected for the breast density sub-study were retrieved, thawed, and aliquoted by staff at the 

CCTG Tumour Bank. These aliquots were then sent to BNK Laboratories (Laval, Quebec) where 

serum concentrations of IGF-I were determined. 

The calculation of the total IGF-I concentration in each sample was carried out using the 

Mediagnost enzyme-linked immunosorbent assay (ELISA). This process began by diluting the 

sample with an acidic buffer to dissociate the IGF-I from its bound form13. This initial step 

occurred in the presence of excess IGF-II to ensure that the now freed IGF-I did not rebind to 

any of its carrier proteins still in solution13. The antigen (i.e. IGF-I) was captured and separated 

as the remainder of the serum was washed off13. A biotinylated detection antibody was added to 

the sample, followed by a streptavidin labelled reporter enzyme, and finally a specific substrate 

for the reporter enzyme, which then produced a chromatic response directly proportional to the 

amount of IGF-I present in the sample13. The amount of light given off by this reaction was 
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absorbed and measured at a specific wavelength by a spectrophotometer, and then reported as an 

optical density. By using controls with known concentrations, BNK Laboratories was able to 

convert the absorbance values to concentrations (in ng/mL) for each sample. Thus, serum IGF-I 

levels (in ng/mL) were provided for both the baseline and 1-year post-randomization samples. 

 Each sample was run in duplicate, and the mean IGF-I concentration was provided in the 

dataset used for this thesis. Since only the CCTG Tumour Bank sample numbers were provided 

to BNK Laboratories, technicians were blinded to any information related to the participant. 

Additionally, the controls and standards used in this assay were run in triplicate to measure the 

inter-batch variation, as well as verify the reproducibility of the results.  

 

3.1.6.2 Determination of IGF-I Exposure Variable 

During the data cleaning phase of this thesis, the CCTG patient serial and Tumour Bank 

sample numbers were matched, and it was discovered that serum IGF-I levels were unavailable 

for 67 samples, with all but one being from those taken at 1-year post-randomization.  

It is still unknown whether these samples were never received, shipped, analyzed, or 

reported, but there does not appear to be any systematic explanation for why these particular 

samples have missing IGF-I concentration data. As previously mentioned, IGF-I levels have 

been shown to be quite stable in adults, decreasing only slightly over time14. However, several 

studies have shown short-term changes in IGF-I levels for participants receiving several 

aromatase inhibitor treatments15,16. If there were any lasting changes in the IGF-I levels of those 

individuals who had received exemestane during the MAP.3 trial, these would be reflected in the 

values determined after the participants had been allocated to their respective treatment arms, 

rather than at baseline. Thus, the 1-year post-randomization IGF-I concentration data was chosen 
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to be the exposure variable for this thesis as it would more accurately reflect the serum IGF-I 

levels of the participants throughout their duration in the clinical trial, which constitutes the 

prospective time period that this thesis covers. 

Since the serum concentrations of IGF-I were provided in ng/mL, the values were 

standardized in order to create a variable that would provide more interpretable results during the 

data analysis phase of this thesis. This was accomplished by subtracting the sample mean from 

each measurement, and then dividing by the respective standard deviation. The serum IGF-I 

level was intended to be treated as a continuous variable since, once plotted, it was seen to 

exhibit a normal distribution. However, if linearity assumptions were not met in later analyses, a 

categorical representation of this data based on tertiles would be used instead. This would allow 

for sufficient sample sizes among the covariate levels in any multivariable modelling, especially 

once potential effect modification by treatment arm was considered. It should be noted that the 

untransformed IGF-I data was used for descriptive results, while the standardized values were 

used in all subsequent analyses. 

 

3.1.7 Potential Confounders 

3.1.7.1 Covariate Data 

Covariate data for the breast density sub-study was obtained from the medical records 

review, physical examination, and participant interview that were required to be completed prior 

to randomization. This information was then compiled and recorded by staff at each trial center 

on two separate evaluation forms (Appendix 2 and 3). The data related to established risk factors 

for breast cancer, which are similar to those for breast density, was provided for the 568 

individuals who participated in the sub-study. These risk factors included age, ethnicity, BMI, 



57 
 

smoking status, family history of breast disease, age at menarche, age at menopause, parity, OC 

use, and HRT use (Figure 3.1). Several ancillary demographic and medical variables (e.g. 

education, calcium levels, specific medication use) were also provided. Since the primary 

analysis for the clinical trial had already been conducted and published2, participant unblinding 

allowed for the treatment arm allocation to be made available for use in both the sub-study and 

this thesis. Where appropriate, these variables were categorized based on cutpoints that were 

either clinically defined (e.g. BMI or calcium levels) or previously established in prior breast 

cancer research (e.g. age at menarche or age at menopause). 

While several variables have been identified as potential determinants of IGF-I, many of 

them relate to lifestyle (e.g. physical activity, diet, alcohol consumption), and the only one that 

was recorded and available for consideration in this thesis was BMI. Since it is not understood 

exactly through which pathway(s) BMI affects circulating levels of IGF-I, it is difficult to know 

for sure whether BMI does or does not affect breast density through an alternative process. Thus, 

BMI will be assumed to have an effect on both the exposure and outcome variable that occurs 

through separate pathways, rather than IGF-I mediating the effect of BMI on percent breast 

density. However, while BMI will be considered for potential confounding in relation to percent 

breast density as the amount of non-dense (fatty tissue) is a component of this exact 

measurement, there is less evidence that BMI is associated with the amount of dense tissue 

present. Thus, BMI will be considered to be upstream of the relationship between IGF-I and 

absolute breast density, and any effect that BMI might play in this relationship would be based 

on the direct effects of BMI on IGF-I levels (Figure 3.2). 
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Figure 3.2 Conceptual Framework for Fully-Adjusted Model Concerning Percent Breast 

Density 

 

 

Figure 3.3 Conceptual Framework for Fully-Adjusted Model Concerning Absolute Breast 

Density 

 

 

3.1.7.2 Lifetime Cumulative Number of Menstrual Cycles  

For this thesis, the lifetime cumulative number of menstrual cycles was identified as a 

covariate of particular interest. This is a variable calculated from collected reproductive and 

hormonal data, which can act as an index for total exposure to endogenous estrogens17. Prior 

research has shown a significant association between the lifetime cumulative number of 

menstrual cycles and post-menopausal breast cancer risk17,18. The use of a composite 

reproductive variable allows for the assessment of a general effect related to cumulative estrogen 

exposure, which is similar to the concept of breast tissue age developed in the Pike model. In 
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addition, the inclusion of a single reproductive risk factor would simplify any subsequent 

modelling and analyses, as well as provide an increase in analytic power due to the consolidation 

of several variables. 

A variable representing the lifetime cumulative number of menstrual cycles was created 

by following the assumptions and calculations that have been used in previous studies17,19. 

However, slight modifications were necessary in order to compensate for limitations in the data 

available for this thesis. The relevant information for the creation of this variable was obtained 

from the section of the participant interview that focused on reproductive history. For each 

participant, the length of reproductive history was calculated by subtracting the age at menarche 

from the age at menopause, representing the number of years each woman was capable of 

menstruating. The duration of OC use was then subtracted from this history to determine the 

number of years each women was naturally menstruating without any interference from the 

predictive cycling that occurs during sustained OC use. This length of time (in years) was then 

converted to number of weeks, and in order to account for the cessation of menstruation that 

accompanies pregnancy, the following (if applicable) were subtracted: 44 weeks for each full-

term pregnancy, 19 weeks for each partial-term pregnancy, and total amount of time (in weeks) 

spent breastfeeding. Once the duration of natural menstrual activity was calculated, it was 

converted to number of days, and then divided by the reported length of a normal menstrual 

cycle. This represented the number of natural menstrual cycles each woman had over her 

lifetime. The duration of OC use, previously removed from the calculation, was converted into 

number of regular menstrual cycles using a standard 28-day cycle. These two menstrual cycle 

values (natural and regular) were then added together to determine the lifetime cumulative 

number of menstrual cycles. As this calculation is rather extensive, and seems somewhat 
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convoluted when written out in a step-by-step fashion, two mathematical examples have been 

provided from the dataset (Appendix 4). 

It should be noted that the assumed lengths for full-term and partial-term pregnancies 

were 38 weeks and 17 weeks, respectively, with an additional 2 weeks added to both in order to 

accommodate the follicular phase of the incomplete cycle prior to ovulation and successful 

fertilization that occurs with any pregnancy. In addition, the duration of each full-term pregnancy 

was increased by 4 weeks to encompass puerperium, the period of time after childbirth prior to 

the recommencement of regular menses20,21. This postpartum recovery period was not included 

for partial-term pregnancies since this length of time is somewhat variable and dependent on a 

number of factors, with regular menstrual activity able to return almost immediately21. 

 

3.2 Statistical Analysis 

3.2.1 Statistical Analysis Plan 

 Descriptive statistics were calculated for the exposure and outcome variables as well as 

all covariates. Means and standard deviations were calculated for continuous variables, and 

frequency tables were generated for categorical variables. All statistical analyses were performed 

using SAS version 9.4 with a standard statistical significance (p < 0.05) used for all two-tailed 

tests. Prior to any analysis, IGF-I and other covariates that were initially represented as 

continuous variables were assessed for linearity with the various breast density outcome 

variables. This was accomplished by plotting each explanatory variable against the selected 

outcome, and then analyzing the distribution of residual values to ensure normality. In addition, a 

model that contained both the explanatory variable and its squared counterpart was used to assess 

for any non-linear relationships with the selected outcome. If these linearity assumptions were 
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not met, then a categorical representation of the explanatory variable was used in later analyses. 

Once appropriate representations of exposure and covariate variables were determined, crude 

relative risks for the various breast density outcome variables were calculated through a bivariate 

analysis. This was accomplished by using a modified Poisson regression for dichtomized 

outcomes, and either a linear regression or one-way ANOVA for continuous outcomes, 

depending on whether the explanatory variable was continuous or categorical, respectively. 

Finally, multivariable regression techniques were used to estimate the independent relationship 

between IGF-I and the various conceptualizations of breast density while controlling for 

potential confounders. 

It should be noted that only those individuals who had available follow-up breast density 

and 1-year post-randomization IGF-I concentration data, the outcome and exposure variables for 

this thesis, were included for analysis. Due to the missing IGF-I data for 66 of the participants 

from the breast density sub-study (n = 568), only 502 individuals were actually included in the 

data analysis phase of this thesis. 

 

3.2.2 Modified Poisson Regression 

For the primary objective, percent breast density values were dichotomized in order to 

distinguish those that were low (< 25%) from those that were moderately high (≥ 25%). These 

moderately high values represented those individuals who would be classified as having dense 

mammograms, and accounted for roughly 14% (n = 70) of the participants analyzed from the 

breast density sub-study. Since this is larger than the 10% prevalence that is normally associated 

with the upper limit of what is considered a “rare” outcome, a simple logistic regression would 

lead to an odds ratio that overestimated the actual relative risk. Instead, a log-binomial regression 
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was chosen as the desired statistical method to determine relative risk. However, during the data 

analysis phase of this thesis, any multivariable modelling using this analysis technique would 

ultimately fail to converge, and thus was unable to provide any reliable statistical data. 

Therefore, a modified Poisson regression was ultimately selected to evaluate the independent 

association between standardized IGF-I level at 1-year post-randomization and dichotomized 

percent breast density at ≥ 3 years follow-up. This regression analysis was carried out using a 

generalized estimating equation model to fit a Poisson regression with a robust error variance in 

order to compensate for any overestimation of relative risk that may result from the binomial 

nature of the outcome variable. Statistically this was performed in the SAS software using a 

PROC GENMOD procedure with a REPEAT statement to obtain a robust error estimator.   

 

3.2.3 Linear Regression 

Both percent and absolute breast density values were log-transformed in an attempt to 

generate a useable continuous variable that could be analyzed using linear least squares 

regression. As mentioned previously, prior to any linear regression analysis, the linearity of the 

underlying relationship between continuous IGF-I (standardized) and continuous breast density 

(percent and absolute) were verified. If analysis of a linear relationship was justified, then this 

was carried out via multiple linear regression. If the association failed to exhibit a linear 

relationship, then the exposure variable (i.e. IGF-I) would be categorized into tertiles. This 

would ensure a sufficient number of individuals in each covariate category, especially when the 

interaction by treatment arm was assessed in later analyses. If a categorical representation for the 

IGF-I variable was chosen, then a one-way ANOVA would be utilized in order to assess for 

between group differences. 
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3.2.4 Covariate Assessment 

The possible covariates for the association between IGF-I and breast density were 

outlined earlier in this chapter. In assessing for potential confounding, backward elimination was 

chosen as the method to create a parsimonious model for the assessment of covariates associated 

with breast density. In order to avoid a biased effect size due to the under selection of important 

confounders, a liberal cut-off (p ≤ 0.2) was used to ensure that all potential confounding 

variables were included in the model. This strategy was carried out for both the modified Poisson 

and linear regression models. Additionally, during the assessment of potential confounders, both 

age and time since menopause were considered as important temporal variables. However, due to 

the high correlation between these two variables, it was decided that only a single temporal 

variable should be included in the final model. Each variable was included in a separate model, 

and age proved to have a stronger independent association with the various representations of 

breast density. Thus, age was used in all subsequent models as a precision variable due to its 

strong inverse association with both the exposure and outcome, even though it showed 

significant correlations with other selected covariates. 

 

3.2.5 Interaction Determination 

As the intent of the initial MAP.3 trial was to compare post-menopausal women receiving 

exemestane versus placebo, each treatment arm eventually consisted of participants with 

distinctly different estrogen levels due to the suppressive effect of the aromatase inhibitor. It was 

assumed that the individuals who were allocated to the placebo arm continued to have normal 

post-menopausal estrogen levels compared to the non-detectable levels for those who were 

randomized to receive exemestane. For the tertiary objective of this thesis, the relationship 
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between IGF-I and breast density (percent and absolute) according to estrogen level was 

investigated by adding a treatment arm variable as well as its associated interaction term with 

IGF-I to both the modified Poisson and linear regression models. This allowed for the statistical 

significance of the interaction term to be determined. In addition, the fully adjusted models were 

analyzed twice with each treatment arm being set as the reference. Rather than simply stratifying 

the models by treatment arm, this method would allow for effects sizes to be determined while 

keeping the distribution and potential confounding of the selected covariates the same across 

both analyses. 

 

3.2.6 Study Power and Sample Size 

Since the data for this thesis was provided from a previously conducted study, and the 

amount of missing data related to the exposure and outcome variables was known, the maximum 

sample size was already established (n = 502). Thus, minimum detectable effects were estimated 

in order to determine if this sample size was adequate for examining the association between 

IGF-I and breast density. These effect estimates were all made assuming an 80% power (1 – β), a 

0.05 significance level (α), and a rough sample size (n) of 500 participants.  

 

3.2.6.1 Dichotomous Outcome Variable 

The primary analysis of this thesis involved the relationship between a continuous 

exposure (IGF-I) and dichotomized outcome (percent breast density) variable, such that the 

minimum detectable effect represents the relative risk of this association. As mentioned 

previously, a cursory review of the percent breast density data found that, following 

dichotomization, approximately 14% of the analyzed cohort would be classified as having 
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moderately high breast density. Since the exposure variable (IGF-I) was normally distributed and 

standardized, Whittemore’s formula determined a detectable odds ratio of 1.4, given the 

aforementioned event proportion and sample size22. This represented a 40% increase in the odds 

of having moderately high breast density per standard deviation (57.75 ng/mL) increase in serum 

IGF-I concentration. 

Since a modified Poison regression was chosen to compensate for the overestimation of 

the risk that would accompany a logistic regression, this also needs to be taking into account for 

minimum detectable effect estimation. Based on the creation of a simulated dataset, an odds ratio 

of 1.4 equates to a relative risk of approximately 1.3 per standard deviation change in a normally 

distributed continuous exposure variable as determined through log-binomial regression. Since 

most studies that have assessed this relationship have not used a dichotomized outcome, it is 

unknown whether this study will have sufficient power to detect a significant change in 

probability of dichotomized percent breast density per standard increase in IGF-I. However, it 

should be noted that the minimal detectable effect of 1.3 per standard deviation is similar to 

those previously reported in studies that have assessed percent breast density differences between 

the lowest and highest quartiles (a change of roughly 1.3 standard deviations) of IGF-I7,28. 

 

3.2.6.2 Continuous Outcome Variable 

The minimum detectable effect calculated in regards to the association of continuous 

variables for serum IGF-I level (standardized) and percent breast density (log-transformed) 

would represent the beta coefficient, once back-transformed, determined by linear regression. An 

estimate of the distribution of percent breast density values was derived from a cross-sectional 

study (n = 235) of post-menopausal women where a mean percent breast density of 27.1% (σ = 
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16.5) was observed7. While this data came from a relatively small and isolated study sample, 

including only those women who had naturally occurring menopause7, the values determined 

were similar to those obtained from a much larger nested case-control study. This study 

combined breast density data from the Canadian National Breast Screening Study (NBSS), the 

Ontario Breast Screening Program (OBSP), and the Screening Mammography Program of 

British Columbia (SMPBC)8. The mean percent breast density found among the control 

participants (n = 1,114) in this study was 26.9% (σ = 19.1), and while this value did not take into 

account menopausal status, it should be noted that 76% of these participants were post-

menopausal8. A correlation coefficient of 0.1 between serum IGF-I level and percent breast 

density was chosen to be used in this calculation based on what had been reported in previous 

studies that focused on a similar association in post-menopausal women23,24. 

Using the values presented above, the minimum detectable effect was calculated using 

the PS statistical program, which estimated the slope of a regression line based on the methods 

developed by DuPont and Plummer25. This yielded a beta coefficient representing a change in 

breast density of 1.93% per standard deviation increase of IGF-I.  

In regards to the clinical significance of such a finding, the previously mentioned nested 

case-control study found a mean difference of 5.8% between the breast cancer cases and 

controls8. Similarly, a retrospective cohort study (n = 818) found that over a roughly 5-year 

period, when compared to those receiving placebo, participants taking tamoxifen had a 6.4% 

greater decrease in percent breast density26, as well as a nearly one-third (32%) reduction in 

breast cancer incidence27. Thus, any significant association between IGF-I and breast density that 

was found through the use of linear regression had the potential to be clinically meaningful. 
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3.2.6.3 Continuous Absolute Breast Density 

A similar strategy could be employed in regards to determining the minimum detectable 

effect for the analysis focusing on absolute breast density. Again, the IGF-I concentration 

variable was standardized. Data from two cross-sectional studies (n = 427) that included absolute 

breast density measurements was used to calculate a weighted standard deviation of 22.3 cm2 for 

the post-menopausal women7,28. With the same assumptions in regards to power, significance 

level, and sample size as the other outcome variable representations, a minimum detectable 

effect in absolute breast density of 2.6 cm2 per standard deviation increase of IGF-I was 

calculated. 

 

3.2.6.4 Effect Modification by Treatment Arm  

In order to assess the statistical limits of the term representing the interaction between 

treatment arm and IGF-I, detectable effects were simply determined by assuming that 

approximately half of the sample size (n = 250) would be assigned to receive either exemestane 

or placebo. While this estimated the within strata effects, it still provided some insight into the 

reduction of power that would accompany any analyses related to potential effect modification. 

Using similar strategies as described previously, a detectable odds ratio of 1.6 was determined 

from the use of a dichotomous outcome variable. This 1.6 effect estimate would apply to the 

relative risk representing the placebo group compared to a relative risk of 1.0 in relation to the 

exemestane group, since given the hypotheses presented prior, it is expected that the relative risk 

will be greater in the placebo group. Further calculations in regards to the relative risk 

concerning the placebo group resulted in a detectable effect of 2.74% for percent breast density, 

as well as 3.7 cm2 for absolute breast density.  
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Chapter 4 

Results 

 

4.1 Breast Density Data 

4.1.1 Descriptive Summary of Breast Density Data 

 Breast density data was initially available for 491 baseline and 568 follow-up 

mammograms. However, measurements from four of the baseline mammograms were eliminated 

during the data cleaning phase of this thesis due to pixel inaccuracies that made their absolute 

breast density values incalculable. It is also worth noting that of the 487 participants who had 

useable baseline and follow-up mammograms, only 387 had both of these mammograms taken in 

the same format (i.e. film or digital). This is due in large part to the transition from film to digital 

mammography that many radiological facilities were undertaking throughout the accrual process 

of the MAP.3 trial1. Thus, it is not surprising that of the 100 individuals with mammograms of 

differing formats, all but two transitioned from film to digital between baseline and follow-up. 

As mentioned previously, approximately 10% (n = 118) of the eligible mammograms were 

randomly selected to be analyzed a second time in order to validate the reliability of the breast 

density measurements. These repeated measurements were highly correlated (ρ = 0.96), and had 

a mean absolute difference between calculated percent breast density values of 2.46% (σ = 2.98). 

 

4.1.2 Percent Breast Density at ≥ 3 Years Follow-Up 

 As stated previously, follow-up percent breast density was selected as the primary 

outcome to be studied in this thesis. While this data was available for every participant in the 
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breast density sub-study (n = 568), only those values pertaining to the 502 individuals who also 

had available IGF-I levels at 1-year post-randomization would be taken into account for any of 

the subsequent statistical analyses. The follow-up percent breast density data was highly right 

skewed (Figure 4.1) and ranged from 0.00% to 64.08%. It was noted that 22 participants had no 

detectable dense tissue in their mammograms, and thus existed on the absolute lower limit of this 

dataset. The geometric mean was calculated as 5.54% (95% CI: 4.92 – 6.22) once the log-

transformed values were back-transformed. Dichotomization of the follow-up percent breast 

density variable identified 432 (86.1%) lucent mammograms with < 25% breast density 

compared to only 70 (13.9%) dense mammograms with ≥ 25% breast density.  

 

Figure 4.1 – Distribution of Percent Breast Density at ≥ 3 Years Follow-Up (n = 502) 

 

  

A right skewed distribution of percent breast density was to be expected due to the age 

and menopausal status of the participants in the sub-study. However, these values were 
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substantially lower than was anticipated (Table 4.1), as was seen when compared to a much 

larger dataset (n = 151,363) of post-menopausal women who had not developed breast cancer, 

which was compiled from registries participating in the Breast Cancer Screening Consortium 

(BCSC)2.  

 

Table 4.1 – Distribution of Follow-Up Percent Breast Density (n = 502) and BCSC Registry 

Data (n = 151,363) According to BI-RADS Classification 

Percent Breast Density MAP.3 Sub-Study (%) BCSC Registry (%) 

< 25% (fatty) 432 (86.1) 65 (13.0) 

≥ 25% and < 50% (scattered) 65 (12.9) 270 (53.7) 

≥ 50% and < 75% (heterogeneous) 5 (1.0) 150 (29.8) 

≥ 75% (dense) 0 (0.0) 17 (3.5) 
 

4.1.3 Comparison of Percent Breast Density by Mammographic Format 

 An important factor in the determination of percent breast density values is the quality of 

the mammographic image being analyzed. Differences in image quality due to the type of 

mammographic equipment being used (i.e film or digital) may result in measurement disparities 

when the image is analyzed with Cumulus software. To this end, percent breast density values 

were compared based on the format of the mammographic technique used to capture the image. 

There was no statistical difference (p = 0.74) between the geometric means of follow-up 

mammograms based on whether they were captured via film (5.63%) or digital (5.42%) 

techniques. This statistical similarity (p = 0.48) was also seen when the percent breast density 

values were dichotomized (Table 4.2). 
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Table 4.2 – Distribution of Dichotomized Follow-Up Percent Breast Density (n = 502) 

According to Mammographic Format 

Mammographic Format Lucent (< 25%) Dense (≥ 25%) RR (95% CI) 

Film 246 43 1.00 (ref.) 

Digital 186 27 0.85 (0.54 – 1.33) 
 

4.1.4 Changes in Percent Breast Density over Time 

Another concern regarding the breast density data was the influence that follow-up time 

would have on the measured values, since the natural course of breast density is to decrease over 

time3,4. This was seen when the analyzed cohort was restricted to just those with both baseline 

and follow-up breast density data available (n = 428), as the geometric mean decreased from 

7.34% at baseline to 5.35% at follow-up. Interestingly, for those who had both mammograms 

taken in the same format (n = 339), the reduction was somewhat less with a geometric mean of 

7.13% at baseline compared to 5.60% at follow-up. 

The planned maximum duration of therapy for the MAP.3 trial was 5 years, and the 

eligibility criteria permitted baseline mammograms taken up to one year prior to randomization5. 

Additionally, a mammographic follow-up period of at least 3 years was required for inclusion 

into the breast density sub-study, and only the most recent mammogram was submitted by the 

trial center6. Taken as a whole, the amount of time between baseline and follow-up 

mammograms could range anywhere between 3 and 6 years. However, when individuals were 

grouped according to years of mammographic follow-up, there was no observed statistical 

difference between either the follow-up geometric means (p = 0.33) or the mean changes in 

percent breast density (p = 0.58) over the corresponding time periods (Table 4.3). Similar 
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findings were also seen when only those whose baseline and follow-up mammograms were taken 

in the same format were included in the analysis (Table 4.3). 

 

Table 4.3 – Follow-Up Geometric Mean and Mean Change in Percent Breast Density 

According to Years of Mammographic Follow-Up 

Participants with Baseline and Follow-Up Mammograms (Any Format, n = 428) 

Mammographic Follow-Up (years) n Geometric Mean Mean Change 

< 3.5 138 6.02 -3.74 

≥ 3.5 and < 4.5 172 4.67 -3.06 

≥ 4.5 and < 5.5 98 5.88 -3.57 

≥ 5.5 20 4.68 -5.59 

p-value* 0.33 0.58 

Participants with Baseline and Follow-Up Mammograms (Same Format, n = 339) 

Mammographic Follow-Up (years) n Geometric Mean Mean Change 

< 3.5 116 6.22 -2.98 

≥ 3.5 and < 4.5 138 4.87 -1.85 

≥ 4.5 and < 5.5 69 6.37 -3.22 

≥ 5.5 16 4.84 -4.47 

p-value* 0.38 0.29 
* calculated from F-test using one-way ANOVA 

 

The mean reduction in percent breast density values from baseline to follow-up was 

3.51% (σ = 8.14) over a median mammographic follow-up of 4 years, resulting in an annual 

mean decrease of 0.89% (σ = 2.11). When confined to just those with both mammograms taken 

in the same format, the annual mean decrease in percent breast density was 0.67% (σ = 1.79). 

These annual reductions were similar to those reported by previous studies that examined clinical 

trial data, relating specifically to the post-menopausal controls7–9. 
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4.2 IGF-I Data 

4.2.1 Descriptive Summary of IGF-I Data 

 Serum IGF-I levels were provided by BNK Laboratories for 567 and 502 samples 

collected at baseline and 1-year post-randomization, respectively. These were run in duplicate, 

and an overall 1.9% intra-assay coefficient of variation (CV) was calculated. Internal quality 

controls were included on each plate that was run in this assay, and this information was 

provided along with the IGF-I concentration data. This data was used to calculate an inter-assay 

CV of 5.3% across the 27 plates required to accommodate the large number of samples. 

 

4.2.2 Serum IGF-I Concentration at 1-Year Post-Randomization 

 As mentioned previously, IGF-I levels calculated from the serum samples taken during 

the physical examination at 1-year post-randomization were chosen to be used for exposure 

assessment. The distribution of the non-standardized concentration data was only slightly right 

skewed (Figure 4.2). The range of these values was quite broad, spanning from 51.53 ng/mL to 

393.76 ng/mL, with a mean concentration of 178.52 ng/mL (σ = 57.75). 
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Figure 4.2 - Distribution of IGF-I Concentration at 1-Year Post-Randomization (n = 502) 

 

 

A scatterplot (Figure 4.3) was used to assess for outliers with values greater than 1.5 

times the interquartile range (IQR) above the third quartile. While 6 potential outliers were 

identified as having IGF-I concentrations greater than the upper fence (332.74 ng/mL), there was 

little that their respective participants had in common with one another that would make them 

distinct from the remainder of the analyzed cohort. Characteristic variables that were shown to 

be positively associated with IGF-I levels (e.g. tallness and OC use) were not seen to be 

homogenous amongst these individuals. Removal of these individuals from later analyses did not 

significantly alter any of the associations or estimates that were calculated when they were 

included in the dataset. As such, these values did not appear to be representative of true outliers, 

and were included in all future analyses. 
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Figure 4.3 Distribution of IGF-I Concentration Measurements (n = 502) to Assess for 

Potential Outliers 

 

 

4.2.3 Changes in IGF-I Concentration over Time 

 Similar to breast density, circulating levels of IGF-I have been shown to be inversely 

associated with increasing age10. However, because IGF-I measurements were taken at a fixed 

time point (i.e. 1-year post-randomization) rather than at a variable time point (i.e. ≥ 3 years 

follow-up) like the breast density measurements, there was substantially less variability in the 

timing of the exposure variable than compared to that of the outcome variable. This was seen in 

that the mean time since randomization for the IGF-I measurements was just 12.4 months (σ = 

1.2).  

Although the exposure variable for this thesis was IGF-I levels at 1-year post-

randomization, the change in these values from baseline was still explored. Contrary to what was 

expected, there was an observed increase in the mean serum IGF-I concentration from 171.67 
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ng/mL (σ = 55.8) at baseline to 178.7 ng/mL (σ = 57.7) at 1-year post-randomization. As a single 

baseline IGF-I concentration was missing for the analyzed cohort, it should be noted that the 

statistics related to change in IGF-I presented here are only in reference to 501 individuals. 

Stratification of these results by treatment arm showed a mean reduction of 8.6 ng/mL (σ = 46.7) 

in those receiving placebo compared to an increase of 22.9 ng/mL (σ = 44.5) in those receiving 

exemestane (Table 4.4). This would appear to indicate that exemestane was almost entirely 

responsible for the increase in mean IGF-I concentration from baseline to 1-year post-

randomization. 

 

Table 4.4 – Change in Mean IGF-I Concentration (ng/mL) between Baseline and 1-Year 

Post-Randomization According to Treatment Arm 

Treatment n Baseline Year 1 Mean Change p-value* 

Total 501 171.7 178.7 7.0 < 0.01 

Placebo 253 172.2 163.6 -8.6 < 0.01 

Exemestane 248 171.1 194.0 22.9 < 0.01 
* calculated from t-test 

 

4.3 Covariates 

4.3.1 Characteristics of the Breast Density Sub-Study 

The descriptive baseline characteristics of the 502 post-menopausal women who were 

included in the analyzed cohort for this thesis are presented below (Table. 4.5). The mean age at 

randomization into the MAP.3 trial for these women was 61.8 years (σ = 6.4). The mean BMI 

was 28.5 kg/m2 (σ = 5.7), and while 3 of these individuals were classified as underweight, the 

remaining women had an almost equal distribution of normal (30.7%), overweight (34.3%), and 
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obese (35.0%) BMI values. Since the eligibility criteria of the MAP.3 trial required participants 

to be at moderately increased risk of developing breast cancer, it is not surprising that most 

(81.7%) had a Gail score > 1.66, which is a standard cutpoint used to identify high-risk 

individuals. While 49.4% of the participants smoked cigarettes at some point in their lifetime, a 

rather large proportion (77.3%) reported smoking less than a pack per day. It is also worth 

mentioning that roughly half (50.6%) of this cohort was randomized to receive exemestane 

throughout their duration in the clinical trial. While not included in the table below, the majority 

of these women self-identified as Caucasian (98.2%), and had at least some form of college 

education (74.7%). 

 

Table 4.5 – Baseline Characteristics of Breast Density Sub-Study Participants (n = 502) 

Variable Mean [SD] or n (%) 

Age (years) 
< 55 
≥ 55 and < 60 
≥ 60 and < 65 
≥ 65 

61.8 [6.4] 
68 (13.5) 
126 (25.1) 
161 (32.1) 
147 (29.3) 

BMI (kg/m2) 
< 25 
≥ 25 and < 30 
≥ 30 

28.5 [5.7] 
156 (31.1) 
171 (34.1) 
174 (34.7) 

Family History of Benign Breast Disease 
No 
Yes 

 
418 (83.8) 
81 (16.2) 

Family History of Malignant Breast Disease 
No 
Yes 

 
172 (34.3) 
330 (65.7) 

Smoking Status 
Never 
Former 
Current 

 
254 (50.6) 
221 (44.0) 
27 (5.4) 
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Variable n (%) 

Lifetime Cumulative Number of Menstrual Cycles 
< 364 
≥ 364 and < 429 
≥ 429 and < 494 
≥ 494 

424.1 [97.6] 
106 (22.7) 
111 (23.8) 
132 (28.3) 
120 (25.3) 

Age at Menarche (years) 
≤ 11 
≥ 12 and < 14 
≥ 14 

12.6 [1.5] 
106 (21.1) 
286 (57.0) 
110 (21.9) 

Age at First Birth (years) 
< 25 
≥ 25 and < 30 
≥ 30 
Nulliparous 

24.9 [5.2] 
212 (42.2) 
116 (23.1) 
71 (14.1) 

103 (20.5) 
Age at Menopause (years) 

< 50 
≥ 50 

48.3 [6.6] 
254 (50.6) 
248 (49.4) 

Full-Term Pregnancy 
No 
Yes 

 
103 (20.5) 
399 (795) 

Partial-Term Pregnancy 
No 
Yes 

 
349 (69.7) 
152 (30.3) 

Prior Breastfeeding 
No 
Yes 

 
135 (33.9) 
263 (66.1) 

Prior OC Use 
No 
Yes 

 
85 (16.9) 

417 (83.1) 
Prior HRT Use 

No 
Yes 

 
208 (41.4) 
294 (58.6) 

Duration of HRT Use (years) 
< 5 
≥ 5 

6.91 [6.1] 
125 (42.7) 
168 (57.3) 

Menopausal Status 
Natural 
Bilateral Oophorectomy 

 
472 (94.0) 
30 (6.0) 

Treatment Arm 
Placebo 
Exemestane 

 
254 (50.6) 
248 (49.4) 
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Bivariate relationships between established breast cancer (also breast density) risk factors 

and dichotomized breast density values (Table 4.6), as well as the continuous variables of 

follow-up IGF-I concentration, log-transformed follow-up percent breast density, and log-

transformed absolute breast density (Table 4.7) are also presented here.  

Age, BMI, parity, as well as HRT use and duration were all observed to have a strong 

inverse association with percent breast density, which was to be expected based on what has 

been reported in the literature. Smoking was seen to have a rather strong effect on breast density 

when dichotomized, but this was minimized (p = 0.06) when associated with a continuous 

variable. There were strong positive associations with many of the reproductive factors, such that 

a later age at menarche, first birth, and menopause were all associated with increased breast 

density. Similarly, women who took OC were seen to be at increased risk of having dense 

breasts. Comparing the treatment arms showed that exemestane did not appear to have any effect 

on the breast density values. These same trends were also seen in the continuous log-transformed 

percent and absolute breast density values. 

Increasing age and OC use were associated with decreasing IGF-I values. There is the 

suggestion of a quadratic relationship with BMI and IGF-I, similar to what has been reported in 

several other studies. Those who had the youngest age at menarche were to shown to have the 

highest IGF-I levels, but no other reproductive factors were seen to have a significant 

relationship with IGF-I concentration. 
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Table 4.6 – Bivariate Association Between Covariates and Dichotomized Percent Breast 

Density 

Variable N  
(BD < 25%) 

N  
(BD ≥ 25%) RR (95% CI) 

Format 
Film 
Digital 

p-value* 

 
246 
186 

 

 
43 
27 
 

 
1.00 
0.85 (0.54 – 1.33) 
0.48 

Treatment 
Placebo 
Exemestane 

p-value* 

 
215 
217 

 

 
39 
31 
 

 
1.00 
0.81 (0.52 – 1.26) 
0.36 

Age (years) 
< 55 
≥ 55 and < 60 
≥ 60 and < 65 
≥ 65 

p-value* 

 
55 
106 
134 
137 

 
13 
20 
27 
10 

 
1.00 
0.83 (0.44 – 1.56) 
0.88 (0.48 – 1.59) 
0.36 (0.16 – 0.77) 
0.03 

BMI (kg/m2) 
< 25 
≥ 25 and < 30 
≥ 35 

p-value 

 
115 
150 
166 

 
41 
21 
8 

 
1.00 
0.47 (0.29 – 0.75) 
0.17 (0.08 – 0.36) 
< 0.01 

Gail Score 
≤ 1.66 
> 1.66 

p-value* 

 
88 
344 

 
4 
66 

 
1.00 
3.70 (1.38 – 9.90) 
<0.01 

Family History of Breast 
Cancer 

No 
Yes 

p-value* 

 
154 
278 

 
18 
52 

 
1.00 
1.51 (0.91 – 2.49) 
0.10 

Prior Smoking 
No 
Yes 

p-value* 

 
210 
222 

 
44 
26 

 
1.00 
0.60 (0.38 – 0.95) 
0.03 

Age at Menarche (years) 
≤ 11 
12-13 
≥ 14 

p-value* 

 
91 
250 
91 

 
15 
36 
19 

 
1.00 
0.89 (0.51 – 1.56) 
1.22 (0.66 – 2.27) 
0.48 
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Variable N  
(BD < 25%) 

N  
(BD ≥ 25%) RR (95% CI) 

Full-Term Pregnancy 
No 
Yes 

p-value* 

 
76 
356 

 
27 
43 

 
1.00 
0.41 (0.27 – 0.63) 
< 0.01 

Age at First Birth (years) 
< 25 
≥ 25 and < 30 
≥ 30 
Nulliparous 

p-value* 

 
194 
104 
58 
76 

 
18 
12 
13 
27 

 
1.00 
1.22 (0.61 – 2.44) 
2.16 (1.11 – 4.18) 
3.09 (1.78 – 5.34) 
< 0.01 

Partial-Term Pregnancy 
No 
Yes 

p-value* 

 
298 
133 

 
51 
19 

 
1.00 
0.86 (0.52 – 1.40) 
0.53 

Age at Menopause (years) 
< 50 
≥ 50 

p-value* 

 
223 
209 

 
31 
39 

 
1.00 
1.29 (0.83 – 2.00) 
0.25 

Lifetime Menstrual Cycles 
< 364 
≥ 364 and < 429 
≥ 429 and < 494 
≥ 494 

p-value* 

 
95 

100 
114 
94 

 
11 
11 
18 
24 

 
1.00 
0.96 (0.43 – 2.11) 
1.31 (0.65 – 2.66) 
1.96 (1.01 – 3.81) 
0.08 

OC Use 
No 
Yes 

p-value* 

 
79 

353 

 
6 

64 

 
1.00 
2.17 (0.97 – 4.86) 
0.04 

HRT Use 
No 
Yes 

p-value* 

 
172 
260 

 
36 
34 

 
1.00 
0.67 (0.43 – 1.03) 
0.07 

* calculated from χ2 test using modified Poisson regression 
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Table 4.7 – Bivariate Associations Between Covariates and 1) Mean IGF-I Level and 2) 

Geometric Means for Both Percent and Absolute Breast Density at ≥ 3 Years Follow-Up 

Variable 
 

N 
 

Mean  
(IGF-I) 

Geometric 
Mean (Percent 

BD) 

Geometric 
Mean 

(Absolute BD) 
Format 

Film 
Digital 

p-value* 

 
289 
213 

 
179.18 
177.63 
0.77 

 
5.50 
5.36 
0.82 

 
8.00 
7.47 
0.55 

Treatment 
Placebo 
Exemestane 

p-value* 

 
254 
248 

 
163.41 
194.00 
< 0.01 

 
5.48 
5.40 
0.90 

 
7.76 
7.79 
0.97 

Age (years) 
< 55 
≥ 55 and < 60 
≥ 60 and < 65 
≥ 65 

p-value* 

 
68 
126 
161 
147 

 

 
195.59 
184.55 
181.06 
162.68 
< 0.01 

 
6.85 
6.35 
5.72 
4.05 
0.01 

 
9.76 
9.18 
8.15 
5.76 

< 0.01 
BMI (kg/m2) 

< 25 
≥ 25 and < 30 
≥ 35 

p-value* 

 
156 
171 
174 

 

 
182.12 
184.45 
169.56 
0.04 

 
9.67 
5.90 
2.90 

< 0.01 

 
10.66 
8.51 
5.32 

< 0.01 
Gail Score 

≤ 1.66 
> 1.66 

p-value* 

 
92 
410 

 

 
171.93 
180.00 
0.23 

 
3.84 
5.89 

< 0.01 

 
5.44 
8.43 

< 0.01 
Family History of Breast 
Cancer 

No 
Yes 

p-value* 

 
172 
330 

 

 
167.07 
184.49 
< 0.01 

 
5.23 
5.54 
0.63 

 
7.53 
7.86 
0.71 

Prior Smoking 
No 
Yes 

p-value* 

 
254 
248 

 

 
182.16 
174.79 
0.15 

 
6.04 
4.88 
0.06 

 
8.44 
7.13 
0.13 

Age at Menarche (years) 
≤ 11 
12-13 
≥ 14 

p-value* 

 
106 
286 
110 

 

 
175.66 
185.39 
163.40 
< 0.01 

 
4.76 
5.12 
7.15 
0.02 

 
7.16 
7.16 
10.24 
0.02 
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Variable 
 

N Mean  
(IGF-I) 

Geometric 
Mean (Percent 

BD) 

Geometric 
Mean 

(Absolute BD) 
Full-Term Pregnancy 

No 
Yes 

p-value* 

 
103 
399 

 

 
178.32 
178.57 
0.97 

 
8.46 
4.85 

< 0.01 

 
11.47 
7.03 

< 0.01 
Age at First Birth (years) 

< 25 
≥ 25 and < 30 
≥ 30 
Nulliparous 

p-value* 

 
212 
116 
71 
 

 
173.05 
181.77 
189.83 
178.32 
0.17 

 
3.84 
5.51 
7.68 
8.46 

< 0.01 

 
5.66 
8.22 
10.25 
11.59 
< 0.01 

Partial-Term Pregnancy 
No 
Yes 

p-value* 

 
349 
152 

 

 
176.95 
182.40 
0.33 

 
5.76 
4.83 
0.14 

 
8.27 
6.83 
0.11 

Lifetime Menstrual Cycles 
< 375 
≥ 375 and < 450 
≥ 450 and < 500 
≥ 500 

p-value* 

 
106 
111 
132 
118 

 

 
172.65 
176.70 
175.99 
188.87 
0.19 

 
4.09 
5.89 
6.16 
6.32 
0.02 

 
5.99 
860 
8.98 
8.36 
0.04 

OC Use 
No 
Yes 

p-value* 

 
85 
417 

 

 
164.85 
181.31 
0.02 

 
3.86 
5.84 

< 0.01 

 
5.20 
8.44 

< 0.01 
HRT Use 

No 
Yes 

p-value* 

 
208 
294 

 

 
182.33 
175.82 
0.21 

 
6.40 
4.86 
0.02 

 
8.92 
7.07 
0.04 

* calculated from F-test using one-way ANOVA 

 

4.4 Thesis Objectives Analyses 

4.4.1 Association Between IGF-I and Dichotomous Percent Breast Density 

 To evaluate the association between IGF-I levels and breast density in this particular 

cohort of 568 post-menopausal women, the outcome variable was dichotomized to represent 

either a low (< 25%) or moderately high (≥ 25%) breast density. The corresponding 

mammograms from which these measurements were taken can also be classified as either lucent 
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(< 25%) or dense (≥ 25%) using the same percent breast density cutpoint. As mentioned 

previously, modified Poisson regression was chosen to evaluate this relationship due to the “non-

rare” (> 10%) prevalence of dense mammograms being evaluated, as well as modelling 

complications that arose during initial analyses using a log-binomial regression. This analyised 

determined the relative risk of having moderately high breast density per standard deviation 

(57.75 ng/mL) increase in serum IGF-I levels. 

 There was evidence to suggest a crude relationship (RR = 1.18, 95% CI: 0.97 – 1.44) 

between IGF-I and breast density (Table 4.8). The backward elimination procedure used to 

identify potential confounders retained variables representing age, BMI status, prior smoking 

status, lifetime cumulative number of menstrual cycles, and OC use. The association between 

IGF-I and breast density was attenuated (RR = 1.10, 95% CI: 0.92 - 1.33) when these potential 

confounders were controlled for in a fully adjusted model (Table 4.8). This represented a 10% 

increase in the risk of having moderately high breast density per standard deviation increase in 

IGF-I levels. However, this association was not statistically significant (p = 0.30) as was seen in 

the 95% confidence interval crossing the null value.  

 

Table 4.8 – Relationship Between IGF-I and Dichotomized Percent Breast Density as 

Determined by Modified Poisson Regression 

 Crude RR (95% CI) Fully Adjusted RR (95% CI)* 

IGF-I (standardized) 1.18 (0.97 – 1.44) 1.10 (0.92 – 1.33) 

p-value 0.09 0.30 
* Adjusted for age, BMI status, prior smoking status, lifetime cumulative number of menstrual 
cycles, and OC use 
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Analysis of the covariates included in the fully adjusted model identified that age and 

BMI status exhibited the strongest confounding effect due to the 10.4% difference in relative 

risks calculated between models with and without both covariates. Since the identified potential 

confounders included variables with missing data, the sample size was reduced from the 

unadjusted model (n = 502) to the fully adjusted model (n = 466). However, when the cohort was 

restricted to only those individuals who were included in the fully adjusted model, the crude 

association was slightly strengthened (RR = 1.25, 95% CI: 1.03 – 1.53) and found to be 

significant (p = 0.02). 

 

4.4.2 Association Between IGF-I and Continuous Percent Breast Density 

A least-square linear regression was used to evaluate this relationship due to the 

continuous nature of the outcome variable. The unadjusted association between IGF-1 and breast 

density had a transformed β of 0.10 (95% CI: 0.00 – 0.22), and was attenuated (β = 0.03, 95% 

CI: -0.07 – 0.13) following backward deletion modelling that retained age, BMI status, prior 

smoking status, lifetime cumulative number of menstrual cycles, and OC use as in the previous 

model, but with the addition of duration of HRT use (Table 4.9). 

 

Table 4.9 – Linear Regression Model Comparison for the Association Between IGF-I and 

Log-Transformed Percent Breast Density (Continuous) 

 Unadjusted Beta (95% CI) Fully Adjusted Beta (95% 
CI)* 

IGF-1 (standardized) 0.10 (95% CI: 0.00 – 0.22) 0.03, 95% CI: -0.07 – 0.13) 
p-value** 0.06 0.60 

*Adjusted for age, BMI status, prior smoking, lifetime cumulative number of menstrual cycles, 
OC use, and duration of HRT use 

** calculated from F-test using linear regression 
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An analysis of the assumptions required for linear regression was undertaking to assess 

the linearity of the relationship between the continuous exposure and outcome variable, 

represented, respectively, by standardized IGF-I values and log-transformed percent breast 

density. While IGF-I concentrations were normally distributed, log-transformation was necessary 

to ensure normality of the percent breast density values due to their highly right skewed 

distribution. These two variable appeared to have a positive linear relationship when plotted 

against each other, and both Pearson and Spearman correlations were calculated to be 0.09 (p = 

0.06). The residuals of the linear regression when plotted against IGF-I appeared to be randomly 

distributed along the x-axis. It was shown previously that there was a suggestive crude 

association between the two variables (p = 0.06), with IGF-I having a β coefficient of 0.1. When 

a squared term for IGF-I was included in the analysis, neither the β nor its associated p-value 

changed. The non-significance (p = 0.58) of the squared term’s contribution to the model 

demonstrates the linear relationship between IGF-I and percent breast density, and helps to 

validate the appropriateness of a linear regression analysis. 

 

4.4.3 Association Between IGF-I and Continuous Absolute Breast Density 

  As the absolute breast density outcome variable that was also log-transformed. The 

unadjusted association between IGF-1 and breast density had a transformed β of 0.06 (95% CI: -

0.05 – 0.17), and was attenuated (β = -0.01, 95% CI: -0.11 – 0.10) in the fully adjusted model 

that included age, BMI status, prior smoking status, cumulative menstrual cycles, OC use, and 

duration of HRT use (Table 4.10). 
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Table 4.10 – Linear Regression Model Comparison for the Association between IGF-I and 

Log-Transformed Absolute Breast Density (Continuous) 

 Unadjusted Beta (95% CI) Fully Adjusted Beta (95% 
CI)* 

IGF-1 (standardized) 0.06 (95% CI: -0.05 – 0.17) -0.01 (95% CI: -0.11 – 0.10) 
p-value** 0.28 0.84 

*Adjusted for age, , prior smoking status, lifetime cumulative number of menstrual cycles, OC 
use, and duration of HRT use 

** calculated from F-test using linear regression 

 

4.4.4 Effect Modification by Treatment Arm 

 The third objective of this project was to examine the potential effect modification by 

treatment arm and was a novel aspect of this project, as it has not been previously reported in the 

breast density literature. When the fully adjusted model evaluating IGF-I in relation to percent 

breast density (dichotomized) included the addition of treatment arm and the interaction between 

treatment arm and IGF-I, the interaction term was not statistically significant (p-value = 0.37). 

The relative risks found for each treatment arm in the full model with treatment arm and 

interaction were 1.24 (95% CI: 0.98 – 1.56) for the placebo arm (exemestane was the reference) 

and 1.04 (95% CI: 0.77 – 1.40) for the exemestane arm (placebo was the reference). Despite the 

suggestive difference in the effect estimates according to treatment allocation (a proxy for 

estrogen level), the non-significance of the interaction term showed that these effects were 

statistically similar to one another (Table 4.11). 
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Table 4.11 –Fully Adjusted Modified Poisson Model for the Association between IGF-I and 

Dichotomized Percent Breast Density (< 25% and ≥ 25%) According to Treatment Arm 

 Placebo Arm 
 RR (95% CI) 

Exemestane Arm 
RR (95% CI) 

Interaction  
(p-value)** 

IGF-1 (standardized) 1.24 (0.98 – 1.56) 1.04 (0.77 – 1.40) 0.37 
*Adjusted for age, BMI status, prior smoking status, cumulative menstrual cycles, and OC use 

**calculated from F-test using modified Poisson regression 
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Chapter 5 

Discussion 

 

5.1 Summary of Findings 

 This thesis found no evidence of a significant association between IGF-I and breast 

density in a specific cohort of postmenopausal women who participated in the MAP.3 trial. 

Furthermore, there was little evidence of an interaction with exemestane treatment. Two 

definitions of mammographic breast density were considered in this study, including percent 

breast density and absolute breast density.  

 Measurements for breast density were calculated at ≥ 3 years from randomization based 

on mammograms collected from 568 postmenopausal women who participated in a sub-study 

that evaluated the association between vitamin D levels and breast density. The values of these 

measurements were highly right skewed, and had to be log-transformed. When percent breast 

density values were dichotomized using a clinical cutpoint of 25% to differentiate mammograms 

as either lucent or dense, only 13.6% of these women had radiographic dense breasts. The 

absolute breast density values were not dichotomized, because of the absence of any clinical data 

to inform the categorization of this outcome variable. Serum IGF-I levels at 1-year post-

randomization was available for the majority of women with breast density data (88%) and was 

normally distributed and standardized prior to analysis. 

No association between IGF-I and breast density (≥ 25%) was observed after controlling 

for age, BMI status, prior smoking, lifetime cumulative number of menstrual cycles, and OC use. 

There was a non-significant 10% increased risk of increased percent breast density per unit 
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increase in IGF-I. A similar relationship was observed when percent breast density was modeled 

as a continuous log-transformed variable. Looking at absolute breast density as an alternative 

outcome did not provide any additional insights. In all models, controlling for confounding 

variables led to an attenuation of the crude effect estimate.  

The inclusion of an interaction term that took into account the treatment allocation in the 

MAP.3 clinical trial allowed for the analysis of any potential effect modification by exemestane.  

When results were stratified on treatment allocation, there was a suggestion of a differential 

relationship between IGF-I and increased percent breast density. Women on placebo had a 23% 

increased risk of high breast density per unit change in IGF-I, while there was no association 

between IGF-I and percent breast density in women on exemestane. However, this interaction 

was not statistically significant. 

The remainder of this chapter will compare the results from this project with the current 

literature on IGF-I and breast density. The methodological strengths and limitations of this 

research are presented including suggestions for future research directions.  

 

5.2 Comparison of Findings with Relevant Literature 

5.2.1 Association with Percent Breast Density  

The primary results from this thesis support the null association reported in the majority 

of other studies examining the relationship between IGF-I levels and percent breast density in 

postmenopausal women. This project is the third largest study to evaluate the relationship 

between IGF-I and percent breast density in postmenopausal women. Consequently, this study 

should have been adequately powered to answer the research question and overcome some of the 

statistical disadvantages that smaller studies had when investigating the relatively weak 
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association between IGF-I and breast density. However, the extremely right skewed distribution 

of percent breast density in the MAP.3 population and low prevalence of moderately high breast 

density (>25% dense breast tissue) in this study, led to similar issues of low study power. 

While prior studies have generally reported significant associations between IGF-I and 

breast density, the vast majority have shown that when the study sample was stratified according 

to menopausal status, the relationship among postmenopausal women became statistically null1–

10. In addition to the fact that most of the previous studies examining this relationship were 

relatively smaller in size, there are limitations involved in comparing the results of this thesis to 

findings provided by these previous studies. For instance, there are a variety of methods for 

calculating serum IGF-I concentrations, and while each process is validated in its own right, it is 

difficult to accurately compare results from one study to the next as these values can vary widely 

depending on the detection method or controls/substrates used in the assay11. A similar situation 

occurs in regards to the breast density measurements, where some studies choose to use either 

qualitative or quantitative measurements, and even if a quantitative value of percent breast 

density is calculated, it can be categorized differently according to the spread of the data. Since 

the women in this project had relatively low levels of percent breast density, the 25% cutpoint 

used for this study population was lower than what would typically be used in a study of the 

general population assessing an association between IGF-I and breast density. Also, the type of 

software used to determine percent breast density can vary, and while many of the published 

studies used Cumulus software, there are always inter-operator differences in these calculations 

since the selection of dense and non-dense areas is rather subjective.  

In general, it appears that the overall reduction of breast density associated with 

menopause and aging leads to a decrease in the variability of postmenopausal breast density and 
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may partially explain why statistical associations between IGF-I and breast density have been 

observed more frequently in populations of premenopausal women than in populations of 

postmenopausal women. 

In addition, the elevated levels of IGF-I at 1-year post randomization may also have been 

involved in the non-significant association seen in the primary analysis, as it was initially 

believed that exemestane would not alter IGF-I levels significantly after 1 year of treatment 

administration. While previous literature has also observed increases in IGF-I concentration 

brought on by aromatase inhibitor treatment, these were only acute changes noted to have 

resolved after a similar amount of follow-up time (within 6 months) 12,13. Since additional serum 

samples collected at even later dates were not available for this thesis, it is unknown whether the 

increase in serum IGF-I levels at 1-year post-randomization appearing to relate to exemestane 

use was either transient or stable in nature. It should also be noted that these other studies looked 

specifically at letrozole and anastrozole, which have similar estrogen suppressing effects to 

exemestane as they are aromatase inhibitors, but are structurally and mechanistically different. 

 

5.2.2 Association with Absolute Breast Density 

More recently, a few researchers have suggested that absolute breast density may be the 

more relevant breast density outcome to study when evaluating etiological associations. 

However, only four of the studies that have examined the relationship between IGF-I and breast 

density have presented data for absolute density1,2,10,14. While three of these studies stratified 

their results by menopausal status, all 3 reported a null association1,2,15. Similarly, this thesis did 

not find a significant relationship between IGF-I and absolute percent breast density. While 

absolute density may be more etiologically informative than percent density, the two are related 
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in that one is simply the numerator of the other. It is not surprising, then, that the studies in 

premenopausal women which found positive associations between IGF-I and percent breast 

density, also observed similar effects for absolute breast density. 

 

5.2.3 Effect Modification by Estrogen Interaction 

A novel aspect of this thesis was the opportunity to explore a potential interaction 

between exemstane treatment, IGF-I and breast density. Exemestane dramatically reduces levels 

of circulating estrogen produced from peripheral fat in postmenopausal women. Thus, women on 

exemestane should have undetectable levels of estrogen while women on placebo would 

represent the range of circulating estrogen concentrations observed in postmenopausal women.  

Several studies have reported that estrogen has a role in both IGF-I and breast cell 

proliferation pathways161718,19. Estrogen and IGF-I have both been reported as mitogens affecting 

breast cell proliferation, but there is evidence to believe that these two pathways are 

interconnected rather than independent of one another19. For instance, the ligand-bound estrogen 

receptor has been show to bind to and activate the main IGF-I cellular receptor (IGF-RI)20.  In 

addition, estradiol, the main form of estrogen, has been shown to enhance IGF-I signalling, as 

well as alter the expression of IGF family member proteins in breast cancer cells20. IGF signaling 

has been reported to enhance estrogen receptor activation in human breast cancer cells by 

inducing phosphorylation of the estrogen receptor20. This interaction of cellular signaling 

pathways would support the hypothesis that if the proliferation of breast tissue drives breast 

density and thus breast cancer, that an interaction might be seen. 

Approximately half of the women in the breast density sub-study were randomized to 

exemestane (49%) indicating that half of the women did not have detectable levels of estrogen. 
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When the main results of this study were stratified by treatment allocation, there was a weak 

suggestion of effect modification by estrogen. Women in the placebo group had an increased risk 

of elevated breast density with increasing IGF-I levels (RR = 1.24) while there was no apparent 

relationship between IGF-I and breast density in women randomized to the exemestane group 

(RR=1.04). While the interaction term for treatment was not statistically significant at an alpha 

level of 0.05, given the already low study power for the main objective, this exploratory 

objective was most definitely underpowered. However, it is tempting to speculate that this 

potential biological hypothesis explains why the relationship between IGF-I and breast density is 

observed in premenopausal, but less so in postmenopausal women. 

Another explanation for the lack of a significant interaction with treatment, IGF-I, and 

breast density is that postmenopausal levels of circulating estrogen are quite low to begin with, 

and the addition of exemestane cannot lower levels much further. Thus, the difference in 

estrogen levels between the two treatment arms in this postmenopausal population is not 

expected to be as pronounced as it would be between premenopausal and postmenopausal 

women.  

Nevertheless, the fact that exemestane and other aromatase inhibitors have been shown to 

reduce the occurrence of breast cancer 21, suggests that the suppression of limited estrogen 

production in the peripheral fat of postmenopausal women is sufficient to prevent breast tumor 

development and/or progression in ER positive tumours. This would suggest that while 

postmenopausal estrogen levels are low, the roughly 20 pg/mL decrease in estrogen that results 

from exemestane administration can still be of profound clinical importance. It was hypothesized 

that this small yet clinically important decrease in estradiol levels would be sufficient to 

demonstrate potential effect modification in this study. Whether the null association between 
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IGF-I and breast density in the exemestane group but not in the placebo group is a meaningful 

finding or just one observed by chance remains to be elucidated in future studies. 

 

5.3 Study Validity: Methodological Strengths and Limitations 

5.3.1 Selection Bias 

Due to the prospective nature of this study as well as the fact that both the exposure and 

outcome variables are biological values that were unknown by either the participant or clinical 

trial staff upon entering either the initial MAP.3 trial or the breast density sub-study, it is difficult 

to determine how selection or response bias could be present in any significant form in this 

thesis. 

However, women who developed breast cancer during the MAP.3 trial were excluded 

from participating in the breast density sub-study. This was decided a priori because breast 

density values become incalculable in breasts afflicted with cancer as the tumor interferes with 

the imaging software accurately calculating dense areas. This reason also pertains to why women 

who had breast augmentation surgeries were removed from the study during mammographic 

analysis. There was also the worry that women who had developed breast cancer early during the 

clinical trial would have been exposed to different or more aggressive clinical courses than those 

who did not. Indeed, if IGF-I and breast density are both independently associated with breast 

density, then not allowing women with breast cancer to participate in the sub-study may have 

eliminated a specific portion of women who had either elevated IGF-I levels, percent breast 

density values, or both. However, if the association between IGF-I and breast density was 

biologically present and independent, then while eliminating this group from the sub-study may 
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have attenuated the association closer to the null, a positive association would still be expected in 

the breast cancer-free population. 

While not a cause for selection bias, it is worth noting that the initial MAP.3 trial listed 

several comorbidities that would make individuals ineligible to participate in the clinical trial. 

One in particular has some significance in regards to the thesis, which is the fact that those with 

chronic liver disease were excluded from this study. As mentioned previously, IGF-I is secreted 

by the liver, and any dysfunction related to the liver could have drastically altered the levels of 

IGF-I in circulation. By excluding potential participants who were suffering from chronic liver 

disease, the distribution of the IGF-I variable was more reflective of normal ranges. 

 

5.3.1.1 Volunteer Bias 

Volunteer bias needs to be considered as the individuals who were studied for this trial 

not only initially decided to participant in a placebo-controlled preventive clinical trial that 

required active and regular participation for 5 years, but also chose to allow their blood samples 

to be used for related testing. This is most likely a main factor that would explain why so many 

of the women in this sub-study were highly educated and a large majority were non-smokers. 

Again, since the association of interest for this thesis is in regards to a biological association, 

there is not much concern with the actual bias of the results due to this fact, but there is still a 

concern that the prevalence of exposure, outcome, and covariates may not be representative of 

the general population of post-menopausal women. Hence, this topic will also be developed 

further in this chapter as it relates to the external validity of the results presented in this thesis. 
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5.3.1.2 Loss to Follow-Up 

 Loss to follow-up in another type of selection bias that is always of concern in 

prospective cohort studies or randomized controlled trials. Since the data used in this thesis was 

gathered retrospectively, and the inclusion criteria for the sub-study required at least 2 

mammograms to be taken at least 3 years apart, there are no concerns for any loss to follow-up. 

However, this does mean that potential participants in this sub-study were lost throughout the 

duration of the trial, especially those individuals who were enrolled towards the latter end of the 

trial’s duration, and hence could not be followed for at least 3 years prior to the collection of this 

data. In addition, this sub-study also would include those individuals who were less likely to 

develop serious adverse events, less likely to report side effects, or were less likely to withdraw 

consent and drop out of the clinical trial early. This also demonstrates the selective pressures that 

were at work in creating this sub-study sample, and again requires the consideration of how 

representative this cohort was of not only the entire MAP.3 clinical trial, but also post-

menopausal overall. 

 

5.3.2 Information Bias and Measurement Error 

 Since serum IGF-I levels were calculated using a validated measurement technique, there 

is little concern for measurement error related to this variable. Specifically for this assay, since it 

was performed by qualified and trained staff, the repeatability and validity of the sample 

measurements were high with the intra-assay Coefficient of Variation (CV) less than 10%. The 

mean value of both baseline and follow-up samples were higher than the average IGF-I levels 

reported in the literature for a postmenopausal population22. However, if there were any errors in 

measurement, these would more than likely have been either random or affected all the samples 
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in a similar manner (e.g. non-differential with respect to breast density). Regardless, the serum 

samples used for the IGF-I concentration assay were taken, stored, and analyzed without the 

knowledge of any information related to either the exposure or outcome variables. As was 

mentioned previously, IGF-I is a preferred biomarker in routine clinical analyses due to its 

increased stability, so the assay performed is not novel and the concentrations determined are 

known to be fairly repeatable with little variation. 

 The mammograms used to calculate the breast density measurements were performed at 

various radiological facilities throughout Canada as well as in Buffalo, New York. There is the 

possibility that differences in mammographic equipment across these sites may have led to 

differences in image quality that would ultimately affect the breast density measurements 

calculated by the Cumulus software. As discussed, there were differences in the image formats of 

the mammograms provided, but this was less of a concern in the follow-up mammograms since 

most facilities had converted to digital mammography in the interim period, and there was no 

discernable difference in the breast density values calculated from either film or digital 

mammograms. Additionally, quality standards related to mammographic equipment are provided 

by the Canadian Association of Radiologist with guidelines and accreditation, which hopefully 

had the effect of minimizing any imaging errors found in the mammograms analyzed for breast 

density. 

 The Cumulus software is considered the gold standard for quantitative breast density 

measurements, and has been shown to have high intra-rater reliability. There was strong intra-

rater reliability (ρ = 0.95) as determined by the roughly 10% of randomly chosen mammograms 

that were submitted for a repeat assessment (unknown to the radiologist). However, since the 

Cumulus software relies so heavily on user-defined thresholds to determine its breast density 
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measurements, there is always the drawback that its reliance on expertise can reduce its 

reproducibility across users. Hence, the recent push for automated methods to be developed for 

the analysis of mammograms using this software. Since the mammograms analyzed in this study 

were only read by a single consulting radiologist, while there is no within study inter-rater 

reliability to worry about, there is still the concern that the results may have been skewed based 

on their personal analytical preferences in regards to setting thresholding levels. Indeed, this was 

the first time that the consulting radiologist used this software, after receiving some training at 

the University of Toronto, where it was developed. However, there are still concerns that this 

may have partially led to the lower than expected percent breast density values seen in the data. 

If these mammographic images were to be re-read by another radiologist, who may have been 

more experienced with this particular software, the values and distribution of the percent breast 

density may have looked different. 

 

5.3.3 Confounding 

Confounding was assessed using a backward deletion approach and a similar set of 

covariates was included in multivariable models in both objectives 1 and 2.  Potential 

confounders included predictors of breast density that were associated with percent or absolute 

breast density in crude logistic or linear regression analyses with a p<0.20. The one exception 

was BMI. Based on the conceptualization of the causal pathway for IGF-I and absolute breast 

density, BMI was not considered a potential confounder because it was considered to be 

upstream of the association that was being analyzed in this thesis. Since percent breast density 

includes the total breast area, more importantly the amount of nondense (fatty) tissue, BMI 

would seem capable of affecting percent breast density independently of its effect on IGF-I. This 
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is why there is a noted inverse relationship between BMI and percent breast density. However, a 

similar relationship with absolute breast density is unlikely since it represents the total dense 

area. Thus, it was posited that the only effect of BMI would be directly on IGF-I levels, and thus 

would not influence the relationship between IGF-I and absolute breast density. However, in 

order to determine if there was any unmeasured confounding due to the exclusion of BMI from 

the analysis of absolute breast density, it was added in a subsequent sensitivity analysis. The 

calculated association of this sensitivity analysis did not significantly differ from the initial 

modelling that did not include BMI, and as such, BMI was not included in the final model in 

order to maintain a parsimonious model with greater statistical power. 

In Objective 1 after controlling for confounders, the risk of increased breast density with 

increasing IGF-I was reduced from 18% to 10% and went from borderline significant (at an 

alpha of 0.1) in the crude analysis (p=0.09) to non-significant (p=0.31). Similar trends were 

observed for objective 2 with absolute breast density as the outcome. The confounders that had 

the biggest impact on the relationship between IGF-I and breast density were age, BMI, and 

lifetime cumulative number of menstrual cycles. 

There is always a possibility of residual confounding in these analyses, and this is 

particularly true with respect to the variable that was computed to control for lifetime estrogen 

exposure (cumulative lifetime number of menstrual cycles). The cumulative lifetime number of 

menstrual cycles variable is a composite of reproductive variables and relies on several 

assumptions in order to best estimate the cumulative exposure to endogenous estrogen. The data 

collected from participants on MAP3 related to reproductive factors had some limitations that 

may have affected the overall composite score. The primary limitation was related to the 

question that participants answered about the number of times they had a full-term pregnancy. 
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Due to the way the question was written (Appendix 3), it is not known for certain that when the 

participant responded to the question in regards to the number of pregnancies whether they were 

discriminating between full-term and partial-term pregnancies. Based on the sequence of 

questioning, one would assume that the number of pregnancies was referring to full-term 

pregnancies, but the data for several edge cases (particularly those women who started having 

children later in life) clearly shows that there was variation in how women interpreted this 

question. 

Additional limitations included using a general estimate for the length of menstrual 

cessation related to partial-term pregnancies, as this variable did not discriminate between 

stillbirths, spontaneous abortions, and planned abortions. Since these women were required to 

recall details of their reproductive history, which on average occurred 30+ years earlier, it is also 

likely that this information suffers from some measurement error. Additionally, breastfeeding 

time was collected in overall months, which would lead one to assume that these responses 

would not be as accurate and subject to rounding. Finally, missing data on reproductive factors 

led to the exclusion of 35 participants in the new composite score for lifetime number of 

menstrual cycles. Thus, the combination of crude estimates of total number of full-term births, 

assumptions that may have introduced measurement error and missing reproductive data may 

collectively have resulted in the computation of an inexact variable, such that residual 

confounding of cumulative estrogen exposure may still exist, if in fact, lifetime estrogen 

exposure is an important determinant of both IGF-I circulating levels and breast density.  

Nevertheless, it should be noted that during the data analysis phase of this thesis, models 

including the cumulative number of menstrual cycles were compared to similar models with each 

of its component reproductive factors treated separately, and in each case the composite variable 
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provided a lower QIC value, most likely due to the increase in the degrees of freedom for the 

analysis. 

 Finally, there was no information collected in the main MAP.3 trial on alcohol use, which 

may have introduced uncontrolled confounding. Increased alcohol consumption is associated 

with a decrease in IGF-I concentration23, but is also associated with higher breast density 

levels24. Therefore, it stands to reason that the observed relative risks may have been even further 

from the null if this potential confounder had been taken into account. However, given the fact 

that even the crude association between IGF-I and breast density resulted in a relative risk that 

was not significantly different than the null, it is hard to imagine that alcohol use would 

influence the results substantially enough to change the overall interpretation of the findings. 

Other factors that were not assessed include several dietary factors along with exercise. 

However, there is conflicting evidence that supplements and certain eating habits have any 

substantial effect on either IGF-I or breast density24–27. While physical activity was not captured 

on MAP.3, data was available on BMI, which is likely to be correlated strongly with physical 

activity and was included in the analysis.   

 

5.3.4 Missing Data 

The initial response rate from radiological facilities was rather high as 77% of the 

participants whose mammograms were requested (n = 745) had at least one provided (n = 575). 

As was stated earlier, 7 participants were then excluded prior to breast density calculations due to 

imaging concerns related to their mammograms. Thus, 568 participants were included in the 

breast density sub-study, and had follow-up breast density data available for this thesis. 

However, the number of participants included in the final analysis was only 466 (82%). The 
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largest source of the missing data responsible for this reduction in sample size was the serum 

IGF-I levels at 1-year post-randomization (n = 66). Missing or inaccurate values for important 

covariates were responsible for the remaining loss (n = 36). This included a single participant 

who did not have a baseline weight recorded, which meant that a corresponding BMI value could 

not be calculated, while the remaining participants were eliminated due to incomplete 

calculations of the variable representing their lifetime cumulative number of menstrual cycles. 

This is to be expected as the effect of missing data is only compounded when creating a 

composite variable. The missing reproductive information pertained to OC use (n = 2), full-term 

pregnancies (n = 4), partial-term pregnancies (n = 1), breastfeeding (n = 1), and natural 

menstrual cycle length (n = 27). For this last factor, it was either not recorded (n =20) or deemed 

to be misinterpreted by the participant as menstruation length (n = 7) if it was recorded as less 

than 15 days. However, upon comparing the individuals that were excluded from this analysis to 

those that were included, there did not appear to be any observable differences between the two 

groups (Table 5.1). Hence, there is little concern related to introducing bias from this exclusion. 

However, since power was an issue at the beginning of this study, the loss of even more 

participants did nothing to improve the situation. 

 

Table 5.1: Comparison of Baseline Characteristics Between Participant Included in the 

Main Analysis and Those that were Excluded Due to Missing Data 

Variable Included (n=466) 
Mean [SD] or N (%) 

Excluded (n=102) 
Mean [SD] or N (%) 

Age (years) 
< 55 
≥ 55 and < 60 
≥ 60 and < 65 
≥ 65 

62.0 [6.5] 
78 (13.7%) 
138 (24.3%) 
182 (32.0%) 
170 (29.9%) 

61.8 [6.9] 
18 (17.7%) 
23 (22.6%) 
32 (31.4%) 
29 (28.4%) 
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Variable Included (n=466) 
Mean [SD] or N (%) 

Excluded (n=102) 
Mean [SD] or N (%) 

BMI (kg/m2) 
< 25 
≥ 25 and < 30 

≥ 35 

28.6 [5.8] 
173 (30.5%) 
193 (34.0%) 
201 (35.4%) 

29.1 [5.8] 
27 (26.7%) 
37 (36.6%) 
37 (36.6%) 

Smoking Status 
Never 
Former 
Current 

 
289 (50.9%) 
246 (43.3%) 
33 (5.81%) 

 
52 (51.0%) 
40 (39.2%) 
10 (9.8%) 

Age at Menarche (years) 
≤ 11 
12-13 
≥ 14 

12.6 [1.5] 
126 (22.2%) 
314 (55.3%) 
128 (22.5%) 

12.5 [1.6] 
27 (26.5%) 
52 (51.0%) 
23 (22.6%) 

Age at First Birth (years) 
< 25 
≥ 25 and < 30 
≥ 30 
Nulliparous 

24.9 [5.2] 
241 (42.4%) 
134 (23.6%) 
79 (13.9%) 
114 (20.1%) 

25.7 [5.5] 
38 (37.3%) 
26 (25.5%) 
19 (18.6%) 
19 (18.6%) 

Age at Menopause (years) 
< 50 
≥ 50 

48.18 [6.80] 
288 (50.7%) 
280 (49.3%) 

47.7 [7.9] 
49 (48.0%) 
53 (52.0%) 

Lifetime Menstrual Cycles 
< 375 
≥ 375 and < 450 
≥ 450 and < 500 
≥ 500 

422.20 [98.93] 
148 (28.0%) 
150 (28.4%) 
111 (21.0%) 
120 (22.7%) 

416.7 [107.6] 
18 (29.0%) 
17 (27.4%) 
12 (19.4%) 
15 (24.2%) 

Full-Term Pregnancy 
No 
Yes 

 
114 (20.1%) 
454 (79.9%) 

 
19 (18.6%) 
83 (81.4%) 

Partial-Term Pregnancy 
No 
Yes 

 
391 (69.0%) 
176 (31.0%) 

 
67 (66.3%) 
34 (33.7%) 

OC Use 
No 
Yes 

 
99 (17.4%) 
469 (82.6%) 

 
16 (15.7%) 
86 (84.3%) 

HRT Use 
No 
Yes 

 
229 (40.3%) 
339 (59.7%) 

 
39 (38.2%) 
63 (61.8%) 

 

5.3.5 External Validity 

 As mentioned previously, the cohort examined in this thesis was rather homogenous in 

relation to race, education, and BMI status. However, it would be difficult to argue that there is 
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some underlying condition related to race or ethnicity that might affect the way in which a 

specific growth factor would exert its influence on the proliferation of breast cells. While it is 

known that breast cancer rates vary by race, when this is properly controlled for, breast density is 

quite accurate at predicting breast cancer rates. Thus it would seem any interconnected biological 

pathways between IGF-I and breast density would be the same regardless of genetic makeup of 

the cohort. However, if there is a currently unknown genetic factor that somehow modifies the 

relationship between IGF-I and breast density, which is also distributed differently across racial 

lines, then race would be a covariate that would need to be taken into account and controlled for 

in this type of analysis. If this were the case, then the rather homogenous composition of this 

cohort by race would make the external validity of these results rather poor, and a greater 

emphasis would have to be made on the fact that these results would only be generally applicable 

to Caucasian post-menopausal women.  

 This cohort had elevated IGF-I levels and extremely low percent breast density values 

compared to the average postmenopausal population22,28, and included only those women who 

were at an increased risk of developing breast cancer. It was also noted to be mostly made up of 

women who were white and highly educated, and thus is not representative of the general 

population of postmenopausal women. Therefore, the distribution of IGF-1, breast density and 

other covariates may not be generalizable to all post-menopausal women. However, it is difficult 

to determine how the biological association between IGF-I and breast density would be different 

in the general population of postmenopausal women. Thus, these results and effect estimates 

observed in this study should be generalizable, specifically, to the postmenopausal population. 

However, this is not to say that there might be some unknown effect modification of this 
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relationship that would require stratification in order to properly assess the association amongst 

specific groups of postmenopausal women.  

 

5.3.6 Study Power 

 There is also a concern regarding the statistical power of the undertaking in this thesis 

due to the low relative risks that were determined in relation to the minimal detectable effects 

that were calculated prior to analysis. Potential issues surrounding statistical power were always 

present due to the fact that the study sample consisted entirely of post-menopausal women, thus 

representing a dataset with a natural right skew to both the exposure and outcome variables, as 

IGF-I and breast density both decrease over time. In addition, the presence of missing data in the 

later analyses led to a decrease in overall sample size from what was initially estimated during 

the initial power calculations, thus limiting statistical power even further.  

In regards to the primary analysis of a dichotomous outcome variable, a post-hoc power 

analysis determined that the statistical power was only 35% to detect a RR of 1.3, even if this 

relative risk was statistically significant it would not have been clinically meaningful. This is due 

to the fact that the exposure variable was standardized, thus this would mean that a rather large 

increase in IGF-I concentration (57.75 ng/mL) would only result in a 10% increase in the 

probability of having a ≥ 25% breast density. If this were in relation to a much higher breast 

density threshold of perhaps 50 or even 75% breast density, then there may have been a greater 

degree of clinical significance attributed to a relative risk of 1.10. It should be noted, however,   
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that a post hoc power analysis determined that the decrease in sample size was not as impactful 

in regards to the primary analysis of a dichotomized percent breast density outcome. The 

minimal detectable effect was still calculated to be 1.3 even with the decreased sample size. 

 The greater concern revolved around the study power of the effect modification analysis, 

as the use of an interaction term would significantly decrease the statistical power. A post-hoc 

analysis demonstrated that the minimal detectable effect previously calculated to be 1.6 

increased to 1.7 given the smaller sample size, thus quantitatively showing the loss in power. 

Thus, the limited statistical power that was initially noted when assessing the association 

between IGF-I and breast density in the overall cohort was even further diminished when 

examining the differences between the two treatment arms. 

 

5.4 Additional Study Strengths and Limitations 

 The inclusion of absolute breast density was rather novel for an analysis of breast density, 

due to its possible importance in the actual underlying cause of increased breast cancer risk. 

However, this variable suffered from many of the statistical problems challenging the main 

analysis due to the rare outcome of high breast density in this study population. Future studies 

examining breast density should include this variable as an analytical objective, especially as 

newer studies attempt to tease out the relative effects of both the dense and nondense tissues on 

breast cancer risk. To date, too few studies have been designed to study the relationship between 

IGF-I and breast density as the primary objective, and most of the studies looking at this 

association have been based on studies that were originally designed to answer a different 

research question, thus missing important covariate data such as alcohol use and physical 

activity.  
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 While serum levels of IGF-I have been the standard measurement to assess for IGF-I 

concentration, local levels of IGF-I specifically in breast tissue may provide an even more 

biologically accurate description of what is occurring in the breast cells in relation to the 

mitogenic properties of IGF-I. Most likely due to the significant increase in cost that would be 

associated with these measurements, serum IGF-I levels are at best a proxy assessment for the 

local levels of this growth hormone in the local breast environment. 

 The main strengths of this study stem from the clinical trial within which it is nested. 

Despite the low variability in the breast density values derived from this specific cohort, it 

remains the third largest study that examined the association between IGF-I and breast density 

restricted to postmenopausal women. The exemestane arm of the clinical trial allowed for an 

examination of potential effect modification by estrogen levels, albeit not an explicit 

measurement of estradiol levels, which is a novel analysis strategy in regards to this association. 

The main exposure and outcome variables were read at single sites using validated methods, and 

had good intra-rater agreement with low coefficients of variation. The analyses of the collected 

data allowed for the control of the most important confounders, and was also able to analyze 

absolute breast density as a secondary outcome, a benefit of quantitate percent breast density 

measurements.  

 

5.5 Future Research Studies and Directions 

 The results generated by this thesis are consistent with the majority of studies on this 

topic, and do not support the existence of a relationship between IGF-I levels and breast density 

in postmenopausal women. The hypothesis that a significant association is observed almost 

exclusively in premenopausal cohorts due to higher estrogen levels may still be valid. However, 
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the diminished power of this analysis may also point to the reduction in variability of breast 

density in postmenopausal groups as a potential reason for why a similar association has not 

been observed in postmenopausal women. Results of the main effects in objective 1 of this study 

stratified on treatment allocation suggest this may be the case, although the interaction analysis 

was underpowered and should be interpreted with caution.  Nevertheless, given the research in 

regards to cumulative estrogen exposure and its associations with both breast density and breast 

cancer, as well as the complex interactions it has with endocrine pathways, specifically with 

IGF-I, it is plausible that estrogen may play an important role in this relationship. Future studies 

looking at associations with IGF-I or similar growth factors, for that matter, and their 

relationships with breast density (regardless of menopausal status) or even various cancers may 

benefit from the inclusion of estrogen levels in their analyses. Indeed, while this thesis could 

only use a proxy for estrogen levels, a more objective measurement of estradiol may help to 

further elucidate any underlying mechanism by which IGF-I may affect breast tissue growth and 

differentiation, and by extension, breast density. In addition, while objectively measuring serum 

levels of estradiol may prove beneficial, the inclusion of additional sex hormones may also be of 

benefit. 
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Appendix 2: MAP.3 Initial Evaluation (Form 1) 

 



135 
 

 

 

 

 

 



136 
 

 

 

 

 

 



137 
 

 

 

 

 

 



138 
 

 

 

 

 

 



139 
 

 

 

 

 

 



140 
 

 

 

 

 

 



141 
 

 

 

 

 

 



142 
 

Appendix 3: MAP.3 Socio-Demographic and Reproductive History (Form 1A) 
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Appendix 4: Sample Calculations of Cumulative Lifetime Number of Menstrual Cycles 

Provided below are two examples of the calculation that was used to determine the 

lifetime cumulative number of menstrual cycles for those individuals who had sufficient 

reproductive and hormonal data collected prior to randomization, and made available for use in 

this thesis.   

 

1. A woman with age at menarche of 13 years old, age at menopause of 43 years old, 3 full-term 

pregnancies (FTP), 1 partial-term pregnancy (PTP), and who breastfed for 15 months in total. In 

addition, this participant reported having menstrual cycles every 28 days, and a duration of OC 

use for 2 years. 

• 43 years old at menopause – 13 years old at menarche = 30 years 

• 30 years – 2 years of OC use = 28 years × 52.178 weeks/year = 1,461 weeks 

• 1,461 weeks – (3 × 44 weeks/FTP) – (1 × 19 weeks/PTP) = 1,310 weeks 

• 1,310 weeks – (15 months breastfeeding × 4 weeks/month) = 1,250 weeks 

• 1,250 weeks × 7 days/week = 8,750 days ÷ 28 days/cycle = 313 cycles 

• 2 years of OC use × 365.25 days/year = 731 days ÷ 28 days/cycle = 26 cycles 

• 313 cycles + 26 cycles = 339 cycles 

 

2. A woman with age at menarche of 13 years old, age at menopause of 57 years old, 1 full-term 

pregnancy (FTP), and who did not breastfeed. In addition, this participant reported having 

menstrual cycles every 28 days, and a duration of OC use for 12 years. 

• 57 years old at menopause – 13 years old at menarche = 44 years 

• 44 years – 12 years of OC use = 32 years × 52.178 weeks/year = 1,670 weeks 
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• 1,670 weeks – (1 × 44 weeks/FTP) = 1,626 weeks 

• 1,626 weeks × 7 days/week = 11,382 days ÷ 28 days/cycle = 406 cycles 

• 12 years of OC use × 365.25 days/year = 4,383 days ÷ 28 days/cycle = 157 cycles 

• 406 cycles + 157 cycles = 563 cycles 
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Appendix 5: Queen’s University HSREB Ethics Clearance 
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