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Abstract 

Background:  In the Mammary Prevention.3 (MAP.3) randomized placebo-controlled trial of 

exemestane, postmenopausal women experienced a loss in bone mineral density (BMD). 

UGT2B17 facilitates excretion of androgens and exemestane. For Caucasian postmenopausal 

women, this gene deletion is hypothesized to have 1) a protective effect on BMD and 2) 

worsened BMD in exemestane users. 

Objective: The study objectives include studying the relationship between UGT2B17 genotype 

and 1) total hip and lumbar spine BMD at baseline with effect modification by previous bone 

medication or HRT use and 2) a meaningful decline total hip and lumbar spine BMD after two-

years with effect modification by exemestane. 

Methods: The BMD of all MAP.3 participants was assessed at study entry, and two-year follow-

up BMD was obtained from two bone sub-studies, MAP.3 Bone Strength Substudy and MAP.3 

Bone Substudy.  The relative risk was calculated from multivariate modified Poisson regression 

models to assess the association between the UGT2B17 genotype and BMD with interaction by 

previous bone medication or HRT use and two-year change in BMD with interaction by 

exemestane.  

Results: Amongst women who never used bone medications or HRT, the UGT2B17 deletion 

polymorphism had a borderline significant association with lumbar spine BMD at baseline 

(RR=0.72, 95% CI: 0.51-1.00), but the relationship was null with the total hip. There were no 

statistically significant associations between the UGT2B17 gene deletion and change in the total 

hip and lumbar spine BMD two years from baseline (RR = 1.17, 95% CI: 0.64-2.12 and RR = 
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0.98, 95% CI: 0.58-1.64 respectively), nor was there a significant interaction with treatment 

(pinteraction = 0.57 and pinteraction = 0.18 respectively).   

Conclusions: While the UGT2B17 deletion polymorphism was associated with a borderline 

protective effect in lumbar spine BMD amongst postmenopausal women who never used bone 

medications or HRT, it was not significantly associated with two-year change in BMD. There 

was no evidence of a statistical interaction by treatment between UGT2B17 genotype and two-

year change in BMD. Future goals of research pertaining to the UGT2B17 gene deletion should 

focus on its effect on endogenous estrogen availability in relation to BMD.   
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Chapter I 

Introduction 

1.1 Overview and Rationale 

Osteoporosis is a skeletal disorder that is characterized by the deterioration of bone 

tissue, causing low bone mineral density (BMD) and an elevated risk for fracture. In 2009, it was 

reported that 1.5 million Canadians aged 40 years or older were reported to have been diagnosed 

with osteoporosis, of which women were reported to be 4 times more likely to have osteoporosis 

than men1. Other risk factors include being 50 years of age or older2, being Caucasian or 

Asian3,4, being postmenopausal, and having an early menopause5. Decreased estrogen levels are 

associated with aging and early menopause is a contributing factor for osteoporosis in 

postmenopausal women6. After menopause, estrogen is no longer produced from the ovaries, and 

is limited to sources such as androgen conversion in peripheral adipose tissue, including the 

breast, adrenal glands, or liver.  

 Aromatase inhibitors (AIs) have been used to treat and prevent breast cancer7,8, having 

been shown to decrease the incidence of breast cancer compared to placebo by 53%-65% in the 

IBIS II prevention trial (hazard rate=0.47, 95% CI 0.32-0.68)8 and the Mammary Prevention.3 

(MAP.3) trial (hazard ratio: 0.35, 95% CI: 0.18-0.70)7. AIs function by inhibiting aromatase, an 

enzyme that catalyzes the conversion of androstenedione to estradiol9. Thus, one of the side 

effects of taking an aromatase inhibitor is worsened BMD, which can lead to complications such 

as osteoporosis. Two sub-studies from the MAP.3 trial, the MAP.3B10 and the MAP.3BSS11 

trials, found that using exemestane, a third generation steroidal AI, decreased BMD over a period 

of two years in the lumbar spine and total hip.  



2 
 

 The UGT2B17 gene is responsible for creating enzymes that are involved in the 

glucuronidation of endogenous and xenobiotic compounds, including steroids and environmental 

pollutants, making the compounds water soluble and helping to facilitate their excretion via urine 

or bile12. Thus, the UGT2B17 enzyme is involved in the excretion of steroids including by-

products of exemestane metabolism as well as androgens. A deletion of the UGT2B17 gene has 

been associated with a decreased ability to metabolize exemestane metabolites13. Some studies 

have suggested that the UGT2B17 gene deletion may have a protective effect for BMD, due to 

higher concentrations of circulating androgens that are not glucuronidated and excreted from the 

body13-17. However, other studies have suggested there are no significant associations between 

osteoporosis and the UGT2B17 gene deletion18,19. 

 Theoretically, if taking exemestane leads to bone deterioration, and the UGT2B17 gene 

deletion is associated with excess exemestane metabolite build-up, then those who take 

exemestane and have the UGT2B17 gene would have the most decline in BMD compared to 

those who take exemestane and do not have the homozygous gene deletion. However, evolving 

knowledge about the potential protective effect of the UGT2B17 gene deletion on BMD in 

postmenopausal women, in the absence of exemestane, creates additional complexities to the 

stated hypothesis above.  While there is debate about the independent role of the UGT2B17 gene 

deletion on BMD in the absence of exemestane, there is a body of evidence to support a negative 

effect of exemestane on BMD. Since the UGT2B17 gene plays a vital role in the metabolism of 

exemestane and androgens, there is a need to investigate the impact of the UGT2B17 gene 

deletion on BMD in the presence and absence of exemestane.  The primary supervisor (HR) of 

this thesis is one of the PI’s of the MAP.3 trial and MAP3.B bone sub-study, and a co-

investigator on a MAP.3 pharmacogenetic sub-study that is measuring the UGT2B17 gene 
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deletion, and the co-supervisor (AMC) of this thesis is the PI of the MAP3.BSS bone sub-study, 

thus, providing an opportunity to study the relationship between the UGT2B17 gene deletion and 

bone density using data from a placebo-controlled trial.  

1.2 Thesis Objectives 

The goal of this thesis is to investigate the influence of the UGT2B17 gene deletion on 

BMD in the presence and absence of exemestane; a topic that has not been well explored to date. 

The first objective of this study is to examine the association between the UGT2B17 gene 

deletion and baseline BMD, as well as to examine other factors that may explain baseline BMD. 

The second objective of this study is to examine the relationship between the change in BMD, 

two years from baseline, in the lumbar spine and total hip, and to assess if the relationship is 

modified by exemestane.  

1.3 Overview of Study Design 

This study is nested in the MAP.3 trial, which was led by the Canadian Cancer Trials 

Group (CCTG). The trial was a multicenter, international, double-blind, placebo-controlled 

phase III randomized trial that examined the use of exemestane for the chemoprevention of 

breast cancer in postmenopausal women7. The study design for this thesis project is a cohort 

study of postmenopausal women, nested within the MAP.3 trial, for which data on the UGT2B17 

gene status and BMD at baseline and year 2 is available. Accrual to MAP.3 occurred between 

September 2004 to March 2010, and information on BMD, participant characteristics, in addition 

to a blood sample, was collected at the baseline visit for all 4560 women in the trial. Data for the 

follow-up BMD was collected from women participating in MAP3B (N=238) at year two and 

MAP3BSS (N=351) at years one and two (from baseline), up until November 2011, while data 

on the UGT2B17 gene status were analyzed from blood collected at baseline, by Dr. Lazarus’ 
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research group at Washington State University, in February 2017. BMD was assessed using 

either Hologic, Lunar or Norland dual-energy x-ray absorptiometry (DXA) machines.   

1.4 Thesis Organization 

This thesis conforms to the expectations laid out in the Queen’s University School of 

Graduate Studies and Research Guidelines “General Forms of Thesis”. The second chapter of 

this thesis is a literature review that discusses BMD, the effect of AI’s on BMD, and the effect of 

the UGT2B17 gene on BMD in more detail. The third chapter describes the methodology used in 

this study, including the data collection procedures used in MAP.3 and any relevant bone sub-

studies in the trial pertaining to BMD, measurement and conceptualization of variables used in 

this study and statistical analyses. The fourth chapter describes the results of the study, which 

examines the i) association between the UGT2B17 gene deletion and BMD; and ii) the impact of 

the UGT2B17 gene deletion on BMD in women randomized to exemestane or placebo. Finally, 

the fifth chapter is a discussion of the results, methodological issues and implications, 

consideration of the study strengths and limitations, future directions, and conclusions. 
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Chapter 2 

Literature Review 

2.1 Epidemiology of Osteoporosis and Osteoporotic Fractures 

 Osteoporosis is a skeletal disorder characterized by deterioration of bone tissue, causing 

decreased bone density and an increased risk for fracture. 10% of Canadians older than 40 years 

have been diagnosed with osteoporosis1. An osteoporotic fracture, which include fragility 

fractures and low-trauma fractures, are fractures that occur from falling from a standing height or 

less, or without major trauma2. Fractures could result in limitation of ambulation, depression, 

loss of independence, and chronic pain3,4. Common sites for fracture include the hip, spine, wrist, 

humerus, and pelvis5. In Canada, 21% of individuals who were at least 40 years of age reported 

having a fracture at one of those sites, 58% of fractures were caused from low trauma, 63% of 

fractures were from the wrist, 19% of fractures were from the upper arm, 16% of fractures were 

from the spine, and 9% of individuals who had a fracture had another in a common site for 

fracture. Wrist fractures tended to occur at a younger age then spine and hip fractures, occurring 

at an average age of 52 vs. 56 and 63 years respectively1. Approximately 80% of all fractures are 

caused by osteoporosis, and one in three hip fracture patients will re-fracture within one year6. 

70-90% of the 30,000 annual hip fractures were caused by osteoporosis6. 28% of women and 

37% of men who suffer a hip fracture will die within the following year6. For women, there is a 1 

in 6 lifetime risk of suffering from a hip fracture7,8, and mortality is 20% higher than expected 

within one year of the fracture 1. Furthermore, 50% of women with a hip fracture will lose the 

ability to live independently9. Annually, the cost of treating osteoporosis in the Canadian 

healthcare system was over $2.3 billion as of 2010. Furthermore, osteoporosis consumes more 

hospital bed days than stroke, diabetes, or heart attack6. Bone loss caused by osteoporosis usually 
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does not have symptoms until the fracture has occurred10,11,12, and without proper screening, 

many Canadians needlessly fracture their bones since their osteoporosis goes undiagnosed and 

untreated. 80% of patients with a history of fractures are not given osteoporosis therapies6. Only 

47% of Canadians over 65 years of age reported having a BMD test, and only 48% of Canadians 

who reported having a fracture at one of the common sites reported having a BMD test6. Women 

were more likely to report having a BMD test than men1. 14% of patients with wrist fractures 

suffer a repeat fracture within 3 years, and 50% of hip fracture patients will suffer another 

fracture within 5 years6. 20% of vertebral fracture patients will suffer another spinal fracture 

within a year6. Treatment for osteoporosis usually includes using bisphosphonates such as 

risedronate and alendronate, which are first-line preventative and treatment options for 

postmenopausal women. It is believed that adequate calcium and vitamin D through diet or 

supplements, as well as exercise, can help prevent osteoporosis13. Peak bone mass is achieved at 

16-20 years of age in Caucasian women and 20-25 in Caucasian men, so building bones during 

childhood and adolescence can help prevent the development of osteoporosis in later life6.  

2.1.1 Predictors of Osteoporosis 

Major risk factors for osteoporosis include being age 65 or older, female sex, Caucasian 

or Asian race, being postmenopausal, prolonged immobility or lack of weight-bearing exercise, 

vertebral compression fracture (a collapse or compression in the vertebra), fragility fracture (a 

fracture that occurs as a result from normal activity, such as a fall from standing height) after 40 

years of age, parental history of hip fracture, more than 3 months of using glucocorticoid drugs, 

malabsorption syndrome, primary hyperparathyroidism, osteopenia on plain radiographs, 

hypogonadism, and early menopause (< 45 years of age)14,15. Minor risk factors include 

rheumatoid arthritis, past history of clinical hyperthyroidism, chronic anticonvulsant therapy, 
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low dietary calcium intake, being a current smoker, having 3 drinks of alcohol daily (1 drink = 5 

oz wine, 1.5 oz of spirits, 12 oz of beer), weight less than 57 kg, having a weight loss of over 

10% of the weight at the age of 25, and chronic heparin therapy14,15. Major risk factors are 

usually associated with an RR > 2, while minor risk factors have an associated RR between 1 and 

214.  

2.1.2 Measurement of Bone Health 

Bone health is commonly reported as BMD, measured in grams per centimetre squared. 

BMD is the density of bone minerals such as calcium that are in a defined volume of bone, 

although clinically it is measured by optical density per square centimetre of projected bone 

surface. BMD is measured through central dual-energy X-ray absorptiometry (central DXA test), 

which is one of the most widely used techniques that have been validated16. Peripheral DXA, 

computed tomography-based absorptiometry, and quantitative ultrasound densitometry are other 

measurement options, but are not as commonly used as the central DXA test due to radiation 

exposure, lack of standardization of techniques, and cost17,18. The Canadian Task Force on 

Preventative Health Care recommends that individuals over the age of 50 who have experienced 

a fragility fracture should be assessed for osteoporosis annually19. DXA machines give a density 

measurement for a specific bone such as the hip, femoral neck, or lumbar spine. There are many 

different types of DXA machines that are used to measure BMD, such as the Hologic and GE-

Lunar machines. This method of measurement is a non-invasive method that is based on the 

differential absorption of X-rays in different parts of the body such as in the bone versus in soft 

tissue20. When predicting fracture risk, combining BMD with other independent factors 

including age and prior fracture history is important21,22. The International Society for Clinical 
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Densitometry recommends that the time between BMD follow-up testing should be 1 year after 

initiation of a new therapy, and longer intervals thereafter23. 

T-Scores and Conversion from BMD to T-Scores 

BMD is reported using the T-score for women who are postmenopausal or over the age 

of 50. T-score is the difference in the number of standard deviations between measured BMD of 

the patient and the mean BMD of an average young adult; a variable that is assumed to be 

normally distributed. DXA machines in academic and research centres currently use the results 

from the National Health and Nutrition Examination Survey study as the reference data from 

which T-scores are calculated. When calculating a T-score, it is important to consider age, sex, 

race and skeletal site24. The WHO defines a normal BMD as ranging within 1 standard deviation 

(SD) of the young adult mean. Those who have a BMD between 1 and 2.5 SD below the young 

adult mean are considered to have a low bone mass, and those who have a BMD at or below 2.5 

standard deviations from the young adult mean are considered to have osteoporosis25. These 

diagnostic criteria are not applied to men younger than 50 or premenopausal women26. The 

International Society of Clinical Densitometry guidelines recommend using the Z-score, which is 

like the T-score but uses an age-matched normal population so that bone health of younger men 

and premenopausal women can be evaluated27.   

Low Bone Mass 

Some of the causes for low bone mass include heredity factors, development of less than 

optimal peak bone mass in youth, a medical condition or drugs used to treat a condition that 

negatively affects bone mass, or abnormally accelerated bone loss28. Individuals who have a low 

bone mass have a slightly increased risk of fracture. Individuals who are considered to have low 

bone mass generally have 10-30% lower BMD than the average young adult. Furthermore, 
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health care providers do not refer to patients as having low bone mass since not everyone who 

has low bone mass has the same risk of fracture29. In North America, the prevalence of low bone 

mass for women over the age of 50 was around 50%24. In Latin America, the prevalence of 

vertebral (spine) low bone mass in women 50 years or older was estimated to be 45.5-49.7%, and 

for femoral neck (bridge of bone connecting ball of the hip to the top of the femur) low bone 

mass, was approximately 46-57.2%30. In Australia, it was found that 42% of men and 51% of 

women over the age of 60 had low bone mass31.  

2.1.3 Predictors for BMD 

Age 

 BMD usually decreases with age. Bone loss is the most rapid among women aged 5032, 

especially in the hip33. Bone loss in the lumbar spine, total hip, femoral neck, and forearm 

usually begins from ages 38-44 in women33,34. Having a late menarche, early menopause, and 

few reproductive years is believed to have a negative influence on BMD35-39, although there is 

some contradictory evidence40 as well as null evidence41 regarding this relationship. In women 

who were less than 10 years into menopause, one study found that bone loss nearly tripled 

compared to before menopause42. Increasing age has been associated with a higher risk for 

osteoporosis in women over the age of 4043, as well as being an important predictor in 

determining fracture risk22,44.   

Race 

 Amongst postmenopausal populations, Black women tend to have higher BMD than 

Caucasian women45. Asian women have lower BMD than Caucasian women46-48, despite 

Caucasian women having a higher fracture rate49,50. Differences in body size partially explains 

why Asian women have a lower BMD compared to non-Asian women51.  In the US, fracture 
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incidence is reportedly higher for Caucasians compared to other ethnic groups51,52 and the 

prevalence of osteoporosis at the hip is higher for Caucasian women (17%) compared to Black 

women (6%)52. 

BMI 

 One study found that in postmenopausal women, there was a significant positive 

correlation between BMD and BMI53. Total hip and lumbar spine BMD levels of obese 

menopausal women were significantly higher compared to overweight and normal weight 

subjects54. In general, obesity has been linked to a protective effect on bone health55,56. 

Postmenopausal women with a higher BMI were observed to have a lower risk of hip fracture57-

59. However, some studies found evidence that higher BMI was related to higher risk of ankle 

and upper leg fractures in postmenopausal women60,61, although leaner women still had a higher 

risk of hip and pelvic fractures61. While higher BMI can mean that there is more available 

adipose tissue that can be used to create more estrogen to protect BMD, the stress from the 

weight of the adipose tissue can lead to more fractures, especially in the upper leg and ankles.  

Vitamin D and Calcium 

 A randomized control trial that evaluated the effect of calcium and vitamin D on 

postmenopausal women found that women on vitamin D and calcium supplements had a 

significantly higher lumbar spine BMD compared to placebo. A similar trend was seen in the 

hip, although it was not significant62. There is also evidence to suggest among postmenopausal 

women living in sunny areas, taking calcium and vitamin D together has long-term beneficial 

effects on BMD due to long-term bone turnover rate reduction63. However, there is also some 

evidence that suggests that there may not be a meaningful impact of vitamin D and calcium on 

BMD64,65.  
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Alcohol and Smoking 

 Light to moderate drinking has been associated with a protective effect on BMD amongst 

postmenopausal women66-68, while heavy drinking has been associated with lower BMD 

compared to those women who did not drink67. It has been proposed that wine and beer may 

contain some phytochemicals that could possibly improve bone health69, or that beer has a high 

concentration of silicon, which might contribute to improved bone health70. 

 Smoking has been associated with a detrimental effect on BMD amongst postmenopausal 

women71-73. One study observed that smoking can be more deleterious amongst lean individuals 

compared to those with a high fat mass72. The lifetime risk for fractures is also higher amongst 

smokers compared to non-smokers73. Smoking cessation has been observed to reverse the BMD 

lost from smoking, although it has been suggested that these effects may be mediated by weight 

gain74. It has been suggested that smoking has an impact on bone resorption75. It may also have a 

possible anti-estrogenic effect by reducing the level of estrogen in the body via breakdown and 

hydroxylation of estrogens in the liver76, as well as possibly inhibiting the aromatase system77,78.  

Socioeconomic Status 

There is some evidence that a lower SES can predict a higher percentage of osteopenia 

and osteoporosis43, although the literature surrounding SES and bone mineral density amongst 

postmenopausal women has been limited. One study found that women who reported having an 

annual income of less than $20,000 had a relatively low hip and spine BMD compared to those 

who had a higher income, after controlling for physiological and behavioural factors including 

alcohol consumption and smoking79. Another study showed that individuals who had a childhood 

socioeconomic advantage and higher education were positively associated with increased lumbar 

spine BMD, although current adult financial situation was not associated with lumbar spine 
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BMD80. Women belonging to a higher SES category were more likely to utilize BMD scans 

compared to women of lower SES81. Furthermore, a higher fracture incidence rate was reported 

amongst individuals with lower income82-84. 

2.2 Estrogen and its Effect on BMD 

 Exposure to estrogen has been associated with a higher BMD as well as a lower fracture 

incidence rate85. Conversely, estrogen deprivation is a risk factor for osteoporosis in 

postmenopausal women86. Estrogen plays an important role in human bone formation87. One 

study found that the cumulative 10-year loss of BMD after menopause (and the consequent loss 

of ovarian production of estrogens) was 9.1% at the femoral neck and 10.6% at the lumbar spine. 

As well, estradiol concentrations predicted fractures, where <5 pg/ml was associated with a 2.5 

fold increase risk for hip and vertebral fractures, independent of age and body weight88. For 

postmenopausal women, estrogen production is limited to sources such as androgens stored in 

peripheral adipose tissue, in areas such as the breast, adrenal glands and liver. These non-ovarian 

sources produce much less estrogen than the ovaries, resulting in an overall decrease in estrogen 

levels in the body. This decrease is thought to reduce BMD levels in postmenopausal women, as 

estrogen has a protective effect for BMD. Decreased estrogen levels due to natural causes or 

from surgically induced menopause have also been shown to lower BMD89.  

Bone mass is maintained by a balance between the activity of osteoblasts, cells that form 

bone (osteoblastogenesis) and other cells called osteoclasts that break bone down 

(osteoclastogenesis). The role of estrogen in relation to BMD is to inhibit bone remodelling by 

supressing osteoclastogenesis, inhibiting bone resorption90, and having apoptotic effects on 

osteoclasts and anti-apoptotic effects on osteocytes and osteoblasts91. Estrogen also suppresses 

cytokines such as interleukin 1, tumour necrosis factor, granulocyte-macrophage colony-
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stimulating factor, macrophage colony-stimulating factor, prostaglandin E2, and receptor 

activator of nuclear factor-kappa B ligand (RANK-L), which inhibits the development of stromal 

cells to pre-osteoblasts. Estrogens also prolong the lifespan of osteoblasts, as well as increasing 

the production of transforming growth factor beta. In the absence of estrogen, cytokine activity is 

increased, and RANK-L is expressed, which causes osteoclasts to live longer and cause more 

osteoblast apoptosis90-93. Other effects estrogen could have that may protect bone include 

enhancing calcium resorption, limiting the impact of parathyroid hormone, and playing a role in 

the development in bone geometry94. Androgens such as testosterone exhibit similar effects to 

that of estrogen. Hypogonadism in both men and women is associated with a decrease in BMD, 

and for men with hypogonadism, testosterone replacement therapy was found to increase 

trabecular BMD in the lumbar spine95.  

Estrogen also regulates the expression of interleukin-6 (IL-6) in bone marrow cells96, 

where IL-6 mediates the upregulation of osteoclastogenesis and therefore bone loss caused by 

estrogen deficiency97. Estradiol inhibits the production of IL-6 in cells from stromal or 

osteoblastic lineage98 through inhibiting the stimulation of the human IL-6 gene promotor by an 

estrogen receptor-dependent mechanism99. When ovarian function ceases at menopause, IL-6 

production is increased100,101. 

While protective for bone mass, estrogen is a well-established risk factor for breast 

cancer and numerous studies have demonstrated a strong relationship between reproductive 

factors in addition to endogenous hormone levels of estrogen and breast cancer risk102-104. 

Approximately 80% of postmenopausal cases of breast cancer are estrogen receptor (ER) 

positive105,106, meaning that estrogen directly stimulates cell growth in cells that express the 

estrogen receptor107.  
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Since estrogen is involved with bone development, it has been postulated that breast 

cancer and BMD should be positively correlated. Several studies have shown that higher levels 

of BMD predict an increased breast cancer risk108-110. However, one study showed that although 

low BMD predicted a decreased breast cancer risk, this association was not significant111. Other 

studies have found a negative correlation between BMD and breast cancer112,113. It is possible 

that BMD may be dependent on other mechanisms apart from estrogen.  

Previous Hormone Replacement Therapy (HRT) Use 

 HRT is a form of therapy where hormones are given to an individual to replace or 

supplement a lack of naturally occurring hormones. For postmenopausal women, HRT can be 

used to relieve symptoms of menopause such as hot flashes. Postmenopausal women who used 

HRT had a significantly higher BMD compared to those who have not used HRT114,115. A 

randomized placebo-controlled trial found this association for the total body, lumbar spine, 

femoral neck, femoral trochanter, legs, and forearm115. HRT is thought to have a protective effect 

on BMD because it contains estrogen, which is thought to protect bone. Another reason that 

HRT is thought to preserve bone health is due to its ability to attenuate fat accumulation, which, 

as mentioned previously, can be an endogenous source of androgens that can be converted to 

estrogen116. One study found that postmenopausal women who took HRT had an increase in 

BMD, although when they stopped using it, most or all the gains were lost within two years117. 

HRT has also been found to preserve bone microarchitecture, which, in combination with an 

increase in BMD, has been attributed to being more protective for bone health than an increase in 

BMD alone118.  
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2.3 Aromatase Inhibitors (AIs) 

 AIs are drugs that are used to inhibit the body’s ability to produce estrogen via an 

androgen metabolism pathway. They are administered orally daily. Third generation AIs 

interfere with aromatase, which is the enzyme that catalyzes the transformation of 

androstenedione to estrone, or testosterone to estradiol. Examples of third generation AIs include 

anastrozole and letrozole, which are non-steroidal AIs that reversibly bind to aromatase, and 

exemestane, which is a steroidal AI that irreversibly binds to the aromatase active site. First and 

second-generation aromatase inhibitors influence both aromatase as well as more upstream parts 

of the conversion of cholesterol to estrogen. Each generation of AI that was developed had a 

higher specificity for the aromatase enzyme, fewer adverse events, and a greater suppression of 

aromatase activity. The side-effects of first and second-generation AIs included rash, fatigue, 

dizziness, ataxia, nausea, and vomiting. Adverse events in third-generation AIs include hot 

flushes, vaginal dryness, loss of libido, fatigue, arthralgias, joint stiffness, loss of BMD and an 

increased risk for fracture119-125. 

 During the pre-menopause period, ovarian aromatase is the primary source of estrogen 

production for circulating estrogen. Since ovarian aromatase is so sensitive to the ovarian 

aromatase promoter, the effectiveness of AIs in pre-menopausal women is limited. In the 

postmenopausal period, the ovaries no longer produce estrogen, and the primary source of 

estrogen production is from adipose tissue and muscle, which results in a much lower circulating 

estrogen level. Other sources of estrogen that is derived from aromatase include the brain, heart, 

blood vessels, breast, and bone119-124.  
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Exemestane 

 Exemestane is a third generation, steroidal AI that is structurally similar to 

androstenedione, and competes with androgen in binding to the aromatase active site. When it 

catalyzes with aromatase, it irreversibly binds and inactivates the enzyme. It may also destabilize 

the protein, causing it to degrade126-128, thus leading to a suppression of aromatase activity by 

roughly 98% when taken for 6-8 weeks124.  

2.3.1 AIs in a Clinical Trial Setting 

AIs are used as first-line treatment for metastatic hormone receptor positive breast cancer 

amongst postmenopausal women129. They have also been used in a chemoprevention setting with 

success130,131.  

Treatment Setting 

 In terms of treatment, the literature has usually compared the efficacy of third generation 

AIs to tamoxifen. Tamoxifen is a selective estrogen-receptor modulator (SERM) that acts as an 

estrogen agonist in places such as bone and the endometrium, and acts as an estrogen antagonist 

in breast tissue, which can limit tumour growth in the breast. Thus, tamoxifen has been reported 

to be beneficial in reducing serum concentrations of cholesterol and low-density lipoprotein 

cholesterol, reducing the mortality from cardiovascular causes, other non-breast cancer related 

deaths132-134 and increasing BMD135,136. Conversely, tamoxifen has also been reported to have 

adverse events including menopausal symptoms such as hot flashes, atrophic vaginitis, and 

irregular menses137-139, retinopathy140, increased incidence of thromboembolic events141, and an 

increased incidence in endometrial hyperplasia and cancer142. Switching from tamoxifen to 

exemestane has been reported to reduce the endometrial thickening caused by tamoxifen143. 
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In neoadjuvant therapy settings, it has been shown that breast conservation is higher with 

AIs compared to tamoxifen and potentially chemotherapy for hormone receptor positive 

cancer144-147. A trial comparing the mammographic complete response rate was higher in 

letrozole compared to tamoxifen145, and another trial found that women randomized to 

anastrozole alone were significantly more likely to be eligible for breast conserving surgery 

compared to women randomized to tamoxifen and combined treatment148. 

In the adjuvant setting, AIs have been shown to improve disease free survival over 

tamoxifen. The Anastrozole, Tamoxifen Alone or in Combination trial showed that after 5 years 

of treatment, women randomized to the anastrozole alone arm had a significantly improved 

disease-free survival over tamoxifen (2.5% improvement in disease free survival, p = 0.005). 

There was no survival benefit or significant reduction in deaths from breast cancer for 

anastrozole over tamoxifen, and combined treatment did not improve survival149,150. The Breast 

International Group’s Femara-Tamoxifen trial showed a significant 3.4% absolute improvement 

in disease-free survival with letrozole compared to tamoxifen. No significant overall survival 

benefit was reported, although there was a reduction in deaths from breast cancer and an increase 

in deaths from other causes with letrozole151. After 51 months of follow-up, letrozole still 

showed a 3% absolute improvement in disease-free survival with no improvement in overall 

survival152. The Tamoxifen Exemestane Adjuvant Multinational (TEAM) trial compared 

postmenopausal women who took exemestane for 5 years compared to postmenopausal women 

who took tamoxifen for 2.5 years and then exemestane for 2.5 years, and found no significant 

difference in disease-free survival, overall survival, or relapse-free survival between the two 

treatment groups. At 10 years of follow-up, there was still no significant difference between the 

two groups of women153. 
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 There is no clear advantage of using one AI over another. A study comparing exemestane 

and anastrozole found that the efficacy in using either treatment was the same in both treatment 

groups, although treatment-related adverse events were more frequent in anastrozole (41%) 

compared to exemestane (31%)154.  Another study compared the efficacies of anastrozole and 

letrozole and found that there were no significant differences in the 5-year disease free survival 

and overall survival rate. Furthermore, there were no significant differences in the reported 

adverse events between the two drugs155.   

Chemoprevention Setting 

 Tamoxifen does not prevent estrogen receptor negative breast cancer, and due to the 

increased risk of adverse events plus the lack of survival benefit from tamoxifen, it is not used as 

a method of primary prevention156-160. Thus, studies have focused on comparing the efficacy of 

AIs in a chemoprevention setting versus placebo. Some clinical trials have demonstrated 

improved survival in women taking AIs compared to placebo for breast cancer. The Mammary 

Prevention.3 (MAP.3)131 trial examined the potential for using exemestane for chemoprevention 

in a randomized placebo-controlled trial of postmenopausal women and found that exemestane 

decreased the incidence of invasive breast cancer compared to placebo by 65% (hazard ratio: 

0.35, 95% CI: 0.18-0.70)131. The International Breast Cancer Intervention Study II (IBIS-II) 

studied the use of anastrozole for prevention of breast cancer and found that the anastrozole 

group had a 2.8% reduction in absolute predicted cumulative incidence of all breast cancers after 

7 years compared to the placebo group (hazard ratio: 0.47, 95% CI: 0.32-0.68)130. However, the 

overall survival was not significantly different between the anastrozole and placebo group. Both 

exemestane and anastrozole were not associated with toxic effects that were attributable to 

estrogen deprivation.  



21 
 

2.3.2 Toxicities of Exemestane towards BMD 

 Although aromatase inhibitors such as exemestane are generally regarded as the preferred 

treatment for postmenopausal women with hormone positive receptor breast cancer and an 

option for chemoprevention for postmenopausal women at high risk of developing breast cancer, 

caution must be taken when prescribing AI treatment to postmenopausal women who have low 

BMD. 

 Several trials have evaluated the impact of exemestane on BMD, as well as comparing 

tamoxifen to exemestane in terms of BMD. The Intergroup Exemestane Study (IES) evaluated 

the efficacy of exemestane treatment after two to three years of adjuvant tamoxifen therapy144. 

After one year of follow-up, a bone sub-protocol study of IES showed a significant deterioration 

of BMD at the lumbar spine, total hip, and femoral neck within 6 months of discontinuing 

tamoxifen161. Another randomized study, which compared adjuvant exemestane vs. placebo in 

early breast cancer reported a significant reduction in femoral neck BMD after two years of 

exemestane treatment162. The BMD in the femoral neck slightly increased after one year of 

discontinuation of exemestane treatment, though it did not reach the BMD levels of the placebo 

group163. In the TEAM trial, patients receiving exemestane treatment showed a mean decrease in 

BMD of 2.6% from baseline after one year, and 3.5% after two years. The lumbar spine and total 

hip BMD were significantly higher in the tamoxifen treatment group compared to the 

exemestane treatment group164.  

Changes in BMD were also identified as potential consequences of AI therapy due to 

depleted levels of estrogen in the IBIS-II and MAP.3 trials. In an IBIS-II sub-study for BMD, 

women who had a T-score between -1 and -2.5 at baseline were allocated to either receiving 

anastrozole and risedronate, a SERM that worked similarly to tamoxifen, or anastrozole and 
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placebo, via a block randomised schedule. Amongst these women, the 3-year mean BMD change 

was significantly different amongst those who were taking anastrozole and risedronate compared 

to those who were taking anastrozole and placebo (1.1% vs. -2.6% respectively, p < 0.0001) in 

the lumbar spine. In the total hip, the 3-year mean BMD change was also significantly different 

amongst those who were taking anastrozole and risedronate compared to those who were taking 

anastrozole and placebo (-0.7% vs. -3.5% respectively, p = 0.0001). Using risedronate in 

combination with anastrozole could have counterbalanced the deleterious effect anastrozole had 

on BMD. In addition, amongst women who had a T-score above -2.5 at baseline, were not 

receiving risedronate, and were divided into anastrozole vs. placebo groups, it was shown that 

women who received anastrozole only had a significant decrease in BMD after 3-years of 

follow-up compared to those who had received placebo only (-4.0% vs. -1.2% respectively, p < 

0.0001) in the lumbar spine, as well as in the total hip (-4.0% vs. -1.8% respectively, p < 

0.0001). Amongst women who had a T-score lower than -2.5, there was an increase in BMD 

amongst women who were on anastrozole only, although the increase in BMD amongst women 

on placebo only was still significantly higher (1.2% vs. 3.9% respectively, p = 0.006) in the 

lumbar spine. In the total hip, there was a similar pattern but the change in BMD was not 

significantly different between the two groups165. 

In the MAP.3 trial, two BMD sub-studies were conducted titled MAP.3B and 

MAP.3BSS. The MAP.3B sub-study was pragmatic in design and used DXA machines from 

MAP.3 participating sites (e.g. routine clinical practice) to estimate BMD. The MAP3-BSS sub-

study was more explanatory in design. Bone density and architectural structure were measured 

using HRpQCT scanning technology166. However, because this technology is not currently used 

in standard clinical practice, and for the most part is used in research facilities, a sub-set (n=5) of 
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MAP.3 sites had the capability to participate. In the MAP.3B, it was found that the mean 

percentage change in BMD from baseline was significantly different amongst women taking 

exemestane compared to women in the placebo group (-1.8% vs. -0.44% respectively, p = 0.04) 

in the total hip after two years of follow-up. In the lumbar spine, the mean percentage change in 

BMD from baseline was also significantly different amongst women taking exemestane 

compared to women in the placebo group (-1.71% vs. 0.56% respectively, p = 0.001)167. In the 

MAP.3BSS, exemestane was also found to have a significantly greater change in areal BMD in 

the negative direction compared to placebo in both the lumbar spine and total hip (lumbar spine: 

difference of -1.9%, p < 0.0001, total hip: difference of -1.2%, p = 0.004)165. In both the 

MAP.3B and MAP.3BSS trials, women who had a diagnosis of osteoporosis or were taking 

bisphosphonates were excluded from the sub-studies. All women in the MAP.3BSS sub-study 

were required to take vitamin D and calcium supplementation. Despite the supplementation, the 

bone loss from exemestane was still significantly greater compared to placebo. 

2.4 UGT2B17 gene deletion  

UGT2B17 is the major active liver enzyme responsible for the glucuronidation of 17-

dihydroexemestane and is therefore a crucial component in the excretion of 17-DHE via urine. It 

is a uridine 5’-diphospho-glucuronosyltransferase that catalyzes the attachment of glucuronic 

acid to endogenous and xenobiotic compounds such as steroids or environmental pollutants, 

making them water soluble and helping facilitate their excretion via urine or bile168. The 

UGT2B17 homozygous gene deletion results in the absence of the UGT2B17 enzyme168,169.  

A deletion in the UGT2B17 has been associated with a decreased ability to metabolize 

exemestane metabolites170. One study examined the pharmacokinetics of 17-DHE in healthy, 

postmenopausal volunteers, and found that plasma and urinary concentrations of 17-DHE-Gluc 
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were significantly lower in women with the UGT2B17 homozygous gene deletion compared to 

the wild-type UGT2B17 genotype, within 24 hours after receiving exemestane171. Another study 

observed that those with the gene deletion (~10%) had a 36-fold lower intrinsic clearance of 17-

DHE compared to those who possessed the gene, and that there was a significant correlation 

between 17-DHE glucuronide formation and liver UGT2B17 mRNA expression168. Furthermore, 

in the prostate, the UGT2B17 gene is one of the genes responsible for the glucuronidation of 

dihydrotestosterone, androstane-3α-DIOL, and androsterone172. The homozygous 

deletion/deletion genotype results in significantly lower testosterone levels in the urine173. 

Without the UGT2B17 gene, glucuronidation of 17-DHE is not possible and thus, less of it will 

be excreted in the urine. Therefore, having the gene deletion may result in adverse effects caused 

by both higher circulating levels of active 17-DHE and exemestane. Only those with both alleles 

deleted have a large decrease in their levels of UGT2B17 gene expression174,175.  

The UGT2B17 gene deletion allele is in Hardy-Weinberg equilibrium176. Approximately 

10% of Caucasians are homozygous for the gene deletion175-178. It has also been reported that the 

gene deletion is roughly 5 times less likely to appear in African Americans than in Caucasians173 

and is approximately 7 times more likely to appear in Asian populations than in 

Cacuasians172,179. Wilson III et al. found a 2% frequency of the homozygous gene deletion 

amongst African Americans compared to an 11% appearance of the gene deletion amongst 

Caucasian populations. Jakobbsen et al. found a similar frequency of the gene deletion amongst a 

Swedish Caucasian male population (9.3%), but found that amongst Korean men, the gene 

deletion had a frequency of 66.7%172. Another study by Yang et al. found that amongst Chinese 

individuals, the frequency of the gene deletion was 76.8% compared to a 11.9% frequency in 

Caucasian individuals179. 
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2.4.1 UGT2B17 Gene Deletion and Exemestane Metabolism 

 Exemestane entered preclinical development in 1986 and received Food and Drug 

Administration approval in 1999 for treatment of advanced breast cancer in postmenopausal 

women whose disease had progressed even after tamoxifen therapy180. The daily recommended 

dose of exemestane is 25 mg per day and has a half-life of 27 hours181. Exemestane suppresses 

approximately 95.5% of plasma estradiol and 98.6% of plasma estrone levels182.  

 A key pathway in the metabolism of exemestane is the reduction of the 17-keto group by 

aldoketoreductase to form 17-dihydroexemestane (17-DHE)183-187. Glucuronidation of 17-DHE 

(at the 17-O position, forming 17-DHE-Gluc) is an important step in the excretion of 17-DHE, 

especially in urine185,188. In postmenopausal women taking exemestane, Luo et al. conducted a 

study to determine the effects of the UGT2B17 gene deletion copy number variation on the levels 

of urinary and plasma 17-DHE-Gluc and 17-DHE. A 39-fold decrease (p < 0.0001) in creatinine 

adjusted urinary 17-DHE-Gluc, a 29-fold decrease (p< 0.0001) in plasma 17-DHE-Gluc, and a 

28% increase in plasma EXE (exemestane)-adjusted 17-DHE (p = 0.04) was reported among 

women with the homozygous gene deletion compared to women with both alleles of the 

UGT2B17 gene. This data suggests that 17-DHE may be metabolized and excreted through other 

pathways. If 17-DHE were not being metabolized via an alternative mechanism, the expected 

increase in plasma EXE-adjusted 17-DHE should have matched the decrease in urinary 17-DHE-

Gluc. While the UGT2B17 is a major enzyme in exemestane metabolism, other functional 

polymorphisms in other parts of the exemestane pathway, including aldo-keto reductases and 

cytochrome P450s may also have a part in exemestane metabolism, and therefore its efficacy and 

toxicity174. 
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 Excreting 17-DHE is crucial since it is reported to exhibit significant anti-aromatase and 

androgenic activities in vitro189,190. 17-DHE may also mediate some of the effects of exemestane 

and thus have clinical importance190. 17-DHE accounted for at least 10% of total exemestane 

dose in the plasma of individuals treated with exemestane182,187. Since 17-DHE has a similar 

structure and effect as exemestane, it is also thought to share the same toxicities as exemestane. 

It should be noted that exemestane induced toxicities may not be universal among all 

postmenopausal women, especially in different racial groups. In the Luo et al. study, only 

Caucasian postmenopausal women were studied, and therefore, it is possible that glucuronidation 

of 17-DHE may not be the major pathway of excretion of exemestane in other racial groups174. 

 Other gene polymorphisms that have been examined alongside UGT2B17 include 

UGT2B28, UGT2B15173,191, UGT1A1*6, UGT1A1*28, UGT1A1*60192. UGT2B17 is linked to 

UGT2B15 and share 95% of their sequence identity173. Alongside UGT2B17, these genes are 

also involved with androgen metabolism.  

2.4.2 UGT2B17 Gene Deletion and BMD 

Few researchers have examined the relationship between BMD and the UGTB217 gene 

deletion, and the results are inconclusive among the studies that have. A study by Yang et al. 

compared the BMDs of participants who had the homozygous gene deletion vs. those who had 

one or two copy numbers of the UGT2B17 alleles amongst both Chinese and Caucasian men and 

women. In both cases, they found that having one or two copy numbers of the gene was 

significantly associated with a lower BMD compared to having the gene deletion (Chinese 

sample: 3.4% lower, p = 0.0005, Caucasian sample: 1.77% lower, p = 0.021). Another part of the 

study compared serum testosterone and estradiol levels in young Chinese males and found that 

the homozygous deletion was significantly associated with higher levels of testosterone and 
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estradiol. The UGT2B17 gene encodes a critical enzyme that is involved in the local inactivation 

of androgens and is also involved in the glucuronidation and excretion of androgens193. 

Therefore, individuals who possess the gene deletion will have an impaired ability to eliminate 

androgens from the body. Androgens play an important role in bone strength, and similarly for 

estrogen in postmenopausal women. Since androgens can be converted into estrogens, amongst 

postmenopausal women, the UGT2B17 gene deletion should be associated with a protective 

effect for their BMD179. 

A cross-sectional study by Giroux et al. studied the relationship between BMD and the 

UGT2B17 gene, as well as the effect modification attributed by HRT use in 1663 French-

Canadian postmenopausal women. Women who had a medical condition affecting bone 

homoestatsis or had used medication that influenced bone metabolism other than oral 

contraceptives and hormone therapy were excluded. The authors found that there was a 

significant interaction between HRT use (ever vs never) and UGT2B17 genotype. BMD was 

significantly lower amongst Caucasian postmenopausal women who never used HRT and had 

one or two alleles of the UGT2B17 gene compared to those who never used HRT and had the 

double gene deletion. The increase in estrogen levels due to HRT can cause an increase in BMD, 

so the protective effect of having the gene deletion may have been masked. This theory is 

supported by Giroux and colleague’s observation that amongst pre-menopausal women, the gene 

deletion did not significantly impact or have a protective effect on BMD. In both cases, the 

UGT2B17 gene does not seem to influence BMD in estrogen-rich environments. Instead, the 

UGT2B17 double gene deletion may have most influence in individuals who do not possess high 

levels of estrogen, such as postmenopausal women. When UGT2B28 and UGT2B15 were 

included in the model, it made no difference in the association between the UGT2B17 gene 
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deletion and BMD. Furthermore, both variants, alone or in interaction with HRT, were not 

associated with BMD191. Although this study was cross-sectional, because the exposure of 

interest was genetic, there is little chance of temporality being an issue in determining whether 

the exposure causes the outcome, or if the outcome causes the exposure. 

However, there is little evidence to support the hypothesis that the UGT2B17 gene 

deletion has a meaningful impact on osteoporosis and osteoporotic fractures amongst 

postmenopausal women. So far, two studies have shown that the UGT2B17 gene deletion is not 

associated with osteoporosis. A cross-sectional study by Yokota et al. found that amongst 203 

surgically menopausal Japanese women who had bilateral salpingo-oophrectomy (BSO), 

osteoporosis was not significantly associated with UGT2B17 genotype. Also, all the women in 

the study had BSO, and 62.1% of the women in the study had been pre-menopausal when they 

had the procedure. Undergoing BSO is a risk factor for osteoporosis since estrogen is forcibly 

depleted by the removal of the ovaries. Deterioration in BMD would happen much sooner in 

women who had BSO compared to those who didn’t, especially if they were pre-menopausal. 

Women were excluded from this study if they had secondary osteoporosis, had taken HRT, 

steroid use, ongoing treatment for osteoporosis, and chemotherapy before BSO. The study 

authors have suggested that BSO had a more significant influence on BMD compared to the 

UGT2B17 genotype192, which, like in the case of the Giroux et al. study, could have masked the 

subtle influence UGT2B17 may otherwise have had. Furthermore, amongst women who had 

BSO before menopause and women who had BSO after menopause, there was a non-significant 

suggestion of a protective effect against osteoporosis and low bone mass among women with the 

gene deletion (OR=0.57, p = 0.12). However, when the women with a low bone mass were 

merged into the normal BMD reference group, the association disappeared192. There is a 



29 
 

possibility that the gene deletion may have an influence in protecting BMD, although it may not 

be to the point of clinical significance. When the relationship between BMD and the UGT1A1*6 

and UGT1A1*60 SNPs, and the UGT1A1*28 TA repeats were examined, there were no 

significant associations between these genetic polymorphisms and BMD192.  

A nested-cohort study from a randomized controlled trial conducted by Chew et al. 

studied 1347 Caucasian postmenopausal women and the association between the homozygous 

gene deletion and osteoporosis risk. They also found that the gene deletion was not associated 

with age and weight adjusted BMD, or increased incident risk of fragility fractures. This study 

did not take HRT into consideration. Women were excluded from this study if they were taking 

medication known to affect bone metabolism, or if they had illness that would suggest non-

compliance to the trial. In women with the gene deletion, the total hip BMD was higher than 

women who had both alleles of UGT2B17, but this difference was not significantly different 

(0.818 mg/cm2 vs. 0.806 mg/cm2, p = 0.100). While there is an argument that this result is 

marginally significant, the result is still probably not clinically significant. In addition, it was 

found that having the gene deletion had no significant impact on estradiol levels194. One reason 

why the results from the Chew et al. study is contradictory to the Yang et al. study is because the 

Yang et al. study also included men, and it is possible that the UGT2B17 gene may have more of 

an impact in males compared to females.  

2.5 Summary and Rationale 

 Osteoporosis is a common condition among Canadians that is characterized by 

deterioration of bone tissue, thereby increasing the risk of fracture. It is commonly measured 

using BMD, which is converted into a T-score. A T-score between 1.0 and -1.0 means normal 

bone density, a T-score between -1.0 to -2.5 means low bone density, and a T-score lower than -
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2.5 means osteoporosis for postmenopausal women. Previous literature has reported that age, 

race, BMI, vitamin D and calcium, previous HRT use, alcohol, smoking, and socioeconomic 

status are associated with BMD. One other important predictor for BMD amongst 

postmenopausal women is estrogen levels. An increased level of estrogen is associated with 

increased BMD. In pre-menopausal women, the primary source of estrogen is from the ovaries. 

However, in postmenopausal women, estrogen is no longer produced in the ovaries, and is 

produced primarily in sources such as adipose tissue. Therefore, in postmenopausal women, 

estrogen levels are lower, and therefore, BMD is also decreased.   

 AIs act by blocking aromatase and inhibiting estrogen production; it is used to treat and 

prevent hormone positive receptor breast cancer. Since estrogen production in postmenopausal 

women is limited to conversion of androgens into estrogen, AIs are effective in stopping most of 

estrogen production in postmenopausal women. One of the major toxicities that have been 

reported in the use of AIs include decreased BMD and an increased risk for osteoporosis, which 

can lead to an increased risk of fragility fractures.  

The role of the UGT2B17 gene is to glucuronidate xenobiotic and steroidal compounds to 

facilitate their elimination. It has also been found to be responsible for glucuronidating and 

preparing 17-DHE for excretion, the major metabolite for exemestane. 17-DHE exhibits anti-

aromatase properties similar to exemestane, and it has been theorized that individuals with the 

homozygous gene deletion may have a greater toxicity profile compared to individuals who have 

both alleles, especially in terms of BMD.  

However, the UGT2B17 gene is also responsible for the glucuronidation and elimination 

of androgens, meaning individuals with the gene deletion are expected to have a higher 

concentration of serum androgen levels. In postmenopausal women, having higher serum 
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androgen levels could potentially mean higher estrogen levels, and therefore, higher BMD levels. 

The evidence surrounding whether the UGT2B17 gene has a role in BMD is controversial. In this 

study, there is an opportunity to examine the role of the UGT2B17 gene deletion on BMD in 

postmenopausal randomized to exemestane or placebo for two or more years.  Data from two 

bone density studies, MAP.3B and MAP.3BSS, will be combined for this purpose. This study is 

also the first study to examine the effect the UGT2B17 gene deletion has on the relationship 

between BMD and exemestane use. It will also examine the effect the UGT2B17 gene deletion 

has on BMD by itself, while taking into consideration the effect of HRT use as well as other 

bone medications.  
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Chapter 3 

Methods 

3.1 Study Design  

The study design for this thesis project is a cohort study of postmenopausal women, 

nested within the MAP.3 trial, for which data on the UGT2B17 gene status, measured from 

baseline blood samples, and BMD at baseline and year 2 (two-year follow-up) is available. The 

main purpose of this study is to elucidate the relationship between the UGT2B17 genotype and 

bone health in 1) the absence of exemestane and 2) the presence of exemestane.  

3.1.1 Overview of Main Study Design: CTG MAP.3 Trial 

 This thesis is nested in the Mammary Prevention.3 (MAP.3) chemoprevention trial, 

which was conducted by the Canadian Cancer Trials Group. This was an international, 

multicentre, double-blind, placebo-controlled, phase III randomized trial that evaluated the 

efficacy of exemestane for breast cancer prevention in postmenopausal women1. The primary 

endpoint for this trial was incidence of invasive breast cancer. Secondary trial endpoints included 

incidence of non-invasive breast cancer, receptor-negative breast cancer, breast disease such as 

lobular carcinoma in situ and lobular or ductal hyperplasia, health-related quality of life, 

cardiovascular events, incidence of other cancers, and bone mineral density (BMD).  

4,560 postmenopausal women were recruited from Canada, the United States, Spain, and 

France over six years, from September 2004 to March 2010. 2285 women were randomized to 

the exemestane treatment arm, while 2275 women were allocated to the placebo arm, with a 

maximum duration of 5 years.  
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The participants enrolled into the MAP.3 trial were postmenopausal women aged 35 or 

older. Inclusion criteria for the MAP.3 included one of the following breast cancer risk factors: 

age ≥ 60 years, Gail score > 1.66%, or prior benign breast disease (comprising atypical ductal or 

lobular hyperplasia, lobular carcinoma in situ on breast biopsy, or prior ductal carcinoma in situ 

treated with mastectomy). Exclusion criteria included: being pre-menopausal, previous invasive 

breast cancer or ductal carcinoma in situ treated with mastectomy, known genetic predisposition 

to breast cancer (carriers of the Breast Cancer Genes 1 or Breast Cancer Genes 2), a history of 

other malignancies (except nonmelanoma skin cancer, treated in situ cancer of the cervix or other 

solid tumours treated with no evidence of disease for 5 years), and the presence of several 

protocol-specified comorbidities, such as uncontrolled hypothyroidism or hyperthyroidism and 

chronic liver disease. 

Participant demographics and other characteristics such as family history of cancer, 

reproductive history, medical history, lifestyle behaviours and concomitant medications use were 

collected at baseline. Participants also had a physical examination measuring height, weight, 

blood pressure, and pulse at baseline. Participants had a mammogram within one year prior to 

study enrolment, to verify that the participant had no breast disease or abnormalities. Blood 

samples were also taken at baseline, year 1 and year 5 or at the time of early therapy 

discontinuation. The blood samples were non-fasting, were centrifuged, and separated into three 

aliquots and frozen at -20ºC before being shipped to the Department of Pathology and Molecular 

Medicine at Queen’s University, where they were stored at -80ºC. Toxicities and adverse events 

were assessed using the National Cancer Institute’s Common Terminology Criteria for Adverse 

Events, version 3.02.  
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Participants were followed through scheduled visits at 6, 12, 24, 36, 48, and 60 months 

from baseline after randomization. Each follow-up visit also included a physical examination, 

recording of concomitant medication use, and an assessment of symptoms and adverse events. 

Breast cancer events were detected either through clinical breast examinations or annual 

mammography during scheduled follow-up visits. Bone mineral density (BMD) reports were 

also collected at baseline, from Hologic, GE-Lunar, or Norland Dual X-Ray Absorptiometry 

(DXA) machines. 

3.1.2 Bone Density Sub-Study Population 

During the baseline MAP.3 visit, women were screened to determine eligibility for the 

MAP.3B and the MAP.3BSS sub-studies. The MAP.3B sub-study had the following exclusion 

criteria: a baseline BMD T-score of less than or equal to -2.0 in either the hip or spine at 

baseline, prior fragility fractures, use of bone medications such as bisphosphonates within 3 

months of randomization, chronic oral corticosteroids, malabsorption syndrome, Cushing’s 

disease, other pituitary disease or inflammatory disease, and the use of a selective estrogen 

receptor modulator (SERM) within 3 months of randomization. The MAP.3BSS sub-study also 

had the following exclusion criteria: being diagnosed with osteoporosis, having a T-score less 

than or equal to -2.0 at the lumbar spine, total hip, and femoral neck, having a fragility fracture 

after the age of 40, treatment for bone-related disorders within 3 months prior to randomization, 

use of bisphosphonates for 6 months or more or strontium for 1 month or more, use of chronic 

oral steroids (more than or equal to 5 mg of prednisone for 2 or more weeks in the past 6 

months), diagnosed with a malabsorption condition, metabolic bone disease, or inflammatory 

diseases.  
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Follow-up BMD data was collected at year 1 and year 2 for women who participated in 

MAP3BSS (n=351) and at year 2 only for women who participated in MAP3.B (n=120). The 

main MAP.3 trial closed in June 2011, following publication of the primary results1. However, 

two-year follow-up BMD data was collected until May 20, 2011 for the MAP.3BSS sub-study 

publication in Lancet Oncology (2012)3 although additional two year follow-up BMD data was 

collected through to the end of December 2011 for MAP3.BSS and mid October 2011 for the 

MAP.3B sub-study4. 

In the MAP.3BSS sub-study, the primary objective was to examine bone strength and the 

percent change at 2 years from baseline in total volumetric BMD in the distal radius, using high 

resolution quantitative PQCT scanning technology. A total of 351 women were enrolled in this 

sub-study3. The MAP.3B sub-study was more pragmatic in design and the primary objective was 

to examine the effects of exemestane on the change in total hip and lumbar spine BMD measured 

with DXA scans. A total 238 women were enrolled in this sub-study4 and approximately 20 of 

the 48 North American MAP.3 centres participated in this bone sub-study. Some women were 

enrolled in both the MAP.3B and MAP.3BSS sub-studies, if the centre from which BMD data 

was collected participated in both studies. However, if a woman was part of both sub-studies, 

data from the MAP.3BSS was selected. The MAP.3BSS data measured BMD with DXA but also 

collected information on bone strength and structure using high-resolution peripheral quantitative 

computed tomography (HRpQCT).   Furthermore, only five centres were involved in the 

MAP3.BSS bone sub-study, because of the stricter quality control requirements. These centres 

included 3 in Toronto (Women’s Health College Hospital, University Health Network and 

Mount Sinai Hospital), the Mayo clinic in Minnesota and the University of California-Davis. 
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Eligible participants were invited to participate in one or both of the bone sub-studies. 

Women in the MAP.3BSS sub-study were assessed for calcium intake and supplemented to a 

daily intake of 1200-1500 mg of calcium and 800 IU of vitamin D3. 

In both bone sub-studies, additional baseline physical assessments were collected 

including history of falls or clinical fractures in the last year, and lifestyle information including 

physical activity and alcohol consumption. Clinical fracture data was classified into either 

fragility fractures (fractures that resulted from no or low trauma, and excludes fingers and toes, 

hands, feet and skull) or other type4.  

Data from the MAP3.B and the MAP3.BSS bone sub-studies were pooled for the 

purposes of this thesis project and are referred to as the “bone sub-study cohort”. To control for 

confounding by race (population stratification), only Caucasian women were included in the 

analyses for this project7-10. The frequency of the UGT2B17 gene deletion varies between races, 

and the study population was approximately 93% Caucasian.  There would not have been 

sufficient power to make any inferences about the UGT2B17 – BMD relationship for non-

Caucasian women (namely Asian or Black).  

3.2 Study Objectives 

1) Identify factors associated with bone health in postmenopausal women. Specifically:  

a. Identify risk factors for low bone density in the total hip and lumbar spine in 

postmenopausal women participating in the MAP.3 trial 

b. Determine the independent association between the UGT2B17 gene deletion 

polymorphism and low bone density in the total hip and lumbar spine in postmenopausal 

women participating in the MAP.3 trial 
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c. Evaluate the role of hormone replacement therapy (HRT) as an effect modifier of the 

association between the UGT2B17 gene deletion polymorphism and low bone density  

Hypothesis: Established risk factors for low bone mass, including age, low body mass index and 

tobacco use will be associated with low BMD in the MAP.3 study population at baseline. 

Furthermore, the UGT2B17 gene deletion polymorphism should have an independent protective 

effect on BMD. Therefore, participants with the gene deletion should have a higher BMD 

compared to those who have both copies of the UGT2B17 gene, after adjusting for potential 

confounders. This association will be stronger in postmenopausal women who do not have a 

history of HRT or bone medication use, since the positive effects of HRT / bone medication on 

BMD would potentially mask the benefits of the UGT2B17 gene deletion on BMD. 

2.  Describe the influence of the UGT2B17 gene deletion polymorphism on change in bone 

density, two years after randomization to the MAP.3 trial. Specifically: 

a. Determine the association between the UGT2B17 gene deletion polymorphism and 

change in bone density after two years of follow-up in; 

i) Women allocated to the exemestane group and, 

ii) Women allocated to the placebo group 

Hypothesis: Those with the gene deletion and who used exemestane should have the worst 

decline in BMD over 2 years compared to baseline, after adjusting for potential confounders, 

because of accumulation of exemestane metabolites. Furthermore, those who have the gene 

deletion and who were on placebo should have the least decline in BMD after two years 



56 
 

compared to baseline, because of excess availability of androgens, after adjusting for potential 

confounders. 

3.3 Overview of Thesis Project 

This thesis is nested within the MAP.3 randomized control clinical trial. The study design 

for the first objective is based on a cross-sectional analysis at baseline only. The study design for 

the second objective can be considered as a prospective cohort study following participants with 

2 years of follow-up, among participants in the bone sub-study cohort. The study sample for 

objective 1 consists of postmenopausal women enrolled in MAP.3 who consented to genetic 

testing, regardless of treatment allocation.  The second objective includes MAP.3 participants 

who were also enrolled in one of the two bone sub-studies (MAP3B and/or MAP3BSS). 

Information on participant characteristics and medical history was collected at baseline, 6 

months and annually thereafter up to five years. Women were also allowed to withdraw from the 

study or stop taking study medication at any time (early discontinuation). While approximately 

30% of participants did discontinue their study medication early, they still returned for their 

scheduled visits for up to 5 years, or until the study was closed. Therefore, loss to follow-up was 

negligible in this trial. Figure 3.1 presents a flow diagram that shows participant selection for 

this study, as well as follow-up for the duration of MAP.3. All MAP.3 centres followed a 

standardized protocol for blood collection and BMD measurements.  
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Figure 3.1: Flowchart for Study Sample Size in Objective 1 and 2 
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3.4 Exposure Assessment  

3.4.1 Assessment of UGT2B17 Genotype Status  

The UGT2B17 deletion polymorphism is the primary exposure for Objectives 1b, 1c and 

2.  Genotype status was determined using blood samples from all women who consented to 

genetic testing at baseline in MAP.3. These blood samples were sent to the Department of 

Pharmaceutical Sciences, College of Pharmacy at Washington State University for genotyping, 

using a novel high-throughput procedure that uses real-time PCR and allelic discrimination. The 

number of alleles of the UGT2B17 gene was recorded and determined for exposure to the gene 

deletion. Three primary copy number variations used in this study include homozygous (double) 

deleted (-/-), heterozygous (+/-), and homozygous wild type +/+). Homozygous deleted and 

heterozygous genotypes were compared to the homozygous wild type reference group in the 

statistical analysis to determine potential gene dosage effects. The heterozygous and wild-type 

genotypes were not combined since it is possible that the heterozygous gene deletion may have a 

differing phenotype compared to the wild-type and modelling the genotype as a “Dominant 

Model” allows for investigation of a gene dose-response based on copy number, although the 

main focus of the thesis is to compare the wild-type to the double gene deletion.  

3.4.2 Baseline Participant Characteristics/Assessment of Key Exposures in Objective 1 

Some baseline characteristics that were considered as potential a priori confounders of 

the relationship between the UGT2B17 genotype and BMD included: race, because of the 

difference in the minor allele frequency of the UGT2B17 genotype in different racial groups, and 

HRT/bone medication use, because the use of HRT or bone medication, may in part, be an 

indication of a participant’s UGT2B17 genotype status. Treatment allocation status (exemestane 

vs. placebo) was considered a potential effect modifier, because of the possible opposing action 
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of the UGT2B17 genotype on the metabolism of exemestane versus natural estrogen in women 

on placebo. Other baseline characteristics were considered as potential precision variables, 

although it is unlikely that these variables could confound the relationship between UGT2B17 

genotype and BMD, since most of these variables are likely unrelated to the genetic exposure. 

Factors that were selected as potential precision variables were chosen from the literature, and 

included age, socioeconomic status, BMI, smoking, alcohol, HRT use, bisphosphonate use, 

vitamin D intake, calcium intake, history of fractures, osteoporosis diagnosis, and number of 

falls in the past year. Data on most of these characteristics were collected from two evaluation 

forms at baseline, Form 1 (Appendix A) and Form 1A (Appendix B). Form 1 was completed by 

study centre staff aided by medical record abstractions, while Form 1A was completed via 

participant interview about their sociodemographic information in addition to their reproductive 

and medical history. Data pertaining to alcohol use and number of falls in the past year were 

collected in the MAP.3B and MAP.3BSS sub-studies. These additional factors were used in the 

study to confirm if the BMD data supported the trends reported in the literature, and to determine 

which variables were associated with BMD. Baseline case report forms and medical history 

follow-up forms that were used in MAP.3BSS are presented in Appendix C. 

Socioeconomic Variables  

Age at baseline was treated as a categorical variable (< 60, 60-69.9, 70-79.9, and ≥ 80). 

Highest level of education was classified as high school or less, and university/college. Job status 

was classified as yes/no, based on whether the participant was currently employed / self-

employed or retired / not currently employed. These categories were taken from the MAP.3 data. 

Combined family income was categorized into < $39,000, $40,000 - $59.999, $60,000 - $79,999, 

and ≥ $80,000. The MAP.3 case report form also had a < $29,000 category for income but the 
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numbers were relatively small compared to other categories and thus pooled to create the < 

$39,000 category for income to create a more stable reference group.  

Lifestyle Variables  

BMI at baseline was treated as a categorical variable (underweight: BMI < 18.0, normal: 

BMI 18.0-< 25.00, overweight: 25.00 – 29.99, and obese: ≥ 30). BMI was calculated by dividing 

a participant’s baseline weight by their height in metres squared (kg/m2). Smoking was 

categorized into never smoked, past smoker, and current smoker. Alcohol consumption was 

divided into never drank in the past 7 days, light drinker (1 – 6 drinks in the past 7 days), heavy 

drinker (7 or more drinks in the past 7 days). These categories were taken from the National 

Institute on Alcohol Abuse and Alcoholism9. It should be noted that alcohol consumption was 

only defined in those participants who were enrolled in the MAP.3B and MAP.3BSS sub-studies. 

Physical activity was collected for the MAP.3B, but not the MAP.3BSS, and was not included as 

a covariate in this study.  

Reproductive Variables 

Lifetime number of cumulative menstrual cycles (LCMC) was used as a composite 

measure that took into consideration age at menarche, number of full term births, breast feeding 

duration, oral contraceptive use, number of non-full-term pregnancies and age at menopause.  

Chavez-MacGregor et al. (2005) created the method to determine LCMC10. Due to 

insufficient detail for some variables, adjustments to this method were needed. Some of the 

assumptions that were made regarding the collected data included: regular cycles started at 

menarche, each menstrual cycle was of the same length, non-full-term pregnancies resulted in a 

17-week absence of cycles and each pregnancy was an average of 40-weeks. LCMC number was 
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split into six groups, < 350, 350 - 399, 400 - 449, 450 - 499, ≥ 500 and a missing category. Prior 

use of HRT was defined as a yes/no variable, which defined whether the participant used HRT in 

the past. 

Bone Related Variables 

Bisphosphonate, vitamin D, and calcium use were defined as a yes/no variable, which 

defined whether the participant used bisphosphonates, vitamin D or calcium supplements at 

baseline. Serum calcium was measured in all participants and shown for descriptive purposes. 

Serum vitamin D levels were also measured for a different sub-study in the MAP.3 trial (breast 

density sub-study) but were not included in this study since not all participants with serum 

vitamin D levels had genotyping data, and the serum vitamin D levels in all these participants 

were well within recommended levels11. Fracture history was defined in two variables: a 

dichotomous response on whether the participant had a fracture 10 years prior to randomization, 

and the number of fractures that occurred throughout the participant’s life. Information on 

fragility fractures was not available for the entire baseline population since only women selected 

in the MAP.3B and MAP.3BSS had data collected on fragility fractures. In contrast, a fracture 

that occurred within 10 years prior to randomization and lifetime number of fractures were 

recorded for the whole study population. Osteoporosis diagnosis was defined as a yes/no 

variable, which defined whether the participant had been diagnosed with osteoporosis prior to 

randomization at baseline. Number of falls in the past year was also recorded, and categorized 

into 3 groups: 0, 1, and 2+, but only for participants on the MAP.3B and MAP.3BSS sub-studies.  
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3.5 Outcome Assessment  

3.5.1 Assessment of BMD 

The main outcome of interest for objective 1 is BMD, which was measured from GE-

Lunar, Hologic or Norland DXA scans (measured in g/cm2). BMD data for the lumbar spine and 

total hip was collected at baseline for the entire MAP3 cohort. Change in BMD at year 2 is the 

main outcome of interest for objective 2. Follow-up BMD data was collected at year 2 for 

women who participated in one of two bone sub-studies (MAP.3B (n=120), MAP.3BSS (n=294). 

Total hip and lumbar spine were selected as the two areas of interest for BMD measurement 

since they are two of the most common anatomical bone sites for fractures12. 

3.5.2 Defining the Outcome in Objective 1 

 When defining BMD as a categorical variable, having the outcome was defined as a T-

score of less than -1. This threshold was selected because having a T-score of less than -1 is the 

clinical definition of low bone mass. The reference group included women with a T-score of -1 

or greater. Total hip and lumbar spine BMD were examined separately. 

3.5.3 Clinically Meaningful Change over 2 Years in BMD for Objective 2 

 For the purposes of this study, a 3% decline in BMD after two years of follow-up was 

considered a meaningful change in BMD. A change in 3% was defined as a clinically meaningful 

outcome based on the previous two MAP.3B and MAP.3BSS sub-studies that used a similar non-

inferiority margin when defining their hypotheses. The MAP.3B study used a -3% non-

inferiority boundary4, while the MAP.3BSS used a more liberal -4% non-inferiority boundary, 

although it was based on the distal radius on the HRpQCT scans, and not for BMD by DXA3. 

Normal bone deterioration for postmenopausal women is roughly 2% after two years13, so having 

a 3% decline was considered in this study to be a relatively abnormal change, especially in a 
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population of women who were already at risk for breast cancer and potentially had a higher 

BMD compared to postmenopausal women in the general population14. Total hip and lumbar 

spine BMD were examined separately. 

3.6 Statistical Analyses  

All statistical analyses were performed using SAS version 9.4© (SAS Institute Inc., Cary, 

North Carolina). All statistical tests used a significance value of 0.05, with 95% confidence 

intervals (95% CI) reported where necessary. Univariate analyses of UGT2B17 genotype, BMD, 

and baseline characteristics were performed before analyzing the data based on the two study 

objectives. Continuous variables were described using means and standard deviations, while 

categorical variables were described using frequencies and percentages.   

3.6.1 Analysis for Objective 1 

 The goal of Objective 1 was to determine which variables were associated with BMD, 

with a focus on examining the relationship between UGT2B17 genotype as the main exposure 

and low BMD as the main outcome. An explanatory model using a modified Poisson model was 

chosen to model the relationship between UGT2B17 genotype, other covariates that were 

identified from the literature and low BMD. The modified Poisson regression model is a Poisson 

regression model with a robust variance estimate15. Since the outcome was not rare, and the 

prevalence of low bone mass is approximately 50% in the general postmenopausal population, a 

logistic regression model would not have been appropriate because the odds ratio would over-

estimate the relative risk16,17. The Poisson regression model is a generalized linear model that 

calculates relative risk estimates that are appropriate for prospective cohort study designs. It uses 

a logarithmic link function and assumes that the error term follows a Poisson distribution. 

However, the Poisson regression tends to overestimate the error for a relative risk for binary 



64 
 

data. The modified Poisson regression takes this overestimation into account by obtaining a 

robust error estimator15. For k covariates, the modified Poisson model can be written as: 

log(λ)=β_0+β_1 X_1+⋯+ β_k X_k 

where λ is the prevalence of low bone mass and Xi are covariates in the model. The relative risk 

(RR) for a covariate can be calculated by exponentiating its β coefficient (e^(β_i )). 

Although the baseline characteristics in the explanatory model may have been associated 

with BMD, it is unlikely that they are associated with UGT2B17 genotype. A parsimonious 

multivariate model was also created, only controlling for age and previous HRT or bone 

medication use. Age was adjusted for a priori as a confounder and the analysis was stratified by 

previous HRT or bone medication use. Race was not adjusted for since the population was 

restricted to Caucasian only, while previous HRT use was considered to be a potential effect 

modifier in the relationship between UGT2B17 genotype and BMD5. An explanatory modified 

Poisson regression model was also created forcing UGT2B17 genotype to stay in, and several 

other covariates were included in the fully adjusted model (ie. p < 0.20). Relative risk estimates 

from this adjusted model and the parsimonious models were compared, and the inclusion of 

additional covariates did not noticeably change effect estimates by more than 10%. Therefore, 

the parsimonious model was used to analyze the relationship between UGT2B17 genotype and 

BMD.  

Previous literature found that the UGT2B17 genotype was not associated with 

osteoporosis diagnosis in postmenopausal women5,6. To address these findings, a modified 

Poisson regression was used to model the relationship between osteoporosis diagnosis and 
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UGT2B17, as an alternative method to modelling the relationship between UGT2B17 genotype 

and BMD.  

Sensitivity Analyses for Objective 1 

Women who identified with more than one race, but one of their races was Caucasian, 

were classified as Caucasian for the purposes of this study. A sensitivity analysis was performed 

with women who identified as Caucasian only, rather than with more than one race. Also, since 

all BMD measurements had to be consistent, all measurements were converted into Hologic 

DXA BMD equivalent. Since two different formulas were used to convert Lunar to Hologic and 

Norland to Hologic, and different DXA machines may have been calibrated differently, separate 

sensitivity analyses were performed examining only individuals who had Hologic DXA BMD 

measurements and individuals who only had Lunar DXA BMD measurements.  

3.6.2 Analysis for Objective 2 

The goal of Objective 2 was to examine the relationships between the UGT2B17 

genotype and the change in BMD as the outcome, in women randomized to exemestane or 

placebo. The outcome (event) for change in BMD was defined as a 3% or more worsened BMD 

over 2 years. To compare the homozygous gene deletion and the heterozygous genotype to the 

wild type genotype, a modified Poisson regression was used to model the relationship between 

the UGT2B17 genotype and change in BMD, adjusting for age, restricting to Caucasians only, 

and stratifying by treatment status.  

Sensitivity Analyses for Objective 2 

Additional analyses in examining the relationship between the UGT2B17 genotype and 

change in BMD included i) excluding participants who used HRT, ii) only including participants 
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who were in the MAP.3BSS sub-study, and iii) only including participants who were in the 

MAP.3B sub-study. It should be noted that the study sample of Objective 2 was comprised only 

of women who were in MAP.3B or MAP.3BSS, and these women were not taking any bone 

medications or bisphosphonates. Therefore, for one of the sensitivity analyses, only women who 

had taken HRT in the past were excluded.  

3.7 Missing Data  

A participant was missing UGT2B17 genotype data if they did not consent to genetic 

testing, or if the whole blood sample was not sent in for analysis. If an individual was missing 

BMD data, they were excluded from all analyses. Individuals with missing categorical BMD 

data were categorized as “Missing.” Some covariates such as alcohol consumption or number of 

falls in the past year had over 2% missing data. In these cases, a separate “Missing” category was 

created so that these individuals would not be excluded from the analysis. 

3.8 Study Power 

For Objective 1, power was defined as the ability to detect true differences between 

UGT2B17 genotype and BMD at baseline. There was a total of 118 women who never used HRT 

or bone medications, had the gene deletion and had lumbar spine BMD baseline data. 

Heterozygotes were excluded from the population for this calculation, so that power could be 

determined for a relationship between the homozygous deleted and homozygous wild type 

genotypes. Table I.1a shows the power calculations for the association between UGT2B17 

genotype as the exposure and low bone mass in the lumbar spine as the outcome. The power 

calculation was done using a prevalence exposure of 20.63%, which excluded heterozygotes, and 

a prevalence of outcome exposure of 39.04%. The prevalence was used only women who never 

used HRT or bone medications and was calculated by using the number of women with low bone 
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mass BMD divided by the total number of women with lumbar spine data. The power to detect a 

relative risk of 1.5 was 90.23% at a significance level of 0.05.  

For Objective 2, power was defined as the ability to detect true differences between 

UGT2B17 genotype and change in BMD after 2 years of follow-up, stratified by treatment status. 

For the purposes of the power calculation, only categorical BMD was considered. There was a 

total of 45 women with the gene deletion and total hip BMD at 2 years from baseline, and 47 

women with the gene deletion and lumbar spine BMD data at year 2. Heterozygotes were also 

excluded from the population for this calculation, so that power could be determined for a 

relationship between the homozygous deleted and homozygous wild-type genotypes. When 

examining the difference in year 2 total hip and lumbar spine, the specific relationships of 

interest in this study were focused on women who had the homozygous gene deletion versus 

homozygous wild-type genotype. Since the minimum detectable effect size was unknown, power 

was calculated for several relative risks.  

Table I.1b shows the power calculations for the association between UGT2B17 genotype 

as the exposure and a meaningful decline in BMD after two years of follow-up (categorical 

BMD) for the total hip as the outcome. The power calculation was done using a prevalence 

exposure of 21.23%, which excluded heterozygotes, and a prevalence of outcome exposure of 

27.71%, which was calculated using the number of women with a 3% or more change in BMD 

after two years of follow-up divided by the total number of women with year 2 total hip data. 

The power to detect a relative risk of 2.0 was 81.76% at a significance level of 0.05.  

Table I.1c shows the power calculations for the association between UGT2B17 genotype 

as the exposure and a meaningful decline in BMD after two years of follow-up for the lumbar 
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spine as the outcome. The power calculation was done using a prevalence exposure of 21.96%, 

which excluded heterozygotes, and a prevalence of outcome exposure of 38.06%. The power to 

detect a relative risk of 1.8 was 81.36% at a significance level of 0.05.  

Treatment was evaluated as an effect modifier of the UGT2B17 – change in BMD 

association. Quanto software18-20 was used to calculate the study power for detecting a significant 

interaction with treatment (Table I.2a and I.2b). Assuming an interaction effect of 3.0, this 

study had 12.3% power, at a significance level of 0.05, to detect a joint effect of 4.92, between 

exemestane and the UGT2B17 gene deletion and meaningful change in total hip BMD. 

Assuming an interaction effect of 3.0, which would result in a joint effect of 7.05, the study 

power to find a significant interaction, at a significance level of 0.05, between exemestane and 

the UGT2B17 gene deletion and a meaningful change in lumbar spine BMD was 13.9%. 

3.9 Ethical Considerations 

All data on the MAP.3 trial have already been collected. All participants on the trial 

included in this thesis have previously given their consent for their information to be included in 

future research projects. As well, women included in this study sample gave permission to 

undergo genetic testing. Ethics approval was granted from the Health Sciences Research Ethics 

Board at Queen’s University in September 2016. The ethics clearance letter can be found in 

Appendix D. 
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Chapter 4 

Results 

4.1 Study Population 

 4560 postmenopausal women were originally enrolled in the study. Of these women, 

3447 women had consented to genetic testing, had valid total hip and lumbar spine BMD data, 

and were Caucasian. 1111 of these women never used bone medications, bisphosphonates, or 

HRT, while 2336 women had used bone medications, bisphosphonates, or HRT in the past or at 

baseline. 1738 of these women were allocated to the exemestane treatment arm, while 1709 

women were allocated to the placebo arm.  

4.2 Baseline Characteristics 

 Baseline characteristics for the study populations included in Objective 1 and 2 are 

shown in Table 4.1. The treatment allocation was evenly balanced between exemestane (~50%) 

and placebo (~50%) in both the main MAP.3 trial and in the MAP.3 bone sub-study cohorts. The 

mean age for the MAP.3 study population and bone sub-study cohort was 63 and 62, 

respectively. Women had more obesity, average BMI =30.1 (σ = 6.1), in the bone sub-cohorts 

compared to the overall MAP.3 trial population. The majority of women had never smoked 

(52.1%), and this was similar in both MAP.3 cohort and the bone sub-cohorts. A slightly higher 

proportion of women in the main MAP.3 cohort (18.9%) had experienced a fracture, but this is 

likely because women who took bisphosphonates, prior to randomization or were diagnosed with 

osteoporosis were excluded from the bone sub-studies. Furthermore, women with a history of 

fragility fractures after age 40 were also excluded from MAP3BSS. Similarly, a greater 

proportion of women in the bone sub-cohort studies had normal total hip (90%) and lumbar spine 
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(79%) BMD at baseline compared to the entire MAP.3 cohort (68% and 54% for hip and spine, 

respectively). The bone medication and HRT status as well as the bisphosphonate variables were 

not calculated for the MAP.3 bone sub-study cohorts because women who took bone 

medications were excluded from those studies. Two variables not examined in the main MAP.3 

trial were number of falls in the past year and alcohol consumption. Within the bone sub-cohorts, 

approximately 25% of women drank more than 7 drinks in the week before assessment, while 

another 44% drank 1-7 drinks the week before assessment. The vast majority of women (74.2%) 

did not have a fall in the past year before assessment, but only 16.4% of women in the bone sub-

studies had experienced any fracture in the last 10 years prior to randomization. 

 

Table 4.1 Baseline Characteristics for MAP.3 Participants and Participants Enrolled in the 

MAP.3 Bone Sub-Studies  

 

Variable MAP.3 Cohort 

(N=3447)  

Mean [SD] / N (%) 

MAP.3 Bone Sub-Study Cohorts 

(N=414) 

Mean [SD] / N (%) 

   

Treatment   

      Exemestane 1738 (50.4%) 207 (50.0%) 

      Placebo 1709 (49.5%) 207 (50.0%) 

   

Age    

      50-59.9 1050 (30.5%) 137 (33.1%) 

      60-69.9 1824 (52.9%) 255 (61.6%) 

      70-79.9 508 (14.7%) 20 (4.8%) 

      ≥ 80 65 (1.9%) 2 (0.5%) 

Age (years)  63.3 [7.1] 61.5 [5.1] 

   

BMI    

      Underweight (<18 kg/m2) 19 (0.6%) 2 (0.5%) 

      Normal (18-<25 kg/m2) 977 (28.3%) 91 (22.0%) 

      Overweight (25-<29.9 kg/m2) 1164 (33.8%) 133 (32.1%) 

      Obese (≥30 kg/m2) 1275 (37.0%) 188 (45.4%) 

      Missing 12 (0.4%) 0 (%) 

BMI (kg/m2)  29.0 [6.1] 30.1 [6.1] 
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Education Level   

      High School or Below 1243 (36.1%) 122 (29.5%) 

      University/College 2199 (63.8%) 292 (70.5%) 

      Missing 5 (0.2%) 0 (0%) 

   

Income    

      < $39,999 697 (20.2%) 43 (10.4%) 

      $40,000 - $59,999 620 (18.0%) 76 (18.4%) 

      $60,000 - $79,999 525 (15.2%) 63 (15.2%) 

       > $80,000 1197 (34.7%) 186 (44.9%) 

      Missing 408 (11.8%) 46 (11.1%) 

   

Job Status    

      Currently Employed 1729 (50.2%) 229 (55.3%) 

      Currently Unemployed/Retired 1713 (49.7%) 185 (44.7%) 

      Missing 5 (0.1%) 0 (0%) 

   

Smoking History    

      Never 1796 (52.1%) 213 (51.5%) 

      Past 1426 (41.4%) 177 (42.8%) 

      Current 207 (6.0%) 24 (5.8%) 

      Missing 18 (0.5%) 0 (0%) 

   

Alcohol Consumption    

      Never Data not available 43 (10.4%) 

      Light (1-7 drinks per week)  182 (44.0%) 

      Heavy (>7 drinks per week)  108 (26.1%) 

      Missing  81 (19.6%) 

   

Lifetime Cumulative Menstrual Cycles (LCMC)  

      <350 725 (21.0%) 64 (15.5%) 

      350-399 535 (15.5%) 58 (14.0%) 

      400-449 740 (21.5%) 85 (20.5%) 

      450-499 716 (20.8%) 103 (24.9%) 

      >500 655 (19.0%) 83 (20.1%) 

      Missing 76 (2.2%) 21 (5.1%) 

   

HRT Use    

      Ever 2127 (61.7%) 221 (53.4%) 

      Never 1320 (38.3%) 193 (46.6%) 

   

Bone Medication and HRT Status    

      Ever 2336 (67.8%) Not calculated 

      Never 1111 (32.2%)  

   

Bisphosphonate Use    
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      Yes 650 (18.9%) Not calculated 

      No 1438 (41.7%)  

      Missing 1359 (39.4%)  

   

Calcium Use    

      Yes 2137 (62.0%) 239 (57.7%) 

      No 615 (17.8%) 103 (24.9%) 

      Missing 695 (20.2%) 72 (17.4%) 

   

Calcium Serum (mmol/L)  2.4 [0.1] 2.4 [0.1] 

   

Vitamin D Use    

      Yes 1633 (47.4%) 230 (55.6%) 

      No 1814 (52.6%) 184 (44.4%) 

   

Total Hip: T-Scores    

      Normal (T-score ≥ -1.0) 2331 (67.6%) 373 (90.1%) 

      Low Bone Mass (T-score  

      between -1.0 and -2.5) 

964 (28.0%) 38 (9.2%) 

       Osteoporosis (T-score < -2.5) 59 (1.7%) 1 (0.2%) 

      Missing 93 (2.7%) 2 (0.5%) 

   

Lumbar Spine: T-Scores    

      Normal (T-score ≥ -1.0) 1848 (53.6%) 325 (78.5%) 

      Low Bone Mass (T-score  

      between -1.0 and -2.5) 

1119 (32.5%) 86 (20.8%) 

      Osteoporosis (T-score < -2.5) 188 (5.5%) 1 (0.2%) 

      Missing 292 (8.5%) 2 (0.5%) 

   

Number of Fractures that Occurred 

Throughout Lifetime  

  

      0 2597 (75.3%) 334 (80.7%) 

      1 656 (19.0%) 68 (16.4%) 

      2+ 194 (5.6%) 12 (2.9%) 

   

Had a Fracture in the Past 10 Years 

Prior to Randomization 

  

      No 2796 (81.1%) 346 (83.6%) 

      Yes 651 (18.9%) 68 (16.4%) 

   

Had at Least 1 Fall in the past year   

      No  307 (74.2%) 

      Yes Data not available 106 (25.6%) 

      Missing  1 (0.2%) 
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4.3 UGT2B17 Genotype Distribution 

 357 women (10.4%) in the study sample had the homozygous UGT2B17 gene deletion, 

1523 women were heterozygous for the UGT2B17, and 1567 women had the homozygous wild-

type genotype (Table 4.2). The proportions of the UGT2B17 genotype were similar across those 

who ever took bone medications or HRT in the past compared to those who never took bone 

medications or HRT in the past (11.8%, 43.8%, and 44.4% in the “ever group” and 9.7%, 44.4%, 

and 46.0% in the “never group” for homozygous gene deletion, heterozygous genotype, and 

homozygous wild-type genotype, respectively). The genotype distribution was also similar 

across treatment allocation (10.4%, 45.1%, 44.6%) in the placebo group and (10.4%, 43.3%, 

43.3%) in the exemestane group, for homozygous gene deletion, heterozygous genotype, and 

homozygous wild-type genotype respectively (Table 4.2). 
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Table 4.2 Frequency of the UGT2B17 Genotype for the Study Population, Stratified by Bone Medication and Treatment Status 

 

UGT2B17 Copy 

Number 

(genotype) 

All 

Participants 

(n=3447) 

Bone Med/HRT 

Ever (n=1111) 

Bone Med/HRT 

Never (n=2336) 

Exemestane 

(n=1738) 

Placebo (n=1709) 

0 (-/-) 357 (10.36%) 131 (11.79%) 226 (9.67%) 180 (10.36%) 177 (10.36%) 

1 (+/-) 1523 (44.18%) 487 (43.83%) 1036 (44.35%) 753 (43.33%) 770 (45.06%) 

2 (+/+) 1567 (45.46%) 493 (44.37%) 1074 (45.98%) 805(43.32%) 762 (44.59%) 
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4.4 Baseline and Follow-up BMD 

 Total hip and lumbar spine BMD were measured for each participant in the study. Figure 

4.1 shows the distribution of baseline total hip BMD, Figure 4.2 shows the distribution of 

baseline total hip BMD for the bone sub-study cohort, Figure 4.3 shows the distribution of 

baseline lumbar spine BMD, Figure 4.4 shows the distribution of baseline lumbar spine BMD 

for the bone sub-study cohort, Figure 4.5 shows the distribution of year 2 total hip BMD, and 

Figure 4.6 shows the distribution of year 2 lumbar spine BMD. All six figures show a general 

unimodal distribution of the data, although the baseline lumbar spine BMD, baseline total hip 

and lumbar spine BMD for the bone sub-study cohort, and the follow-up BMD were slightly 

right skewed.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Distribution of Baseline Total Hip DXA (g/cm2) 
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Figure 4.2. Distribution of Baseline Total Hip DXA (g/cm2) for Bone Sub-Study Cohort 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Distribution of Baseline Lumbar Spine DXA (g/cm2) 
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Figure 4.4. Distribution of Baseline Lumbar Spine DXA (g/cm2) for Bone Sub-Study Cohort 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5. Distribution of Year 2 Total Hip DXA (g/cm2) 
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Figure 4.6. Distribution of Year 2 Lumbar Spine DXA (g/cm2) 

 

Table 4.3 shows the univariate analyses for BMD. At baseline, the mean total hip BMD 

was 0.891 g/cm2 (σ = 0.13), and the mean lumbar spine BMD was 0.980 g/cm2 (σ = 0.15) for the 

MAP.3 study population. For the MAP.3 bone sub-study population, at baseline, the mean total 

hip BMD was 0.960 g/cm2 (σ = 0.11), and the mean lumbar spine BMD was 1.040 g/cm2 (σ = 

0.12). The mean BMD in the bone sub-study population was higher because these sub-studies 

excluded women with osteoporosis or who were required to take bone medications. At year 2, 

the mean total hip BMD was 0.949 g/cm2 (σ = 0.11), and the mean lumbar spine BMD was 1.028 

g/cm2 (σ = 0.13) in the MAP3 bone sub-study population. BMD in both baseline and follow-up, 

as well as in total hip and lumbar spine, were slightly right-skewed, since the median values 

tended to be smaller than the mean values.  
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When the absolute values were subtracted and then a mean value was calculated for the 

absolute values, the mean absolute difference in the total hip from year 2 – baseline was -0.012 

g/cm2 (σ = 0.03), while for the lumbar spine it was -0.0085 g/cm2 (σ = 0.05). The mean percent 

change in the total hip BMD at year 2 was -1.9% (σ = 3.2) for the exemestane group and -0.5% 

(σ = 2.3) for the placebo group. The mean percent change in the lumbar spine BMD at year 2 

was -1.8% (σ = 4.9) for the exemestane group and 0.30% (σ = 4.2) for the placebo group. 

A meaningful decline (3% or greater decrease in BMD) in the bone mass for the total hip 

was observed in 24.9% of women when measured at year 2 of the study, while 28.2% of women 

had a 3% or greater decrease in lumbar spine BMD at year 2.  

 

Table 4.3 Bone Density Measurements at Baseline and at Year 2 Follow-up  

Bone Density Mean  [SD] / N (%) 

 

Baseline Bone Density: 

 

 

BMD for Total Hip (g/cm2) at Baseline (n=3354) 

Mean [SD] 

Median (IQR) 

 

0.891 [0.129] 

0.885 (0.804-0.972) 

  

T-Score for Total Hip   

≥ -1.0 2331 (69.5%) 

< -1.0 1023 (30.5%) 

  

BMD for Lumbar Spine (g/cm2) at baseline (n=3155) 

Mean [SD] 

Median (IQR) 

 

0.980  [0.148] 

0.967 (0.877-1.070) 

  

T-Score for Lumbar Spine   

≥ -1.0 1848 (58.6%) 

< -1.0  1307 (41.4%) 

  

Bone Density After 2 Years of Follow-up (Total Hip n=398 and Lumbar Spine (n=411): 

 

Total Hip BMD (g/cm2) at Year 2  

Mean [SD] 

Median (Interquartile range) 

 

0.949 [0.111] 

0.940 (0.873-1.012) 
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Mean Change in Total Hip BMD (g/cm2) Year 2 - Baseline (n=398) 

Exemestane (n=200) 

Placebo (n=198) 

 -0.012 [0.030] 

 -0.018 [0.030] 

 -0.005 [0.029] 

  

Percent Change in Total Hip BMD (g/cm2) (Year 2 – Baseline) / Baseline  -1.21 [3.16] 

Exemestane (n=200) -1.90 [3.19]  

Placebo (n=198) -0.51 [2.98]  

  

Lumbar Spine BMD (g/cm2) at Year 2  

Mean [SD] 

Median (range) 

 

1.028 [0.126] 

1.013 (0.940-1.095)) 

  

Mean Change in Lumbar Spine BMD (g/cm2) Year 2 – Baseline 

Exemestane 

Placebo 

 

-0.009 [0.0477] 

-0.020 [0.049] 

 0.003 [0.043] 

Percent Change in Lumbar BMD (g/cm2) (Year 2 – Baseline) / Baseline  -0.77 [4.70] 

Exemestane (n=205) -1.84 % [4.92] 

Placebo (n=206) 0.30%  [4.22] 

  

Proportion of women with meaningful change in Total Hip BMD at Year 2   

More than 3% 99 (24.9%) 

Less than 3% 299 (75.1%) 

  

Proportion women with meaningful change in Lumbar Spine BMD at Year 2  

More than 3% 116 (28.2%) 

Less than 3% 295 (71.8%) 

  

  

 

Table 4.4 shows that the mean BMD values for women with the double gene deletion 

were higher compared to the wild-type genotype, for both the total hip (0.901 vs 0.890 g/cm2) 

and the lumbar spine (0.988 vs 0.979 g/cm2) at baseline and this pattern held, regardless of bone 

medication/HRT use. Approximately 31% (1023/3354) of women had low total hip BMD (T-

score < -1.0) at baseline and this proportion varied slightly depending on prior bone medication 

and/or HRT use. A smaller proportion of women who never used bone medication/HRT had low 

total hip BMD compared to women who had ever taken bone medication and/or used HRT. This 

difference in proportions by bone medication/ HRT status was especially large among women 

with the double gene deletion. Among women who had ever taken bone medication/HRT, 68% 
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had low total hip BMD (T-score < -1.0) compared to only 22.7% of women who had never used 

bone medication/HRT with the double gene deletion. Approximately 41% (1307/3155) of 

women had low lumbar spine BMD (T-score < -1.0) at baseline and this proportion varied 

slightly depending on prior bone medication and/or HRT use and genotype status. Similar to the 

total hip results, a smaller proportion of women with the double gene deletion, who had never 

used bone medication/HRT had low lumbar spine BMD (31.4%) compared to women who had 

ever taken bone medication and/or used HRT (44.9%). 
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Table 4.4 Baseline Bone Density by UGT2B17 Genotype, Further Stratified by Use of Bone Medications/HRT 

 

 Total Hip (n=3354) Bone Medication and HRT 

  Ever (n=2276) Never (n=1078) 

UGT2B17 

genotype 

Mean BMD 

(g/cm2) 

Baseline BMD 

T-Score < -1.0 

(n=1023) 

n Mean BMD 

(g/cm2) 

Baseline BMD  

T-Score < -1.0 

(n=761) 

n Mean 

BMD 

(g/cm2) 

Baseline BMD  

T-Score < -1.0 

(n=262) 

+/+(n=1516) 0.890 462 (30.5%) 1037 0.879 342 (33.0%) 479 0.914 120 (25.1%) 

+/- (n=1487) 0.889 462 (31.1%) 1016 0.879 349 (34.4%) 471 0.912 113 (24.0%) 

-/- (n=351) 0.901 99 (28.2%) 223 0.891 153 (68.6%) 128 0.918 29 (22.7%) 

  

Lumbar Spine (n=3155) 

 

Bone Medication and HRT 

  Ever (n=2133) Never (n=1022) 

UGT2B17 

genotype 

Mean BMD 

(g/cm2) 

Baseline BMD 

T-Score < -1.0 

(n=1307) 

n Mean BMD 

(g/cm2) 

Baseline BMD  

T-Score < -1.0 

(n=908) 

n Mean 

BMD 

(g/cm2) 

Baseline BMD T-

Score < -1.0 

(n=399) 

+/+(n=1423) 0.979 605 (42.5%) 969 0.974 415 (42.8%) 454 0.988 190 (41.9%) 

+/- (n=1400) 0.980 569 (40.6%) 950 0.976 397 (41.8%) 450 0.986 172 (38.2%) 

-/- (n=332) 0.988 133 (40.1%) 214 0.976 96 (44.9%) 118 1.009 37 (31.4%) 
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Table 4.5 shows that the mean total hip BMD (0.977 g/cm2) was numerically higher in 

women with the double gene deletion compared to women with the wildtype genotype (0.936 

g/cm2) after 2 years of follow-up, and this pattern was consistent when stratified by treatment 

status. In contrast, the lumbar spine BMD after 2 years of follow-up, was numerically lower for 

women with the gene deletion compared to the mean lumbar spine BMD for women with the 

wild-type genotype. This pattern persisted in the placebo group but not in the exemestane group. 

About 25% of women had a meaningful decline in either total hip or lumbar spine BMD. Only a 

slightly higher (numerical) proportion of women in the exemestane group (58/200= 29%) 

experienced a meaningful decline in total hip BMD, compared to the placebo group (41/198= 

20.7%), regardless of genotype status (although a slightly lower proportion of those women with 

the double gene deletion on EXE experienced a meaningful decline, compared to those on 

placebo). However, this was not the case with the lumbar spine BMD. More than twice as many 

women on exemestane (82/205=40%) experienced a substantial decline in lumbar BMD 

compared with women on placebo (34/206=16.5%), but this (numerical) proportion varied by 

genotype. In particular, among those with the double gene deletion, a much greater (numerical) 

proportion on exemestane (42.9%) experienced a substantial decline in lumbar spine BMD 

compared to women on placebo (5.3%).  

 

  



86 
 

Table 4.5 Mean Bone Density and Changes in Bone Density, after Two Years Follow-up 

According to UGT2B17 Genotype and Stratified by Treatment 

 

 Total Hip (n=398) Treatment 

  Placebo (n=198) Exemestane (n=200) 

UGT2B17 

genotype 

Mean 

BMD 

(g/cm2) 

Change in 

BMD ≥ 

3% (n=99) 

n Mean 

BMD 

(g/cm2) 

Change in 

BMD ≥ 3% 

(n=41) 

n Mean 

BMD 

(g/cm2) 

Change in 

BMD ≥ 3% 

(n=58) 

+/+ 

(n=167) 

0.954 35 (21.0%) 83 0.960 14 (16.9%) 84 0.948 21 (25.0%) 

+/- 

(n=186) 

0.938 53 (28.5%) 97 0.946 22 (22.7%) 89 0.929 31 (34.8%) 

-/- (n=45) 0.978 11 (24.4%) 18 0.995 5 (27.8%) 27 0.964 6 (22.2%) 

  

Lumbar Spine 

(n=411) 

 

Treatment 

  Placebo (n=206) Exemestane (n=205) 

UGT2B17 

genotype 

Mean 

BMD 

(g/cm2) 

Change in 

BMD ≥ 

3% 

(n=116) 

n Mean 

BMD 

(g/cm2) 

Change in 

BMD ≥ 3% 

(n=34) 

n Mean 

BMD 

(g/cm2) 

Change in 

BMD ≥ 3% 

(n=82) 

+/+ 

(n=167) 

1.033 46 (27.5%) 83 1.050 16 (19.3%) 84 1.016 30 (35.7%) 

+/- 

(n=197) 

1.024 57 (28.9%) 104 1.046 17 (16.3%) 93 1.000 40 (43.0%) 

-/- (n=47) 1.024 13 (27.7%) 19 1.022 1 (5.3%) 28 1.025 12 (42.9%) 
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4.5 Objective 1 

4.5.1 Association between UGT2B17 Genotype, Baseline Characteristics and Bone Density 

Bivariate relationships were examined between the UGT2B17 genotypes, baseline 

characteristics and bone density outcomes and are presented in Table 4.6.  The bone outcome 

(low BMD) was defined as a T-score <1.0 in either the total hip or the lumbar spine.  The 

UGT2B17 genotype was not associated with bone density in either the total hip or the lumbar 

spine, in this unadjusted analysis (RR=0.93, p-value=0.41 and RR=0.94, p-value=0.42, 

respectively). Age, BMI, Lifetime Cumulative Menstrual Cycles (LCMC) (a marker of 

cumulative exposure to endogenous estrogen), current employment, lower income, prevalent 

osteoporosis, taking bisphosphonates, taking calcium or vitamin D supplements, having at least 1 

fracture throughout lifetime, and having a fracture in the past 10 years prior to randomization 

were all related to low bone mass in the total hip (p-values <0.20).  In general, baseline 

characteristics that were related to total hip BMD were also related to lumbar spine. But in 

addition to the listed covariates above, having a university/college education or a history of HRT 

use was also related to low bone mass in the lumbar spine (p-values <0.20).  
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Table 4.6. Association between UGT2B17 Genotype, Baseline Characteristics and Bone 

Density at Baseline. 

 
Total Hip Lumbar Spine 

Variable RR (95% CI) p-value n RR (95% CI) p-value 

UGT2B17 Genotype      

+/+ (n=1516) REF  1423 REF  

+/- (n=1487) 1.02 (0.92-1.14) 0.72 1400 0.96 (0.88-1.04) 0.31 

 -/- (n=351) 0.93 (0.77-1.11) 0.41 332 0.94 (0.82-1.09) 0.42 

      

Age      

50-59.9 (n=1019) REF  966 REF  

60-69.9 (n=1777) 1.33 (1.16-1.52) <0.0001 1687 1.01 (0.92-1.11) 0.90 

70-79.9 (n=493) 1.92 (1.65-2.23) <0.0001 441 1.08 (0.95-1.23) 0.25 

 ≥ 80 (n=65) 2.64 (2.10-3.31) <0.0001 61 0.80 (0.55-1.15) 0.23 

      

BMI      

Underweight (n=19) 1.49 (1.13-1.96) <0.01 18 1.13 (0.78-1.64) 0.53 

Normal (n=950) REF  904 REF  

Overweight (n=1132) 0.64 (0.58-0.71) <0.0001 1074 0.79 (0.72-0.86) <0.0001 

Obese (n=1242) 0.28 (0.24-0.33) <0.0001 1149 0.55 (0.49-0.61) <0.0001 

      

Education Level      

High School (n=1210) REF  1125 REF  

University (n=2139) 0.94 (0.85-1.05) 0.28 2026 0.88 (0.81-0.96) <0.01 

      

Job Status      

Retired (n=1659)   1545 REF  

Employed (n=1690) 0.71 (0.64-0.79) <0.0001 1605 0.92 (0.85-1.00) 0.047 

      

Income      

< $39,999 (n=678) REF  608 REF  

$40K-$59,999 

(n=608) 0.90 (0.77-1.06) 0.22 

561 0.91 (0.79-1.04) 0.15 

$60K-$79,999 

(n=507) 0.95 (0.81-1.12) 0.57 

479 0.97 (0.84-1.11) 0.62 

> $80,000 (n=1169) 0.80 (0.69-0.92) <0.01 1128 0.85 (0.75-0.95) <0.01 

Missing (n=379) 1.09 (0.92-1.30) 0.30 379 1.06 (0.92-1.22) 0.44 

      

Smoking      

      Never (n=1746) REF  1639 REF  

      Past (n=1391) 0.93 (0.83-1.03) 0.17 1313 0.99 (0.90-1.08) 0.76 

      Current (n=199) 1.20 (0.99-1.45) 0.07 187 1.14 (0.97-1.34) 0.12 

      

Alcohol      

      Never (n=70) REF  70 REF  

      Light (n=216) 1.05 (0.50-2.22) 0.89 216 1.40 (0.80-2.48) 0.24 

      Heavy (n=119) 0.88 (0.38-2.05) 0.77 119 1.27 (0.69-2.36) 0.44 

      Missing (n=2949) 2.90 (1.51-5.58) <0.01 2750 2.58 (1.54-4.33) <0.001 
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Lifetime Cumulative 

Menstrual Cycles 

     

      <350 (n=703) REF  660 REF  

      350-399 (n=526) 0.89 (0.75-1.05) 0.16 488 0.94 (0.82-1.07) 0.34 

      400-449 (n=719) 0.95 (0.82-1.10) 0.49 678 0.92 (0.81-1.03) 0.16 

      450-499 (n=692) 0.80 (0.68-0.94) <0.01 661 0.86 (0.76-0.98) 0.02 

      >500 (n=638) 0.85 (0.72-0.99) 0.04 596 0.85 (0.74-0.97) 0.02 

      

HRT Status      

Ever (n=2072) REF  1951 REF  

Never (n=1282) 0.98 (0.88-1.09) 0.70 1204 1.09 (1.00-.1.19) 0.04 

      

Bisphosphonate Use      

      No (n=1405) REF  1310 REF  

      Yes (n=631) 2.56 (2.28-2.88) <0.0001 580 1.86 (1.70-2.04) <0.0001 

      Missing (n=1318) 1.15 (1.00-1.31) 0.04 1265 1.01 (0.91-1.12) 0.87 

      

Calcium Use      

      No (n=602) REF  561 REF  

      Yes (n=2080) 1.79 (1.51-2.13) <0.0001 1956 1.34 (1.18-1.52) <0.0001 

      Missing (n=672) 1.33 (1.08-1.63) <0.01 638 1.07 (0.92-1.25) 0.40 

      

Vitamin D Use      

      No (n=1763) REF  1665 REF  

      Yes (n=1591) 1.28 (1.15-1.42) <0.0001 1490 1.19 (1.11-1.30) <0.0001 

      

Osteoporosis      

No (n=2959) REF  2797 REF  

Yes (n=386) 3.07 (2.82-3.34) <0.0001 350 2.22 (2.06-2.38) <0.0001 

      

Number of Fractures 

that Occurred 

Throughout Lifetime   

   

      0 (n=2535) REF  2390 REF  

      1 (n=630) 1.37 (1.21-1.54) <0.0001 598 1.22 (1.11-1.35) <0.0001 

      2+ (n=189) 1.69 (1.43-1.99) <0.0001 167 1.45 (1.26-1.67) <0.0001 

      

Had a Fracture in the 

Past 10 Years Prior to 

Randomization   

   

      No (n=2727) REF  2573 REF  

      Yes (n=627) 

1.44 (1.28-1.61) 

< 

0.0001 

582 1.32 (1.20-1.44) <0.0001 

      

Had at Least 1 Fall 

within past year  

     

      No (n=362) REF  361 REF  

      Yes (n=125) 0.69 (0.36-1.33) 0.27 126 1.02 (0.69-1.50) 0.93 

      Missing (n=2867) 2.92 (2.19-3.90) <0.0001 2668 2.14 (1.75-2.63) <0.0001 
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4.5.2 Association between Baseline BMD and UGT2B17 Genotype, Adjusted for Age 

 Table 4.7 shows the relative risk ratios and associated p-values for a modified Poisson 

regression modelling the relationship between UGT2B17 status at baseline and low BMD, 

adjusted for age. The outcome (low BMD) was defined as a T-score < -1.0. The UGT2B17 

genotype was not significantly associated with either total hip (RR=0.95, 95% CI%: 0.80-1.14) 

or lumbar spine (RR=0.94, 95% CI: 0.82-1.09) BMD.   

4.5.3 Effect Modification by Use of Bone Medication/HRT 

The relative risks for the UGT2B17 genotype and BMD associations, stratified by use of 

bone medication/HRT are also presented in Table 4.7. Among women who never used bone 

medication or HRT, those who also had the homozygous (double) gene deletion, were protected 

from having low bone mass (RR=0.72; 95% CI: 0.51, 1.00) in the lumbar spine (borderline 

significance), compared to women with the wild type genotype. In contrast, women with the 

double gene deletion and with a history of HRT or bone medication use did not appear to be 

protected against low bone mass (RR=1.05; 95% CI: 0.89, 1.24).  However, this interaction was 

not statistically significant (p-value-0.12, test for interaction). There was no difference in the 

effect estimates for total hip BMD, when stratified by prior bone medication/HRT use (p-value-

0.83, test for interaction). There was no clear evidence of a gene-dose response relationship 

between the UGT2B17 genotype and baseline BMD. The effect estimates for the heterozygous 

(+/-) genotype and BMD ranged from 0.93 to 1.05 and were not statistically significant.
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Table 4.7. Association between UGT2B17 Genotype and Low Bone Density at Baseline, Adjusted for Age and Stratified by Use 

of HRT/Bone Medication 
 

Total Hip 
 

UGT2B17 Overall (n=3354)  Bone med and HRT never (n=1078)        Bone med and HRT ever (n=2276)  

 RR 95% CI p-value n RR 95% CI p-value n RR 95% CI p-value Pint   

             

      +/+ 

(n=1516) REF 

REF  479 REF REF  1037 REF REF  0.83 

      +/- (n=1487) 1.03 0.93-1.15 0.55 471 0.93 0.72-1.19 0.54 1016 1.05 0.93-1.19 0.41  

      -/- (n=351) 0.95 0.80-1.14 0.58 128 0.96 0.64-1.44 0.85 223 0.97 0.78-1.19 0.75  

    

 

 

 

Lumbar Spine 

 

UGT2B17 Overall (n=3155)    Bone med and HRT never (n=1022)        Bone med and HRT ever (n=2133)                

 RR 95% CI p-value n RR 95% CI p-value n RR 95% CI p-value Pint 

             

+/+ (n=1423) REF REF  454 REF REF  969 REF REF  0.12 

+/- (n=1400) 0.96 0.88-1.04 0.32 450 0.94 0.77-1.13 0.50 950 0.98 0.88-1.08 0.65  

-/- (n=332) 0.94 0.82-1.09 0.43 118 0.72 0.51-1.00 0.048 214 1.05 0.89-1.24 0.58  
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Table 4.8 shows the adjusted relative risks for the UGT2B17 genotype and BMD (total 

hip and lumbar spine BMD) computed from a modified Poisson regression model. A backward 

deletion approach was used to adjust for potential confounding, including age. The UGT2B17 

genotype was forced into all models. Other variables that met the screening criteria (p-

value<0.20) in the bivariate analyses (Table 4.6) were included in the multivariable model, and 

those variables that were significant at a p-value < 0.05 remained in the final model.  

The variables that remained in the total hip model included: age, BMI, employment 

status, education level, prevalent osteoporosis, bisphosphonate use, calcium use, HRT use and 

number of lifetime fractures. The variables that remained in the lumbar spine model included: 

education level, prevalent osteoporosis diagnosis, bisphosphonate use, calcium use, HRT use and 

having a fracture in the past 10 years prior to randomization. The RR estimates from the age 

adjusted models (Table 4.7) were compared to the multivariable adjusted models (Table 4.8). 

Including the additional covariates in the fully adjusted models did not change the UGT2B17 

effect estimates or improve precision. Therefore, the age-adjusted (most parsimonious) models 

were considered the final models for UGT2B17 and 1) total hip and 2) lumbar spine. 
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Table 4.8. Multivariate Poisson Regression Model for UGT2B17 Genotype and Bone 

density, Adjusted for Baseline Characteristics. 

 
 

Total Hip* 

UGT2B17 Overall (n=3354) 

 RR 95% CI  p-value  

+/+ (n=1516) REF REF  

+/- (n=1487) 1.04 0.95-1.15  0.42 

-/- (n=351) 0.96 0.81-1.13  0.62 

 

Lumbar Spine** 

UGT2B17 Overall (n=3155) 

 RR 95% CI  p-value  

+/+ (n=1423) REF REF  

+/- (n=1400) 0.96 0.88-1.04  0.29 

-/- (n=332) 0.93 0.81-1.07  0.30 

 

*Adjusted for osteoporosis diagnosis, bisphosphonate use, calcium use, education level, HRT 

use, employment status, number of lifetime fractures, BMI and age 

** Adjusted for having a fracture in the past 10 years prior to randomization, osteoporosis 

diagnosis, bisphosphonate use, calcium use, education level, HRT use 
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4.5.4 Association between UGT2B17 Genotype and Osteoporosis 

 Table 4.9 shows the analysis for relationship between the UGT2B17 genotype and 

clinical osteoporosis diagnosis based on the MAP.3 osteoporosis diagnosis dichotomous 

variable. The UGT2B17 genotype was not associated with a diagnosis of osteoporosis at baseline 

in the MAP.3 study (RR=0.99; 95%: 0.72, 1.35). 

 

Table 4.9. Association between UGT2B17 Genotype and Osteoporosis. 

UGT2B17 Crude 

RR 

95% CI p-value Age-

Adjusted 

RR 

95% CI p-value 

+/+ (n=1565) REF REF  REF REF  

+/- (n=1517) 0.90 0.71-1.11 0.30 0.93 0.77-1.13 0.47 

-/- (n=356) 0.92 0.67-1.27 0.61 0.99 0.72-1.35 0.95 
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4.6 Objective 2: Bone Density after Two Years Post-randomization to Exemestane or 

Placebo 

 

 Table 4.10 compares the MAP.3BSS and MAP.3B bone sub-studies. The mean baseline 

total hip BMD in MAP.3B (0.932g/cm2, σ = 0.10) was lower than in the MAP.3BSS (0. 968 

g/cm2, σ = 0.12), and the mean total hip BMD at year 2 in MAP.3B (0.922  g/cm2, σ = 0.11) was 

also lower than in the MAP.3BSS (0.960 g/cm2, σ = 0.11) 2-year BMD measures. The mean 

baseline lumbar spine BMD in MAP.3B (1.031 g/cm2, σ = 0.12) was marginally lower than in 

the MAP.3BSS (1.038 g/cm2, σ = 0.12), and the mean year 2 lumbar spine BMD in MAP.3B 

(1.024 g/cm2, σ = 0.13) was slightly lower than in the MAP.3BSS (1.029 g/cm2, σ = 0.13). The 

reason for the difference in BMD between the two  bone sub-studies is most likely related to the 

inclusion/exclusion criteria. MAP3BSS was stricter  and excluded anyone with a diagnosis of 

osteoporosis based on T-scores or a fragility fracture after age 40. MAP.3B only excluded 

individuals with a diagnosis of osteoporsis, based on T-scores.  The frequency distribution of the 

UGT2B17 genotype, and treatment were not significantly different between the MAP.3BSS and 

MAP.3B (p = 0.973 and p = 0.279 respectively), although the age distribution was significantly 

different (p = 0.036). The MAP.3BSS had a higher proportion of women who had year 2 BMD 

data compared to the MAP.3B (84% vs. 50% respectively), but this difference was not 

significant (p = 0.634). The data in both sub-studies were considered comparable enough to 

allow for pooling. 
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Table 4.10. Comparison of MAP.3BSS and MAP.3B Bone Sub-studies. 

 MAP.BSS (n=294) MAP.3B (n=120)  

 Mean [SD] / N (%) Mean [SD] / N (%) p-value* 

Baseline Total Hip BMD 

(g/cm2) 

0.968 [0.118] 0.932 [0.102] 0.004 

    

Year 2 Total Hip BMD 

(g/cm2) 

0.960 [0.1089] 0.922 [0.1128] 0.002 

    

Baseline Lumbar Spine BMD 

(g/cm2) 

1.038 [0.1234] 1.031 [0.1202] 0.589 

    

Year 2 Lumbar Spine BMD 

(g/cm2) 

1.029 [0.1256] 1.024 [0.1284] 0.733 

    

UGT2B17 Genotype    

+/+ 120 (40.8%) 50 (41.7%) 0.973 

+/- 140 (47.6%) 57 (47.5%)  

-/- 34 (11.6%) 13 (10.8%)  

    

Treatment    

Exemestane 152 (51.7%) 55 (45.8%) 0.279 

Placebo 142 (48.3%) 65 (54.2%)  

    

Age    

50-59.9 92 (31.3%) 45 (37.5%) 0.036 

60-69.9 191 (65.0%) 64 (53.3%)  

70-79.9 10 (3.4%) 10 (8.3%)  

≥ 80 1 (0.3%) 1 (0.8%)  

    

Proportion with Year 2 Data 294/351 (83.8%) 120/238 (50.4%) 0.634 

*p-values were calculated based on a t-test when comparing means, and chi-squared tests or 

Fisher’s exact tests were used when comparing proportions. 
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4.6.1 Association between UGT2B17 Genotype and Bone Density after Two Years Post-

randomization to Exemestane or Placebo 

 

Table 4.11 shows the relative risk ratios and associated p-values for the relationship 

between total hip and lumbar spine BMD and UGT2B17 status at year 2, for the cohort of 

women in the pooled MAP.3 bone sub-studies, adjusted for age and stratified by treatment. 

Overall, there were no statistically significant associations, although there were some interesting 

numerical trends. The outcome, meaningful or substantial decline in BMD, was defined as a 3% 

or greater decrease in BMD two years from baseline. In the total hip analysis, women in the 

exemestane group with the double gene deletion had a lower risk for substantial decline in BMD 

compared to women with the wild-type genotype (RR = 0.54, p = 0.31, 95% CI: 0.17-1.77), but 

it was not statistically significant. In contrast, there was a numerical trend for women in the 

placebo group with the double deletion, to have an increased risk for substantial decline in BMD 

compared to women with the wild-type genotype (RR = 1.65, p = 0.27, 95% CI: 0.68-3.98), but 

it was not statistically significant. The opposite effects were observed for the lumbar spine. In the 

lumbar spine analysis, amongst those on the exemestane treatment arm, there was a trend in the 

group with the double deletion to be at an increased risk for a meaningful decline in BMD 

compared to women with the wild-type genotype (RR = 3.97, p = 0.18, 95% CI: 0.52-30.51). In 

contrast, amongst those in the placebo group, there was a trend for women with the double 

deletion to have a lower risk of worsening in BMD by more than 3% compared to women with 

the wild-type genotype (RR = 0.28, p = 0.21, 95% CI: 0.039-2.04). However, none of these 

associations were statistically significant. Finally, there was a suggested gene dose response 

pattern, since the relative risks for the heterozygous (+/-) genotype tended to be closer to the null 

compared to the homozygous gene deletion, although many of the confidence intervals 

overlapped. 
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Table 4.11. Association between UGT2B17 and a Meaningful Decline in BMD, Adjusted for Age and Stratified by Treatment. 

 

 

Total Hip 

 

UGT2B17 Overall (n=398)  Exemestane (n=200) 

 

 Placebo (n=198)  Pint 

 RR 95% CI  p-value  n RR 95% CI p-value n RR 95% CI p-value  

+/+ (n=167) REF 

 

REF  84 REF REF  83 REF REF  0.57 

+/- (n=186) 1.36 

 

0.94-1.97 0.11 89 1.04 0.49-2.22 0.92 97 1.34 0.74-2.45 0.34  

-/- (n=45) 1.17 0.64-2.12 0.61 27 0.54 0.17-1.77 0.31 18 1.65 0.68-3.98 0.27  

 

Lumbar Spine 

 

UGT2B17 Overall (n=411)  Exemestane (n=205)  Placebo (n=206)  Pint 

 RR 95% CI p-value n RR 95% CI p-value n RR 95% CI p-value  

+/+ (n=167) REF REF  84 REF REF  83 REF REF  0.18 

+/- (n=197) 1.03 0.74-1.42 0.87 93 1.36 0.66-2.79 0.40 104 0.85 0.46-1.58 0.61  

-/- (n=47) 0.98 0.58-1.64 0.93 28 3.97 0.52-30.51 0.19 19 0.28 0.039-2.04 0.21  
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4.6.2 Joint Effect of the UGT2B17 Genotype and Treatment 

 Table 4.12 shows the interaction between UGT2B17 genotype and treatment for both the 

total hip and lumbar spine, where the outcome is a meaningful decline (>3%) in BMD after two 

years of follow-up. There is a suggestion of the presence of multiplicative joint effects between 

the genotype and exemestane therapy. In the lumbar spine, the expected relative risk of having 

the gene deletion and taking exemestane was 0.52 (1.85 x 0.28), while in the total hip, the 

expected relative risk of having the gene deletion and taking exemestane was 2.44 (1.48 x 1.65). 

Instead, the joint effect appears to be substantially higher for the lumbar spine (RR=3.97) and 

substantially lower for the total hip (RR=0.54), although none of the effects are statistically 

significant, and should therefore be interpreted with caution. Relative risks for the association 

between BMD and exemestane amongst women with the wild-type can be found in Table E.1. 

 

Table 4.12. Joint Effect Table for the UGT2B17 Genotype and Treatment using Relative Risks. 

 

 

Total Hip 

 

UGT2B17 genotype 

status 

Placebo Exemestane 

+/+ 

 

1.00 1.48 (95% CI: 0.81-2.71, p = 0.20) 

-/- 1.65 (95% CI: 0.68-3.98, p = 0.27) 0.54 (95% CI: 0.17-1.77 p = 0.31) 

 

Lumbar Spine 

 

UGT2B17 genotype 

status 

Placebo Exemestane 

 

+/+ 

 

1.00 1.85 (95% CI: 1.10-3.13, p = 0.02) 

-/- 0.28 (95% CI: 0.039-2.04, p = 0.21) 3.97 (95% CI: 0.52-30.51, p = 0.19) 
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Chapter 5 

Discussion 

 The focus of this thesis was on the role of the UGT2B17 genotype and its influence on 

BMD, in the presence and absence of exemestane. It was hypothesized that the UGT2B17 gene 

deletion would be associated with better BMD amongst women who did not use bone 

medications or HRT, since the effect on BMD from bone medications or HRT likely masks the 

effect of the UGT2B17 gene deletion. The UGT2B17 gene is responsible for the glucuronidation 

and therefore excretion of sex steroids1,2 and women without the gene were postulated to have a 

greater source of androgens available for conversion into estrogen via aromatase, resulting in 

higher BMD.  However, the UGT2B17 gene is also responsible for the glucuronidation and 

excretion of exemestane3. Women with the double gene deletion have an impaired ability to 

excrete exemestane and consequently have higher levels of circulating exemestane metabolites 

(17-DHE) in the body. 17-DHE is considered to be as active as exemestane and thought to 

exhibit similar properties and toxicities4. Greater circulating levels of 17-DHE may be associated 

with more rapid depletion of estrogen, because of continued inhibition of aromatization of 

androgens to estrogen. Therefore, the second hypothesis of this thesis was that women who were 

randomized to exemestane and had the gene deletion, after two years of follow-up, would have a 

greater reduction in BMD compared to women who used exemestane and had both copies of the 

UGT2B17 gene.  

5.1 Summary of Findings 

 Of the 3447 women who were in this study, approximately 10% had the homozygous 

gene deletion for UGT2B17, and roughly 90% of women had the heterozygous or wild-type 
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genotype. Over 30% of the MAP.3 study population had low bone mass in the lumbar spine or in 

the total hip at baseline, which is a little lower than what is observed in the general 

postmenopausal population, where it has been reported to be as low as 50%5. Of particular 

interest, among women who had the double gene deletion, those who never used bone 

medications or HRT tended to have a lower prevalence of low bone mass compared to women 

who did have a history of HRT use.  The baseline analyses revealed that the UGT2B17 gene 

deletion had a borderline significant protective effect on lumbar spine BMD, but only in the 

absence of HRT use (Table 4.7). Among women who never took bone medications or HRT, 

those with the UGT2B17 gene deletion had a 28% reduced risk of having low lumbar spine BMD 

compared to women who had the wild-type genotype (Table 4.7). However, no significant or 

meaningful differences were observed between the UGT2B17 genotype and total hip BMD at 

baseline.  

Among those women who participated in the bone sub-studies, about one quarter had a 

clinically meaningful change in their total hip and lumbar spine BMD after two years of follow-

up. There was a trend towards differential effects of exemestane on total hip and lumbar spine 

BMD, among women with the UGT2B17 gene deletion, although results were not statistically 

significant. Among women taking exemestane for two years, a greater proportion of those who 

had the homozygous UGT2B17 gene deletion had a meaningful decline in lumbar spine BMD 

compared to women who had the wild-type genotype, although this association was not 

statistically significant. Women who had the gene deletion were 4 times more likely to have a 

greater than 3% change in lumbar spine bone mass compared to women who had both copies of 

the UGT2B17 alleles (p=0.18).  In contrast, amongst women taking placebo, the data suggested 

that those with the UGT2B17 gene deletion had a decreased risk (RR=0.28) of experiencing a 
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meaningful decline in their lumbar spine BMD compared to women who had the wild-type 

genotype (p = 0.21).  Opposing results were observed for the change in total hip BMD analyses 

after two years of follow-up. Amongst women taking exemestane, there was a suggestive but not 

significant protective effect for total hip BMD and those who had the gene deletion had a 46% 

reduced risk of experiencing any meaningful decline in total hip bone mass (p = 0.31) compared 

to women with the wildtype genotype. In contrast, among women taking on placebo, those with 

the UGT2B17 gene deletion tended to have an increased risk (RR=1.65) of experiencing a 

meaningful decline in total hip bone mass (p = 0.27). However, none of the effect estimates were 

statistically significant, and so results the remain inconclusive. 

 The joint effect of having the gene deletion and taking exemestane on BMD decline was 

also explored in this project. It is tempting to report the presence of potential multiplicative 

effects, since the joint distribution of having the gene deletion and taking exemestane was 

associated with a higher then expected risk of substantial bone loss in the lumbar spine. The 

opposite was observed for the total hip.  However, this study was poorly powered to detect these 

modest joint effects, so these results should be interpreted with caution. 

In summary, the results from this thesis were predominantly null or not statistically 

significant, likely because of low study power. The UGT2B17 gene deletion appeared to have 

some protective effect on lumbar spine BMD compared to women with the wild-type genotype, 

but only in the absence of HRT/bone medication use, although this result was in the direction of 

the study hypothesis for objective 1. Similarly, there was a trend towards a more negative effect 

on lumbar spine BMD at two years, in women with the UGT2B17 gene deletion who were 

randomized to exemestane, supporting the study hypothesis for objective 2. However, null or 
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contradictory results were observed for the total hip BMD results, making it difficult draw any 

firm conclusions about the role of the UGT2B17 on BMD.   

The remainder of this discussion will interpret and compare the results from this study to 

the current literature, discuss methodological strengths and weaknesses of this thesis, present 

what potential contributions this study has on the current literature, and propose future directions 

of research.  

5.2 Comparison of Results to the Literature 

Aromatase inhibitors (AIs) such as exemestane or anastrazole have been demonstrated to 

reduce the incidence of breast cancer in postmenopausal women6,7 and are included in the 

National Comprehensive Cancer Network guidelines for primary breast cancer prevention 

strategies8. Adjuvant therapy for early breast cancer chronic AI therapy has been shown to be 

superior to tamoxifen for preventing disease recurrence or contralateral new breast cancer 

occurrence9-11.  

Unlike tamoxifen, AIs are not associated with endometrial cancer or thromboembolism 

risk but their estrogen suppressive related bone loss with potential consequence of increase 

clinical bone fracture risk is of concern12. Since osteoporosis and associated fractures are already 

major threats healthy postmenopausal women, evaluating this particular consequence is 

important in evaluating the risk:benefit of AIs as a potential breast cancer preventative.  

Low bone mineral density (BMD) is a major risk factor for fractures13 and by definition, 

osteoporosis. The CCTG MAP3 bone sub-study (MAP3.B) and MAP3 bone strength sub-study 

(BSS) were two companion, non-inferior, studies embedded within MAP. 3 designed to assess 

the effect of exemenstane on bone mineral density and bone strength, respectively, in a subgroup 
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of women participating in MAP.3.  Goss and colleagues reported that two years of treatment 

with exemenstane caused modest decrease in spine and hip BMD, but was only statistically 

significant for lumbar spine, in the MA3.B sub-study14. Cheung and colleagues measured the 

total volumetric bone mineral density at the distal radius by high -resolution peripheral 

quantitative CT. The authors observed that the difference in mean percent change in areal BMD, 

from baseline to 2 years, in the exemestane vs placebo arms was -1.8% and -0.6% in the total hip 

and -2.4% and -0.5% in the lumbar spine respectively, and the hypothesis that exemestane was 

inferior to placebo could not be rejected15. Not surprisingly, when MAP3.B and MAP3.BSS 

were pooled, similar results were observed. According to Table 4.3, the mean percent change in 

BMD, from baseline to 2 years, in the exemestane vs. placebo arms was -1.9% and -0.6% in the 

total hip and -1.8% and 0.3% in the lumbar spine respectively. Exemestane was associated with a 

borderline meaningful decline in total hip BMD (RR=1.40, p-value=0.06) and significantly 

associated with loss in lumbar spine BMD (RR=2.42, p-value <0.0001) (Appendix E, Table 

E.1). Other trials that have found that exemestane has been associated with significant 

deterioration in BMD16-20.  

 Of interest in this thesis was the potential role of the UGT2B17 gene deletion as a 

biomarker of increased risk for detrimental bone loss in women on exemestane. Because of the 

placebo designed nature and large sample size of the main MAP.3 trial, there was also an 

opportunity to explore the role of the UGT2B17 gene in general bone health in postmenopausal 

women, pre and post randomization to exemestane or placebo. To this student’s knowledge, this 

is the first study to explore the role of the UGT2B17 gene deletion in relation to exemestane 

therapy and bone health outcomes.  
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5.2.1 Objective 1: Association between UGT2B17 Gene Deletion and Baseline BMD 

 The UGT2B17 gene is responsible for the glucuronidation and excretion of androgens1,2. 

Androgens are converted into estrogen through aromatization through aromatase and is the 

primary source of estrogen in postmenopausal women21-27. Yang et al. found that individuals 

with the UGT2B17 gene deletion had a higher concentration of serum estrogen and 

testosterone28, which would promote bone protection. One study by Giroux et al. examined the 

relationship between femoral neck and lumbar spine BMD and the UGT2B17 gene 

polymorphism29. Similar to our study, Giroux et al observed that the double gene deletion was 

associated with a significant protective effect for the lumbar spine, in addition to the femoral 

neck compared to the wild-type genotype, amongst postmenopausal women who did not take 

HRT. This study had more postmenopausal women compared to the Giroux study (n = 1663), 

although the Giroux study also looked at the effect of the UGT2B17 gene deletion on femoral 

neck and lumbar spine BMD in premenopausal women (n=716). Giroux and colleagues found 

that the UGT2B17 gene deletion had no effect in premenopausal women, which suggests that the 

UGT2B17 gene deletion makes a difference in BMD in low estrogen environments. Amongst 

women who had used HRT, Giroux et al. did not find any significant associations between 

UGT2B17 and BMD.  

 Despite the protective effect of the UGT2B17 gene on lumbar spine BMD in 

postmenopausal women who have not previously taken HRT or bone medication, it may not be 

sufficient to protect against the development of osteoporosis. Previous studies by Yokoto et al. 

and Chew et al. both reported that the UGT2B17 gene deletion was not associated with 

osteoporosis30,31. Yokota et al. used a cross-sectional study design and excluded women who 

used HRT. They found that having the gene deletion had a non-significant protective effect when 
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the outcome was having a low bone mass or osteoporosis (OR: 0.49, 95% CI: 0.17-1.42, p = 

0.19), and only a slightly protective, non-significant effect when the outcome was having 

osteoporosis (OR: 0.88, 95% CI: 0.22-3.61, p = 1.00)30. Chew et al. used a cohort study that was 

nested in a clinical trial examining calcium supplementation and its role in prevention of 

osteoporotic fractures and did not exclude or examine previous HRT use. They found that the 

gene deletion was non-significantly associated with a higher incidence in osteoporotic fractures 

(HR: 1.30, 95% CI: 0.92-1.83)31. Similarly, this study did not observe any relationship between 

the UGT2B17 gene deletion and the prevalence of osteoporosis at baseline, in women with and 

without a previous history of taking HRT or bone medication.  

5.2.2 Objective 2: Association between UGT2B17 Gene Deletion, Exemestane Use, and Year 

2 BMD 

 

 This study is the first to examine the relationship between the UGT2B17 gene deletion 

polymorphism, changes in BMD and exemestane use, in a longitudinal study setting.  

When considering the UGT2B17 gene deletion as the exposure and total hip/lumbar spine 

BMD as the outcome, no significant associations were observed. When the relationship was 

stratified by exemestane use, while not statistically significant, the analyses were suggestive of 

differential effects of exemestane in the total hip and lumbar spine, by genotype status.  One 

possible explanation for the potentially protective effect of exemestane on total hip BMD, in 

women with the gene deletion, is that exemestane, unlike other aromatase inhibitors, is classified 

as a steroidal inactivator, because of exemestane’s major metabolite, dihydroexemestane (17-

DHE) that has steroidal properties, similar to steroid compounds like estrogen. The UGT2B17 

homozygous gene deletion results in the inability to excrete steroidal compounds efficiently, and 

consequently more 17-DHE will remain in serum6,14. Therefore, exemestane’s major metabolite, 



107 
 

17-DHE, may exhibit similar properties as estrogens, but preferentially in the total hip in women 

with the UGT2B17 gene deletion.  Nevertheless, these results need to be interpreted with caution 

since this study could not reject the null hypothesis that there was no relationship between 

UGT2B17 genotype and follow-up BMD stratified by treatment allocation. Another explanation 

for the results in the hip were that they were found by chance, especially since the extreme 

protective effect amongst women taking exemestane and the extreme increased risk amongst 

women taking placebo was only present in the MAP.3B sub-study (Table E.5). 

In contrast to the suggestive protective effect of the gene deletion on total hip BMD in 

women exposed to exemestane, women with the same genotype were at an increased risk for 

bone loss in the lumbar spine. Having the gene deletion would result in increased circulating 17-

DHE1 and sustained inhibition of aromatase, and therefore rapid and sustained low levels of 

estrogen. This may reflect the greater amount of trabecular bone in the spine32 compared to the 

total hip, which has a higher proportion of cortical bone33. Some research has shown that 17β-

estradiol and tamoxifen stimulated the formation of new trabecular bone in female mice32, and 

women treated with tamoxifen have been shown to trend towards greater connectedness in 

calculated and directly measured indices of cancellous bone structure33. Since trabecular bone 

tends to react to tamoxifen, which increases BMD in postmenopausal women, it is possible that 

the lumbar spine would respond to exemestane, which decreases BMD, making it easier to see 

degradation of BMD in the lumbar spine compared to the total hip.  

  In conclusion, while exemestane significantly reduces BMD in the total hip and lumbar 

spine, the role of the UGT2B17 gene deletion as a potential biomarker of bone toxicity remains 

inconclusive, given the lack of statistically significant associations, and conflicting results within 

total hip and lumbar spine. 
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5.3 Study Validity: Strengths and Weaknesses in the Study Methods 

5.3.1 Selection Bias 

 Selection bias is the systematic difference in characteristics between those who are 

included in a study and those who are not included in a study. In the original MAP.3 trial, 

participants were recruited through clinical screening, advertisements, mailing lists, and referrals. 

Since information on women who refused to participate in the original trial was not collected, a 

comparison between women who participated in this study and those who did not could not be 

conducted. However, compared to the target population, which would be postmenopausal 

women, healthier and more highly educated women were enrolled in the main MAP.3 trial. 

Furthermore, roughly 93% of the study participants were Caucasian. Thus, it is possible that 

volunteer bias may have occurred in MAP.3. This type of bias is primarily a concern when 

generalizing prevalence or incidence rates to the target population, but it is unlikely that effect 

estimates of biological relationships calculated in this study are distorted because of volunteer 

bias. 

 When comparing baseline characteristics between the original MAP.3 study cohort and 

the objective 1 cohort (shown in Table G.1), no meaningful differences were observed for 

treatment allocation, age or history of fractures or osteoporosis diagnosis. However, compared to 

the entire MAP.3 cohort, the bone sub-study cohort was more highly educated and had a higher 

income. It is unlikely that any true effect between the UGT2B17 genotype and BMD would be 

biased, although depending on the prevalence of the exposure or the outcome, study precision 

could be affected.  
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5.3.2 Information Bias and Measurement Error 

Exposure-UGT2B17 Genotype 

 Blood samples were used in the analysis of the UGT2B17 genotype using a novel high-

throughput procedure that uses real-time PCR and allelic discrimination34. The method involves 

an automated assignment of genotypes, making it less likely to cause error associated with 

reading an electrophoresis gel compared with the traditional PCR method. There is little chance 

of exposure misclassification due to the accuracy of this analysis34. 

Outcome-Baseline and Follow-up BMD 

 Baseline BMD was measured using GE-Lunar, Norland, or Hologic DXA scanners in the 

MAP.3 trial. It is unlikely measurement error would be a problem in the measurement of BMD 

apart from human error in entering BMD data from the DXA scans.  While there is rigorous 

validation of data collected on the MAP.3 trial, including BMD data and other covariates 

collected on MAP.3, there is always the possibility of undetected errors in the raw data, errors 

introduced during data transcription or differences in machine calibration. However, it is 

extremely unlikely that this misclassification would be differential by either the main exposure 

of interest in this study; UGT2B17 genotype or by BMD status.  Outcome misclassification may 

have occurred when considering who was Caucasian in this study. This study restricted the 

analysis to Caucasians, because of potential confounding by ethnicity (population stratification). 

Forty individuals reported being part of more than one ethnicity, but they were classified as 

Caucasians for the purposes of the BMD analyses. Table E.2 shows a set of sensitivity analyses 

that pertain to removing individuals who had identified themselves as having more than one 

ethnicity. Compared to the study results in Table 4.7, the results observed in the sensitivity 
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analysis are similar. Another source of potential outcome misclassification may come from the 

conversion of raw continuous BMD data into alternate forms. For the analyses in this thesis, 

Hologic BMD served as the standard. Whenever BMD was measured using Norland or Lunar 

DXA scanners, these BMD’s were converted into a Hologic-equivalent BMD. One concern is 

that since each DXA machine was calibrated differently, and two different formulas for Lunar 

and Norland were used to convert all non-Hologic DXA BMD’s, some outcome 

misclassification may have been introduced. T-scores also required a conversion from the 

Hologic-equivalent BMD, and mixed races were also treated as Caucasian individuals for the 

purposes of calculating the T-score. See Appendix E for the formulae used in converting BMD’s 

into alternate forms. 

Table E.3 show a set of sensitivity analyses that pertain to including only individuals 

who had Hologic DXA scans, and Table E.4 show a set of sensitivity analyses that pertain to 

including only individuals who had Lunar DXA scans. Compared to the study results in Table 

4.7 the results seen in the sensitivity analysis are similar, although amongst women who had 

never used HRT or bone medications, in the lumbar spine analysis, women with the gene 

deletion did not have significantly fewer individuals who had low bone mass compared to 

women who had the wild-type genotype. However, the association was in the same direction as 

in the main study results.  

For the categorical baseline BMD analysis, information bias may have been introduced 

when the outcome was based on a T-score < -1.0. This cut-off for the T-score was based on 

expert opinion and guidelines by the WHO that recommends this T-score cut-off for low bone 

mass35. The interpretation of the categorical BMD analysis in Objective 1 should be treated with 

caution. The difference between a T-score of -0.9 and -1.1 is negligible, yet the former is 
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considered to be normal, while the latter is considered to be of low bone mass. This may lead to 

misclassification in whether a woman actually has low bone mass, especially amongst those who 

have T-scores close to -1.0.  

Since MAP.3BSS used had stricter quality control measures, the BMD data that was 

recorded in this study was considered to be of high quality compared to MAP.3B. Also, while 

data was collected at year 2 for MAP.3BSS, in MAP.3B, some women entered the study late and 

thus did not have a full two years of follow-up. In the results of this study, women who had 

between 18-30 months of follow-up were analyzed. Sensitivity analyses were performed to see 

whether separating the two bone sub-studies would yield differing results from the main analysis, 

with the bone sub-studies pooled. These analyses were performed using a negative binomial 

regression, since the modified Poisson regression failed to converge for some analyses.  

Tables E.5 and E.6 show the sensitivity analyses for objective 2, where Table E.5 shows 

the sensitivity analyses for the total hip, and Table E.6 shows the sensitivity analyses for the 

lumbar spine. In Table E.5, the total hip analyses were in the same direction in terms of relative 

risk as the results in Table 4.11 for the exemestane only group and the MAP.3B only group. In 

the no HRT and MAP.3BSS only sensitivity analyses, the double deletion had a non-significant 

protective effect on 2-year change in BMD, and in the placebo group, had a null effect on total 

hip BMD. The MAP.3B only sensitivity analyses revealed that in the placebo group, the relative 

risk was 4.66 (95% CI: 0.71-30.66). Although the confidence interval was very wide, the relative 

risk in this sensitivity analysis was larger compared to the other two, suggesting that the 

MAP.3B data may have had a strong influence on the results in Table 4.11 in the total hip for the 

placebo group. In Table E.6, the lumbar spine analyses followed a similar trend as seen in Table 

4.11. In the results shown in Table 4.11, the overall associations between change in BMD and 
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UGT2B17 were null, although in the sensitivity analyses, the no HRT and the MAP.3BSS only 

groups agreed with each other, suggesting that the homozygous gene deletion had a protective 

effect on 2-year change in BMD. The MAP.3B only sensitivity analyses disagreed with the other 

two sensitivity analyses, suggesting that the homozygous gene deletion has a deleterious effect 

on 2-year change in BMD (RR = 1.59, 95% CI: 0.44-5.79). It should be noted that the no HRT 

and MAP.3BSS only groups had no participants in the lumbar spine analyses who had the 

homozygous gene deletion and a more than 3% change in BMD after 2 years of follow-up. Since 

the MAP.3B group was the only subset that had such participants, the results in Table 4.11 

regarding the homozygous gene deletion stratified by treatment are influenced heavily by the 

MAP.3B group. Due to the lack of participants with the outcome in the other subsets, it was 

necessary to pool the data together to be able to analyze and display the results shown in Table 

4.11.  

5.3.3 Confounding 

 When modelling the relationship between UGT2B17 genotype and baseline BMD, one of 

approaches that was considered was using a fully adjusted model that accounted for 17 

covariates as confounders. However, these covariates arguably did not confound the relationship 

between UGT2B17 genotype and baseline BMD. The only variables that were controlled for in 

the main analysis were age, since it was strongly associated with BMD, race (which was 

restricted to Caucasian only), and bone medication/HRT use (which the analysis was stratified 

on). Tables H.1 and H.2 illustrate how the other covariates did not change the relative risk 

estimates by more than 10%, and therefore did not confound the relationship between the 

UGT2B17 genotype and baseline BMD. Other genetic polymorphisms such as the UGT2B15, 

which is part of the same gene family and is involved in the glucuronidation of xenobiotic 
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compounds such as paracetamol36 and androgens37, that were not examined may have introduced 

some uncontrolled confounding in this study. It is unlikely that additional unmeasured lifestyle 

or sociodemographic covariates confounded the relationships in Objective 1 and 2 apart from 

chance due to the exposure being genetic. Age also did not confound the relationship between 

UGT2B17 genotype and BMD but was still adjusted for as a precision variable since it is 

commonly adjusted for in other studies.  

5.3.3.1 Misclassification of Confounders 

Participant Characteristics 

 Information on baseline characteristics collected for this study was collected by the 

Canadian Cancer Trials Group, which has rigorous quality control measure. Since data was 

collected in such a systematic way for each participant, there is little missing data in terms of 

baseline variables. Participants and study investigators were also blind to the participant’s 

treatment allocation and UGT2B17 genotype, thus minimizing the chance for differential 

misclassification to occur. Most baseline characteristics were not captured in follow-up, so any 

alterations to those variables were unaccounted for.    

Lifetime Cumulative Menstrual Cycles 

Instead of using individual variables for a woman’s reproductive history, lifetime 

cumulative menstrual cycles (LCMC) was used to provide a summary variable for reproductive 

history. The goal of this variable was to estimate estrogen exposure, where the more cycles a 

woman had, the more estrogen exposure she would have had in her lifetime. LCMC was 

calculated using a modified method from Chavez-MacGregor et al., using age at menarche, 

number of full-term births, breastfeeding duration, oral contraceptive use, number of non-full-
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term pregnancies, and age at menopause38. Since some of these variables were not complete in 

MAP.3, adjustments were required in that age at menarche was assumed to be the start of regular 

cycles, each pregnancy resulted in a 40-week absence of cycles, and non-full-term pregnancies 

resulted in a 17-week absence of cycles. These assumptions may have led to misclassification in 

the LCMC variable, and thus, lifetime estrogen exposure.   

Vitamin D Use 

 An individual was determined to have used vitamin D supplementation at baseline if they 

had data indicating that they had used a source of vitamin D such as multivitamins. Due to the 

nature in which the data was collected, all individuals that were missing vitamin D data were 

assumed to not have taken vitamin D at baseline. This assumption may have caused 

misclassification of the vitamin D use variable, where more women may have used vitamin D 

supplementation then was indicated in the data.  

5.3.4 Study Power and Chance 

 For Objective 1, power calculations focused on comparing those who had the UGT2B17 

homozygous gene deletion with those who had the homozygous wild-type. The observed relative 

risk between the homozygous gene deletion and homozygous wild-type group amongst women 

who never took bone medications or HRT was 0.72 (Table I.1a). This study had roughly 70% 

power to detect this difference with a significance level of 0.05.  

 For objective 2, in the analysis comparing participants with the UGT2B17 gene deletion 

to participants with the homozygous wild-type, the study was only powered to detect relative risk 

estimates of approximately 2.0 for the total hip BMD analysis. Since the observed relative risk 

was 1.17, this study had a very low power to detect this effect estimate (Table I.1b). In the 
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lumbar spine, the study was only powered to detect relative risk estimates of approximately 1.8. 

Since the observed relative risk was 0.98, this study had a low power to detect this relative risk 

(Table I.1c).  

 This study was underpowered to detect interaction effects. In the analysis for the total hip 

BMD, the study power was only 9.7% to detect a RR of about 2.0 which is what was observed in 

this project, at a significance level of 0.05. In the analysis for the lumbar spine BMD, the study 

power was only 18.5% to detect a RR of about 4.0 which is what was observed in this project, at 

a significance level of 0.05 (Tables I.2a and I.2b).   

5.3.5 External Validity 

 External validity is how much the results of a study apply to the intended target 

population. Since this study uses data from the MAP.3 trial, it is possible that trial participants 

were healthier, better educated, and likely had higher estrogen levels since they had a higher risk 

for breast cancer compared to the intended target population, which was postmenopausal women. 

The BMD of the study population may be higher than the target population. In addition, this 

study focused only on postmenopausal Caucasian women, and so the effect estimates from this 

study should not be applied to other ethnicities. Finally, additional genetic polymorphisms were 

not studied in this thesis, which may have influenced the action of UGT2B17 through gene-gene 

interactions. Since these unassessed genetic polymorphisms also vary by race, the 

generalizability of these study results to other races may be limited. Since this study measures 

biological associations, the overall effects of the UGT2B17 genotype on BMD should apply to 

the target population.  
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5.3.6 Strengths and Limitations 

 One of the main limitations of this study was study power, especially for the interactions 

between the UGT2B17 genotype and treatment in objective 2. The UGT2B17 double gene 

deletion is uncommon in the Caucasian population, and MAP.3 was predominantly composed on 

Caucasian women. While over 3000 women were included in the analyses for objective 1, thus 

allowing for reasonable power, only a fifth of the original MAP.3 cohort contributed two-year 

follow-up BMD data towards objective 2, and this was further limited when restricting the study 

population to Caucasian women only. This resulted in very small cells within the double deleted 

gene group, especially when stratified by treatment status. 

Another limitation is the lack of data on other genetic polymorphisms, which may work 

in conjunction or have gene-gene interactions with the UGT2B17, due to their similar function in 

the glucuronidation of xenobiotic compounds and androgens37. A third limitation comes from the 

differing collection methods for the follow-up BMD data in the two bone sub-studies; 

MAP3BSS had stricter quality control measures embedded in their study design, including the 

regular calibration of DXA and HRpQCT machines in the five centres that participated in 

MAP3BSS, while the MAP3B was meant to represent BMD measurement reporting in the usual 

clinical setting, and thus greater variability in measurement may have been introduced in 

MAP3B. Finally, some of the study results may lack generalizability to the target population, 

although the overall biological associations of the UGT2B17 gene deletion on BMD (i.e. the 

relative risks) may apply to a more general postmenopausal population.  

Some of the study strengths of this thesis include the sensitive and valid measurement of 

the UGT2B17 genotype from blood samples, collected from a large proportion of the MAP.3 

cohort at baseline, and the fact that the UGT2B17 genotype is stable throughout an individual’s 
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life.  BMD was assessed using DXA machines, and measurements from the GE Lunar machines 

were converted to Hologic values, using a standardized conversion algorithm, to help standardize 

the values measured by these two common DXA scanners. Both the exposure and outcome 

variables were assessed using objective rather than subjective methods, limiting bias. This study 

is nested in the MAP.3 trial, which was a randomized trial, and therefore, is not subject to recall 

bias and investigates a relationship that does not have a problem with temporality (ie. it is 

possible to say that the gene deletion may contribute to bone health, but bone health does not 

contribute to gene deletion status). This study is the first to examine the relationship between the 

UGT2B17 gene deletion, exemestane, and BMD. There is little missing baseline covariate data. 

In addition, the data was collected in a double-blind fashion, meaning that both investigators and 

participants were unaware of their treatment allocation and UGT2B17 genotype. All participants 

had baseline BMD data in some form, either total hip or lumbar spine or both.  

5.4 Conclusions and Future Directions 

 This study was the first to investigate the UGT2B17 gene deletion polymorphism with 

respect to BMD and how it interacts with the loss of BMD caused by exemestane. The goal of 

this project was to determine if the UGT2B17 gene deletion could be a potential biomarker of 

increased bone toxicity for women considering exemestane for breast cancer prevention. The 

results from this thesis suggest that while exemestane significantly reduces BMD in the total hip 

and lumbar spine, the role of the UGT2B17 gene deletion as a potential biomarker of bone 

toxicity remains inconclusive, given the lack of statistically significant associations, and 

conflicting results within total hip and lumbar spine after two years of exemestane therapy.  

 Comparing the UGT2B17 gene deletion vs. serum estrogen levels would be an interesting 

next step in the investigation of how the UGT2B17 gene is involved in BMD as well as other 
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estrogen-deprived conditions postmenopausal women face such as hot flashes. Since estrogen 

has a role in bone strength, understanding how the UGT2B17 influences serum estrogen could 

shed light on how the UGT2B17 gene is related to BMD. This question could potentially be 

answered by interrogating large cohort studies, with biological specimens and with a large 

proportion of postmenopausal women, and greater ethnic variation than was observed in MAP.3. 

The Nurses cohort study or the European Prospective Investigation into Cancer and Nutrition 

study may provide opportunities to test for the UGT2B17 gene deletion and measure estrogen 

and BMD, to better understand the role that the UGT2B17 gene deletion has in androgen 

metabolism. 

This study also lacked sufficient power to evaluate the potential role of the UGT2B17 

gene deletion as a biomarker of exemestane-related bone toxicity. Future studies might consider 

larger sample sizes or recruiting from a population with a higher prevalence of the UGT2B17 

gene deletion, such as individuals with an Asian ethnicity, in order to increase study power. 

Furthermore, analysing data from large adjuvant breast cancer trials testing aromatase 

inhibitors such as exemestane may also be an avenue of interest. For example, the CCTG MA.27 

trial of exemestane versus anastrazole followed more than 7000 women for up to five years and 

collected blood specimens for future research purposes. There was also a bone density sub-study 

within MA.27, and data from this bone sub-study may help increase our understanding of the 

UGT2B17 gene deletion as a potential biomarker for bone toxicity amongst women using 

exemestane. The detrimental effects of exemestane and other aromatase inhibitors on bone health 

in breast cancer treatment and prevention make it crucial to identify potential biomarkers of high 

risk. Not all women on aromatase inhibitors experience negative bone toxicities, but many do, 
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and this group of women, if identified at the start of therapy, could prophylactically be 

prescribed bone medications in parallel, in order to protect against detrimental bone loss.  
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Appendix B 

MAP.3 Sociodemographic and Reproductive History (Form 1A) 
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Appendix E 

Sensitivity Analyses 

Table E.1. Association Between Treatment and BMD, Stratified by UGT2B17 Genotype. 

 

Total Hip 

Allocation Overall 

(n=398) 

 +/+ (n=167)  +/- (n=186)  -/- (n=45)  Pint 

 RR p-

value 

95% CI n RR p- 

value 

95% CI n RR p-

value 

95% CI n RR p- 

value 

95% CI  

                 

Placebo 

(n=198) 

REF  REF 83 REF  REF 97 REF  REF 18 REF  REF 0.57 

Exemestane 

(n=200) 

1.40 0.06 0.99-

1.98 

84 1.48 0.20 0.81-

2.71 

89 1.04 0.93 0.48-

2.22 

27 0.54 0.31 0.16-

1.78 

 

Lumbar Spine 

Allocation Overall 

(n=411) 

 +/+ (n=167)  +/- (n=197)  -/- (n=47)  Pint 

 RR p-value 95% 

CI 

n RR p-

value 

95% CI n RR p-

value 

95% CI n RR p-

value 

95% CI  

                 

Placebo 

(n=206) 

REF  REF 83 REF  REF 104 REF  REF 19 REF  REF 0.1248 

Exemestane 

(n=205) 

2.42 <0.0001 1.71-

3.44 

84 1.85 0.02 1.10-

3.13 

93 1.42 0.34 0.69-

2.92 

28 4.40 0.151 0.58-

33.28 
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Table E.2. Association between UGT2B17 Genotype and BMD at Baseline, Adjusted by Age and Stratified by Use of 

HRT/Bone Medication, Excluding Mixed Races.  

 

Total Hip 

UGT2B17 Overall (n=3315) Bone med and HRT never (n=1062) Bone med and HRT ever (n=2253) Pint  
RR p-value 95% CI n RR p-value 95% CI n RR p-value 95% CI 0.79 

+/+ (n=1502) REF REF REF 473 REF REF REF 1029 REF REF REF 
 

+/- (n=1465) 1.03 0.53 0.93-1.15 462 0.91 0.49 0.71-1.18 1003 1.06 0.37 0.94-1.19  

-/- (n=348) 0.96 0.66 0.80-1.15 127 0.96 0.85 0.64-1.44 221 0.98 0.82 0.79-1.20  

 

Lumbar Spine 

UGT2B17 Overall (n=3119) Bone med and HRT never (n=1006) Bone med and HRT ever (n=2116) Pint  
RR p-value 95% CI n RR p-value 95% CI n RR p-value 95% CI 0.08 

+/+ (n=1412) REF REF REF 449 REF REF REF 963 REF REF REF 
 

+/- (n=1378) 0.95 0.26 0.87-1.04 440 0.93 0.45 0.77-1.13 938 0.97 0.60 0.87-1.08  

-/- (n=329) 0.94 0.37 0.81-1.08 117 0.69 0.03 0.50-0.97 212 1.05 0.58 0.89-1.24  
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Table E.3. Association between UGT2B17 Genotype and BMD at Baseline, Adjusted by Age and Stratified by Use of 

HRT/Bone Medication, Including Only Hologic DXA Scans. 

 

Total Hip 

UGT2B17 Overall (n=2036) Bone med and HRT never (n=658) Bone med and HRT ever (n=1378) Pint  
RR p-value 95% CI n RR p-value 95% CI n RR p-value 95% CI  

+/+ (n=899) REF REF REF 287 REF REF REF 612 REF REF REF 0.61 

+/- (n=914) 1.07 0.33 0.93-1.24 296 1.06 0.74 0.75-1.51 618 1.05 0.51 0.90-1.23  

-/- (n=223) 0.92 0.50 0.73-1.17 75 0.78 0.46 0.41-1.49 148 0.97 0.83 0.75-1.26  

 

Lumbar Spine 

UGT2B17 Overall (n=1888) Bone med and HRT never (n=619) Bone med and HRT ever (n=1269) Pint  
RR p-value 95% CI n RR p-value 95% CI n RR p-value 95% CI  

+/+ (n=826) REF REF REF 268 REF REF REF 558 REF REF REF 0.09 

+/- (n=854) 0.96 0.56 0.85-1.09 281 0.98 0.89 0.75-1.28 573 0.97 0.68 0.84-1.12  

-/- (n=208) 1.00 0.98 0.82-1.21 70 0.62 0.05 0.38-1.00 138 1.14 0.24 0.92-1.41  
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Table E.4. Association between UGT2B17 Genotype and BMD at Baseline, Adjusted by Age and Stratified by Use of 

HRT/Bone Medication, Including Only Lunar DXA Scans. 

 

Total Hip 

UGT2B17 Overall (n=1301) Bone med and HRT never (n=414) Bone med and HRT ever (n=887) Pint  
RR p-value 95% CI n RR p-value 95% CI n RR p-value 95% CI  

+/+ (n=607) REF  REF 189 REF  REF 418 REF  REF 0.45 

+/- (n=567) 1.01 0.88 0.86-1.19 173 0.81 0.26 0.56-1.16 394 1.07 0.46 0.89-1.30  

-/- (n=127) 1.02 0.86 0.78-1.34 52 1.04 0.88 0.60-1.82 75 1.00 1.00 0.70-1.42  

 

Lumbar Spine 

UGT2B17 Overall (n=1266) Bone med and HRT never (n=403) Bone med and HRT ever (n=863) Pint  
RR p-value 95% CI n RR p-value 95% CI n RR p-value 95% CI  

+/+ (n=596) REF  REF 186 REF  REF 410 REF  REF 0.61 

+/- (n=546) 0.97 0.59 0.86-1.09 169 0.90 0.44 0.69-1.17 377 1.00 0.98 0.86-1.16  

-/- (n=124) 0.90 0.33 0.72-1.12 48 0.83 0.43 0.52-1.32 76 0.96 0.77 0.74-1.25  
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Table E.5. Negative Binomial Regression* for UGT2B17 and Year 2 Total Hip BMD, Adjusted for Age Stratified by 

Treatment. 

                                         

   No HRT 
 Overall (n=184) Exemestane (n=101) Placebo (n=83)  

UGT2B17 RR (95% CI) p-value n RR (95% CI)  p-

value 

n RR (95% CI) p-value Pint 

+/+ (n=82) REF 
 

41 REF 
 

41 REF 
 

 

+/- (n=79) 1.28 (0.61-2.70) 0.51 43 1.22 (0.27-5.52) 0.80 36 1.12 (0.35-3.58) 0.85 0.88 

-/- (n=23) 0.74 (0.22-2.49) 0.63 17 0.61 (0.04-9.32) 0.73 6 0.96 (0.096-9.54) 0.97  

 

MAP.3BSS only 

 Overall (n=283) Exemestane (n=147) Placebo (n=136)  

UGT2B17 RR (95% CI) p-value n RR (95% CI) p-value n RR (95% CI) p-value Pint 

+/+ (n=118) REF 
 

62 REF 
 

56 REF 
  

+/- (n=133) 1.37 (0.75-

2.48) 

0.31 65 0.90 (0.27-3.04) 0.87 68 1.47 (0.59-3.68) 0.41 0.97 

-/- (n=32) 0.92 (0.34-

2.49) 

0.87 20 0.77 (0.095-6.18) 0.80 12 1.05 (0.20-5.62) 0.95  

 

MAP.3B only 

 Overall (n=115) Exemestane (n=53) Placebo (n=62)  

UGT2B17 RR (95% CI) p-value n RR (95% CI) p-value n RR (95% CI) p-value Pint 

+/+ (n=49) REF 
 

22 REF 
 

27 REF 
  

+/- (n=53) 1.98 (0.82-

4.76) 

0.13 24 1.92 (0.32-11.49) 0.48 29 1.43 (0.39-5.21) 0.59 0.23 

-/- (n=13) 2.10 (0.57-

7.76) 

0.27 7 0.21 (0.014-3.07) 0.25 6 4.66 (0.71-

30.66) 

0.11  

*Note: Some models would not converge for modified Poisson regression. Therefore, negative binomial models were run. 
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Table E.6. Negative Binomial Regression* for UGT2B17 and Year 2 Lumbar Spine BMD, Adjusted for Age and Stratified by 

Treatment. 

 

No HRT 

 Overall (n=191) Exemestane (n=104) Placebo (n=87)  

UGT2B17 RR (95% CI) p-value n RR (95% CI) p-value n RR (95% CI) p-value Pint 

+/+ (n=81) REF REF 40 REF REF 41 REF REF  

+/- (n=86) 1.17 (0.57-2.38) 0.67 46 2.65 (0.55-12.72) 0.22 40 0.59 (0.17-2.12) 0.42 0.28 

-/- (n=24) 0.86 (0.29-2.53) 0.78 18 N/A N/A 6 N/A N/A  

 

MAP.3BSS only 

 Overall (n=294) Exemestane (n=152) Placebo (n=142)  

UGT2B17 RR (95% CI) p-value n RR (95% CI) p-value n RR (95% CI) p-value Pint 

+/+ (n=120) REF REF 63 REF REF 57 REF REF 
 

+/- (n=140) 1.06 (0.61-1.84) 0.84 68 1.62 (0.51-5.10) 0.41 72 0.82 (0.34-1.98) 0.66 0.09 

-/- (n=34) 0.78 (0.32-1.92) 0.59 21 N/A N/A 13 N/A N/A  

 

MAP.3B only 

 Overall (n=117) Exemestane (n=53) Placebo (n=64)  

UGT2B17 RR (95% CI) p-value n RR (95% CI) p-value n RR (95% CI) p-value Pint 

+/+ (n=47) REF REF 21 REF REF 26 REF REF 
 

+/- (n=57) 0.95 (0.40-2.27) 0.91 25 1.33 (0.20-8.91) 0.77 32 0.79 (0.18-3.52) 0.76 0.94 

-/- (n=13) 1.59 (0.44-5.79) 0.48 7 1.53 (0.078-30.14) 0.78 6 1.12 (0.10-

12.36) 

0.93  

*Note: Some models would not converge for modified Poisson regression. Therefore, negative binomial models were run. 
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Appendix F 

Formulae to Convert BMD’s to T-scores 

Lunar to Hologic in Total Hip 

 

Total Hip Hologic BMD = 0.941 x Total Hip Lunar BMD – 0.017 

 

Lunar to Hologic in Lumbar Spine 

 

Lumbar Spine Hologic BMD = 0.877 x Lumbar Spine Lunar BMD – 0.033 

 

Norland to Hologic in Total Hip 

 

Total Hip Hologic BMD = 1.004 x Total Hip Lunar BMD + 0.02 

 

Norland to Hologic in Lumbar Spine 

 

Lumbar Spine Hologic BMD = 0.924 x Lumbar Spine Lunar BMD + 0.077 

 

T-score for Total Hip 

 

Total Hip T-Score = 
Total Hip Hologic BMD−Mean Total Hip BMD of Young Population

Standard Deviation of Total Hip BMD of Young POpulation
 

 

T-score for Lumbar Spine 

 

Lumbar Spine T-Score = 
Lumbar Spine Hologic BMD−Mean Lumbar  Spine BMD of Young Population

Standard Deviation of Lumbar Spine BMD of Young POpulation
 

 

For both T-score calculations, the mean and standard deviations for the young population were 

dependent on individual participant’s race and age. 
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Appendix G 

Evaluation of Selection Bias 

Table G.1. Comparing Baseline Characteristics between the Original MAP.3 Study Cohort 

and Participants in this Study.  

Variable Original Cohort Mean (SD) / 

Frequency (%) (n=4560) 

Final Sample Mean (SD) / 

Frequency (%) (n=3447) 

 

Treatment 

 
 

      Exemestane 2285 (50.1%) 1738 (50.4%) 

      Placebo 2275 (49.9%) 1709 (49.5%) 

 

Age 

 
 

      50-59.9 1439 (31.6%) 1050 (30.5%) 

      60-69.9 2385 (52.3%) 1824 (52.9%) 

      70-79.9 656 (14.4%) 508 (14.7%) 

      ≥ 80 80 (1.8%) 65 (1.9%) 

Age (years) 63.1 (7.1) 63.3 (7.1) 

 

BMI 

 
 

      Underweight 25 (0.6%) 19 (0.6%) 

      Normal 1266 (28.0%) 977 (28.4%) 

      Overweight 1548 (34.2%) 1164 (33.9%) 

      Obese 1688 (37.3%) 1275 (37.1%) 

BMI (kg/m2) 29.0 (6.0) 29.0 (6.1) 

      Missing 33 (0.7%) 12 (0.4%) 

 

Education Level 

 
 

      High School or Below 1877 (41.2%) 1243 (36.1%) 

      University/College 2669 (58.5%) 2199 (63.8%) 

      Missing 14 (0.3%) 5 (0.2%) 

 

Income 

 
 

      < $39,999 1057 (23.2%) 697 (20.2%) 

      $40,000 - $59,999 754 (16.5%) 620 (18.0%) 

      $60,000 - $79,999 636 (14.0%) 525 (15.2%) 

       > $80,000 1398 (30.7%) 1197 (34.7%) 

      No Answer 715 (15.7%) 408 (11.8%) 

 

Job Status 

 
 

      Yes 2221 (48.7%) 1729 (50.2%) 

      No 2327 (51.0%) 1713 (49.7%) 

      Missing 12 (0.3%) 5 (0.1%) 

 

Smoking History 

 
 

      Never 2485 (54.50%) 1796 (52.1%) 
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      Past 1737 (38.09%) 1426 (41.4%) 

      Current 312 (6.84%) 207 (6.0%) 

      Missing 26 (0.57%) 18 (0.5%) 

 

Lifetime Cumulative Menstrual 

Cycles 

 
 

      <350 724 (15.9%) 558 (16.2%) 

      350-399 469 (10.3%) 389 (11.3%) 

      400-449 732 (16.0%) 587 (17.0%) 

      450-499 757 (16.6%) 607 (17.6%) 

      >500 658 (14.4%) 529 (15.4%) 

      Missing 1220 (26.8%) 777 (22.5%) 

 

HRT Use 

 
 

      Ever 2637 (57.8%) 2127 (61.7%) 

      Never 1923 (42.2%) 1320 (38.3%) 

 

Bisphosphonate Use 

 
 

      Yes 839 (18.4%) 650 (18.9%) 

      No 1724 (37.8%) 1438 (41.7%) 

      Missing 1997 (43.8%) 1359 (39.4%) 

 

Calcium Use 

 
 

      Yes 2613 (57.3%) 2137 (62.0%) 

      No 776 (17.0%) 615 (17.8%) 

      Missing 1171 (25.7%) 695 (20.2%) 

Calcium Serum (mmol/L)  2.4 (0.2) 2.4 (0.1) 

      Missing 46 (1.0%) 13 (0.4%) 

 

Vitamin D Use 

 
 

      Yes 1956 (42.9%) 1633 (47.4%) 

      No 2604 (57.1%) 1814 (52.6%) 

 

Osteoporosis 

  

      Yes 596 (13.1%) 399 (11.6%) 

      No 3947 (86.6%) 3039 (88.2%) 

      Missing 17 (0.4%) 9 (0.3%) 

 

Number of Fractures that 

Occurred Throughout Lifetime  

  

      0 3503 (76.8%) 2597 (75.3%) 

      1 822 (18.0%) 656 (19.0%) 

      2+ 235 (5.2%) 194 (5.6%) 

 

Had a Fracture in the Past 10 

Years Prior to Randomization 

  

      Yes 809 (17.7%) 651 (18.9%) 

      No 3751 (82.3%) 2796 (81.1%) 
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Appendix H 

Confounding 

Table H.1. Effect of Removing Individual Variables from the Fully Adjusted Model for the 

Total Hip Categorical Baseline BMD. 

Model UGT2B17 

Genotype 

RR (95% CI) % Change from Fully 

Adjusted Model 

Fully Adjusted +/- 

-/- 

1.04 (0.94-1.14) 

0.94 (0.80-1.11) 

- 

- 

Without Osteoporosis 

Diagnosis 

+/- 

-/- 

1.04 (0.94-1.14) 

0.94 (0.80-1.11) 

-0.15 

-0.37 

Without Bisphosphonate Use +/- 

-/- 

1.03 (0.94-1.14) 

0.96 (0.81-1.13) 

-0.38 

1.10 

Without Calcium Use +/- 

-/- 

1.04 (0.94-1.15) 

0.94 (0.80-1.11) 

0.16 

-0.60 

Without Education Level +/- 

-/- 

1.04 (0.94-1.14) 

0.94 (0.80-1.11) 

-0.06 

-0.52 

Without HRT Use 

 

+/- 

-/- 

1.04 (0.94-1.14) 

0.95 (0.81-1.12) 

-0.15 

0.51 

Without Employment Status 

 

+/- 

-/- 

1.04 (0.94-1.14) 

0.94 (0.80-1.11) 

-0.31 

-0.09 

Without Number of Lifetime 

Fractures 

+/- 

-/- 

1.04 (0.94-1.14) 

0.95 (0.81-1.12) 

-0.25 

0.64 

Without BMI 

 

+/- 

-/- 

1.06 (0.96-1.17) 

0.93 (0.79-1.10) 

1.58 

-1.32 

Without Age 

 

+/- 

-/- 

1.04 (0.94-1.14) 

0.94 (0.79-1.10) 

-0.12 

-1.00 
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Table H.2. Effect of Removing Individual Variables from the Fully Adjusted Model for the 

Lumbar Spine Categorical Baseline BMD. 

Model UGT2B17 

Genotype 

RR (95% CI) % Change from Fully 

Adjusted Model 

Fully Adjusted +/- 

-/- 

1.02 (0.93-1.13) 

0.92 (0.78-1.10) 

- 

- 

Without Osteoporosis 

Diagnosis 

+/- 

-/- 

1.03 (0.93-1.14) 

0.92 (0.77-1.09) 

0.080 

-0.60 

Without Bisphosphonate Use +/- 

-/- 

1.02 (0.93-1.13) 

0.94 (0.79-1.12) 

-0.08 

1.88 

Without Calcium Use +/- 

-/- 

1.03 (0.93-1.14) 

0.92 (0.77-1.09) 

0.29 

-0.50 

Without Employment Status 

 

+/- 

-/- 

1.02 (0.92-1.13) 

0.92 (0.77-1.09) 

-0.46 

-0.37 

Without Number of Lifetime 

Fractures 

+/- 

-/- 

1.02 (0.92-1.13) 

0.92 (0.78-1.10) 

-0.42 

0.14 

Without BMI 

 

+/- 

-/- 

1.04 (0.94-1.16) 

0.91 (0.77-1.09) 

1.90 

-1.08 

Without Age 

 

+/- 

-/- 

1.02 (0.93-1.13) 

0.91 (0.77-1.08) 

-0.10 

-1.19 
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Appendix I 

Study Power 

Table I.1a: Table I.1a: Power Calculations for the Association between UGT2B17 Genotype 

and Low Bone Mass in Lumbar Spine BMD at Baseline, Comparing Homozygous Null (-/-) 

to Homozygous Wild-Type (+/+), for HRT/Bone Medication Naïve Women. 

Relative Risk Power (%) 

0.1 1 

0.2 0.999999 

0.3 0.999962 

0.4 0.998975 

0.5 0.986873 

0.6 0.914847 

0.7 0.701353 

0.8 0.379312 

0.9 0.127888 

1.1 0.024998 

1.2 0.126897 

1.3 0.372096 

1.4 0.686305 

1.5 0.902289 

1.6 0.982239 

1.7 0.998187 

1.8 0.999899 

1.9 0.999997 

2.0 1 

α = 0.05 

N = 1022 total ; 572 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 118/572 = 20.63% 

Prevalence of outcome (low bone mass) = 399/1022 = 39.04% 
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Table I.1b: Power Calculations for the Association between UGT2B17 Genotype and 

Having a 3% or More Change in Total Hip BMD from Baseline after Two Years of Follow-

up, Comparing Homozygous Null (-/-) to Homozygous Wild-Type (+/+). 

Relative Risk Power (%) 

0.1 84.9 

0.2 75.0 

0.3 62.6 

0.4 49.1 

0.5 35.9 

0.6 24.4 

0.7 15.4 

0.8 9.1 

0.9 4.9 

1.1 4.9 

1.2 8.8 

1.3 14.4 

1.4 22.1 

1.5 31.5 

1.6 42.2 

1.7 53.3 

1.8 64.1 

1.9 73.7 

2.0 81.8 

α = 0.05 

N = 398 total ; 212 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 45/212 = 21.2% 

Prevalence of outcome (change of 3% or more in BMD after 2 years of follow-up) = 46/166 = 

27.7% 
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Table I.1c: Power Calculations for the Association between UGT2B17 Genotype and 

Having a 3% or More Change in Lumbar Spine BMD from Baseline after Two Years of 

Follow-up, Comparing Homozygous Null (-/-) to Homozygous Wild-Type (+/+). 

Relative Risk Power (%) 

0.1 95.1 

0.2 89.0 

0.3 78.9 

0.4 65.0 

0.5 49.1 

0.6 33.7 

0.7 20.7 

0.8 11.5 

0.9 5.7 

1.1 5.6 

1.2 11.1 

1.3 19.5 

1.4 30.7 

1.5 44.0 

1.6 57.9 

1.7 70.8 

1.8 81.4 

1.9 89.1 

2.0 94.2 

 

α = 0.05 

N = 411 total ; 214 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 47/214 = 22.0% 

Prevalence of outcome (change of 3% or more in BMD after 2 years of follow-up) = 59/155 = 

38.1% 
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Table I.2a: Power to Detect a Significant Interaction by EXE that Modifies the Association 

between the UGT2B17 Deletion and Having a 3% or More Change in Total Hip BMD from 

Baseline after Two Years of Follow-up.  

Joint RR (Interaction Effect) Power* 

0.82 (0.5) 9.7% 

1.64 (1.0 – no Interaction) 5% 

2.46 (1.5) 6.2% 

3.28 (2.0) 8.2% 

4.1 (2.5) 10.3% 

4.92 (3.0) 12.3% 

6.56 (4.0) 15.7% 

 

 

EXE Prevalence = 0.5 

EXE Effect = 1.40 

UGT2B17 Effect = 1.17 

*Calculated using Quanto1–3 

 

Table I.2b: Power to Detect a Significant Interaction by EXE that Modifies the Association 

between the UGT2B17 Deletion and Having a 3% or More Change in Lumbar Spine BMD 

from Baseline after Two Years of Follow-up.  

Joint RR (Interaction Effect) Power* 

2.35 (1.0 – no Interaction) 5.0% 

3.53 (1.5) 6.4% 

4.70 (2.0) 8.8% 

5.88 (2.5) 11.4% 

 7.05 (3.0) 13.9% 

9.40 (4.0) 18.5% 

 

EXE Prevalence = 0.5 

EXE Effect = 2.40 

UGT2B17 Effect = 0.98 

*Calculated using Quanto1–3 
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