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Abstract 

Background:  Mammary Prevention.3 (MAP.3) was a randomized placebo controlled trial of 

exemestane for breast cancer prevention. Participants commonly experienced vasomotor 

symptoms, such as hot flashes. Exemestane is ultimately eliminated through glucuronidation 

activity by UGT2B17; approximately 10% of Caucasians are homozygous null for the UGT2B17 

gene. The UGT2B17 deletion is hypothesized to be associated with worsened vasomotor health-

related quality of life (HRQL) in women randomized to exemestane. 

Objective: The thesis objectives examine the relationship between UGT2B17 genotype and 1) 

worsened vasomotor HRQL and 2) incident adverse vasomotor HRQL. This thesis also explores 

whether UGT2B17 genotype modifies the relationship between incident adverse vasomotor 

symptoms and early treatment discontinuation. 

Methods: MAP.3 participants completed the Menopause-Specific Quality of Life Questionnaire 

(MENQOL) at study entry, and at 6- and 12-month follow-up visits. Multivariable modified 

Poisson regression and logistic regression were used to assess the association between UGT2B17 

genotype and worsened vasomotor HRQL and incident adverse vasomotor HRQL, respectively. 

The relationship between UGT2B17 genotype, incident adverse vasomotor HRQL and early 

discontinuation was investigated with modified Poisson regression. 

Results: Of the 3576 MAP.3 participants, 46% experienced worsened vasomotor HRQL within 

12 months. 11% of participants had the UGT2B17 homozygous deletion. The UGT2B17 deletion 

polymorphism was not significantly associated with worsened vasomotor HRQL (RR=1.03; 95% 

CI: 0.96-1.11). Additionally, there was no statistically significant association between UGT2B17 

status and incident adverse vasomotor HRQL (OR=0.61; 95% CI: 0.32-1.19) or interaction with 
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treatment (p-valueinteraction = 0.17), although the association trended towards a protective effect, 

particularly in the placebo group (OR=0.17; 95% CI: 0.02-1.29). Incident adverse vasomotor 

HRQL was significantly associated with early treatment discontinuation (RR=3.05; 95% CI: 

2.28-4.07) but the UGT2B17 deletion did not modify this relationship (p-valueinteraction = 0.30). 

Conclusions: In contrast to the study hypothesis, it appears the UGT2B17 deletion 

polymorphism is not associated with worsened vasomotor HRQL in women randomized to 

exemestane. The lack of UGT2B17 activity may attenuate the effects of exemestane-induced 

estrogen depletion on vasomotor symptoms, via a sex steroid metabolic pathway. Further 

research on the UGT2B17 deletion could help clarify its role with respect to endogenous estrogen 

availability in women with menopause-related symptoms. 
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Chapter 1 

Introduction 

1.1 Overview and Rationale 

Breast cancer is the most common malignancy affecting women in Canada and 

globally1,2. An estimated 26,000 new cases of breast cancer were diagnosed in Canada in 20162, 

and approximately 5,000 deaths were attributable to the disease2. In recent years, the incidence 

rate of breast cancer has stabilized in Canada, while the mortality rate has decreased due to 

advances in early detection and treatment options2. Despite advances in this field of research, 

breast cancer still remains the most common malignancy in women and the second leading cause 

of cancer-related deaths (behind lung cancer)2, highlighting the importance of primary 

prevention strategies to reduce disease burden. 

Studies on breast cancer etiology have shown that only 10% to 15% of cases are due to 

genetic factors; the majority of breast cancer cases are associated with lifestyle, reproductive and 

environmental factors3. Some of these risk factors, such as body mass index, are modifiable, but 

the majority of strong risk factors, such as family history, are not modifiable, making them 

difficult to impact with primary prevention efforts. Chemoprevention has emerged as a potential 

option for women at high risk of developing breast cancer4–6. Chemoprevention is the use of 

endocrine therapies to arrest or reverse the progression of carcinogenesis in women without 

breast cancer. As estrogen plays a role in promoting the development of the majority of breast 

cancers, chemoprevention strategies include the use of selective estrogen receptor modulators 

(SERMs) or aromatase inhibitors (AIs). Both SERMs and AIs have been shown to decrease 
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breast cancer incidence7. AIs block aromatase activity, thereby decreasing estrogen 

concentrations in postmenopausal women. Specifically, the Mammary Prevention.3 (MAP.3) 

trial of exemestane (EXE), an AI, for breast cancer prevention demonstrated a 65% relative 

reduction in the risk of invasive breast cancer (HR=0.35 95% CI: 0.18-0.70)8. 

However, while AIs have a more favourable toxicity profile than SERMs, administration 

of AIs has been associated with adverse effects with varying degrees of severity. In MAP.3, the 

most common complaints were vasomotor symptoms, including hot flashes, night sweats and 

increased sweating9. These symptoms negatively impact a woman’s health-related quality of life 

(HRQL)10. HRQL research on MAP.3 reported that those on EXE had worse vasomotor HRQL, 

in comparison to the placebo group9. 

EXE is metabolized into its active metabolite, 17-dihydroexemestane (17-DHE), which 

has potent anti-aromatase activity11,12. 17-DHE is eliminated primarily through the activity of 

UGT2B17, which inactivates 17-DHE by conjugating a glucuronic acid group to the active drug, 

forming 17-DHE-Gluc13–15. However, the UGT2B17 gene is deleted in approximately 10% of 

Caucasians14,16–19, which decreases glucuronidation activity against 17-DHE20 and decreases 17-

DHE-Gluc concentrations21. Theoretically, without functional UGT2B17 activity, 17-DHE 

concentrations should be increased, accompanied by increased drug effects, including toxicities. 

It is hypothesized that those with the UGT2B17 gene deletion polymorphism may experience 

worse symptoms associated with EXE treatment, which would manifest in worsened HRQL. 

While previous work has examined the effects of a variety of factors on vasomotor HRQL, the 

UGT2B17 deletion polymorphism has not yet been studied in relation to HRQL outcomes. 
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1.2 Thesis Objectives 

 The purpose of this thesis is to investigate the association between the UGT2B17 gene 

deletion polymorphism and menopause-related HRQL in a chemoprevention setting. The first 

objective aims to determine the association between the UGT2B17 gene deletion polymorphism 

and prevalent vasomotor symptoms at baseline. The purpose of the second objective is to 

determine the association between the UGT2B17 gene deletion and vasomotor HRQL within 12 

months of randomization. Vasomotor HRQL will be defined as either a) a clinically meaningful 

worsening in vasomotor HRQL or b) the incidence of very bothersome (adverse) vasomotor 

HRQL. This objective will also investigate potential effect modification by EXE treatment group 

(EXE vs. placebo) for both outcome conceptualizations. An additional objective explores the 

impact of incident adverse vasomotor HRQL at 6 months on early treatment discontinuation 

within one year, and whether the UGT2B17 deletion influences this relationship. 

1.3 Overview of Study Design 

This thesis uses data collected from the Canadian Cancer Trials Group MAP.3 

chemoprevention trial that evaluated EXE for breast cancer prevention in postmenopausal 

women8. This secondary analysis of the MAP.3 trial combines data from both trial arms, and can 

be considered as a prospective cohort study, where the cohort includes all MAP.3 participants. 

Detailed information on participant characteristics was collected upon study enrollment, and 

women were followed for up to 5 years post-randomization. Participants’ UGT2B17 genotype 

was ascertained from baseline blood samples, and HRQL data was assessed using the 

Menopause-Specific Quality of Life Questionnaire (MENQOL)22, which was administered at 
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baseline and each subsequent follow-up visit. Two conceptualizations were used to 

systematically define bothersome vasomotor HRQL using the MENQOL. 

1.4 Thesis Organization 

This thesis is organized in a traditional format, and conforms to the standards set by the 

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

detailed review of the literature surrounding breast cancer chemoprevention, the UGT2B17 gene 

deletion polymorphism, pharmacogenetics of endocrine therapies, and vasomotor HRQL 

outcomes. The third chapter describes the study methods used in this thesis, including data 

collection, UGT2B17 genotyping, MENQOL scoring, variable conceptualization, and statistical 

analyses performed. The fourth chapter includes the results of the analyses that address the thesis 

objectives. The fifth and final chapter contains a discussion of the results and their implications, 

potential methodological shortcomings and future research directions. 
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Chapter 2 

Literature Review 

2.1 Epidemiology of Breast Cancer 

 Breast cancer is the most common type of malignancy affecting women both globally and 

in Canada1,2. Data from the International Agency for Research on Cancer shows that breast 

cancer comprised approximately 25% of incident global cancer cases in 2012, with an age-

standardized incidence rate of 43 cases per 100,000 women1. Worldwide, around 14% of cancer 

deaths are attributed to breast cancer1. In Canada, breast cancer makes up 26% of female cancer 

cases. An estimated 26,000 new cases of breast cancer were diagnosed in Canada in 2016, with 

an age-standardized incidence rate of 130.1 per 100,000 women2, and a woman’s lifetime 

probability of developing breast cancer is 11.7% (or 1 in 9)2. In terms of mortality, an estimated 

5,000 deaths in 2016 were attributable to the disease. Breast cancer is responsible for 13% of all 

cancer deaths in Canadian women, behind only lung cancer, with an age-standardized mortality 

rate of 23.4 per 100,000 women2. The lifetime probability of dying from breast cancer is 3.3% 

(or 1 in 30 women)2. However, the death rate due to breast cancer has decreased in recent time, 

primarily due to more effective therapy and screening, while the breast cancer incidence rate has 

stabilized2,3. 

 Multiple epidemiological studies have been conducted to better understand breast cancer 

etiology. While genetic factors account for an estimated 10% to 15% of cases, the majority are 

associated with modifiable lifestyle, reproductive and environmental factors4. Genetic risks, such 

as harbouring BRCA1 or BRCA2 mutations, and non-modifiable factors, such as age, ethnicity, 
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previous benign breast disease, and family history of breast and other cancers, are strongly 

associated with breast cancer incidence (RR > 3)4–6. In comparison, reproductive and lifestyle 

risk factors have weaker associations (RR < 2). Lifestyle / modifiable risk factors include body 

mass index (BMI), physical activity levels, diet, alcohol consumption, smoking status, and 

mammographic density4,6. Reproductive risk factors associated with breast cancer include age at 

menarche and menopause, age at first pregnancy, parity, breastfeeding duration, oral 

contraceptive use and hormone replacement therapy4,6. Several factors, specifically age at 

menarche, age at first live birth, number of previous breast biopsies and number of first-degree 

relatives with breast cancer, have been combined into a five year risk prediction model of 

developing breast cancer by Gail et al. (1989)7. Due to the global impact of this disease, primary 

prevention strategies are important in decreasing the incidence of breast cancer.  

2.2 Breast Cancer Primary Prevention 

Since breast cancer incidence is often unrelated to genetic factors, primary prevention 

efforts can be effective in reducing the burden of disease by targeting modifiable risk factors. 

Primary breast cancer prevention, if effective, has potential to lead to better results compared to 

secondary prevention efforts (such as screening)8. While invasive surgeries, such as prophylactic 

bilateral mastectomy, are the most effective in reducing breast cancer risks in high-risk women, 

other less invasive approaches are preferred where possible6. However, prevention strategies 

have been limited in their success, due to the fact that the strongest breast cancer risk factors are 

non-modifiable (such as age and family history) or related to individual circumstances (such as 

parity and age at first pregnancy)6. Of the above breast cancer risk factors, lifestyle risk factors 

(such as BMI, physical activity levels, alcohol consumption and smoking status) have been 

recent targets for prevention efforts6,9. It is estimated that lifestyle changes could reduce breast 
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cancer incidence by up to 30%5, but these behaviours are difficult to sustain long-term. Given the 

limited effectiveness, to date, of lifestyle modification in reducing breast cancer incidence, 

research has also addressed chemoprevention efforts to modulate estrogen in at-risk women.  

2.3 Estrogen  

2.3.1 Estrogen and Breast Cancer 

 Estrogen is a steroid hormone that stimulates cellular proliferation and is required for 

mammary gland development10. However, studies have also demonstrated its role in promoting 

the development and growth of breast tumours through the transformation of normal cells10–12, 

classifying estrogen as a carcinogen12. Estrogen can induce free radical-mediated DNA damage 

and genetic or chromosomal aberrations, resulting in genetic instability associated with tumour 

development12. Proliferation of these damaged cells leads to tumour progression. Up to 80% of 

postmenopausal breast cancers express the nuclear estrogen receptor (ER)10,13; estrogen enters 

the nucleus and acts as an agonist to promote cellular proliferation in these ER-positive cells12. 

Increased ER expression and ER dysregulation are important early steps in the tumorigenic 

process of ER-positive breast cancers, and ER expression is increased in individuals at high risk 

for developing breast cancer10. Estrogen levels are higher in breast tumour tissues than in normal 

breast tissue14,15. Moreover, estrogen receptor-rich tissues more readily concentrate estrogen16 

and estrogen concentrations are higher in normal and cancerous breast tissue, compared with 

plasma14,17. Those with high levels of bioavailable estrogen11,18 or who are exposed to exogenous 

estrogen are at an increased risk of breast cancer12. Furthermore, several breast cancer risk 

factors are related to prolonged or elevated estrogen exposure, such as early menarche, late 
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menopause, elevated BMI (postmenopausal breast cancer only) and increased age, demonstrating 

the tumour-promoting capacity of estrogen6. 

2.3.2 Aromatase Activity 

 In premenopausal women, the ovaries are the predominant source of serum estrogen, with 

minimal contributions from peripheral tissues11. However, in postmenopausal women, estrogen 

is no longer produced by the ovaries19. Instead, estrogen is mainly produced in peripheral tissues 

through the activity of aromatase, a cytochrome P450 enzyme that metabolizes C19 steroid 

substrates20 and is encoded by the CYP19A1 gene19. The aromatase complex is made up of a 

flavoprotein, an NADPH-cytochrome P450 reductase and the aromatase cytochrome P450 

moiety20. Aromatase converts the androgens androstenedione and testosterone to two forms of 

estrogens; estrone and estradiol, respectively, via three successive oxidation reactions13,19,21. 

Aromatase is expressed in a variety of tissues, such as breast, brain, liver, bone and adipose 

tissue13,17,19,22. Local estrogen concentrations in breast tissue and breast tumours depend on local 

aromatase activity, and, by extension, androgen concentrations12. Despite the significant decrease 

in plasma estrogen concentration in postmenopausal women, breast tissue estrogen levels change 

little after menopause due to in situ aromatase activity, particularly in adipose tissue16,22,23. This 

is highlighted by an overproduction of estrogen in obese postmenopausal women due to high 

aromatase activity levels24. Consequently, ER-positive tumours are stimulated by estrogen in an 

autocrine and paracrine fashion, from aromatase activity in breast epithelial cells and stromal 

cells, respectively12,13,25. In the majority of breast cancer cases, aromatase activity is higher in 

tumour cells and adjacent stromal cells, compared with normal tissue, further promoting tumour 

growth via ER-mediated proliferation15,17,18, as intra-tumoural aromatase expression is retained 

during metastasis26. 
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2.4 Chemoprevention – SERMs and AIs 

 Chemoprevention is the use of a pharmacological intervention to arrest or reverse the 

progression of carcinogenesis before cancer occurs6,27. Agents used for this purpose typically 

have a well-defined mechanism of action and have proven efficacy based on evidence from 

adjuvant cancer trials (eg. preventing contralateral breast cancers)27. Chemoprevention is aimed 

at those with no prior history of breast cancer who are moderate to high risk of developing breast 

cancer, based on an individual’s Gail score9,28. A woman is considered to be at an increased risk 

of developing breast cancer if her five-year breast cancer risk projection (ie. Gail score) is greater 

than 1.66%5.  

Breast cancer chemoprevention focuses on estrogen and its tumour-promoting potential. 

Therefore, chemoprevention is limited to ER-positive tumours, as these tumours are modulated 

by estrogen29. There are two classes of chemoprevention agents that are used to reduce breast 

cancer incidence – selective estrogen receptor modulators (SERMs) and aromatase inhibitors 

(AIs). These agents could potentially be synergistically combined to increase their preventive 

benefit8. SERMs interact with estrogen receptors through agonistic, antagonistic or partially 

agonistic mechanisms. On the other hand, AIs block the activity of aromatase, thereby 

decreasing estrogen levels in postmenopausal women. Potentially half of breast cancer cases 

could be prevented in these high-risk women using SERMs or AIs5,9. Both SERMs and AIs have 

been shown to decrease breast cancer incidence in a prevention setting8, but are also associated 

with adverse effects that limit patient uptake and compliance, especially because these 

chemopreventive agents add health risks and do not completely eliminate the risk of breast 

cancer29,30 (especially the more aggressive hormone receptor negative breast cancers). 
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Selective Estrogen Receptor Modulators (SERMs) 

 Selective estrogen receptor modulators, such as tamoxifen and raloxifene, bind to the 

estrogen receptor and alter the effects of estrogen; both drugs decrease the incidence of invasive 

breast cancer with similar efficacy in a chemoprevention setting, with a meta-analysis of SERMs 

reporting a 38% overall reduction in incidence31. While raloxifene has a slightly better 

benefit/risk ratio than tamoxifen32–34, both are associated with serious adverse events, such as 

thromboembolic events (deep vein thrombosis and pulmonary embolisms)31,33 and cataracts35, 

and a reduction in quality-adjusted life years29. As such, SERMs are not recommended for those 

with a personal history of deep vein thrombosis, pulmonary embolism, stroke or transient 

ischemic attack36. In addition, women on tamoxifen have a 3-fold increased risk of endometrial 

cancer32,33,37. Thus, despite FDA approval and proven effectiveness, there has been little uptake 

of SERMs to prevent breast cancer30,38, leading to the exploration of aromatase inhibitors. 

Aromatase Inhibitors (AIs) 

 Aromatase inhibitors block the activity of aromatase, thereby decreasing estrogen 

concentration in postmenopausal women. Third generation AIs, including anastrozole, letrozole 

and exemestane (EXE), have greater specificity and fewer side effects than previous 

generations39. There are two classes of AIs, non-steroidal and steroidal, which have different 

mechanisms of action, but similar effects39,40. There is a lack of cross-resistance between the two 

classes of AIs due to differences in their mechanisms of action41. Non-steroidal AIs (anastrozole 

and letrozole) reversibly bind to the P450 aromatase and interfere with its function42. Steroidal 

AIs, like EXE, inhibit aromatase through suicide inhibition, as their androgen structure allows 

them to compete with androstenedione for the aromatase binding site42. Metabolites of these 
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compounds irreversibly bind to the substrate binding site of aromatase, preventing steroidal 

conversion to estrogen20,42. Several trials have found that AIs improve patients’ disease-free 

survival and time to tumour recurrence, as well as decrease the incidence of contralateral breast 

disease40,43,44. Moreover, third generation AIs have similar activity and toxicity profiles40,41,45,46, 

with near-complete inhibition of aromatase and near-complete suppression of plasma estrogen 

concentrations reported for each AI44. The promising results from trials of AIs have stimulated 

research on AIs in a preventative context.  

While SERMs block the action of estrogens only (without having effects on estrogen 

metabolites), AIs inhibit the formation of estrogens and estrogen metabolites which may also be 

involved in breast cancer development42. Comparative trials between AIs and SERMs have 

assessed these drug classes in terms of disease-free survival and time to recurrence. These trials 

have been conducted in several different contexts, including adjuvant, neoadjuvant and 

metastatic settings, and have somewhat consistently demonstrated that AIs are better than or 

equivalent to SERMs in terms of disease-free survival and time to recurrence, often with fewer 

major side effects23,24,39,41,43,44,47–49. Studies have suggested that EXE and other AIs could be 

employed as a more favourable alternative to SERMs to reduce breast cancer incidence in 

postmenopausal women, as clinical benefit from AIs does not come at the expense of increased 

adverse events or worsened quality of life, in comparison to SERMs24,36,38,49. However, AIs are 

also associated with menopausal symptoms such as hot flashes (vasomotor symptoms), 

musculoskeletal symptoms, cardiovascular events, osteoporosis and bone fractures in women 

treated for breast cancer24,40,42,43,46–48,50,51.  
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2.5 Aromatase Inhibitors in Chemoprevention Settings 

 Two major trials have studied the use of AIs in a prevention setting: the Mammary 

Prevention.3 (MAP.3)51 trial and the International Breast Cancer Intervention Study II (IBIS-

II)52. MAP.3 investigated EXE as a breast cancer chemoprevention agent in postmenopausal 

women and found that EXE significantly decreased the incidence of breast cancer, with a 65% 

relative reduction in annual incidence, compared with placebo (HR: 0.35, 95% CI: 0.18-0.70)51. 

Participants in the EXE group reported an increased number of adverse effects including 

vasomotor symptoms, joint pain and fatigue, but there were no differences between the EXE and 

placebo groups in terms of serious adverse events, such as bone fractures, cardiovascular 

toxicities or other cancers51. The IBIS-II trial compared anastrozole to placebo in 

postmenopausal women at increased risk for breast cancer52 and found a 53% relative reduction 

in the incidence of invasive breast cancer (HR: 0.47, 95% CI: 0.32-0.68) for those taking 

anastrozole, compared to placebo52. Women on anastrozole reported more adverse events, such 

as vasomotor and musculoskeletal symptoms, joint stiffness, dry eyes and hypertension. As with 

EXE, there were no significant differences in serious adverse events52. These trials demonstrate 

the efficacy of AIs in preventing breast cancer in postmenopausal women. Additionally, the 

more favourable toxicity profile of AIs, compared with SERMs, suggests that AIs may be more 

acceptable in a primary prevention (chemoprevention) setting. 

2.6 Exemestane and its Metabolism 

 Exemestane is used in a variety of therapy settings, including chemoprevention, adjuvant, 

neoadjuvant, first-line, second-line, and metastatic therapy41,44,45,47,51. It was first characterized in 

198853, and subsequent studies demonstrated that 25 mg is the minimal dose required to achieve 
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maximum plasma estrogen suppression54,55. This is also the highest tolerated dose55. EXE 

suppresses whole body aromatization by approximately 98%56, highlighting its efficacy. EXE 

has a long-lasting inhibitory effect on aromatase due to the formation of an irreversible covalent 

bond at the substrate binding site, inactivating the enzyme via suicide inhibition42,54,57; new 

aromatase enzymes must be synthesized in order to restore estrogen biosynthesis42. Notably, 

EXE and its metabolites have little-to-no effect on the levels of other endogenous hormones, 

such as follicle-stimulating hormone, luteinizing hormone, cortisol or aldosterone55,58.  

EXE is extensively metabolized, with < 10% of the parent drug left unmetabolized in 

plasma, and < 1% unmetabolized in the urine59,60. The major active metabolite is 17-

dihydroexemestane (17-DHE), which is formed through the activity of several CYP450s and 

aldo-keto reductases57,61,60. 17-DHE, the most extensively characterized metabolite of EXE62, has 

potent anti-aromatase and androgenic activity58,63 (although its low degree of binding to 

androgen receptors has little clinical significance at the standard 25 mg/day dose58), and is 

implicated in the overall efficacy and toxicity of EXE. Both EXE and 17-DHE have similar anti-

aromatase activity, highlighting 17-DHE’s significant contribution to the efficacy of EXE in 

vivo64.  In addition, EXE metabolites have cytotoxic effects on cancerous cells by inducing cell 

cycle arrest, apoptosis and autophagy57,65. These cytotoxic effects occur in an aromatase-

dependent manner65. 17-DHE is primarily metabolized through the activity of UGT2B17, which 

is a uridine 5'-diphospho-glucuronosyltransferase, responsible for metabolizing endogenous 

steroid hormones and xenobiotics by transferring the glucuronic acid group of uridine 

diphosphate glucuronic acid to its substrate66,67,68. This phase II metabolism reaction makes the 

molecule more hydrophilic, alters its biological activity, and facilitates excretion69. UGT2B17 

activity against 17-DHE forms exemestane-17-O-glucuronide (17-DHE-Gluc), thereby 
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inactivating 17-DHE and facilitating its excretion in urine64,69 (shown in Figure 2.1). Inter-

individual variability in EXE metabolism has been demonstrated previously, with higher plasma 

17-DHE concentrations occurring in some individuals54,61,64. Genetic factors related to the 

metabolism of 17-DHE may be responsible for 20% to 95% of the variability in EXE response61. 

This may be due to functional polymorphisms in phase I metabolism enzymes that increase 17-

DHE production57,61 or decreased elimination of this metabolite60,61,66. Varying concentrations of 

this active metabolite may play a role in the efficacy, toxicity and quality of life outcomes of 

EXE. 

Detectable activity against 17-DHE has also been shown for UGT1A10, UGT1A8, and 

UGT1A4, but to a minimal extent64. 

Figure 2.1: The Metabolism Pathway of Exemestane 

 

2.7 UGT2B17 and its Function 

 As mentioned above, glucuronidation of 17-DHE is an important step in EXE 

metabolism, and is performed by UGT2B17, which shares more than 95% homology with 

another UGT enzyme, UGT2B15, and has similar substrate specificity68,70,71. It is believed that 

UGT2B17 and UGT2B15 arose from a gene duplication event on chromosome 4q1371,72.  
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UGT2B17 is responsible for the phase II metabolism of many compounds through 

glucuronide conjugation, including some coumarins, anthraquinones, flavonoids, nonsteroidal 

anti-inflammatory drugs (NSAIDs), and phenolic compounds66–68. Importantly, UGT2B17 is also 

responsible for the metabolism and inactivation of C19 steroids, such as androgens and 

estrogens66–68. UGT2B17 helps maintain steady-state levels of endogenous steroid hormones 

through glucuronidation activity, facilitating hormone excretion70. EXE and its metabolites are 

also metabolized by this enzyme, due to their steroidal structure. UGT2B17 is expressed in the 

liver, kidney, skin, lung, breast, uterine and prostate tissues73, with expression in men fourfold 

that of women73,74. This is likely due to its critical role in androgen metabolism, which is of 

greater significance in men72. 

2.7.1 The UGT2B17 Gene Deletion Polymorphism 

A significant number of individuals possess the UGT2B17 whole gene deletion 

polymorphism, which results in an absence of UGT2B1760,64. This deletion allele is in Hardy-

Weinberg equilibrium67,70 with an overall frequency of  0.3 in Caucasians, translating to a 

homozygous deletion in approximately 10% of individuals67,69,70,75–77. The deletion frequency 

varies with ethnicity. Studies report higher deletion frequencies in Asian populations, with 60%78 

to 84%77,79 of individuals having the homozygous deletion. In contrast, the UGT2B17 deletion is 

less common in African Americans, compared with Caucasians, with a reported deletion 

frequency around 0.21, converting to approximately 4% being homozygous for the deletion70,77. 

Levels of UGT2B17 expression are similar between those who are homozygous wild-type (+/+) 

and heterozygous (+/0), but are markedly decreased in those with the homozygous deletion 

(0/0)77,80,81. Without a functioning copy of the UGT2B17 allele, individuals likely have higher 

levels of plasma 17-DHE, and lower levels of 17-DHE-Gluc, as 17-DHE cannot be effectively 
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glucuronidated for excretion in the urine60,64,66,80,81. This results in a higher drug concentration in 

the serum, and a lower concentration in the urine. In fact, there is a 14-fold decrease in 

glucuronidation activity against 17-DHE in human liver microsomes with the homozygous 

UGT2B17 deletion, compared to those with at least one functioning copy of the gene60. 

Furthermore, Luo et al. (2017) found a significant trend between decreasing 17-DHE-Gluc 

concentration and decreasing number of UGT2B17 alleles in vivo81. Those with the UGT2B17 

null genotype have a 41-fold decrease in plasma 17-DHE-Gluc concentration, compared to those 

with two wild-type alleles81. They also found a twofold decrease in 17-DHE-Gluc concentrations 

in those who were heterozygotes81. This demonstrates that having the homozygous UGT2B17 

deletion drastically impacts the pathway by which 17-DHE is metabolized. However, researchers 

observed variation in glucuronide formation within genotype-stratified groups; other factors may 

be involved in glucuronide formation60. 

Similar studies of the UGT2B17 gene deletion have been performed with nicotine75 and 

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL)67,76 glucuronidation. Comparable to 

what has been observed in EXE metabolism, the levels of glucuronidated products and, by 

extension, UGT2B17 activity, are lower in those who are missing at least one UGT2B17 allele, 

with a much larger decrease in those with the homozygous deletion, compared to wild type67,75,76. 

These studies illustrate that the UGT2B17 deletion polymorphism is indeed a functional 

knockout that impacts metabolism.  

Interestingly, Romero-Lorca et al. (2015) studied the relationship between the UGT2B17 

gene deletion polymorphism and tamoxifen metabolism71. They found higher glucuronide 

concentrations in those with the UGT2B17 gene deletion71. This unexpected result suggested that 

another pathway is involved in tamoxifen metabolism. They proposed that in those with the 
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UGT2B17 homozygous deletion, another mechanism was upregulated to compensate for the lack 

of UGT2B17 glucuronidation. Previous research has suggested that a lack of UGT2B17 may be 

compensated by an increase in UGT2B15 expression82, due to their sequence homology and 

similar substrates71. A compensatory mechanism may also affect EXE metabolism. 

2.7.2 The UGT2B17 Deletion Polymorphism and Estrogen 

UGT2B17 gene dosage has been previously shown to influence the level of circulating 

endogenous sex steroids in a study of men83. In this study, those with the UGT2B17 homozygous 

deletion had significantly higher testosterone and estrogen concentrations, likely due to 

decreased steroid elimination83. Emerging evidence in postmenopausal women has suggested 

that increasing androgen concentrations may also result in increased estrogen production through 

aromatase activity, which is of particular importance due to already-low estrogen levels in these 

women72. Giroux et al. focused on bone mineral density, and found that the UGT2B17 deletion 

polymorphism is associated with higher femoral and lumbar spine bone density72, which is 

associated with higher levels of serum estrogen84,85. This association was only found in 

postmenopausal women who never used hormone replacement therapy, as exogenous hormones 

were proposed to mask the protective effect of a woman’s genotype on endogenous hormone 

concentrations72. In comparison, there was no association between UGT2B17 genotype and bone 

mineral density in premenopausal women72. The authors likened the effects of the UGT2B17 

deletion polymorphism to the effects of receiving hormone replacement therapy, suggesting that 

the UGT2B17 effectively increases postmenopausal estrogen levels72. Estrogen has a major role 

in the regulation of bone metabolism in women, as illustrated by the fact that rapid bone loss 

occurs during menopause, when a woman’s estrogen concentration dramatically decreases84,85. In 

postmenopausal women, even minimal amounts of estrogen are determinants of bone mineral 
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density and fracture risk, highlighting the importance of estrogen and its metabolism in 

postmenopausal women85. Similarly, treatment with EXE worsens age-related bone loss in 

postmenopausal women86. In MAP.3, women on EXE experienced a worse decline in bone 

mineral density compared with those on placebo86. This further shows that even low amounts of 

estrogen still play an important role in reducing bone loss, in addition to increasing risk of breast 

cancer, in postmenopausal women86. These findings suggest that UGT2B17 could have an 

important role in postmenopausal estrogen metabolism, where relatively small absolute changes 

in estrogen concentrations may be important. 

2.7.3 The UGT2B17 Deletion Polymorphism and Cancer Risk 

 Due to its role in xenobiotic and sex steroid metabolism, the UGT2B17 deletion 

polymorphism has been studied with respect to its association with certain cancers. There is a 

limited number of papers on this topic, and all have been case-control studies. However, results 

are inconclusive. The UGT2B17 deletion polymorphism has primarily been studied in male 

populations, but some studies have also included women. In terms of prostate cancer, Gallagher 

et al. found there was no association between the deletion and prostate cancer risk in Caucasians, 

with either heterozygotes or those with the homozygous deletion87. In contrast, Park et al. 

reported a significant association between the UGT2B17 deletion and prostate cancer in 

Caucasians, but not in African Americans69. Gallagher et al. adjusted for age, smoking behaviour 

and family history of prostate cancer87, while Park et al. controlled for age, race and smoking 

behaviour69. Notably, the study by Park et al. could not distinguish between individuals who 

were heterozygous and homozygous wild-type, which could explain some differences 

observed69. Angstadt et al. reported a significant association between the UGT2B17 deletion 

polymorphism and decreased risk of colorectal cancer in Caucasians, upon controlling for age, 
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total energy intake and sex80. When stratified, the UGT2B17 deletion was only protective in 

men80. The UGT2B17 deletion has also been associated with an increased risk of lung cancer in 

Caucasian women, but not in men, upon adjusting for age, BMI, education level and smoking 

habits67. Moreover, Eskandari-Nasab et al. studied the UGT2B17 deletion and breast cancer 

risk88. They found a significant association between the deletion and increased breast cancer risk, 

after adjusting for age, in an Asian population. However, this study did not separate those who 

were heterozygous for UGT2B1788. The UGT2B17 deletion has also been associated with 

increased or decreased breast cancer survival outcomes, depending on the cancer subtype89. 

Due to these conflicting results, a meta-analysis was conducted73. Overall, it was 

concluded that the UGT2B17 deletion is not associated with tumour risk73. However, this meta-

analysis combined studies from several cancer sites, including prostate, colorectal, lung and 

breast. Although, upon removing select studies, there was no significant heterogeneity of studies, 

it would be best to separate studies of different cancer sites, given the different etiologies (eg. 

estrogen is protective for colon cancer). However, given the limited scope of the present 

literature, studies of different cancer sites needed to be combined. Generally, it appears that 

significant associations may be reported if heterozygotes were not separated in the analysis, 

which is a less accurate exposure measurement. This meta-analysis also used unadjusted 

estimates when combining study results, as some information from certain studies was missing 

on potential confounders. Furthermore, current studies have been predominantly in Caucasian 

populations. As a result, risk estimates for different races, for which there may be low power, 

need to be interpreted carefully. 
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2.8 Pharmacogenetic Studies of SERMs and AIs 

 As seen with EXE and the UGT2B17 deletion, metabolizing enzymes play an important 

role in drug concentrations and, by extension, their effects. Pharmacogenetic factors are 

responsible for some variability in response between patients90. Previous pharmacogenetic 

studies have been performed with SERMs and AIs in relation to other metabolism pathways, 

identifying potential biomarkers associated with clinical outcomes. 

 Polymorphisms in CYP19A1, which encodes aromatase, are associated with varying 

estrogen concentrations and greater changes in aromatase activity after AI treatment91,92. 

Aromatase polymorphisms are also associated with differences in the effects of AIs91; some 

polymorphisms are associated with poor AI response, while others are associated with positive 

responses to AIs93. Some CYP19A1 polymorphisms improve time to treatment failure in breast 

cancer patients94,95. Aromatase polymorphisms are also associated with toxicity outcomes, as 

some genotypes are associated with higher odds of vasomotor symptoms94.  

Anastrozole has large variability in its efficacy and tolerability due to variations in its 

metabolism, and is glucuronidated by UGT1A490,96. Polymorphisms of this gene are thought to 

play a role in patient response92. Estrogen concentrations after anastrozole treatment are also 

associated with some single nucleotide polymorphisms (SNPs) in metabolizing enzymes90. 

Likewise, letrozole concentrations vary more than 10-fold between patients97. Letrozole is 

metabolized to inactive secondary metabolites by CYP2A6, which exhibits polymorphic 

variation92,98. Variants in CYP2A6 have been associated with variation in plasma letrozole 

concentration, suggesting that metabolism of the drug may account for inter-individual 

differences in efficacy and toxicity97,98. However, the drug clearing mechanism could not be 
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confirmed due to a lack of metabolite data97. Moreover, as mentioned above, the UGT2B17 

deletion polymorphism has been associated with decreased glucuronidation activity against 17-

DHE60,64. In theory, altered UGT2B17 enzymatic activity plays a role in the efficacy and toxicity 

of EXE. Low UGT2B17 activity would increase active 17-DHE concentration, while high 

UGT2B17 activity would decrease the active drug concentration. However, this polymorphism 

has not yet been studied in relation to clinical outcomes. 

 Genome-wide association studies (GWAS) conducted on SERMs and AIs have found 

potential SNPs that are associated with variable estrogen and metabolite concentrations90. Some 

polymorphisms have been implicated in drug efficacy and toxicity90,99,100. In addition, Ingle et al. 

(2010) conducted a GWAS and identified four SNPs that were associated with musculoskeletal 

adverse events in postmenopausal women taking EXE or anastrozole100. Those with the variant 

polymorphisms may be more responsive to estrogen levels, illustrating that genetic 

polymorphisms may have an effect on treatment toxicities and quality of life. In this respect, 

SNPs of metabolizing enzymes may have use as potential prognostic and/or predictive 

biomarkers. 

2.9 Health-Related Quality of Life  

 Health-related quality of life (HRQL) is an established field in clinical trials research. An 

individual’s global quality of life is a multidimensional construct, defined as one’s personal 

perception of well-being and functioning101, which varies between individuals based on his or 

her values, beliefs, preferences, perceptions and experiences102. HRQL encompasses one’s 

physical, mental, emotional and social functioning. HRQL data helps inform clinical decision-

making by attempting to balance the pros and cons of treatment and predict prognosis101,103. As 
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opposed to physician assessments of toxicities in cancer trials (using the Common Terminology 

Criteria for Adverse Events), HRQL data is patient-reported using questionnaires, since 

observers can be poor judges of symptoms that contribute to HRQL but are typically subjective 

in nature104. HRQL data aims to capture additional insight about the treatment experience that 

would not otherwise be ascertained with biomedical measurements alone101, in an effort to 

improve treatment efforts and understand the effect of treatment on a patient’s symptom burden 

and impact on daily activities and quality of life105. There are often differences between patient- 

and physician-reported outcomes, especially with non-life-threatening events; HQRL research 

helps reconcile these differences106. However, the subjective nature of HRQL research has drawn 

criticism, and therefore questionnaires must be validated and comprehensive105. 

2.9.1 Measurement of Health-Related Quality of Life 

 Validated instruments have been developed to measure specific aspects of HRQL in both 

healthy and disease-specific populations. Instruments must be sensitive enough to detect relative 

changes in HRQL within an individual105. Cancer prevention trials have typically used the 

Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) questionnaire35,51,107 which 

describes overall HRQL and domains of HRQL related to physical and mental functioning in 

diverse population settings. However, the SF-36 is often supplemented by other disease- or 

symptom-specific instruments to better capture changes in HRQL in specific study 

populations104. Menopausal symptoms, such as night sweats, have been associated with lower 

HQRL108. The Menopause-Specific Quality of Life Questionnaire (MENQOL) (Appendix A) is 

often used in studies with postmenopausal women to assess the presence and severity of 

menopause-related symptoms associated with endocrine therapy109. This previously validated 

questionnaire consists of 32 questions spanning four domains: vasomotor, physical, sexual and 
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psychosocial functioning. Each domain of the MENQOL has also been validated separately. 

Participants are asked whether they have experienced each symptom in the last four weeks, and 

the severity of each symptom is rated on a 7-point Likert scale. A higher score means more 

bothersome symptoms, corresponding to worse HRQL in that menopausal domain.  

2.9.2 Meaningful Change in Quality of Life 

 Calculating the magnitude of change from baseline in overall and domain-specific HRQL 

scores helps to quantify the impact of therapy on HRQL. Typically, HRQL research defines a 

minimally important difference, which is used to determine what changes in HRQL are deemed 

important to the average patient103. In a chemoprevention setting, measuring a decline or 

worsening in overall or specific domains of HRQL is most relevant to the decision making 

process when women consider cancer preventative agents, as preventive agents are not 

absolutely necessary110. With chemoprevention, some individuals may experience harm, with no 

real personal benefit106. Previous studies have identified a clinically meaningful change as one 

corresponding to a 5% to 10% change in a domain’s score, which represents a 0.5/8 point change 

on the MENQOL (6.25% change) and is the minimally important detectable difference111–113. 

2.10 Vasomotor Health-Related Quality of Life 

 Administration of SERMs and AIs is associated with several adverse effects with varying 

degrees of severity. Common complaints include vasomotor symptoms (such as hot flashes, 

night sweats and increased sweating), gynecological symptoms and musculoskeletal 

problems106,110,114–116, symptoms which are associated with lower menopause-related 

HRQL108,110. This project focuses on vasomotor symptoms and their impact on an individual’s 

vasomotor-specific domain of HRQL.  
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Vasomotor symptoms are commonly experienced by most women during and after 

menopause. They are episodes of extreme heat and sweating due to sudden blood flow increases, 

mainly around the neck, head, chest and upper back117. The MENQOL contains three questions 

relating to vasomotor symptoms and their impact on vasomotor HRQL: 1) hot flushes or flashes; 

2) night sweats and; 3) increased sweating109. 

 Vasomotor HRQL has been studied in previous trials comparing SERMs and AIs. There 

have been several trials in the adjuvant setting that have studied vasomotor HRQL. The 

Intergroup Exemestane Trial compared EXE with tamoxifen after two to three years of 

tamoxifen therapy116. Researchers found that patients in both treatment arms experienced similar 

rates of problematic vasomotor symptoms, with 19% of women reporting at least one vasomotor 

symptom during the study116. Upon treatment completion, these women experienced fewer hot 

flashes, night sweats and cold sweats, and most problems disappeared after five years, suggesting 

that these symptoms were due to early effects of treatment116. Jones et al. (2007) compared EXE 

with tamoxifen, and reported that hot flashes were most frequent and intense at three months in 

both arms115. Hot flash scores decreased thereafter, a result consistently reported in other 

trials110,118. At 12 months, those on tamoxifen reported a higher mean hot flash score than those 

on EXE, suggesting that EXE has a better vasomotor toxicity profile than tamoxifen115. In 

addition, the TEAM trial found that those randomized to tamoxifen experienced more vasomotor 

symptoms than those on EXE119. Similarly, Whelan et al. (2005) found that vasomotor HRQL 

was worse in those given letrozole, compared with placebo, after five years of tamoxifen 

therapy120. Symptoms improved over time, as with other AI trials120. The BIG 1-98 trial reported 

that those on tamoxifen had more frequent vasomotor symptoms than those on letrozole121. 

Participants on the MA.27 trial, comparing EXE and anastrozole, experienced high rates of 
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vasomotor symptoms, with approximately 1 in 2 women complaining of vasomotor or joint 

symptoms114. Furthermore, the ATAC trial reported that those on anastrozole had fewer cold 

sweats than those on tamoxifen at two years49, but there were no vasomotor differences at five 

years122. These adjuvant trial results indicate that vasomotor HRQL declines in postmenopausal 

women on AI treatment. Vasomotor HRQL is worst soon after starting treatment, and gradually 

improves, likely due to habituation of symptoms over time, discontinuation, or non-adherence to 

protocol. Vasomotor symptoms are common on AI treatment, demonstrating that vasomotor 

HRQL is a significant factor when administering AIs to postmenopausal women. 

In the prevention setting, MAP.3 results showed a greater change in vasomotor HRQL in 

women in the EXE group, with the highest scores reported at six months110. This indicator 

worsened in 55% of the women on EXE and 47% of the women on placebo over the duration of 

the trial (RR = 1.17)110. There was also a higher incidence of very bothersome vasomotor 

symptoms in women on EXE110. The IBIS-II trial comparing anastrozole to placebo did not 

report quality of life data, but vasomotor symptoms were more common in women on 

anastrozole compared to placebo (57% of those on anastrozole vs. 49% of those on placebo)52. 

2.11 Treatment Discontinuation due to Worsened Vasomotor Quality of Life 

 Adherence to AI treatment is dependent on an individual’s HRQL, with some side effects 

becoming bothersome enough to prompt treatment discontinuation106. In MAP.3, 32% of those 

on EXE and 28% of those on placebo discontinued treatment110, with the most significant 

difference occurring at 6 months (10.4% vs. 6.5%, respectively). At 6 months, vasomotor HRQL 

was worse in those on EXE (RR = 1.17), which was one of the primary reasons for 

discontinuation110. Those with more severe symptoms were more likely to leave the trial; 
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Meggetto et al. (2017) found that worsened vasomotor HRQL, as reported by the MENQOL, 

was significantly associated with early treatment discontinuation (RR: 1.50, 95% CI: 1.28, 

1.75)123,  demonstrating the impact of vasomotor symptoms on AI treatment. 

2.12 Additional Factors Associated with Vasomotor Symptoms 

 Vasomotor symptoms are common in menopausal women, regardless of whether they are 

on endocrine therapy (SERMs or AIs). Several risk factors have been associated with vasomotor 

symptoms in previous studies. These studies have been both cross-sectional and prospective, and 

have drawn similar conclusions with respect to risk factors for vasomotor symptoms.  

In terms of physical risk factors, increasing age is well-established as a risk factor for 

vasomotor symptoms based on data from prospective studies124. However, vasomotor symptoms 

become less bothersome the further removed a woman is from the transition through menopause. 

In MAP.3, vasomotor symptoms were more prevalent in postmenopausal women less than 60 

years of age, compared to women 60 years or older110. Higher BMI has been consistently 

associated with hot flashes124–126. However, studies on BMI have not controlled for the same 

confounders; all studies controlled for age, but some did not account for additional variables, 

such as smoking status, education level or exercise125. Studies on race have shown that 

vasomotor symptoms are more common in African Americans, and less common in Asians117,127. 

These results are from the Study of Women’s Health Across the Nation (SWAN), which is one 

of the largest and most racially diverse prospective studies on women’s health. Moreover, 

smoking is associated with vasomotor symptoms, after adjusting for education, BMI and 

race117,124. Lower exercise level has also been associated with worsened vasomotor symptoms126. 
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Additional risk factors include having more children124, a history of comorbidities128 and higher 

stress levels128.  

 Sociodemographic risk factors for vasomotor symptoms include: lower socioeconomic 

status (SES)117, lower education level126 and employment status126, after controlling for smoking, 

race, age126, exercise126, BMI126 and reproductive hormone levels117. These observations are from 

cross-sectional data, so a temporal relationship cannot be established. Being of higher SES may 

lead to increased access to health care services to relieve vasomotor symptoms, which could 

partially explain some of the relationships that were reported126.  

Notably, the majority of the literature on vasomotor symptoms has been in Caucasian 

populations, similar to the population distribution in MAP.3. In this respect, confounding by race 

is not an issue, but conclusions may not be applicable to non-Caucasian populations. The 

longitudinal studies have generally been in premenopausal women, so associations may be 

different in the postmenopausal population. Furthermore, studies of vasomotor symptoms have 

used a variety of measurement methods, from the number of days in the previous 2 weeks that a 

participant experienced vasomotor symptoms128, to the MENQOL, which assesses the presence 

and severity of vasomotor symptoms in the past 4 weeks126. Therefore, studies may not be 

directly comparable. However, similar associations between risk factors and vasomotor 

symptoms have been found across multiple study designs (i.e. prospective cohort vs. cross-

sectional studies), which increases the confidence in these findings. 

2.13 Additional Factors Associated with the UGT2B17 Deletion Polymorphism 

 Aside from variations in deletion frequency between races, the UGT2B17 deletion 

polymorphism has been linked to BMI in males, but not females129,130. In these studies, lower 
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UGT2B17 activity was associated with lower BMI in men. This may be due to the major role of 

UGT2B17 in testosterone metabolism, as reduced UGT2B17 activity leads to less testosterone 

excretion, resulting in higher testosterone concentrations. 

2.14 Limitations of the Literature 

 Pharmacogenetic studies have been performed on SERMs and AIs, and have been 

successful in characterizing the effects of specific polymorphisms on estrogen and drug 

concentrations. However, none have examined UGT2B17 deletion polymorphism with respect to 

clinical outcomes in a chemoprevention setting. Several papers have studied the effects of the 

UGT2B17 deletion on EXE metabolite concentrations, showing that those without functioning 

UGT2B17 cannot effectively glucuronidate 17-DHE. However, these findings have not been 

combined with HRQL or toxicity data to gain a better understanding of one’s experience on 

EXE. 

 In previous studies of vasomotor HRQL, there is often no clear, systematic definition of 

worsened HRQL. Some studies did not have an a priori definition of what constitutes worsened 

HRQL, so it is difficult to assess whether the HRQL changes studied were clinically meaningful. 

Assessments were also performed with a variety of instruments, including the MENQOL, which 

makes results difficult to compare. Physician-reported toxicity data tends to agree with HRQL 

data for more objectively measured symptoms (such as vomiting). However, for more subjective 

symptoms (such as hot flashes), toxicity reports do not agree very well with HRQL data131. 

HRQL data is not reported as frequently as toxicity data, further limiting the comparability 

between studies131.  
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2.15 Summary and Rationale 

 AIs are an emerging option in breast cancer chemoprevention, due to their favourable 

toxicity profile, compared with SERMs. As EXE metabolites, notably 17-DHE, are involved in 

the efficacy and toxicity of EXE, one’s UGT2B17 polymorphism status should be implicated in 

the effectiveness and toxicity of treatment, as this enzyme is responsible for elimination. Those 

with the UGT2B17 deletion polymorphism have marked decreases in UGT2B17 activity. The 

UGT2B17 gene deletion is associated with decreased 17-DHE-Gluc formation, theoretically 

corresponding with an increase in 17-DHE levels. This results in higher concentrations of the 

active drug. It is hypothesized that higher 17-DHE concentrations increase the frequency and/or 

severity of side effects associated with EXE, thereby worsening the vasomotor HRQL of 

postmenopausal women taking EXE in a chemopreventative setting. Conversely, in those on 

placebo, the UGT2B17 deletion should increase testosterone concentrations, allowing for 

increased estrogen production through the aromatase reaction. In turn, higher estrogen levels 

should result in more stable vasomotor HRQL experiences in those not taking EXE. This 

relationship is presented as a conceptual diagram in Figure 2.2. This study also explores whether 

vasomotor HRQL-related treatment discontinuation is modified by the UGT2B17 deletion 

polymorphism. This project uses data from the Canadian Cancer Trials Group MAP.3 trial to 

examine the effect of the UGT2B17 deletion polymorphism on participants’ vasomotor HRQL. 

Results from this study will help inform whether or not this gene deletion may be used as a 

biomarker to predict a woman’s vasomotor HRQL prior to drug administration. 
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Figure 2.2: Conceptual Diagram of the Relationship between the UGT2B17 Gene Deletion 

Polymorphism and Vasomotor HRQL 
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Chapter 3 

Methods 

3.1 Study Objectives 

The objectives of this thesis are: 

1. To determine the association between the UGT2B17 gene deletion polymorphism and 

prevalent vasomotor symptoms at baseline, prior to exemestane randomization.   

Hypothesis: At baseline, prior to exemestane randomization, those with the UGT2B17 

deletion may experience fewer vasomotor symptoms due to increased estrogen 

concentrations. 

2. A) To determine the association between the UGT2B17 gene deletion polymorphism and 

meaningful worsening in vasomotor HRQL at one year compared to baseline, and 

whether this association is modified by i) exemestane treatment or ii) age. 

B) To determine the association between the UGT2B17 gene deletion polymorphism and 

the incidence of adverse vasomotor HRQL within one year, and whether this association 

is modified by i) exemestane treatment or ii) age. 

Hypothesis: During study follow-up, the UGT2B17 deletion may have detrimental effects 

for women randomized to exemestane. With less of the inactive glucuronidated metabolite 

formed, less of the active drug should be eliminated, thereby increasing the concentration 

of active 17-DHE in the serum. Higher concentrations of 17-DHE likely correspond to 

increased toxicities and lower vasomotor HRQL. Women on placebo with the UGT2B17 
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deletion may experience better vasomotor HRQL due to increased estrogen 

concentrations. These relationships may become more evident when higher thresholds 

are used to characterize very bothersome vasomotor HRQL, as in Objective 2b. In 

addition, it is hypothesized that the effects will be stronger in women less than 60 years 

old who have transitioned through menopause more recently. 

3. To explore potential effect modification of the UGT2B17 gene deletion polymorphism on 

the relationship between incident adverse vasomotor HRQL at 6 months and early 

treatment discontinuation in the first year. 

Hypothesis: Those with the UGT2B17 deletion may be protected from early treatment 

discontinuation despite incident adverse vasomotor HRQL, especially women in the 

placebo group. 

3.2 Overview of CCTG MAP.3 Trial 

 This thesis project is nested within the Mammary Prevention.3 (MAP.3) 

chemoprevention trial, conducted by the Canadian Cancer Trials Group. This was an 

international, multicentre, double-blind, placebo-controlled, phase III randomized trial aimed at 

evaluating exemestane (EXE) 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, incidence of receptor-negative breast cancer, 

incidence of breast disease (including lobular carcinoma in situ and ductal or lobular 

hyperplasia), bone fractures, cardiovascular events, incidence of other cancers and health-related 

quality of life (HRQL). 
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 A total of 4,560 women were recruited from Canada, the United States, France and Spain 

over the course of six years. Recruitment began in September 2004 and ran until March 2010. 

Overall, 2285 women were randomized to EXE and 2275 women were randomized to placebo, 

with a maximum duration of 5 years. At baseline, data on a participant’s demographics, family 

history of cancer, reproductive history, medical history, lifestyle behaviours and concomitant 

medication use were collected. Additionally, participants underwent a physical examination, 

which measured height, weight, blood pressure and pulse. A clinical breast investigation was 

also performed to verify no breast abnormalities. Blood samples were drawn from each MAP.3 

participant at baseline, year 1 and year 5 or at the time of early discontinuation. A non-fasting 

blood sample was collected at these time points and was centrifuged, 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 then stored at -80ºC. Toxicities and adverse 

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

Adverse Events (CTCAE), version 3.02. HRQL information was collected at baseline and 

follow-up visits using the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) 

and the Menopause-Specific Quality of Life Questionnaire (MENQOL)3. Breast cancer events 

were detected either through annual mammography or clinical breast examinations during 

scheduled follow-up visits.  

 Participants were followed at scheduled visits after randomization. These visits were at 6, 

12, 24, 36, 48, and 60 months from baseline. Each follow-up visit included a physical 

examination, a review of concomitant medication use, an assessment of symptoms and adverse 

events, and administration of HRQL questionnaires. Clinical assessments and follow-up for 

clinical outcomes and adverse events continued for those who discontinued the study. 
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Information was collected until June, 2011, at which point the study’s primary results were 

published and participants were unblinded. 

3.2.1 Study Participants 

 MAP.3 participants were postmenopausal women aged 35 or older. Postmenopausal 

women were defined as those who were ≥ 50 years of age with no menses for at least 12 months 

prior or < 50 years of age with no menses within 12 months of randomization and a follicle-

stimulating hormone concentration within the normal postmenopausal range. Furthermore, to be 

eligible, women required at least 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 in MAP.3 were: premenopausal women, previous invasive breast 

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

breast cancer (carriers of the BRCA1 or BRCA2 gene), 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. 

3.3 Thesis Project Overview 

 This thesis is nested within the MAP.3 clinical trial. It can be classified as a prospective 

cohort study spanning 1 year of follow-up, consisting of all postmenopausal women enrolled in 

MAP.3 who consented to genetic testing, regardless of which treatment they were randomized to. 

Upon enrolment, data on participant characteristics were collected on all participants. 
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Participants were followed for up to 5 years after randomization, and an individual could 

withdraw from the study at any time. Figure 3.1 presents a participant flow diagram, illustrating 

follow-up throughout the duration of MAP.3. No participants had either outcome (worsened 

vasomotor quality of life and treatment discontinuation) at baseline, due to the prospective nature 

of the outcome. Information on quality of life, as well as handling of blood samples for genetic 

testing, was systematically collected for all participants. 
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Figure 3.1: MAP.3 Participant Flow Diagram 
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3.4 Determination of UGT2B17 Gene Status 

 The exposure in Objectives 1 and 2, and the effect modifier in Objective 3 is the 

UGT2B17 deletion polymorphism. This was obtained from blood samples from all women who 

consented to genetic testing upon enrolment in MAP.3. At baseline, year 1, and year 5 or at the 

time of early discontinuation, blood samples were drawn from each MAP.3 participant. These 

blood samples were sent to the Department of Pharmaceutical Sciences, College of Pharmacy at 

Washington State University for genotyping and metabolite analysis. Baseline samples were 

genotyped for the UGT2B17 deletion polymorphism using a novel high-throughput procedure 

that uses real-time PCR and allelic discrimination. The number of copies of the UGT2B17 gene 

was recorded and used to determine one’s exposure status. The UGT2B17 copy number variable 

was categorized into three categories: 1) homozygous deletion (0/0); 2) heterozygous (+/0) and; 

3) homozygous wild type (+/+). Each of the heterozygous and homozygous null categories were 

compared to the homozygous wild type category (which was the reference group) in the 

analyses. UGT2B17 status was assessed as a three-level categorical variable to examine potential 

gene dosage effects. 

3.5 Assessment of Vasomotor Quality of Life 

 The outcome in Objective 1 is prevalent adverse vasomotor HRQL at baseline, as 

assessed by the Menopause-Specific Quality of Life Questionnaire (MENQOL). Clinically 

significant worsening of vasomotor health-related quality of life, assessed by MENQOL, is the 

outcome in Objective 2a of this project. A more extreme conceptualization of vasomotor health-

related quality of life, reflecting incident adverse vasomotor HRQL, is the outcome in Objective 

2b, as well as the exposure in Objective 3. Vasomotor quality of life was chosen as the outcome 
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of interest due to the prevalence of vasomotor symptoms among women on MAP.3 and previous 

associations with aromatase inhibitor use1. These symptoms were also associated with cases of 

early discontinuation4. Since vasomotor symptoms are common menopausal characteristics, the 

MENQOL is the best instrument to measure vasomotor HRQL, as it focuses on menopause-

specific concerns and includes targeted vasomotor questions. MAP.3 also collected HRQL data 

using SF-36, but this questionnaire is not as useful in capturing menopausal symptoms. The 

following sections describe the MENQOL questionnaire, how it is scored, and how it is used to 

define a clinically meaningful worsening in vasomotor HRQL.  

3.5.1 The Menopause-Specific Quality of Life Questionnaire 

 The MENQOL is a self-administered quality of life instrument that is used to evaluate the 

presence and severity of several menopause-specific symptoms3. It includes 32 questions 

spanning four domains: vasomotor, physical, sexual and psychosocial functioning (Appendix 

A). Each question is associated with a single domain. Participants are asked whether they have 

experienced a symptom and their level of bother associated with that symptom in the last month. 

Bother is scored on a 7-point Likert scale (ranging from 0 to 6 and later converted from 1 to 8), 

with higher scores corresponding to more bothersome symptoms (and worse HRQL) and lower 

scores corresponding to less bothersome symptoms (and therefore, better HRQL). A domain 

score can be calculated by averaging the scores from each question that makes up the domain of 

interest. The MENQOL has been previously established as a valid, reliable and responsive tool to 

assess HRQL in postmenopausal women3. 
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3.5.2 Vasomotor Domain Scoring Using the MENQOL 

 For each of the 32 questions in the MENQOL, a participant indicates whether they have 

experienced the specific symptoms (yes or no), and the level of bother associated with that 

symptom if it was present. In accordance with the originally published and validated MENQOL 

scoring method3, a “No” response to an item was assigned a final score of ‘1’. If a respondent 

answered “Yes”, they were then asked to rate the amount of bother for that item on a scale of 0-

6. The MENQOL scores were converted to a final score by adding 2 points to the “Yes” 

responses with a 0-6 rating. Therefore, having the particular symptom, but not being bothered at 

all by it, was assigned a final score of 2, while experiencing the most extreme bother from a 

symptom was assigned a final score of 8. The Likert scale allows for participants to report 

varying degrees of bother associated with their symptoms. 

 The vasomotor domain of the MENQOL is a weighted summary score of three items, 

namely the presence and bother associated with: hot flushes or flashes (question 1), night sweats 

(question 2) and increased sweating (question 3). Overall, a total vasomotor score of 24 is 

possible (maximum score of 8 points for each of the three questions). The total vasomotor score 

is divided by 3 (the number of questions) to calculate the HRQL score for the vasomotor domain. 

This vasomotor domain score was calculated for baseline, 6 months and 12 months for those who 

answered at least 2 of the 3 vasomotor questions at each visit. In the event that a respondent only 

answered 2 questions, the aggregate vasomotor score (out of 16 from two items) was divided by 

2 to obtain an average, in order to minimize the number of participants excluded.  
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3.5.3 Definition of Adverse Vasomotor HRQL 

Objectives 1, 2b, and 3 of this project focus on adverse vasomotor HRQL. Previous work 

using the MENQOL has defined “extremely bothersome” menopausal symptoms using absolute 

domain score thresholds5; MENQOL domain scores of ≥ 5 and ≥ 6 or greater were used to define 

extreme bother. Using the MENQOL, our study defined adverse vasomotor HRQL as reporting a 

vasomotor domain score of 5 or greater (out of a possible 8). A score of 5 was chosen as the 

outcome threshold upon taking into account the breadth of the MENQOL scale and examining 

the vasomotor score distribution at 6 and 12 months. 

3.5.4 Definition of a Clinically Meaningful Worsening in Vasomotor Quality of Life 

 The vasomotor score differences between baseline and a) 6 months and b) 12 months 

were calculated to obtain vasomotor HRQL changes for these two time points6. A clinically 

meaningful worsening in quality of life in the vasomotor domain has been previously defined 

using the MENQOL1,4,5. An anchor-based approach was used to establish a minimally important 

difference in vasomotor HRQL changes within 1 year7–9. This method considers an individual’s 

baseline status, and compares it to follow-up assessments10. Previous work using the MENQOL 

defined a meaningful change as a 0.5-point average increase from baseline in the vasomotor 

domain, corresponding to a 5% – 10% change4,5. This difference is the minimally important 

difference at which participants, on average, perceive a clinically meaningful change, and it 

considers differences between individuals’ perceptions. If a respondent experienced a 0.5-point 

or greater increase in their vasomotor domain score at either 6 months or 12 months, they were 

categorized as having worsened vasomotor HRQL in the analysis for Objective 2a. A flexible 

time window of ‘within 12 months’ was chosen due to previous MAP.3 results showing that 
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vasomotor symptoms were responsible for early treatment discontinuation within 1 year4,5, and 

to allow for less missing data. Follow-up visits at 6- and 12-months were defined by a 6-month 

time window, spanning 3 months prior to and 3 months after the scheduled visit (i.e. 12-month 

visits were within 9 to 15 months from baseline).  

 Objective 2b explored the development (incidence) of adverse vasomotor HRQL among 

those who initially had few-to-no symptoms. Despite evidence that a 5% – 10% change is 

clinically perceptible, a 0.5-point increase in a MENQOL domain score is a fairly liberal 

definition for worsened quality of life. For some individuals, more severe symptoms and 

associated bother may be more meaningful. This objective focused solely on women who had a 

baseline vasomotor domain score of 2 or less, as these women initially experienced little bother 

as a result of their symptoms (if present). If, at either 6 months or 12 months, a participant 

reported a vasomotor score of 5 or greater, she was classified as having the outcome. As in 

Objective 1, an outcome threshold domain score of 5 was chosen upon examining the vasomotor 

score distribution at 6 and 12 months. Compared to the outcome in Objective 2a, this outcome of 

incident adverse vasomotor HRQL corresponds to at least a 30% change in vasomotor HRQL, as 

opposed to a 6.25% change (0.5 / 8) in the prior definition. Objective 2b re-runs all analyses 

from Objective 2a in a subset of the trial population using this more extreme conceptualization of 

worsened vasomotor HRQL. 

3.6 Early Discontinuation of Study Treatment 

 As a secondary analysis, Objective 3 focuses on early treatment discontinuation as the 

outcome of interest. Previous work on the MAP.3 cohort found that worsened vasomotor HRQL 

was associated with increased early discontinuation4. In this analysis, early discontinuation was 



55 
 

defined as an individual going off protocol therapy (either EXE or placebo) within one year of 

randomization. The exposure of interest was incident adverse vasomotor HRQL at 6 months (the 

outcome in Objective 2b). UGT2B17 genotype was explored as an effect modifier of the 

relationship between the development of adverse vasomotor HRQL and early discontinuation. 

Those who discontinued due to a breast cancer event (the primary endpoint of MAP.3) were not 

considered to have discontinued early. If a woman wished to withdraw from the study, she 

informed study personnel during a follow-up visit, at which point staff recorded the date of last 

dose and reason for discontinuation. 

3.7 Baseline Participant Characteristics / Covariates 

 Several baseline participant characteristics were considered when examining the 

relationship between the UGT2B17 deletion polymorphism and vasomotor quality of life. A 

priori, age, race and EXE treatment allocation were identified as potential confounders in the 

unstratfied analyses. Other participant characteristics were considered as potential precision 

variables in the fully adjusted model. It is unlikely that these additional variables could confound 

the relationship of interest since they are likely unrelated to a genetic exposure. Data on these 

factors were collected from two evaluation forms at baseline, Form 1 (Appendix B) and Form 

1A (Appendix C). Form 1 was completed by study centre staff aided by medical record 

abstractions, while Form 1A was completed via participant interview about her 

sociodemographic information in addition to her reproductive and medical history. 

Sociodemographic Variables 

 Age at baseline was treated as a categorical variable (<50, 50-59, 60-74, ≥75 years) to 

remain consistent with previous literature. Age was also explored as an effect modifier; in this 
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case, age was categorized as <60 and ≥60. Years since menopause (<5, 5-9, ≥10 years) was also 

explored as an alternative age measure, but ultimately was not used in the final analysis due to its 

collinearity with age. Marital status was dichotomized into two categories: married and not-

married (which included single, separated, divorced and widowed). Highest level of education 

was classified as high school or less, college diploma, and university or graduate degree. 

Combined family income level was split into ≤$20,000, $20,000 - $39,999, $40,000 – $59,999, 

$60,000 - $79,999, and ≥$80,000 per year. Employment status was dichotomized into currently 

employed and currently unemployed. Race was grouped into 4 categories: Caucasian, African 

American, Asian, and Other Races. If an individual self-identified as multiple races, the non-

Caucasian race was prioritized. Other Races included Native Hawaiian or Pacific Islander, 

American Indian or Alaskan Native, and Unknown; these races were combined to reduce small 

cell counts, as few MAP.3 participants identified with these categories. Despite low numbers of 

Asian participants, this group was separated out due to the higher UGT2B17 deletion frequency 

in the Asian population. 

Lifestyle Variables 

 BMI was calculated using a participant’s baseline weight in kilograms and height in 

meters squared (kg/m2). Participants were categorized into: normal weight (BMI <25.00), 

overweight (25.00 – 29.99), and obese (≥30.00). Underweight women (BMI <18.50) were 

combined with normal weight women, as there were few women who fit this criteria. Otherwise, 

the estimates for underweight women would be imprecise. Smoking status was categorized into 

never smokers, past smokers and current smokers, based on a woman’s smoking history. 
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Reproductive and Family History Variables 

Gail score11, as a continuous variable, was explored as a potential precision variable for 

worsened vasomotor HRQL. An individual’s lifetime number of cumulative menstrual cycles 

(LCMC) was investigated as a confounder of the relationship between the UGT2B17 deletion 

polymorphism and worsened vasomotor HRQL. This is a composite measure that takes into 

account age at menarche, number of full term births, breastfeeding duration, oral contraceptive 

use, number of non-full-term pregnancies and age at menopause. Chavez-MacGregor et al. 

(2005) developed a method to calculate LCMC12. Due to insufficient detail for some variables, 

adjustments to this method were needed. Assumptions made included: regularization of 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 split into six groups, <350, 350-399, 400-449, 450-499, ≥500 and a missing 

category. Furthermore, the number of first-degree relatives with breast cancer and the number of 

first-degree relatives with benign breast disease were explored as separate predictors of 

vasomotor quality of life. These variables were created by summing mothers, sisters and 

daughters with breast cancer or benign breast disease. The number of first-degree relatives was 

then categorized as 0 First-Degree Relatives, 1 First-Degree Relative and ≥2 First-Degree 

Relatives. 

Other Medications 

 EXE treatment was a dichotomous variable, corresponding to an individual’s treatment 

randomization. Concomitant medications considered in the analysis included nonsteroidal anti-

inflammatory drugs (NSAIDs) that could potentially be competitive inhibitors for UGT2B17. 
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Notably, this excludes aspirin (at high- or low-dose). NSAID use was coded as a dichotomous 

variable.  

3.8 Statistical Analyses 

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

North Carolina). All tests were performed with an alpha value of 0.05, and 95% confidence 

intervals (CIs) were reported where appropriate. Descriptive analyses of UGT2B17 status, 

worsened vasomotor HRQL, early discontinuation and baseline characteristics were carried out 

before analyzing the data based on the above objectives. Categorical variables were described 

using proportions, while continuous variables were described with their mean and standard 

deviation. 

3.8.1 Analysis for Objective 1 

 All women in the study population who completed the MENQOL at baseline were 

eligible to be included in Objective 1. If an outcome is not a rare event (>10% prevalence in the 

study population), then the odds ratios obtained from a logistic regression model will 

overestimate the relative risk13,14. In this study, the outcome of adverse vasomotor HRQL at 

baseline had a prevalence of 10%. As this prevalence is at the threshold for a ‘rare’ event, it was 

decided that risk estimates would not be obtained using logistic regression. Instead, a log-

binomial regression model was initially employed to analyze this outcome, but this model failed 

to converge. Consequently, a Poisson regression model was used with a robust variance estimate 

(modified Poisson regression)15. The Poisson regression model is a generalized linear model that 

is appropriate for calculating risk estimates for common outcomes. It uses a logarithm link 

function and assumes a Poisson error distribution. However, the Poisson regression 
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overestimates the error for a relative risk when applied to binomial data. The modified Poisson 

model accounts for this error overestimation by obtaining a robust error estimator15. For k 

covariates, the modified Poisson model can be written as: 

log(𝜆) = 𝛽0 + 𝛽1𝑋1 + ⋯ + 𝛽𝑘𝑋𝑘 

where 𝜆 is the incidence rate of worsened vasomotor HRQL and Xi are covariates in the model. 

The relative risk (RR) for a covariate can be calculated by exponentiating its 𝛽 coefficient (𝑒𝛽𝑖). 

 The exposure in Objective 1 was the UGT2B17 deletion polymorphism, categorized by 

the number of functional copies of this gene (ie. homozygous wild type, heterozygous, 

homozygous deletion), with homozygous wild type as the reference category. The outcome was 

having adverse vasomotor HRQL at baseline, before treatment assignment was a factor. This 

outcome was dichotomized into severely bothered and not severely bothered, based on a baseline 

vasomotor domain score of 5. A participant had the outcome if her vasomotor score was ≥ 5, and 

did not have the outcome if her score was < 5. Modified Poisson regression was used to produce 

a crude (unadjusted) RR for the relationship between UGT2B17 status and baseline adverse 

vasomotor HRQL. A parsimonious multivariate model was also created, only controlling for 

potential confounders that were identified a priori, namely age, race and EXE treatment 

allocation. Several other covariates were also included in a fully adjusted model, (based on 

association with the outcome variable (p<0.20) in bivariate analyses) although they were 

unlikely to truly confound the relationship under study, as they were arguably not related to a 

genetic exposure. Estimates from the fully adjusted and parsimonious models were compared. 

The inclusion of additional covariates in the fully adjusted model did not noticeably change 

effect estimates (i.e. they did not change by more than 10%) nor improve precision. Therefore, 

the parsimonious model was deemed most appropriate.  
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Sensitivity Analysis for Objective 1 

An additional analysis examining the relationship between the UGT2B17 deletion 

polymorphism and experiencing at least some vasomotor bother at baseline was performed using 

the same methods, but with a minimum vasomotor score at baseline that was higher than 2. In 

this additional analysis, a participant had the outcome if her vasomotor score was > 2, and did 

not have the outcome if her score was ≤ 2. 

3.8.2 Analysis for Objective 2a 

 All women on MAP.3 who consented to genetic testing and completed the MENQOL at 

baseline, and at least 6 months or 12 months, were initially eligible to be included in the analysis 

for Objective 2a. In this study, the proportion of participants who experienced meaningful 

worsening in vasomotor quality of life exceeded 10%. Therefore, a log-binomial regression 

model was initially used to analyze this common outcome, but this model failed to converge. 

Accordingly, a modified Poisson regression model with a robust variance estimate15 was used.  

 The exposure of interest in Objective 2a was the UGT2B17 deletion polymorphism, 

categorized by the number of functional copies of the gene (ie. homozygous wild type, 

heterozygous, homozygous deletion). The reference category was those who were homozygous 

wild type. The outcome was worsened vasomotor HRQL within 1 year (assessed at 6-month and 

12-month visits). Those who 1) did not complete the MENQOL at baseline and; 2) completed the 

MENQOL at baseline, but failed to complete the MENQOL at 6 months and/or 12 months were 

excluded, as a change in vasomotor HRQL score could not be calculated. Bivariate models 

between all covariates and the exposure / outcome were run to examine the associations between 

individual covariates and the primary variables of interest to aid with model building.  
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Simple modified Poisson regression was used to produce a crude (unadjusted) RR for the 

relationship between UGT2B17 status and worsened vasomotor HRQL. A parsimonious model 

that included confounders identified a priori (including age, race and EXE treatment allocation) 

was constructed. Age was identified as a potential confounder due to its strong, consistent 

association with the outcome in the literature, and due to the fact that age was somewhat 

statistically associated with the UGT2B17 deletion (likely due to different age distributions by 

race in MAP.3). Race was controlled for due to literature showing that race is associated with 

vasomotor symptoms and the UGT2B17 deletion. EXE treatment was considered a potential 

confounder because it is strongly associated with vasomotor symptoms. Estimates from this 

parsimonious model were compared to those from a fully adjusted model, which included all risk 

factors that were associated (p<0.20) with the outcome. Adjusting for additional variables did not 

change RR estimates nor narrow confidence intervals, so the parsimonious model was decided as 

the best model. Moreover, interaction terms were incorporated in the final models to assess 

specific effects by age category (<60 or ≥60 years) and treatment (EXE or placebo), as 

vasomotor HRQL was hypothesized to be worse in younger postmenopausal women and in those 

randomized to EXE. The age interaction was also assessed in a model restricted to Caucasians. 

Sensitivity Analyses for Objective 2a  

In addition to the overall model, the relationship between the UGT2B17 deletion and 

worsened vasomotor HRQL was separately estimated for Caucasians, African Americans and 

Asians to better control for potential population stratification. A sensitivity analysis was also 

performed for all the above analyses, which removed those who discontinued treatment early and 

did not complete the MENQOL within 4 weeks of discontinuation. The MENQOL assesses 

HRQL within the last 4 weeks. This analysis was implemented to ensure that the MENQOL 
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responses were reflective of a participant’s HRQL while on treatment, and to minimize outcome 

misclassification that could result from longer latency between discontinuing treatment and 

reporting HRQL.  

3.8.3 Analysis for Objective 2b 

 The outcome for Objective 2b is incidence of adverse vasomotor HRQL in women who 

reported vasomotor scores of 2 or less at baseline. In this study, 6% of participants experienced 

this outcome. Therefore, a logistic regression model is appropriate, as an odds ratio can 

approximate relative risk when the outcome is rare. With k covariates, a logistic model can be 

written as: 

log(𝑜𝑑𝑑𝑠) = 𝛽0 + 𝛽1𝑋1 + ⋯ + 𝛽𝑘𝑋𝑘 

Similar to the modified Poisson regression, a logistic regression models the odds of the outcome, 

and exponentiating a variable’s 𝛽 coefficient results in an odds ratio. The exposure for Objective 

2b was the same as that of Objectives 1 and 2a, UGT2B17 genotype, to account for potential 

gene dosage, with homozygous wild type as the reference group. Similarly, the incidence of 

adverse vasomotor HRQL was determined by baseline and 6 month / 12 month scores. Bivariate 

relationships were examined between covariates and the exposure / outcome and a crude 

(unadjusted) model was created. Similar to Objective 2a, a parsimonious model, including age, 

race and EXE treatment, was created. This parsimonious model was compared to the fully 

adjusted model. As above, including additional covariates did not change effect estimates nor 

improve precision. Consequently, the parsimonious model was used as the final model. Analyses 

stratified by age (<60 vs. ≥60 years) and EXE treatment were also conducted. 
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Sensitivity Analyses for Objective 2b  

In addition to the overall model, effects were also estimated in a model restricted to 

Caucasians only. Reliable estimates for African Americans and Asians could not be estimated, as 

very few individuals had the outcome of incident adverse vasomotor HRQL. A sensitivity 

analysis was also performed for all the above analyses, which removed those who discontinued 

treatment early and did not complete the MENQOL within 4 weeks of discontinuation, to 

minimize outcome misclassification that could result from longer latency between discontinuing 

treatment and reporting HRQL.  

3.8.4 Analysis for Objective 3 

 The outcome for Objective 3 was treatment discontinuation within the first year of study 

for each participant. The exposure for this objective was developing adverse vasomotor HRQL at 

6 months, to remain consistent with the time-frame used in previous work on MAP.34. The 

proportion of participants who discontinued within one year in MAP.3 was ~12%. Due to this 

common outcome, a modified Poisson regression was employed. An unadjusted model examined 

the association between incident adverse vasomotor HRQL and early study discontinuation. As 

above, a parsimonious model, including age, race and EXE treatment was also constructed. RR 

estimates from this parsimonious model were compared with a fully adjusted model (which 

included all variables associated (p<0.20) with the outcome); including additional covariates in 

the fully adjusted model did not change effect estimates or improve precision. Therefore, the 

parsimonious model was considered the final model. The parsimonious model was used to 

estimate the association between several exposures (incident adverse vasomotor HRQL, the 

UGT2B17 deletion, race and EXE treatment) and early treatment discontinuation. The 
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association between incident adverse vasomotor HRQL and early discontinuation was also 

stratified by EXE treatment group using an interaction term for treatment assignment, to assess 

effect modification.  

Sensitivity Analyses for Objective 3  

A sensitivity analysis, excluding those who did not answer the MENQOL within 4 weeks after 

early treatment discontinuation, was implemented to ensure MENQOL responses were reflective 

of participants’ HRQL.  

3.8.5 Missing Data 

 Some MAP.3 participants had missing MENQOL questionnaires at baseline or follow-up 

visits. This could result from missing a scheduled follow-up visit, forgetting to complete the 

MENQOL during their visit, or refusing to complete the instrument. If a vasomotor change from 

baseline could not be computed, that individual was omitted from this study. In terms of missing 

MENQOL items, if a participant did not answer ‘Yes/No’ to the presence of a symptom, but 

indicated a score for the level of bother, it was assumed that she did experience that symptom. 

On the other hand, if the participant answered ‘Yes’ to experiencing a symptom, but did not 

indicate the level of bother associated with that symptom, the item was considered to be truly 

missing, as the degree of bother was unknown. A participant was missing UGT2B17 genotype 

status if she did not consent to genetic testing, or if a serum sample was not sent for analysis. If 

an individual was missing any covariate data, she was excluded from the regression analysis. 

Some covariates, for instance income level and LCMC (due to its composite nature), had over 

2% missing data. In this case, a separate ‘Missing’ category was created, so as not to exclude 

many people who would otherwise be included in the analysis. 
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3.8.6 Study Power 

 For Objective 1, study power is the ability to detect a significant relationship between 

UGT2B17 genotype and adverse vasomotor HRQL at baseline. A total of 389 individuals were 

homozygous null for UGT2B17 in this study. Heterozygotes were excluded from the population 

for this calculation (to determine the power to find a relationship between the homozygous null 

and the wild type groups). As the minimum detectable effect size was unknown, power was 

calculated for several relative risks, ranging from 1.1 to 2.0, with an alpha of 0.05. Overall, this 

study had about 70% power to detect a protective RR of 0.65 (Table H.1a in Appendix H) for 

the association between the UGT2B17 gene deletion and adverse vasomotor HRQL (vasomotor 

domain score ≥ 5) at baseline. There was much better study power (>99%) to detect similar 

protective effects associated with the gene deletion and potentially less bothersome vasomotor 

HRQL (vasomotor domain score ≥ 2) 

 In Objective 2a, the power of the study refers to the ability to detect true differences in 

vasomotor HRQL changes between those who are homozygous null, heterozygous, and 

homozygous wild type for the UGT2B17 allele. The homozygous UGT2B17 deletion was found 

in 389 individuals, so this was used to find the exposure prevalence upon removing 

heterozygotes (leaving 2075 participants who were 0/0 or +/+). As this polymorphism has not 

previously been implicated in HRQL research, an expected effect size is unclear. Therefore, 

power calculations were performed for a range of relative risks between 1.1 and 2.0, with an 

alpha of 0.05. Power was calculated for the ability to detect several RRs in the homozygous null 

group, compared with those who were wild type (ie. excluding heterozygotes). The proportion of 

participants with a clinically meaningful worsening in the vasomotor domain within 1 year has 

been previously reported for MAP.3 (i.e. 44%)5. This was used as the outcome prevalence when 
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calculating study power. Using the power calculation for prospective cohort studies, this study 

has 100% power to detect a relative risk of 1.5, as shown in Table H.2a (Appendix H) for the 

association between the UGT2B17 gene deletion and a clinically meaningful decline in 

vasomotor HRQL. Objective 2a also investigated an interaction by EXE treatment, and power to 

detect an interaction was calculated using Quanto software16–18. As shown in Appendix H (Table 

H.2b), this study had 88% power to detect an interaction by EXE treatment, where the RR in the 

EXE arm would be twice that predicted by the joint effects of the gene and environmental 

factors.  

 The power for Objective 2b was calculated using the prevalence of the exposure and 

outcome from this study, but could not estimate an expected effect, as previous work using 

MAP.3 did not conceptualized vasomotor HRQL as incident adverse vasomotor HRQL. With a 

sample size of 2095 women who had vasomotor scores of 2 or less at baseline, 11.79% had the 

UGT2B17 homozygous deletion exposure, and 6% of individuals developed incident adverse 

vasomotor HRQL. Power to detect an OR of 1.5 was 36%, at an alpha level of 0.05 (Table H.3a 

in Appendix H) for the association between the UGT2B17 gene deletion and incident adverse 

vasomotor HRQL. EXE treatment was also examined as an effect modifier, using an interaction 

term. Using Quanto software to calculate power16–18, this study had 17% power to detect an 

interaction by EXE treatment, whereby the OR in the EXE group would be twice the expected 

OR predicted by the joint effects of the genetic and environmental factors (Table H.3b). 

 For Objective 3, the power of the study was based on the ability to detect a true 

difference in treatment discontinuation due to adverse vasomotor HRQL. Power was calculated 

using the formula for prospective cohort studies. As in Objective 2b, the prevalence of incident 

adverse vasomotor HRQL (now the exposure) from this study was used in the calculation. This 
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objective reported a relative risk of treatment discontinuation due to incident adverse vasomotor 

HRQL of 3.05 (95% CI: 2.28, 4.07); this was used as the expected magnitude of effect. The 

exposure prevalence of incident adverse vasomotor HRQL was assumed to be 6%5. Treatment 

discontinuation within 1 year in the entire MAP.3 cohort was reported as 16.3%4, so this was 

used as the outcome prevalence, under the assumption that the population of those who 

consented to genetic testing was not different from the entire MAP.3 cohort. Power calculations 

used an alpha of 0.05 and total sample size of 2047. Overall, this study has 99.97% power to 

detect a relative risk of 1.5 for the association between incident adverse vasomotor HRQL and 

early treatment discontinuation.  

 Since the main objective of this analysis was determining whether UGT2B17 genotype 

modified the relationship between incident adverse vasomotor HRQL and discontinuation, power 

to detect an interaction was also calculated. This calculation was performed using Quanto, a 

statistical software that calculates power for gene-environment interactions16–18. Assuming a 

genetic effect (UGT2B17 deletion) of 1.5 and an environmental effect (incident adverse 

vasomotor HRQL) of 3.0, an expected joint effect, with no interaction would be 4.5. In the 

presence of a significant interaction by genotype, this joint effect would be X times the expected 

effect. For example, if the effect were 2x greater in those with the UGT2B17 deletion, the joint 

RR would be 9.0. For the observed RR to be 2x that of the expected joint effect, this study would 

have 17% power to detect an interaction at a significance level of 0.05 (Table H.4). 
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3.9 Ethical Considerations 

 The MAP.3 trial has already been completed. Participants on MAP.3 included in this 

thesis project had previously given consent for their information to be included in further 

secondary analyses. All individuals with genetic data have also provided consent for genetic 

testing. This project was granted ethics approval 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 

 Overall, of the 4560 MAP.3 participants, 3576 had consented to genetic testing and 

completed the MENQOL at baseline and at 6 and/or 12 months, and were therefore included in 

this analysis. Of the 3576 women included in this pharmacogenetic substudy, 1795 (50.2%) were 

randomized to exemestane and 1781 (49.8%) were randomized to placebo 

4.2 UGT2B17 Genotype Distribution 

A total of 389 women (11%) were homozygous for the UGT2B17 deletion 

polymorphism, 1574 women (44%) were heterozygous for the UGT2B17, and 1613 (45%) had at 

least 2 copies of UGT2B17 (Table 4.1). Three individuals had 3 copies of UGT2B17, and one 

had 4 copies of the gene; these four participants were categorized as wild-type. UGT2B17 

genotype proportions were similar across treatment assignment (11%, 43% and 46% for EXE 

and 11%, 45% and 44% for placebo, for homozygous deleted, heterozygous and homozygous 

wild type, respectively, Table 4.1). The gene deletion was present in approximately 10% of 

Caucasians, 8% of African-Americans, and 47% of Asians in the study population (Table 4.2). 

Table 4.1: UGT2B17 Genotype Distribution for the Entire Study Population (N=3576). 

UGT2B17 Genotypes Total (N = 3576) EXE (N = 1795) Placebo (N = 1781) 

UGT2B17 Deletion (0/0) 389 (10.88%) 197 (10.97%) 192 (10.78%) 

UGT2B17 Heterozygous (+/0) 1574 (44.02%) 774 (43.12%) 800 (44.92%) 

UGT2B17 Wild Type (+/+) 1609 (44.99%) 823 (45.85%) 786 (44.13%) 

UGT2B17 Three Copies (++/+) 3 (0.08%) 1 (0.06%) 2 (0.11%) 

UGT2B17 Four Copies (++/++) 1 (0.03%) 0 (0.00%) 1 (0.06%) 
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Table 4.2: UGT2B17 Deletion Polymorphism Frequency by Racial Group. 

Race (N) Deletion (%) Heterozygote (%) Wild Type (%) 

Caucasian (3344) 349 (10.44) 1475 (44.11) 1520 (45.45) 

African-American (155) 13 (8.39) 60 (38.71) 82 (52.90) 

Asian (57) 27 (47.37) 25 (43.86) 5 (8.77) 

Other (20) 0 (0.0) 14 (70.00) 6 (30.00) 

Total (3576) 389 (10.88) 1574 (44.02) 1613 (45.11) 

 

4.3 Vasomotor Domain MENQOL Scores 

 An individual’s vasomotor domain score is a weighted average of the 3 vasomotor items 

from the MENQOL, ranging from 1 to 8. Table 4.3 and Table 4.4 present the distribution of 

baseline vasomotor domain scores. Figures 4.1, 4.2 and 4.3 illustrate the score distribution at 

baseline, 6 months, and 12 months, respectively. At all 3 time points, vasomotor MENQOL 

scores were very right skewed, with more individuals with higher scores at follow-up visits.  

Figure 4.1: The Distribution of Vasomotor Domain Scores at Baseline. 
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Figure 4.2: The Distribution of Vasomotor Domain Scores at 6 Months. 

 

 

Figure 4.3: The Distribution of Vasomotor Domain Scores at 12 Months. 
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Table 4.3 and Table 4.4 present baseline vasomotor domain score categories based on 

previously defined definitions of little-to-no vasomotor bother (score ≤ 2) and adverse vasomotor 

HRQL (score ≥ 5), stratified by UGT2B17 genotype, respectively. Objective 1 employs both 

definitions in separate analyses of baseline scores. Overall, 1481 (41%) individuals reported 

vasomotor domain scores greater than 2 at baseline, while 341 (10%) participants reported 

vasomotor domain scores of 5 or greater. 

Table 4.3: Baseline Vasomotor Bother, Stratified by UGT2B17 Genotype (Any Degree of 

Vasomotor Bother). 

 Vasomotor Domain > 2  Vasomotor Domain ≤ 2 Total 

Homozygous Deletion 142 (36.5%) 247 (63.5%) 389 

Heterozygous 668 (42.4%) 906 (57.6%) 1574 

Wild Type 671 (41.6%) 942 (58.4%) 1613 

Total 1481 (41.4%) 2095 (58.6%) 3576 

 

Table 4.4: Baseline Vasomotor Bother, Stratified by UGT2B17 Genotype (Adverse 

Vasomotor HRQL). 

 Vasomotor Domain ≥ 5 Vasomotor Domain < 5 Total 

Homozygous Deletion 29 (7.5%) 360 (92.5%) 389 

Heterozygous 141 (9.0%) 1433 (91.0%) 1574 

Wild Type 171 (10.6%) 1442 (89.4%) 1613 

Total 341 (9.5%) 3235 (90.5%) 3576 
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Table 4.5 presents the descriptive statistics for vasomotor domain scores. At baseline, the 

mean vasomotor domain score was 2.32 (σ = 1.58). At 6 months, the mean vasomotor score was 

2.66 (σ = 1.79), corresponding to an average increase of 0.34 points from baseline. The 12-

month average vasomotor score was 2.52 (σ = 1.69), which was a 0.21-point increase from 

baseline. Using the definition of a meaningful decline in a specific domain on the MENQOL 

questionnaire as being a 0.5-point score increase, 1239 women (35%) reported a worsening of 

vasomotor HRQL at 6 months, while 994 (31%) had worsened vasomotor HRQL at 12 months. 

Cumulatively, 1644 (46%) of participants experienced significantly worsened vasomotor HRQL 

at some point within 12 months from the time of randomization; the main outcome in Objective 

2a. When stratified by treatment group, 51% of the EXE group and 41% of the placebo group 

experienced a clinically meaningful worsening of vasomotor HRQL within 12 months. 

 The outcome for Objective 2b was the development of incident adverse vasomotor 

HRQL. Women who reported little-to-no bother (vasomotor domain scores ≤ 2) at baseline, were 

defined as incident cases if they reported the development of adverse vasomotor HRQL (scores ≥ 

5) at 6 or 12 months after randomization. A total of 2095 women were not bothered by 

vasomotor symptoms at baseline. At 6 months, 93 women (5%) developed incident adverse 

vasomotor HRQL, while 54 women (3%) had adverse vasomotor HRQL at 12 months. 

Cumulatively, 126 participants (6%) reported incident adverse vasomotor HRQL at any time 

within 12 months; this is the outcome for Objective 2b. When stratified by treatment group, 8% 

of those on EXE and 4% of those on placebo developed adverse vasomotor HRQL within 12 

months. 

 



76 
 

Table 4.5: Vasomotor Score Outcomes for 3576 MAP.3 Participants. 

Variable N (%) / Mean [SD] 

Baseline Vasomotor Quality of Life  

Domain score at baseline (continuous) 

 

2.32 [1.58] 

6 Month Vasomotor Quality of Life  

Domain score at 6 months (continuous) 2.66 [1.79] 

Missing 

 

83 (2.32) 

Average change from baseline (continuous) + 0.34 [1.43] 

Significantly worsened from baseline 1239 (35.47) 

Missing 83 (2.32) 

  

12 Month Vasomotor Quality of Life  

Domain score at 12 months (continuous) 2.52 [1.69] 

Missing 

 

371 (10.37) 

 

Average change from baseline (continuous) + 0.21 [1.31] 

Significantly worsened from baseline 994 (31.01) 

Missing 

 

371 (10.37) 

Significantly worsened at any time within 12 

months from baseline 

1644 (45.97) 

  

Incident Adverse Vasomotor Symptoms      (N 

= 2095) 

 

At 6 months 93 (4.54) 

At 12 months 54 (2.85) 

Any time within 12 months 126 (6.01) 
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4.4 Baseline Characteristics (Covariates) 

 The baseline characteristics of the 3576 postmenopausal women included in this study 

are shown in Table 4.6. The mean age at randomization was 63.35 (σ = 7.00), with the majority 

of women between the ages of 60 and 74. Around 94% of the population was Caucasian, 4% 

were African-American, 2% were Asian, and 1% were of other race (consisting of Hawaiian or 

Pacific Islander and American Indian or Alaskan Native). The average BMI was 29.06 (σ = 

6.13), with most individuals (71%) being at least overweight (BMI ≥ 25). Nineteen individuals 

were underweight, but these participants were combined into the ‘Normal Weight’ category due 

to small numbers. Only 6% of the population currently smoked, 41% smoked in the past, and 

53% never smoked. In addition, 46% of participants obtained a university degree, 33% had a 

college diploma, and 21% had a high school education or less.  
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Table 4.6: Baseline Participant Characteristics for 3576 MAP.3 Participants in this Study. 

Individual Characteristics N (%) / Mean [SD] 

Age (years)  

< 50 53 (1.5%) 

50-59 1012 (28.3%) 

60-74 2285 (63.9%) 

≥ 75 

Mean (continuous) 

226 (6.3%) 

63.35 [7.00] 

  

Years Since Menopause  

< 5  468 (13.1%) 

5 – 9  672 (18.8%) 

≥ 10  2416 (67.6%) 

Missing 20 (0.6%) 

 

Marital Status  

Married 2271 (63.5%) 

Not-married 

 

1305 (36.5%) 

Highest Level of Education  

High School or less 749 (21.0%) 

College Diploma 1187 (33.2%) 

University Degree 1640 (45.9%) 

 

Annual Family Income 

 

≤ $20,000 194 (5.4%) 

$20,000 – $39,999 548 (15.3%) 

$40,000 – $59,999 642 (18.0%) 

$60,000 – $79,000 551 (15.4%) 

≥ 80,000 1220 (34.1%) 

Missing 421 (11.8%) 

 

Race 

 

Caucasian 3344 (93.5%) 

African-American 155 (4.3%) 

Asian 57 (1.6%) 

Other Races 20 (0.6%) 

 

Employment Status 

 

Currently Employed 1796 (50.2%) 

Currently Unemployed 1780 (49.8%) 

 

BMI 

 

Normal (< 25.00) 1020 (28.5%) 

Overweight (25.00 – 29.99) 1202 (33.6%) 

Obese (≥ 30) 1354 (37.9%) 

Mean (continuous) 29.06 [6.13] 
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Individual Characteristics N (%) / Mean [SD] 

Smoking Status  

Never 1883 (52.7%) 

Past 1479 (41.4%) 

Current 

 

214 (6.0%) 

Gail Score  

< 1.66 826 (23.1%) 

≥ 1.66 2750 (76.9%) 

Mean (continuous) 2.58 [1.58] 

 

Personal History of Benign Breast Disease 

 

 

1025 (28.7%) 

Lifetime Cumulative Menstrual Cycles  

< 350 752 (21.0%) 

350 – 399 525 (14.7%) 

400 – 449 762 (21.3%) 

450 – 499 733 (20.5%) 

≥ 500 706 (19.7%) 

Missing 98 (2.7%) 

Mean (continuous) 

 

425.70 [146.92] 

Benign Breast Disease Family History  

0 First-Degree Relatives 3024 (84.6%) 

1 First-Degree Relative 468 (13.1%) 

≥ 2 First-Degree Relatives 

 

84 (2.4%) 

Any Family Member 

 

594 (16.6%) 

Breast Cancer Family History  

0 First-Degree Relatives 1972 (55.2%) 

1 First-Degree Relative 1368 (38.3%) 

≥ 2 First-Degree Relatives 

 

236 (6.6%) 

Any Family Member 

 

2086 (58.3%) 

Medications  

Number of concomitant medications (continuous) 10.44 [3.45] 

NSAID use 

 

1114 (31.15) 

Exemestane 1795 (50.2%) 

Placebo 1781 (49.8%) 
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 Bivariate relationships between covariates and the outcomes for Objectives 2a and 2b 

(worsened vasomotor HRQL and incident adverse vasomotor HRQL) were examined, and results 

are presented in Table 4.7 and Table 4.8, respectively. Associations with the UGT2B17 deletion 

polymorphism were also examined, and are presented in Table 4.9. 

 Factors significantly associated with a worsening of vasomotor HRQL (Table 4.7) 

included age, years since menopause, marital status, education level, employment status, BMI, a 

Gail score > 1.66%, family history of breast cancer, NSAID use, and EXE treatment. Notably, 

there was not a significant association between race and worsened vasomotor symptoms, despite 

previous literature reporting racial differences.  
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Table 4.7: Participant Characteristics Associated with Worsened Vasomotor HRQL. 

N = 3576 RR (95% CI) p-value* 

Age (years)  < 0.0001 

< 50 (n = 53) 1.87 (1.36-2.58)  

50-59 (n = 1012) 1.76 (1.42-2.17)  

60-74 (n = 2285) 1.54 (1.25-1.90)  

≥ 75 (n = 226) 1.00 (ref)  

   

Years Since Menopause  0.0103 

< 5 (n = 468) 1.16 (1.01-1.34)  

5 – 9 (n = 672) 1.18 (1.04-1.33)  

≥ 10 (n = 2416) 1.00 (ref)  

   

Married (n = 2271) 1.14 (1.06-1.23) 0.0006 

 

Highest Level of Education  0.0425 

High School or less (n = 749) 1.00 (ref)  

College Diploma (n = 1187) 1.02 (0.92-1.12)  

University Degree (n = 1640) 0.92 (0.84-1.01)  

   

Income  0.3667 

≤ $20,000 (n = 194) 1.00 (ref)  

$20,000 – $39,999 (n = 548) 1.06 (0.87-1.29)  

$40,000 – $59,999 (n = 642) 1.15 (0.95-1.39)  

$60,000 – $79,000 (n = 551) 1.17 (0.96-1.41)  

≥ 80,000 (n = 1220) 1.14 (0.94-1.36)  

Missing Category (n = 421) 1.17 (0.96-1.43)  

   

Race  0.8890 

Caucasian (n = 3344) 1.00 (ref)  

African American (n = 155) 0.95 (0.80-1.14)   

Asian (n = 57) 1.07 (0.82-1.39)  

Other (n = 20) 1.09 (0.70-1.69)  

   

Currently Employed (n = 1796) 1.08 (1.01-1.16) 0.0355 

   

BMI  0.0020 

Normal (n = 1020) 1.00 (ref)  

Overweight (n = 1202) 1.04 (0.95-1.15)  

Obese (n = 1354) 1.16 (1.06-1.27)  

   

Smoking Status  0.1502 

Never (n = 1883) 1.00 (ref)  

Past (n = 1479) 1.06 (0.98-1.14)  

Current (n = 214) 
 

1.12 (0.97-1.29)  
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N = 3576 RR (95% CI) p-value* 

Gail Score >1.66 (n = 2750) 1.13 (1.03-1.23) 0.0070 

 

Individual History of Benign Breast 

Disease (n = 1025) 

0.99 (0.92-1.07) 0.8108 

 

   

Lifetime Cumulative Menstrual Cycles  0.6964 

< 350 (n = 752) 1.00 (ref)  

350 – 399 (n = 525) 0.91 (0.80-1.03)  

400 – 449 (n = 762) 0.98 (0.88-1.09)  

450 – 499 (n = 733) 0.96 (0.86-1.07)  

≥ 500 (n = 706) 0.99 (0.89-1.10)  

Missing Category (n = 98) 1.01 (0.81-1.26)  

   

Benign Breast Disease Family History  0.0819 

0 First-Degree Relatives (n = 3024) 1.00 (ref)  

1 First-Degree Relative (n = 468) 1.07 (0.97-1.18)  

≥ 2 First-Degree Relatives (n = 84) 

 

1.24 (1.02-1.50)  

Benign Breast Disease Family History 

(Any Family Member) (n = 594) 

1.09 (0.99-1.19) 0.0738 

 

   

Breast Cancer Family History  < 0.0001 

0 First-Degree Relatives (n = 1972) 1.00 (ref)  

1 First-Degree Relative (n = 1368) 1.16 (1.08-1.25)  

≥ 2 First-Degree Relatives (n = 236) 

 

1.29 (1.14-1.47)  

Breast Cancer Family History  

(Any Family Member) (n = 2086) 

1.16 (1.08-1.25) < 0.0001 

 

   

NSAID Use (n = 1114) 1.16 (1.08, 1.25) 0.0001 

   

EXE (n = 1795) 1.25 (1.17-1.35) < 0.0001 

*p-value from likelihood ratio test 

 

A similar set of socio-demographic and reproductive history factors were associated with 

incident adverse vasomotor HRQL in the bivariate analyses (Table 4.8). Interestingly, effects 

were generally stronger in the analysis of incident events compared to the previous analysis in 

Table 4.7. Significant factors included age, years since menopause, education level, BMI, breast 

cancer family history, NSAID use, and EXE treatment. 
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Table 4.8: Participant Characteristics Associated with Incident Adverse Vasomotor 

HRQL. 

N = 2095 OR (95% CI) p-value* 

Age (years)  0.0058 

< 50 (n = 53) 6.61 (1.75, 24.99)  

50-59 (n = 1012) 2.40 (1.05, 5.50)  

60-74 (n = 2285) 1.52 (0.69, 3.35)  

≥ 75 (n = 226) 1.00 (ref)  
   

Years Since Menopause  0.0003 

< 5 (n = 468) 1.94 (1.09, 3.46)  

5 – 9 (n = 672) 2.25 (1.48, 3.41)  

≥ 10 (n = 2416) 1.00 (ref)  
   

Married (n = 2271) 
 

1.18 (0.81, 1.72) 0.3922  

Highest Level of Education  0.0050 

High School or less (n = 749) 1.00 (ref)  

College Diploma (n = 1187) 0.69 (0.44, 1.09)  

University Degree (n = 1640) 0.47 (0.30, 0.74)  
   

Income  0.2342 

≤ $20,000 (n = 194) 1.00 (ref)  

$20,000 – $39,999 (n = 548) 1.44 (0.62, 3.38)  

$40,000 – $59,999 (n = 642) 0.72 (0.29, 1.77)  

$60,000 – $79,000 (n = 551) 0.79 (0.32, 1.97)  

≥ 80,000 (n = 1220) 0.90 (0.39, 2.07)  

Missing Category (n = 421) 0.96 (0.38, 2.43)  
   

Race  0.9392 

Caucasian (n = 3344) 1.00 (ref)  

African American (n = 155) 1.32 (0.56, 3.10)  

Asian (n = 57) <0.001 (<0.001, >999)  

Other (n = 20) <0.001 (<0.001, >999)  
   

Currently Employed (n = 1796) 
 

0.92 (0.64, 1.32) 0.6397 

BMI  0.0005 

Normal (n = 1020) 1.00 (ref)  

Overweight (n = 1202) 1.83 (1.05, 3.18)  

Obese (n = 1354) 2.76 (1.64, 4.64)  
   

Smoking Status  0.6199 

Never (n = 1883) 1.00 (ref)  

Past (n = 1479) 0.88 (0.60, 1.29)  

Current (n = 214) 1.26 (0.59, 2.69)  
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N = 3576 OR (95% CI) p-value* 

Gail Score >1.66 (n = 2750) 1.02 (0.67, 1.54) 0.9435 

 

Individual History of Benign Breast 

Disease (n = 1025) 

1.30 (0.88, 1.93) 0.1872 

 

   

Lifetime Cumulative Menstrual Cycles  0.0638 

< 350 (n = 752) 1.00 (ref)  

350 – 399 (n = 525) 0.37 (0.18, 0.78)  

400 – 449 (n = 762) 0.73 (0.43, 1.26)  

450 – 499 (n = 733) 0.76 (0.44, 1.30)  

≥ 500 (n = 706) 1.08 (0.64, 1.80)  

Missing Category (n = 98) 1.37 (0.55, 3.40)  

   

Benign Breast Disease Family History  0.4303 

0 First Degree Relatives (n = 3024) 1.00 (ref)  

1 First Degree Relative (n = 468) 0.89 (0.50, 1.57)  

≥ 2 First Degree Relatives (n = 84) 

 

1.78 (0.69, 4.58)  

Benign Breast Disease Family History 

(Any Family Member) (n = 594) 

1.00 (0.61, 1.64) 0.9935 

 

   

Breast Cancer Family History  0.0450 

0 First Degree Relatives (n = 1972) 1.00 (ref)  

1 First Degree Relative (n = 1368) 1.36 (0.93, 1.99)  

≥ 2 First Degree Relatives (n = 236) 

 

2.08 (1.11, 3.90)  

Breast Cancer Family History (Any 

Family Member) (n = 2086) 

1.44 (0.99, 2.10) 0.0541 

 

   

NSAID Use (n = 1114) 1.57 (1.09, 2.27) 0.0162 

 

EXE (n = 1795) 2.05 (1.40, 3.01) 0.0002 

*p-value from Wald test 

 

 As illustrated in Table 4.9, the UGT2B17 homozygous deletion was associated with 

years since menopause, race and lifetime cumulative menstrual cycles.  
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Table 4.9: Participant Characteristics Associated with the UGT2B17 Homozygous Deletion. 

N = 3576 RR (95% CI) p-value* 

Age (years)  0.0728 

< 50 (n = 53) 1.42 (0.68, 2.99)  

50-59 (n = 1012) 1.22 (0.81, 1.84)  

60-74 (n = 2285) 0.93 (0.63, 1.39)  

≥ 75 (n = 226) 1.00 (ref)  

   

Years Since Menopause  0.0065 

< 5 (n = 468) 1.56 (1.20, 2.02)  

5 – 9 (n = 672) 1.14 (0.88, 1.48)  

≥ 10 (n = 2416) 1.00 (ref)  

   

Race   

Caucasian (n = 3344) 1.00 (ref) < 0.0001 

African American (n = 155) 0.81 (0.48, 1.37)  

Asian (n = 57) 4.57 (3.41, 6.11)  

   

BMI  0.6426 

Normal (n = 1020) 1.00 (ref)  

Overweight (n = 1202) 0.89 (0.70, 1.13)  

Obese (n = 1354) 0.94 (0.75, 1.18)  

   

Smoking Status  0.4155 

Never (n = 1883) 1.00 (ref)  

Past (n = 1479) 1.00 (0.82, 1.21)  

Current (n = 214) 0.76 (0.48, 1.21)  

   

Gail Score >1.66 (n = 2750) 

 

1.22 (0.96, 1.54) 0.0864 

Individual History of Benign Breast 

Disease (n = 1025)  

0.86 (0.69, 1.07) 0.1602 

   

Lifetime Cumulative Menstrual Cycles  0.0161 

< 350 (n = 752) 1.00 (ref)  

350 – 399 (n = 525) 1.12 (0.82, 1.52)  

400 – 449 (n = 762) 0.73 (0.54, 1.01)  

450 – 499 (n = 733) 0.93 (0.69, 1.25)  

≥ 500 (n = 706) 1.23 (0.94, 1.63)  

Missing Category (n = 98) 1.22 (0.70, 2.10)  

 

Age at Menopause (per year increase) 

Age at Menarche (per year increase) 

 

 

 

1.01 (1.00, 1.03) 

0.95 (0.89, 1.01) 

 

0.0967 

0.1216 
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N = 3576 RR (95% CI) p-value* 

Benign Breast Disease Family History  0.1595 

0 First-Degree Relatives (n = 3024) 1.00 (ref)  

1 First-Degree Relative (n = 468) 0.95 (0.71, 1.25)  

≥ 2 First-Degree Relatives (n = 84) 

 

0.54 (0.23, 1.26)  

Benign Breast Disease Family History 

(Any Family Member) (n = 594) 

0.92 (0.71, 1.19) 0.4943 

   

Breast Cancer Family History  0.9864 

0 First-Degree Relatives (n = 1972) 1.00 (ref)  

1 First-Degree Relative (n = 1368) 1.02 (0.83, 1.24)  

≥ 2 First-Degree Relatives (n = 236) 

 

1.02 (0.69, 1.50)  

Breast Cancer Family History              

(Any Family Member) (n = 2086) 

0.87 (0.72, 1.05) 0.1635 

   

EXE (n = 1795) 1.02 (0.84, 1.23) 0.8519 

*p-value from likelihood ratio test 
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4.5 Objective 1 Analysis: Prevalent Vasomotor Symptoms 

4.5.1 The Association between UGT2B17 Genotype and Vasomotor HRQL at Baseline  

 The purpose of the first objective was to explore the relationship between the UGT2B17 

deletion polymorphism and prevalent vasomotor symptoms at baseline. Table 4.10 shows the 

relationship between UGT2B17 genotype and prevalent vasomotor symptoms that are at least a 

little bothersome at baseline (domain score > 2). This analysis revealed that those with the 

UGT2B17 homozygous deletion were 14% less likely to have a vasomotor HRQL score above 2 

on the MENQOL at the time of entry into MAP.3 (RR=0.86 95% CI: 0.75-0.99). There was no 

significant association with being heterozygous for UGT2B17 and better vasomotor HRQL at 

baseline (RR=1.02 95% CI: 0.94-1.10). 

Table 4.10: The Association between UGT2B17 Genotype and Any Degree of Vasomotor 

Bother at Baseline. 

N = 3576 
UGT2B17 Genotype 

Unadjusted Adjusted* 

 RR (95% CI) RR (95% CI) p-value 

Vasomotor Domain Score > 2 at Baseline 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.02 (0.94, 1.11) 

0.88 (0.76, 1.01) 

1.00 (ref) 

1.02 (0.94, 1.10) 

0.86 (0.75, 0.99) 

0.0386 

*adjusted for age and race 
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 When a more conservative definition of adverse vasomotor HRQL at baseline was 

applied (HRQL score ≥ 5), a more striking pattern emerged, although the associations did not 

quite reach statistical significance (p-value = 0.08). Results are presented in Table 4.11. This 

analysis suggested that missing one or more copies of UGT2B17 was protective against adverse 

vasomotor HRQL at baseline, before EXE treatment allocation (heterozygote RR=0.86 95% CI: 

0.69-1.05; homozygous null RR=0.70 95% CI: 0.49-1.02). Those who were missing 2 copies of 

UGT2B17 appear to be more strongly protected than those who are heterozygous for UGT2B17 

(p-value for trend = 0.03). 

Table 4.11: The Association between UGT2B17 Genotype and Adverse Vasomotor HRQL 

at Baseline. 

N = 3576 UGT2B17 

Genotype 

Unadjusted Adjusted* 

 RR (95% CI) RR (95% CI) p-value 

Vasomotor Domain Score ≥ 5 at Baseline 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.85 (0.68, 1.04) 

0.70 (0.48, 1.03) 

1.00 (ref) 

0.86 (0.69, 1.05) 

0.70 (0.49, 1.02) 

0.0831 

*adjusted for age and race 
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4.6 Objective 2a Analysis: Decline in Vasomotor HRQL 

4.6.1 The Association between UGT2B17 Genotype and Worsened Vasomotor HRQL 

 As described in Chapter 3, worsened vasomotor HRQL was defined as a ≥ 0.5-point 

increase from baseline in one’s vasomotor domain score. Table 4.12 presents the relative risk 

estimates for the association between the UGT2B17 gene deletion polymorphism and clinically 

meaningful worsening of vasomotor HRQL within 12 months in all 3576 individuals. Both 

unadjusted RRs and RRs adjusted for age, race and treatment assignment are included. Overall, 

the UGT2B17 gene deletion polymorphism was not significantly associated with worsened 

vasomotor HRQL (RR=1.03 95% CI: 0.96-1.11 for heterozygotes (+/0); RR=1.04 95% CI: 0.93-

1.17 for homozygous deleted (0/0)). Results were also null when stratified by age. Associations 

were similarly null when restricting the analysis to Caucasians, who comprised 94% of the study 

population (heterozygote RR=1.02 95% CI: 0.95-1.10; homozygous deleted RR = 1.06 95% CI: 

0.94-1.20), or when restricted to African-Americans (4% of the study population, heterozygote 

RR=1.02 95% CI: 0.71-1.47; homozygous deleted RR=0.87 95% CI: 0.42-1.80). Among Asian 

participants (2% of the study population), the association with UGT2B17 genotype and a 

meaningful decline in vasomotor HRQL within 12 months was noticeably stronger than in the 

other groups (heterozygote RR=2.95; 95% CI: 0.49, 17.85; homozygous deleted RR=1.92; 95% 

CI: 0.31, 12.01), but with very wide 95% confidence intervals and not statistically significant (p 

= 0.13).  
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Table 4.12: The Association between the UGT2B17 Deletion Polymorphism and Worsened 

Vasomotor HRQL within 12 Months. 

N = 3576 UGT2B17 

Genotype 

Unadjusted Adjusted 

 RR (95% CI) RR (95% CI) p-value 

Ever Worsened within 12 Months 

Overall* 

(n = 3576) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.03 (0.96, 1.11) 

1.06 (0.94, 1.19) 

1.00 (ref) 

1.03 (0.96, 1.11) 

1.04 (0.93, 1.17) 

0.6654 

Caucasians 

(n = 3344) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.02 (0.94, 1.10) 

1.08 (0.95, 1.21) 

1.00 (ref) 

1.02 (0.95, 1.10) 

1.06 (0.94, 1.20) 

 

0.6113 

African 

Americans 

(n = 155) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.03 (0.71, 1.49) 

0.88 (0.42, 1.82) 

1.00 (ref) 

1.02 (0.71, 1.47) 

0.87 (0.42, 1.80) 

 

0.9023 

Asians 

(n = 57) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

3.20 (0.54, 18.93) 

2.04 (0.33, 12.46) 

1.00 (ref) 

2.95 (0.49, 17.85) 

1.92 (0.31, 12.01) 

 

0.1280 

Age < 60 Years 

(n = 1065) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.12 (0.99, 1.27) 

1.08 (0.90, 1.30) 

1.00 (ref) 

1.12 (0.99, 1.27) 

1.07 (0.89, 1.28) 

0.2051 

Age ≥ 60 Years 

(n = 2511) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.99 (0.90, 1.08) 

1.03 (0.89, 1.20) 

1.00 (ref) 

0.99 (0.90, 1.09) 

1.04 (0.89, 1.20) 

0.8511 

Age < 60 Years, 

Caucasian Only 

(n = 1021) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.09 (0.96, 1.24) 

1.07 (0.88, 1.30) 

1.00 (ref) 

1.09 (0.96, 1.25) 

1.06 (0.88, 1.28) 

0.3819 

Age ≥ 60 Years, 

Caucasian Only 

(n = 2323) 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.98 (0.89, 1.08) 

1.07 (0.91, 1.25) 

1.00 (ref) 

0.99 (0.90, 1.09) 

1.07 (0.92, 1.25) 

0.5834 

*adjusted for age, race and EXE treatment 
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4.6.2 Effect Modification by Treatment Arm 

As shown in Table 4.13, there was no significant interaction by treatment group (p-value 

for interaction = 0.93), indicating that the association between UGT2B17 genotype and worsened 

vasomotor HRQL was not different between those taking EXE vs. placebo.  
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Table 4.13: The Association between the UGT2B17 Deletion Polymorphism and Worsened 

Vasomotor HRQL within 12 Months, by Treatment Group. 

N = 3576 
UGT2B17 

Genotype 

Exemestane    

(N = 1795)             

RR (95% CI) 

Placebo               

(N = 1781)         

RR (95% CI) 

p-value for 

interaction 

Ever Worsened within 12 months 

Overall* 

(n = 3576)  

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.02 (0.93, 1.12) 

1.06 (0.92, 1.23) 

1.00 (ref) 

1.04 (0.92, 1.17) 

1.03 (0.85, 1.24) 

0.9304 

Caucasians 

(n = 3344) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.02 (0.92, 1.12) 

1.08 (0.93, 1.25) 

1.00 (ref) 

1.03 (0.91, 1.16) 

1.04 (0.86, 1.26) 

0.9296 

African Americans 

(n = 155) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.01 (0.70, 1.47) 

0.88 (0.42, 1.83) 

1.00 (ref) 

1.03 (0.71, 1.50) 

0.85 (0.40, 1.79) 

0.9296 

Asians 

(n = 57) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

2.93 (0.48, 17.76) 

1.94 (0.31, 12.20) 

1.00 (ref) 

2.97 (0.49, 18.01) 

1.88 (0.30, 11.86) 

0.9296 

Age < 60 Years 

(n = 1065) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.11 (0.97, 1.27) 

1.08 (0.89, 1.33) 

1.00 (ref) 

1.13 (0.97, 1.33) 

1.04 (0.82, 1.33) 

0.8711 

Age ≥ 60 Years 

(n = 2511) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.98 (0.88, 1.10) 

1.05 (0.88, 1.26) 

1.00 (ref) 

1.00 (0.88, 1.14) 

1.01 (0.82, 1.25) 

0.8711 

Age < 60 Years, 

Caucasian 

(n = 1021) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.10 (0.96, 1.27) 

1.10 (0.89, 1.35) 

1.00 (ref) 

1.08 (0.92, 1.27) 

1.01 (0.78, 1.30) 

0.8019 

Age ≥ 60 Years, 

Caucasian 

(n = 2323) 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.99 (0.89, 1.12) 

1.12 (0.93, 1.34) 

1.00 (ref) 

0.98 (0.85, 1.12) 

1.03 (0.83, 1.28) 

0.8019 

*adjusted for age and race  
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4.7 Objective 2b Analysis: Development of Incident Adverse Vasomotor HRQL 

4.7.1 The Association between UGT2B17 and Incident Adverse Vasomotor HRQL 

 Table 4.14 presents odds ratios (ORs) for the secondary outcome of this study, 

examining the relationship between UGT2B17 genotype and incident adverse vasomotor HRQL 

(vasomotor domain score ≥ 5) within 12 months. This analysis was based on 2095 participants 

who initially experienced little-to-no vasomotor bother (baseline vasomotor domain score ≤ 2). 

Overall, there was no statistically significant association between the UGT2B17 deletion 

polymorphism and incident adverse vasomotor HRQL (OR=0.73 95% CI: 0.50-1.08 for 

heterozygotes; OR=0.61 95% CI: 0.32-1.19 for homozygous deleted). However, the estimates of 

effect were in a moderately protective direction and associated with a p-value < 0.20, trending 

towards significance (p-value = 0.1563). Only 6 African-American participants and 0 Asian 

participants developed adverse vasomotor HRQL, so reliable OR estimates could not be 

computed for these subgroups. The effect of the homozygous deletion appears to be more 

protective in those younger than 60 years (OR=0.45 95% CI: 0.13-1.59), compared to those older 

than 60 years (OR=0.74 95% CI: 0.34-1.61) although the interaction term with age was not 

significant (p-value for interaction = 0.59).   
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Table 4.14: The Association between the UGT2B17 Deletion Polymorphism and Incident 

Adverse Vasomotor HRQL within 12 Months. 

N = 2095  Unadjusted Adjusted 

 
UGT2B17 

Genotype 
OR (95% CI) OR (95% CI) p-value 

Incident Adverse Vasomotor HRQL within 12 Months 

Overall* 

(n = 2095) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.70 (0.48, 1.03) 

0.60 (0.31, 1.15) 

1.00 (ref) 

0.73 (0.50, 1.08) 

0.61 (0.32, 1.19) 

0.1563 

Caucasians 

(n = 1967) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.72 (0.48, 1.06) 

0.62 (0.31, 1.22) 

1.00 (ref) 

0.73 (0.49, 1.09) 

0.59 (0.30, 1.18) 

0.1541 

Age < 60 Years 

(n = 452) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.83 (0.42, 1.64) 

0.43 (0.12, 1.49) 

1.00 (ref) 

0.87 (0.44, 1.74) 

0.45 (0.13, 1.59) 

0.4630 

Age ≥ 60 Years 

(n = 1643) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.66 (0.41, 1.05) 

0.67 (0.31, 1.45) 

1.00 (ref) 

0.67 (0.42, 1.07) 

0.74 (0.34, 1.61) 

0.4630 

Age < 60 Years, 

Caucasian Only 

(n = 436) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.81 (0.40, 1.62) 

0.48 (0.14, 1.48) 

1.00 (ref) 

0.82 (0.41, 1.65) 

0.47 (0.13, 1.63) 

0.4697 

Age ≥ 60 Years, 

Caucasian Only 

(n = 1531) 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.69 (0.43, 1.11) 

0.67 (0.30, 1.52) 

1.00 (ref) 

0.69 (0.43, 1.12) 

0.70 (0.31, 1.59) 

0.4697 

*adjusted for age, race and EXE treatment 
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4.7.2 Effect Modification by Treatment Arm 

Table 4.15 suggests that while there was not a significant interaction by treatment group 

(p-value for interaction = 0.17), there appears to be qualitative differences between the EXE and 

placebo groups, with those carrying the UGT2B17 homozygous deletion being moderately 

protected from incident adverse vasomotor HRQL in the placebo group.  

Table 4.15: The Association between the UGT2B17 Deletion Polymorphism and Incident 

Adverse Vasomotor HRQL within 12 Months, by Treatment Group. 

N = 2095 
UGT2B17 

Genotype 

Exemestane  

(N=1074)             

OR (95% CI) 

Placebo             

(N = 1021)       

OR (95% CI) 

p-value for 

interaction 

Incident Adverse Vasomotor HRQL within 12 Months 

Overall* 

(n = 2095) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.64 (0.39, 1.04) 

0.84 (0.41, 1.73) 

1.00 (ref) 

0.93 (0.49, 1.75) 

0.17 (0.02, 1.29) 

0.1738 

Caucasians 

(n = 1967) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.61 (0.37, 1.00) 

0.78 (0.37, 1.64) 

1.00 (ref) 

1.03 (0.52, 2.00) 

0.20 (0.03, 1.48) 

0.1580 

Age < 60 Years 

(n = 452) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.75 (0.35, 1.59) 

0.58 (0.16, 2.10) 

1.00 (ref) 

1.12 (0.48, 2.61) 

0.12 (0.01, 1.20) 

0.1598 

Age ≥ 60 Years 

(n = 1643) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.58 (0.34, 1.01) 

1.05 (0.46, 2.40) 

1.00 (ref) 

0.87 (0.44, 1.74) 

0.21 (0.03, 1.63) 

0.1598 

Age < 60 Years, 

Caucasian 

(n = 436) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.67 (0.31, 1.44)  

0.57 (0.16, 2.08) 

1.00 (ref) 

1.16 (0.48, 2.80) 

0.15 (0.01, 1.48) 

0.1431 

Age ≥ 60 Years, 

Caucasian 

(n = 1531) 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.57 (0.33, 1.01) 

0.94 (0.39, 2.27) 

1.00 (ref) 

0.99 (0.48, 2.04) 

0.24 (0.03, 1.86) 

0.1431 

*adjusted for age and race 
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4.8 Objective 3 Analysis: Vasomotor HRQL and Early Treatment Discontinuation 

4.8.1 The Association between Incident Adverse Vasomotor HRQL and Early Treatment 

Discontinuation 

 The third objective in this study was to examine the effect of incident adverse vasomotor 

HRQL at 6 months on early treatment discontinuation within 1 year, and whether this 

relationship was modified by UGT2B17 genotype. Women were “exposed” if they had a 

vasomotor HRQL score of ≤ 2 at baseline, followed by a score of score of ≥ 5 at 6 months after 

randomization. We chose to focus on incident adverse vasomotor HRQL because of the stronger 

(more compelling) protective associations observed between the UGT2B17 gene deletion and 

adverse incident vasomotor HRQL. Of the 2047 participants who reported little-to-no vasomotor 

bother at baseline (MENQOL score ≤ 2), and had follow-up data at 6-months, 93 women (5%) 

reported vasomotor HRQL scores of 5 or greater at six months, corresponding to incident 

adverse vasomotor HRQL. In addition, 252 participants (12%) went off protocol therapy (OPT) 

within 1 year. These frequencies are presented in Table 4.16, and stratified by UGT2B17 

deletion status (homozygous deleted vs. not deleted) in Table 4.17.  
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Table 4.16: Distribution of Incident Adverse Vasomotor HRQL at 6 Months and Study 

Discontinuation within 1 Year. 

 Discontinued (OPT) Continued (No OPT) Total 

VM Symptoms 35 (13.9%) 58 (3.2%) 93 

No VM Symptoms 217 (86.1%) 1737 (96.8%) 1954 

Total 252 1795 2047 

 

Table 4.17: Distribution of Incident Adverse Vasomotor HRQL and Study Discontinuation, 

Stratified by UGT2B17 Deletion Status. 

UGT2B17 Homozygous Deletion (0/0) 

 Discontinued (OPT) Continued (No OPT) Total 

VM Symptoms 1 (5.9%) 7 (3.1%) 8  

No VM Symptoms 16 (94.1%) 216 (96.9%) 232 

Total 17 223 240 
 

UGT2B17 Heterozygous (+/0) and Wild Type (+/+) 

 Discontinued (OPT) Continued (No OPT) Total 

VM Symptoms 34 (14.5%) 51 (3.2%) 85 

No VM Symptoms 201 (85.5%) 1521 (96.8%) 1722 

Total 235 1572 1807 
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A parsimonious multivariate logistic regression model was created using confounders 

identified a priori. The final model included UGT2B17 genotype, age, race and treatment arm. 

The results from this analysis are presented in Table 4.18. In the final mutually adjusted model, 

developing incident adverse vasomotor HRQL at 6 months was significantly associated with 

treatment discontinuation within 1 year (RR=3.05 95% CI: 2.28-4.07). UGT2B17 genotype was 

also a significant prediction variable (p-value = 0.01) in this analysis. The UGT2B17 

homozygous deletion was significantly protective against early treatment discontinuation 

(RR=0.59 95% CI: 0.37-0.95). 

Table 4.18: The Association between Incident Adverse Vasomotor HRQL and Early Study 

Discontinuation. 

N = 2047 

Exposure 

 

RR* (95% CI) 

 

p-value 

Incident Adverse VM Symptoms  

 

3.05 (2.28, 4.07)  <0.0001 

UGT2B17 Homozygous Deletion 

 

0.59 (0.37, 0.95) 0.0076 

Age  
     < 50 

     50-59 

     60-74 

     ≥ 75 

 

 

1.49 (0.53, 4.18) 

0.97 (0.61, 1.56) 

1.13 (0.74, 1.71) 

1.00 (ref) 

 

0.6803 

Race 

     Caucasian 

     African-American 

     Asian 

     Other 

 

 

1.00 (ref) 

0.91 (0.47, 1.73) 

0.27 (0.04, 1.90) 

1.55 (0.46, 5.17) 

0.1192 

EXE 1.70 (1.33, 2.18) <0.0001 

*mutually adjusted for all other variables in the model 
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4.8.2 Effect Modification by UGT2B17 Genotype 

Upon the inclusion of an interaction term for the UGT2B17 homozygous deletion and 

incident adverse vasomotor HRQL, the RR for those who had the homozygous deletion was 1.44 

(95% CI: 0.22-9.36), the RR for those without the deletion (i.e. heterozygotes and homozygous 

wild type) was 3.16 (95% CI: 2.36-4.22). However, there was not a significant interaction by 

UGT2B17 genotype (p-value for interaction = 0.30). When also including an interaction term for 

EXE treatment and incident adverse vasomotor HRQL, there were few differences between EXE 

treatment groups (p-value for treatment interaction = 0.85), with estimates in the placebo group 

slightly lower (Table 4.19).  

Table 4.19: The Association between Incident Adverse Vasomotor HRQL and Early Study 

Discontinuation, by UGT2B17 Gene Deletion Status. 

N = 2047 Deletion                                     

RR* (95% CI) 

Heterozygous and Wild Type              

RR* (95% CI) 

Incident VM HRQL (n = 2047) 1.44 (0.22, 9.36) 3.16 (2.36, 4.22) 

    EXE Only (n = 1047) 1.43 (0.22, 9.34) 3.10 (2.24, 4.30) 

    Placebo Only (n = 1000) 1.53 (0.22, 10.74) 3.33 (1.78, 6.21) 

*adjusted for age and race 

*p-value for UGT2B17 interaction = 0.30 

*p-value for EXE interaction = 0.85 
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Chapter 5 

Discussion 

 This thesis focused on the UGT2B17 gene, which plays an important role in the 

metabolism of a number of sex steroid hormones and lipid soluble drugs, including exemestane 

(EXE) through a process known as glucuronidation1–4. The hypothesis for this project posited 

that a loss of the UGT2B17 function via a double (homozygous) gene deletion would increase 

the incidence and potential worsening of menopause-specific symptoms, specifically vasomotor 

HRQL, in postmenopausal women randomized to exemestane through increased 17-DHE levels. 

Conversely, those randomized to placebo were hypothesized to experience fewer vasomotor 

symptoms, due to the effects of UGT2B17 on endogenous hormone concentrations. It was also 

hypothesized that the incidence of adverse vasomotor HRQL would predict early discontinuation 

from the trial, and the effect would differ by UGT2B17 genotype. 

5.1 Summary of Findings 

 In our study population of 3576 MAP.3 participants, 11% had the homozygous UGT2B17 

gene deletion, and a similar proportion of the remaining participants were heterozygous or wild-

type for UGT2B17. 10% of participants had adverse vasomotor HRQL at baseline. The incidence 

of adverse vasomotor HRQL was rare, with only 6% of women reporting incident adverse 

vasomotor HRQL within 12 months. In contrast, nearly half of the women in the MAP.3 cohort 

experienced a decline or worsening of vasomotor HRQL within the first 12 months of the 

clinical trial. Approximately 12% of participants discontinued the study medication within the 

first 12 months.  
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Results from the analyses at baseline suggested that the UGT2B17 gene deletion was 

protective against prevalent and adverse vasomotor HRQL, prior to randomization to EXE or 

placebo. A decreasing number of UGT2B17 alleles may offer a protective effect against adverse 

vasomotor HRQL. Women with the homozygous UGT2B17 deletion were 14% less likely to 

have any vasomotor symptoms associated with any level of bother or discomfort, and 30% less 

likely to have adverse vasomotor HRQL at baseline. 

 There was also a suggestion that women with the homozygous UGT2B17 deletion were 

moderately protected from developing new adverse vasomotor HRQL at 12 months following 

randomization to EXE or placebo, although this association was not statistically significant (p = 

0.16). When results were stratified on treatment group, women in the placebo arm with the 

UGT2B17 double deletion were strongly and consistently protected from developing incident 

adverse vasomotor HRQL, regardless of age or race, although the interaction between UGT2B17 

genotype and treatment group was not statistically significant (p = 0.17). In contrast to the study 

hypothesis, there was no sign of an elevated risk of incident adverse vasomotor HRQL in women 

randomized to EXE with the UGT2B17 homozygous deletion compared to the wild-type 

genotype. Similarly, the UGT2B17 gene deletion did not appear to be associated with a decline 

or worsening of vasomotor HRQL within the first 12 months of the study; this association did 

not differ by age or by treatment group. 

 In general, the effect of the UGT2B17 homozygous gene deletion attenuated the 

relationship between incident adverse vasomotor HRQL and early treatment discontinuation 

within the first 12 months since randomization, compared to those with heterozygous or wild-

type UGT2B17 genotypes. However, the interaction was not significant, and, independent of 
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UGT2B17 genotype status, the development of new adverse vasomotor HRQL was a strong 

predictor of early study discontinuation. 

 The remainder of this chapter will interpret and compare the results from this study with 

the current literature, and discuss methodological strengths and limitations of this project. 

Furthermore, this chapter will present the project’s contribution to the literature, and propose 

future research directions. 

5.2 Comparison of Findings with Relevant Literature  

5.2.1 UGT2B17 Deletion Polymorphism Frequency 

 The UGT2B17 deletion frequency in this study was consistent with previous literature, 

with 11% of participants in this predominantly Caucasian population having the homozygous 

deletion2,3,5–8. Similarly, the African-Americans in this study had a lower deletion frequency 

(8%), and Asians had a higher deletion frequency (47%), which is consistent with other literature 

that shows that the UGT2B17 deletion is rarer in African-Americans and more common in 

Asians5,8–10. However, studies in Asian populations have previously reported a homozygous 

deletion frequency of at least 60%8–10, which is noticeably higher than the frequency observed in 

the present study. As African-Americans and Asians only made up 4% and 2% of the study 

population, respectively, these proportions are subject to higher variability. 

5.2.2 Association between UGT2B17 Genotype and Baseline Vasomotor HRQL 

This is the first study that we are aware of to demonstrate a potential role of UGT2B17 in 

menopause-specific symptoms or quality of life. The results from the analysis of baseline 

vasomotor HRQL scores provide evidence that the UGT2B17 homozygous deletion may protect 
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postmenopausal women from adverse vasomotor HRQL. UGT2B17 is involved in the 

metabolism of several endogenous and exogenous compounds and is largely responsible for 

testosterone elimination1,2,4,11,12. The aromatization reaction converts androgens to estrogens and, 

therefore, estrogen concentration is linked to androgen concentrations in postmenopausal 

women13,14. If testosterone concentrations are higher due to decreased elimination resulting from 

an absence of UGT2B17, it is possible that more testosterone could be available to be converted 

to estrogen. Therefore, the UGT2B17 deletion may result in increased estrogen concentrations. 

Findings from Yang et al. agree with this reasoning, as those with the UGT2B17 homozygous 

deletion had higher estradiol (and testosterone) concentrations15. Estrogen has a protective effect 

against hot flashes and other vasomotor symptoms in postmenopausal women16, which could 

explain the potentially protective effect observed in this study, at baseline.  

In addition, the UGT2B17 deletion polymorphism has been associated with higher bone 

density in postmenopausal women, which is linked to higher serum estrogen levels11. Estrogen is 

well-established as a major factor in bone metabolism in postmenopausal women, with lower 

levels associated with decreased bone density and increased fracture risk17. Women on EXE in 

MAP.3 had a worse decline in bone mineral density than those on placebo, illustrating that 

decreased estrogen (from EXE) negatively impacts bone density18. Giroux et al. found that the 

effects of having the homozygous UGT2B17 deletion were similar those of receiving hormone 

replacement therapy, with respect to bone density11, further supporting the argument that the 

UGT2B17 deletion results in higher estrogen levels. It appears that those with the homozygous 

deletion in this study can either a) better tolerate vasomotor symptoms or b) experience fewer 

vasomotor symptoms. Together, these results support the role of the UGT2B17 deletion in 

attenuating vasomotor symptoms through increasing the availability of endogenous estrogen. 
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5.2.3 Association between UGT2B17 Genotype and Worsened Vasomotor HRQL 

 Overall, the results show a lack of association between the UGT2B17 gene deletion 

polymorphism and a meaningful decline in vasomotor HRQL, regardless of treatment 

assignment. While EXE and its active metabolite 17-DHE are responsible for increased 

vasomotor effects19–23, such as increased hot flashes and night sweats, it does not seem that a 

lack of glucuronidation by UGT2B17, and thereby decreased 17-DHE elimination via this 

pathway, worsens these symptoms, as was originally hypothesized. Theoretically, a decrease in 

elimination should correspond to an increase in substrate concentration and the effects associated 

with the active drug. In the context of this study, increased active 17-DHE concentrations would 

lead to increased vasomotor symptoms and, by extension, worsened vasomotor HRQL; however, 

this was not the case.  

These findings suggest that another metabolism pathway, possibly another uridine 5'-

diphospho-glucuronosyltransferase (UGT) or glutathione S-transferase (GST) enzyme (or 

multiple enzymes) is compensating for the lack of UGT2B17 activity and is responsible for 17-

DHE inactivation. The specific pathway has yet to be identified, and it is possible that several 

enzymes cooperatively compensate for the missing UGT2B17 activity. Furthermore, there was 

no significant difference in the effect of the UGT2B17 deletion between the EXE and placebo 

arms. Since there was a lack of association in both treatment arms, it is likely that another 

pathway is also involved in metabolizing 17-DHE. These conclusions are similar to those of a 

study of the UGT2B17 deletion polymorphism and tamoxifen metabolism24. Results from this 

paper were unexpected, as higher glucuronide concentrations were found in those with the 

UGT2B17 homozygous deletion. The authors proposed that another mechanism was upregulated 

to compensate for lost UGT2B17 activity24. Plasma metabolite concentration data from MAP.3 
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could help determine whether 17-DHE is shuttled into another enzymatic pathway, and could 

potentially help elucidate this alternative pathway. 

Moreover, due to the fact that there was no significant association between the UGT2B17 

deletion polymorphism and worsened vasomotor HRQL in either heterozygotes or those who 

were homozygous null, there was no evidence of a linear gene dosage effect. The relative risk 

estimates for the heterozygote group are very similar to both the wild type and homozygous 

deleted groups. Prior work has revealed that a decreasing number of UGT2B17 alleles is 

associated with decreased 17-DHE-Gluc concentrations25. The concentration decrease was much 

larger in those with the homozygous deletion than in those who were heterozygous (41-fold vs. 

2-fold decreases, respectively)25, implying a lack of a linear gene dosage effect. In this respect, 

the present study agrees with past research on the UGT2B17 gene deletion polymorphism. 

However, due to the overall lack of a significant association with either genotype, it is difficult to 

determine whether there truly is no gene dosage effect with the UGT2B17 deletion 

polymorphism. 

5.2.4 Association between UGT2B17 Genotype and Incident Adverse Vasomotor HRQL 

 This project studied vasomotor HRQL using a worsening approach. A worsening 

approach, as opposed to an improvement approach, is most appropriate in a cancer 

chemoprevention setting, in which those without disease may be subjected to increased toxicities 

without completely eliminating the risk of cancer26,27. While a 0.5-point change in a MENQOL 

domain score has been established as a perceptible change to most people, it is, nevertheless, a 

liberal definition of a clinically meaningful change in MENQOL scores. As such, Objective 2b 

examined incident adverse vasomotor HRQL in those who previously experienced minimal 
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vasomotor bother, evaluating whether the UGT2B17 gene deletion polymorphism could be used 

to predict major HRQL changes. When conceptualizing the outcome as incident symptoms, it 

was hypothesized that at least 1 UGT2B17 deletion may increase the risk of the development of 

adverse vasomotor HRQL, especially in those randomized to EXE. 

Interestingly, while not statistically significant, the association between UGT2B17 

genotype and adverse incident vasomotor HRQL in those who initially experienced little bother 

was consistently protective, suggesting that the UGT2B17 deletion may play a role in preventing 

the development of new adverse vasomotor HRQL. The protective effect of the UGT2B17 

double deletion was especially strong in the placebo group compared to those without the 

homozygous deletion, which support the results observed in the first objective. Nevertheless, 

even women on EXE who were homozygous null for UGT2B17 also appeared to be protected 

from developing new adverse vasomotor HRQL. 

This may be explained by the dual activity that UGT2B17 has in the metabolism of both 

steroid hormones and EXE. Therefore, it is possible that those on placebo may be protected from 

adverse vasomotor HRQL because of increased estrogen formation through the aromatization 

reaction. As UGT2B17 is mainly responsible for testosterone elimination, those who are 

homozygous null for UGT2B17 have increased testosterone concentrations15; it is possible that 

more testosterone could be available to be converted into estrogen in these individuals, thereby 

increasing postmenopausal estrogen levels. In comparison, those on EXE who may otherwise 

have experienced an increase in adverse vasomotor HRQL because of lowered glucuronidation 

and reduced elimination of active EXE metabolites, including 17-DHE, are partially protected in 

the presence of the UGT2B17 homozygous deletion.  In this respect, the UGT2B17 homozygous 

deletion may attenuate the vasomotor side-effects associated with EXE treatment.  
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There are a couple of explanations that may shed light on the opposing results observed 

in Objectives 2a and 2b. The evaluation of the relationship between UGT2B17 genotype and the 

incident adverse vasomotor HRQL, in contrast to a worsening of vasomotor HRQL, suggest that 

that those with the homozygous deletion are protected from developing new serious vasomotor 

symptoms, but the deletion offers little help in tolerating pre-existing symptoms. The definition 

of worsened vasomotor HRQL includes any participant who reported a 0.5-point vasomotor 

domain score increase, regardless of their level of bother. This definition captures women with 

little and extreme bother at baseline. In those with pre-existing vasomotor symptoms, worsening 

is akin to tolerance / resilience. In this respect, it can be argued that the seemingly conflicting 

results were due to slight differences in outcome conceptualizations between Objectives 2a and 

2b: Objective 2a had a greater emphasis on tolerance, while Objective 2b concentrated on the 

development of new symptoms. Alternatively, by applying more conservative criteria in the 

definition of new adverse vasomotor HRQL (Objective 2b), a clearer picture about the 

relationship between UGT2B17 genotype and vasomotor HRQL emerged, because the outcome 

was less misclassified (more meaningful) than the more liberal definition of worsened vasomotor 

HRQL. This more conservative definition captured a more extreme change, which would be 

more striking to a participant when completing the MENQOL. 

Conflicting results have also been observed in pharmacogenetic studies of tamoxifen, 

specifically with variations in CYP2D6 activation activity. As CYP2D6 is responsible for 

metabolizing tamoxifen into its active metabolite, endoxifen, polymorphisms in CYP2D6 alter 

the effects of tamoxifen treatment. Goetz et al. (2005) found that those without functioning 

CYP2D6 had fewer hot flashes28. On the other hand, Regan et al. reported that poor metabolizers 

had an increased risk of hot flushes, compared with extensive metabolizers29. Both of these 
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studies used the Common Toxicity Criteria to evaluate the presence of hot flashes and found 

opposite results. Consequently, CYP2D6 genetic testing has not been incorporated into clinical 

practice. 

There have not been prior pharmacogenetic studies in the context of UGT2B17 and AI 

treatment. The majority of pharmacogenetic studies of endocrine therapies for breast cancer 

(most of which focus on tamoxifen) have reported conflicting results with respect to vasomotor 

symptoms. Contradictory pharmacogenetic results may be in part due to measurement error of 

biomarkers and outcomes, and, especially, the lack of concordance between patient-reported 

HRQL and clinician-rated toxicities (assessed by CTCAE criteria)30. Inconsistencies between 

these studies have hampered definitive conclusions and comparisons in the literature. Our study 

is no exception, as the observed effect of the UGT2B17 deletion was in the opposite direction 

from what was hypothesized. 

5.2.5 The Effect of the UGT2B17 Deletion on Incident Adverse Vasomotor HRQL and 

Treatment Discontinuation 

Adherence to AI treatment is dependent on an individual’s HRQL, and side-effects often 

prompt treatment discontinuation, especially in a prevention setting where the treatment is not 

absolutely required19,31. Earlier work, published by Meggetto et al.31, looking at predictors of 

early discontinuation in MAP.3 reported a significant association between worsened HRQL and 

early discontinuation (RR = 1.50; 95% CI: 1.28-1.75). In a study of tamoxifen in older women 

with breast cancer, patients experiencing treatment side-effects were also more likely to 

discontinue adjuvant therapy (OR=4.0 95% CI: 1.1-13.9)32. Similarly, a study of HRQL in the 

adjuvant chemotherapy setting (using cyclophosphamide, doxorubicin and 5-flurouracil) found 
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that breast cancer patients with better HRQL were less likely to discontinue treatment early 

(HR=0.97 95% CI: 0.95-0.99 per point increase in the Breast Cancer Questionnaire)33. While 

these studies were in the adjuvant setting, they demonstrate that patient HRQL is an important 

determinant of treatment adherence. Results from the current thesis support these observations 

and reveal that women with incident adverse vasomotor HRQL are more than 3 times as likely to 

discontinue study treatment in the first year, compared to women without poor vasomotor 

HRQL, after adjusting for confounders. The magnitude of this association confirms that the 

definition of incident adverse vasomotor HRQL used in this study was indeed a more extreme 

conceptualization of worsened vasomotor HRQL.  

UGT2B17 genotype was also a significant predictor of this early discontinuation, and the 

pattern was similar to that observed in some of the earlier analyses suggesting that the UGT2B17 

deletion may have a protective effect against developing adverse vasomotor HRQL, which in 

turn would protect against early discontinuation. Those with the UGT2B17 double deletion were 

nearly half as likely to discontinue study treatment within the first year, compared to those 

without the homozygous deletion. Interestingly, when UGT2B17 genotype was included as an 

interaction term with incident adverse vasomotor HRQL, the effect was attenuated in the 

homozygous deletion group (RR=1.44; p-value = 0.30), although it was not statistically 

significant. 

However, this pattern did not vary by treatment, as observed by the similar relative risks 

for the relationship between adverse vasomotor HRQL and early discontinuation by genotype 

when stratified by treatment. The lack of interaction with treatment implies that any protective 

effect of the UGT2B17 deletion is due to its impact on hormone metabolism, independent of 

EXE. This supports the argument that UGT2B17 activity against 17-DHE is likely compensated 
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by other mechanisms in its absence. In this regard, UGT2B17 status may be used as a predictor 

of adherence to chemoprevention treatment. 

5.3 Study Validity: Methodological Strengths and Limitations 

5.3.1 Selection Bias 

 Selection bias occurs when there is a systematic difference in characteristics between 

those who are included in a study and those who are not. It may also arise when participants who 

withdraw early (or are lost to follow-up) are systematically different from those who remain in 

the study. MAP.3 employed a variety of recruitment methods, including clinic screening, 

advertising materials, mailing lists, and referrals. For this study, we did not have information on 

women who refused to participate in MAP.3, so a comparison between those who consented 

versus those who did not consent could not be performed. However, it is likely that this study 

suffered from volunteer bias, a form of selection bias, given the high rate of healthy and highly 

educated women who agreed to participate in the trial. Consequently, the prevalence of 

participant characteristics and HRQL observed in this study may not be generalizable to the 

average postmenopausal population in North America. However, it is unlikely that this volunteer 

bias would have led to distorted effect estimates.  

 On comparing baseline characteristics between those who were included in this study to 

the entire MAP.3 cohort, there was no real difference between the two populations in terms of 

the distributions of age categories, race, BMI categories or treatment allocation (shown in Table 

F.1 in Appendix F). However, compared to the entire MAP.3 cohort, the women included in the 

study sample for this project were better educated (more women with a university degree), came 

from slightly more affluent backgrounds, and a greater proportion were employed. These 
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variables are likely reflective of a healthier and better educated population of postmenopausal 

women, who presumably would be more interested participating in other research studies, 

including those with a genetic component. While this may have introduced some selection bias, 

it is unlikely that the reported effect estimates are biased, since it is unlikely that these selection 

factors are associated with both the main exposure and outcome of interest in this project. 

Furthermore, these factors did not change the estimates or improve confidence intervals in the 

confounding assessment exercise. 

 Excluding participants with incomplete follow-up MENQOL instruments may have also 

introduced some selection bias. Incomplete MENQOL responses may be related to worsened 

HRQL (the outcome of this study). In this scenario, the study would have included a smaller 

number of individuals with the outcome, which could bias the effect estimates if the missing 

MENQOL data was also associated with the exposure. Given that a small proportion of 

participants were excluded due to missing data (n = 164, 4.6%), the results are unlikely to be 

significantly influenced by this potential selection bias. 

5.3.2 Information Bias and Measurement Error 

Exposure Measurement – UGT2B17 Genotyping 

 In this study, blood samples were analyzed and genotyped for UGT2B17 copy number 

using a novel high-throughput procedure that uses real-time PCR and allelic discrimination34. 

This method employs an automated assignment of genotypes, so it is less vulnerable to human 

error associated with reading an electrophoresis gel with the traditional PCR method. This 

technique also allows for the identification of heterozygotes, unlike some other methods. 
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Therefore, there is little chance of exposure misclassification due to the accuracy of this high-

throughput process34. 

Outcome Measurement – MENQOL Scores 

 The MENQOL questionnaire has been established as a valid, reliable and responsive 

HRQL instrument35. As there is no gold standard for HRQL measurement, construct validity is 

often used to assess validity. In this case, the construct validity of the MENQOL refers to the 

ability of the instrument to appropriately measure what it claims to measure with respect to 

HRQL in postmenopausal women. Construct validity of the MENQOL was assessed through 

comparisons with other quality of life instruments that measure the same menopausal 

constructs35. Reliability is the ability of an instrument to produce consistent results under the 

same conditions. Responsiveness refers to the ability of an instrument to capture a change in the 

constructs being measured. These three criteria were met when evaluating the MENQOL35. The 

MENQOL asks participants to recall their HRQL within the last four weeks. While there is 

potential for some recall error, it is likely a reasonable timeframe to accurately recall whether an 

individual experienced recent menopausal symptoms, and the degree of bother associated with 

each. 

 However, in the case that a participant has discontinued study treatment (i.e. 3 months 

after randomization) and only completed the MENQOL at her scheduled 6-month visit (for 

example), the 4-week timeframe in which to recall HRQL on the MENQOL may not be relevant 

to the window of EXE exposure. That is, those completing the MENQOL later may 

systematically over-report good vasomotor HRQL, as they are further removed from the side-

effects of treatment. Therefore, sensitivity analyses were conducted for Objectives 2a, 2b and 3 
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to explore the magnitude of this potential misclassification. Women who answered the 

MENQOL after 1 month of early discontinuation (n = 199, 5.6%) were excluded from the 

analyses. This method was implemented to ensure that MENQOL responses were reflective of 

the 1-month timeframe specified by the questionnaire. These sensitivity analyses are presented in 

Appendix E. In brief, estimates from the sensitivity analyses were similar to those from the full 

dataset for each of Objectives 2a and 2b (Table E.1 through Table E.4), suggesting that outcome 

misclassification due to late MENQOL responses did not impact the interpretation of the results. 

However, potential misclassification of HRQL because of wrong timing of exposure 

measurement may have attenuated the relationship between incident adverse vasomotor HRQL 

and early discontinuation, especially in those with the UGT2B17 homozygous deletion, in the 

third objective of this project. When this analysis was restricted to only those women that 

completed the MENQOL if still on study, or within 4 weeks if they discontinued early (among 

those that went off protocol therapy), the overall association between developing adverse 

vasomotor HRQL was similar and remained statistically significant (Table E.5). However, upon 

examining the interaction with UGT2B17 genotype, the association between adverse vasomotor 

HRQL and discontinuation was stronger in the homozygous deleted group compared to the main 

analysis (albeit with much wider confidence intervals) (Table E.6). Nevertheless, this sensitivity 

analysis provides additional support for the earlier conclusion that UGT2B17 genotype is not an 

effect modifier of the relationship between poor vasomotor HRQL and early discontinuation of 

study treatment. 

 Outcome conceptualization using data from the MENQOL may have also been 

susceptible to differences between individuals’ subjective evaluation of their HRQL. The 

outcome of Objective 2a is based on a perceived change (decline) in HRQL and each 
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participant’s change score is anchored to her individual baseline score. In contrast, inclusion and 

outcome determination for incident adverse vasomotor HRQL was based on absolute scores at 

baseline and follow-up, respectively, and reflects an individual’s interpretation of the scales and 

how they subjectively relate those scales to specific symptoms. For example, a “5” out of 8 on 

the MENQOL scale could mean different things to different participants and is influenced by 

participant characteristics and prior experience. In this respect, the incidence of adverse 

vasomotor HRQL will vary depending on individual resilience and tolerability. 

Discontinuation 

 Information on early treatment discontinuation for the third objective in this study was 

self-reported, and could have a degree of misclassification. It is unlikely that a participant 

claimed to stop the treatment when they, in fact, had not. However, there could feasibly be 

individuals who claimed to be following protocol, when they had actually stopped treatment. In 

this scenario, the number of participants who discontinued would be underestimated; risk 

estimates could be biased in either direction, depending on whether the outcome was 

differentially misclassified based on exposure status. 

Missing Data 

 Measurement bias may have been introduced in this study with respect to missing data 

within the MENQOL. Missing data resulted from three potential sources: 1) missing MENQOL 

instruments; 2) completed instruments with two or more of the vasomotor items missing or; 3) 

reporting the presence of a symptom, but failing to identify the level of bother associated with 

that item. Reasons for missingness were unknown; if these missing data were not missing at 

random, it is possible that the estimated effects could be biased towards or away from the null 
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(depending on whether participants with worse / better vasomotor HRQL or the UGT2B17 

deletion were more likely to be missing data). A conservative approach to missing data was used, 

as the validity of the MENQOL using imputed scores is unknown. Participants with entirely 

missing MENQOL instruments at baseline and/or at both 6- and 12-month follow-up visits were 

excluded, as were respondents that failed to answer over half (ie. 2 of 3) of the vasomotor 

questions. Without the ability to calculate a change in the vasomotor domain at either 6 or 12 

months, the participant was excluded. Items without bother ratings were considered to be 

missing. Therefore, a vasomotor domain score was calculated for only those who answered over 

half of the vasomotor items (2 or 3 of the 3 items) at that visit, to minimize the number of 

women who would otherwise be excluded in this analysis. Measurement error may have been 

introduced by including those who answered only 2 of 3 vasomotor items, as it is possible that a 

woman was more / less bothered by the third vasomotor symptoms that was missing. If this were 

the case, the average domain score would not truly reflect that individual’s vasomotor HRQL at 

that time point. 

Information bias related to missing data could have also occurred because of the imposed 

time-frame of ‘within 12 months’. It is possible that an individual completed a single follow-up 

MENQOL (at only 6 months or only 12 months), which would result in missing data for the 

other follow-up visit. For example, an individual who answered the MENQOL at baseline and 12 

months could be missing data from a potential 6-month visit. Given that vasomotor HRQL was 

worse at 6 months in the MAP.3 cohort, it is more likely that this misclassification would result 

in fewer individuals reporting a worsening in HRQL. This potential misclassification would 

likely be non-differential, as non-responses would not be impacted by genotype exposure status 

(which was unknown at the time) and would therefore bias the results towards the null for 
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Objectives 2a and 2b, in particular. Table F.2 in Appendix F shows the baseline characteristics 

for those who answered the MENQOL at 6 and at 12 months, compared to the overall study 

population. The baseline characteristics between these groups were largely similar, except for a 

higher proportion of women who were on placebo at 12 months (likely due to disproportional 

early treatment discontinuation of those on EXE). Therefore, missing one follow-up MENQOL 

likely did not introduce information bias into this study. 

5.3.3 Confounding 

 When modeling the associations between UGT2B17 genotype and vasomotor HRQL 

outcomes, the fully adjusted model included some variables which were arguably not 

confounders because they were likely not related to a genetic polymorphism. As an example, 

Table G.1 in Appendix G, illustrates how these additional variables did not change risk 

estimates or improve precision for Objective 2a. Models were also similar for Objectives 1 and 

2b. The parsimonious model, including age, race and treatment allocation, was considered to be 

the best model. Age was maintained in the model because it is highly associated with vasomotor 

HRQL, and was somewhat associated with the UGT2B17 deletion in bivariate analysis. Race 

was controlled for due to reported racial differences in vasomotor experiences between races16,36 

and due to the fact that the UGT2B17 deletion polymorphism varies in frequency by race8. 

Treatment assignment (EXE or placebo) was maintained due to its strong association with the 

study outcomes. Despite controlling for these covariates in the final parsimonious model, the 

parsimonious and unadjusted estimates were quite similar, suggesting that the lack of a 

significant association with both outcomes was not explained through confounding by these 

characteristics. It is possible that other genetic polymorphisms, perhaps in other UGT enzymes 

such as UGT2B15, that were not examined are impacting the relationship under study, which 
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could introduce some uncontrolled confounding in this study. However, due to the genetic 

exposure, it is unlikely that additional unmeasured lifestyle or sociodemographic variables 

confounded the relationships in Objective 1, 2a and 2b, unless they were associated with the 

UGT2B17 deletion by chance. 

 MAP.3 did not collect information on alcohol consumption, physical activity or social 

support, which may have played a role in treatment discontinuation. These variables may have 

introduced uncontrolled confounding when examining the relationship in Objective 3. 

5.3.3.1 Misclassification of Confounders 

Participant Characteristics 

 A key strength of this project is that information on baseline characteristics, including 

sociodemographic, lifestyle, reproductive and medication information, was collected by the 

Canadian Cancer Trials Group using rigorous quality control measures. As a result, there is little 

missing data with respect to these baseline covariates. Information on these characteristics was 

collected in a systematic way for each trial participant. Moreover, participants and study staff 

were unaware of an individual’s treatment allocation or UGT2B17 status, minimizing the chance 

of differential misclassification with respect to these baseline traits. Any misclassification of 

these characteristics could have lead to inadequate control of confounding, impacting the 

precision of the main estimates of effect. These variables were collected only at baseline; any 

changes to modifiable characteristics, such as body mass index, were not captured. Therefore, 

any alterations could not be accounted for when controlling for these variables.  
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Lifetime Cumulative Menstrual Cycles 

Lifetime cumulative menstrual cycles (LCMC) was used instead of controlling for 

individual aspects of a woman’s reproductive history because it provides an overall summary of 

her reproductive history and aims to quantify estrogen exposure, which is of relevance to the 

hormone metabolizing activity of UGT2B17. Other studies of HRQL in women on endocrine 

therapy have either included no or few reproductive variables in their analyses20–22,37–41. 

 LCMC was calculated by modifying the method described by Chavez-MacGregor et al42. 

Briefly, a woman’s LCMC is a composite measure that uses several reproductive variables in its 

calculation, including the age at menarche, number of full-term births, breastfeeding duration, 

oral contraceptive use, number of non-full-term pregnancies, and age at menopause42. Data from 

MAP.3 were not complete with respect to some variables, so this method had to be modified. 

Adjustments included: 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. Due to these modifications, and lack of detail for some variables, it is 

possible that LCMC was misclassified, which could introduce some residual confounding of 

lifetime estrogen exposure.  

NSAID Use 

Use of nonsteroidal anti-inflammatory drugs was explored as a confounder and an effect 

modifier of the relationship between the UGT2B17 polymorphism and worsened vasomotor 

HRQL and incident adverse vasomotor HRQL. Due to the fact that UGT2B17 is responsible for 

the elimination of xenobiotic compounds, such as NSAIDs, it is possible that these drugs could 

compete with 17-DHE for UGT2B17 activity. However, information on concomitant 
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medications was inconsistent and sometimes missing key details for some participants. The 

literature shows that aspirin is not metabolized by UGT2B174, so aspirin was excluded from the 

list of NSAIDs to control for. However, the specific role of UGT2B17 with respect to some other 

drugs is less clear, and often multiple UGT enzymes work in tandem. Therefore, certain NSAIDs 

may be minimally metabolized by UGT2B17, whereas UGT2B17 may have a larger role in the 

metabolism of other NSAIDs. In either case, a participant was categorized as taking an NSAID. 

Therefore, heterogeneity was notable within this categorization, which may have introduced 

residual confounding. Ultimately, NSAIDs were not controlled for in the final analysis, and the 

interaction term was not statistically significant (p-value for interaction = 0.7). The inclusion of 

this variable did not change estimates or narrow confidence intervals, so the effect of potential 

misclassification of relevant NSAIDs was likely minimal. 

5.3.4 Effect Modification 

 Effect modification by exemestane assignment and age category (with 60 years as a cut-

off) were examined with the introduction of interaction terms into multivariable models. Age 

was investigated as an effect modifier in Objectives 2a and 2b because previous studies of 

HRQL in breast cancer settings have found that HRQL experiences vary by age, with younger 

postmenopausal women more likely to have bother associated with vasomotor 

symptoms22,23,31,39. Effect estimates for Objective 2a agreed with these previous studies, with a 

suggestion that women <60 years of age were more likely to have worsened vasomotor HRQL. 

However, the results in Objective 2b were inconsistent and somewhat argue that younger women 

were less likely to develop incident adverse vasomotor HRQL. Age-stratified estimates were not 

statistically significant in both of these objectives, so these conclusions are based on qualitative 

patterns. 
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EXE allocation was investigated as an effect modifier in Objectives 2a and 2b. It was 

originally hypothesized that the UGT2B17 deletion would have a more pronounced effect in 

those on EXE, due to the role of UGT2B17 in eliminating 17-DHE. However, EXE did not 

modify the relationship between UGT2B17 genotype and vasomotor HRQL in either objective, 

although the unexpected protective effect of the UGT2B17 deletion was greater in the placebo 

arm in Objective 2b. When analyzing the relationship between incident adverse vasomotor 

HRQL and early discontinuation, UGT2B17 deletion status was explored as an effect modifier. 

Based on the suggested protective effect of the UGT2B17 deletion in Objective 2b, it was 

hypothesized that those with the deletion would be more resilient and would be less likely to 

discontinue as a result of their poor vasomotor symptoms. However, there was not a significant 

interaction by UGT2B17 genotype with respect to the association between incident adverse 

vasomotor HRQL and early discontinuation. Stratification by treatment assignment (Objectives 

2a and 2b) or UGT2B17 genotype (Objective 3) may have resulted in reduced statistical power to 

observe associations of interest in the multivariable models, and may explain some of the null 

findings observed in these models. 

5.3.5 Study Power and Chance 

 Power calculations for the analysis in Objective 1 focused on the comparison of the 

UGT2B17 null group compared with those who were wild-type. Power for the observed RR of 

0.7 was low, which may explain the fact that results were only trending towards significance for 

this objective (Table H.1a). In contrast, the analysis using a vasomotor domain score outcome 

threshold of 2 (examining any vasomotor bother) had more power to detect smaller effect sizes 

(Table H.1b). 
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 This study was not powered to detect the extremely weak (null) association between 

UGT2B17 genotype and a decline in vasomotor HRQL. Objective 2a was also interested in 

whether EXE treatment modified the association between the UGT2B17 gene deletion and 

worsened vasomotor HRQL. As presented in Table H.2b, this study had 88% power to detect an 

interaction where the effect in the EXE group would be twice that of the placebo group. 

However, there was little indication of an interaction by treatment, since the association between 

the gene deletion and worsening vasomotor HRQL did not differ by treatment-strata, suggesting 

an interaction effect that was closer to 1. 

 The power for Objective 2b was calculated for the UGT2B17 homozygous null group, 

compared to the homozygous wild type. We did not find a statistically significant relationship 

between the UGT2B17 deletion and incident adverse vasomotor HRQL. However, the p-value 

for this association was suggestive of an interesting 40% protective effect, but this effect would 

need to be confirmed in another study with a larger sample size. Objective 2b also examined an 

interaction by EXE treatment. As presented in Table H.3b, this study had ~60% power to detect 

an interaction where the effect in the EXE group would be four times that of the placebo group. 

However, the interaction effect observed in this analysis was closer to 2 and this study had only 

17% power to detect such a modest interaction effect.  

 The power for Objective 3 was 99.9% to detect a relative risk 3.0 between incident 

adverse vasomotor HRQL and early treatment discontinuation in those who initially were not 

bothered by vasomotor symptoms. However, the power to detect an interaction by UGT2B17 

genotype was much lower. Table H.4 (Appendix H) shows the power to detect an interaction by 

UGT2B17 genotype for several magnitudes of an interaction effect, calculated using Quanto 

software for power and sample size calculations for gene-environment interactions43-45. Due to 
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the small number of individuals who were homozygous null for UGT2B17, this objective was 

underpowered (17%) to detect an interaction by UGT2B17 genotype, where the effect in those 

with the UGT2B17 deletion would be twice that of those without the deletion, which could 

explain the lack of an interaction we observed. 

5.3.6 External Validity 

 External validity refers to the generalizability of the results from this study to other 

populations, and whether the study sample is representative of the original target population. 

This study uses data derived from the MAP.3 clinical trial. Trial participants are typically 

younger and healthier than the general target population. Consequently, participants may have 

had better baseline HRQL, and may have experienced less drastic vasomotor changes throughout 

their participation. In this respect, baseline characteristics of this study population may not 

represent the underlying target population of all postmenopausal women eligible for breast 

cancer chemoprevention. The participants in this study were mainly Caucasian, highly educated, 

fairly wealthy, and did not smoke. These characteristics may be different from the underlying 

postmenopausal population, possibly limiting the generalizability. However, the analyses 

conducted in this study investigate biological associations, and therefore, the results are likely 

not affected by volunteer bias. 

Results from this study may not apply to populations with different racial compositions, 

due to varying frequencies of the UGT2B17 deletion polymorphism. MAP.3 participants were 

predominantly Caucasian, and reliable estimates could not be generated for other races. Given 

that the UGT2B17 deletion is much more common in Asians, for example, the relationship 

between this deletion and vasomotor HRQL may be different. Our results in Objective 2a may 



123 
 

imply that the UGT2B17 deletion is more relevant for the Asian population, but our study did not 

have enough power to make any strong conclusions. Also, additional genetic polymorphisms that 

were not studied in this project may be impacting the relationships under study, through gene-

gene interactions. These other polymorphisms likely would vary by race as well, further limiting 

generalizability. 

5.3.7 Additional Limitations and Strengths 

 There are a few additional limitations that need to be addressed. This study did not 

consider additional genetic polymorphisms or enzymatic pathways, which may modify the 

relationship under study. Given that the lack of association may be explained through 

compensatory pathways, this limitation may be of particular importance. Moreover, covariate 

information was collected only at baseline; any changes in the status of modifiable covariates, 

such as body mass index, could not be accounted for. However, given that the final model 

included only age, race and treatment assignment, and that adjusted estimates were not very 

different from unadjusted estimates, this was likely not a concern. Furthermore, a lack of 

statistical power is a concern for many of the objectives, especially when investigating effect 

modification. Objective 1 was underpowered to detect weak relationships between the UGT2B17 

deletion polymorphism and prevalent adverse vasomotor HRQL at baseline, due to the low 

prevalence of vasomotor scores ≥ 5 and the homozygous UGT2B17 deletion. Objective 2b in this 

study was similarly underpowered. Objective 3 was an exploratory objective, motivated by the 

results observed in Objective 2b. While this objective was well-powered to evaluate the 

independent effect of UGT2B17 genotype on early study discontinuation, it was underpowered to 

detect mild to moderate joint effects between the UGT2B17 gene deletion, vasomotor HRQL and 

early study discontinuation. 
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 This study has a number of strengths. To our knowledge, this is the first study to 

investigate the UGT2B17 deletion polymorphism and postmenopausal HRQL in a breast cancer 

chemoprevention setting. Baseline factors were collected systematically and there was little 

missing data, due to rigorous quality control measures in the MAP.3 trial. Participants and staff 

were blinded to treatment assignment, so there is little potential for differential misclassification 

of participant characteristics by treatment and presumably by UGT2B17 genotype. Notably, 

MENQOL completion rates were also high in those who had been genotyped for UGT2B17 

(99% at baseline, 92% at 6 months, 84% at 12 months), instilling confidence in our results. In 

terms of study design, a genetic exposure is always constant and cannot change; genotyping was 

performed using a systematic and accurate methodology. HRQL data was obtained from the 

MENQOL, which has been previously established as a valid, reliable and sensitive HRQL 

instrument in postmenopausal women35. 

5.4 Conclusions and Future Directions 

 This project is the first to examine the UGT2B17 gene deletion polymorphism with 

respect to HRQL in a chemoprevention setting. This research was undertaken with the goal of 

identifying the UGT2B17 gene deletion polymorphism as a potential genetic biomarker to 

consider when evaluating postmenopausal women for chemoprevention using EXE. The 

UGT2B17 deletion polymorphism was identified as a candidate for predicting menopause-related 

quality of life when taking EXE. However, as indicated by the results reported in Chapter 4, this 

deletion was not associated with worsened vasomotor HRQL, or the incidence of adverse 

vasomotor HRQL, in women randomized to EXE or placebo. Presumably, an alternative 

pathway (or several pathways) is responsible for eliminating the active metabolite, 17-DHE, in 

the absence of UGT2B17. The potential alternate pathway has not yet been identified. When 
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conceptualizing vasomotor HRQL as incident adverse vasomotor HRQL, a more extreme 

outcome, there appeared to be a qualitative difference in estimates between the EXE and placebo 

groups, with the UGT2B17 homozygous deletion providing a protective effect, especially in the 

placebo group. This finding suggests that the UGT2B17 homozygous deletion effectively 

increases estrogen concentrations via decreased androgen elimination in postmenopausal women, 

thereby attenuating the effects of menopause-related symptoms, typically brought on by the 

termination of estrogen synthesis in the ovaries. This was supported by the results of the analysis 

of baseline vasomotor HRQL scores, which suggested that the UGT2B17 homozygous deletion 

was associated with lower baseline vasomotor scores. As women with the null genotype have 

never had proper UGT2B17 function, they may be habituated to generally higher estrogen 

concentrations and experience less drastic changes at menopause, potentially minimizing 

postmenopausal discomfort attributed to lower estrogen levels. Furthermore, the effect of 

incident adverse vasomotor HRQL on early treatment discontinuation was not significantly 

modified by UGT2B17 genotype, although the ability to detect a significant interaction was 

underpowered.   

 This study only focuses on UGT2B17 genotype, and does not examine plasma metabolite 

concentrations. Data on metabolite levels would help confirm whether EXE metabolites are 

shuttled into alternative enzymatic pathways. In essence, using UGT2B17 genotype as an 

exposure serves as a proxy for these metabolite levels. Future research could examine the effect 

of metabolite concentrations on vasomotor HRQL and incident adverse vasomotor HRQL. 

Additionally, determining levels of reproductive hormones could provide insight into the 

potential protective effects of the UGT2B17 homozygous deletion against developing adverse 

vasomotor HRQL. Moreover, future research on the UGT2B17 deletion polymorphism should 
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investigate its relationship with cancer incidence and mortality outcomes in prevention and 

adjuvant settings using EXE, respectively. A lack of toxicities or bother could indicate that the 

drug is not providing its beneficial effects. These outcomes may be modified by UGT2B17 

genotype, and the UGT2B17 deletion could serve as a biomarker for these outcomes. 

Furthermore, since the UGT2B17 deletion polymorphism was not associated with worsened 

vasomotor HRQL, it is likely that alternative enzymes are involved in EXE metabolism and 

elimination. When these pathways are established, future studies may examine polymorphisms in 

these enzymes and their impact on menopause-related HRQL.  
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Appendix B 

MAP.3 Initial Evaluation (Form 1) 
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Appendix C 

MAP.3 Sociodemographic and Reproductive History (Form 1A) 
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Appendix E 

Sensitivity Analyses 

Table E.1: The Association between UGT2B17 Genotype and Worsened Vasomotor HRQL 

within 12 Months, Excluding MENQOLs after 1 Month of Discontinuation.  

N = 3377 UGT2B17 

Genotype 

Unadjusted Adjusted 

 RR (95% CI) RR (95% CI) p-value 

Ever Worsened within 12 Months 

Overall* 

(n = 3377) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.05 (0.97, 1.13) 

1.03 (0.91, 1.17) 

1.00 (ref) 

1.04 (0.97, 1.13) 

1.02 (0.90, 1.15) 

0.5643 

Caucasians 

(n = 3159) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.03 (0.95, 1.11) 

1.05 (0.93, 1.20) 

1.00 (ref) 

1.03 (0.95, 1.12) 

1.04 (0.92, 1.18) 

0.6851 

African 

Americans 

(n = 144) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.13 (0.77, 1.64) 

0.64 (0.23, 1.73) 

1.00 (ref) 

1.12 (0.77, 1.61) 

0.62 (0.23, 1.69) 

0.3986 

Asians 

(n = 55) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

3.13 (0.53, 18.54) 

1.92 (0.31, 11.86) 

1.00 (ref) 

2.91 (0.48, 17.63) 

1.83 (0.29, 11.52) 

0.1326 

Age < 60 Years 

(n = 1010) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.12 (0.98, 1.27) 

1.02 (0.84, 1.25) 

1.00 (ref) 

1.11 (0.98, 1.27) 

1.01 (0.83, 1.23) 

0.2294 

Age ≥ 60 Years 

(n = 2367) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.01 (0.91, 1.11) 

1.03 (0.88, 1.20) 

1.00 (ref) 

1.01 (0.92, 1.11) 

1.03 (0.88, 1.20) 

0.9345 

Age < 60 Years, 

Caucasian Only 

(n = 968) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.09 (0.86, 1.25) 

1.02 (0.83, 1.25) 

1.00 (ref) 

1.09 (0.96, 1.25) 

1.01 (0.82, 1.24) 

0.4037 

Age ≥ 60 Years, 

Caucasian Only 

(n = 2191) 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.00 (0.90, 1.10) 

1.07 (0.91, 1.25) 

1.00 (ref) 

1.00 (0.91, 1.11) 

1.07 (0.92, 1.26) 

0.6707 

*adjusted for age, race and EXE treatment 
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Table E.2: The Association between the UGT2B17 Deletion Polymorphism and Worsened 

Vasomotor Quality of Life, by Treatment Group, Excluding MENQOLs after 1 Month of 

Discontinuation. 

N = 3377 
UGT2B17 

Genotype 

Exemestane   

(N = 1668)             

RR (95% CI) 

Placebo              

(N = 1709)         

RR (95% CI) 

p-value for 

interaction 

Ever Worsened within 12 months 

Overall* 

(n = 3377)  

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.04 (0.94, 1.15) 

1.03 (0.88, 1.20) 

1.00 (ref) 

1.05 (0.93, 1.18) 

1.01 (0.83, 1.22) 

0.9712 

Caucasians 

(n = 3159) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.03 (0.93, 1.14) 

1.06 (0.90, 1.23) 

1.00 (ref) 

1.03 (0.92, 1.17) 

1.03 (0.85, 1.25) 

0.9642 

African Americans 

(n = 144) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.11 (0.76, 1.62) 

0.63 (0.23, 1.72) 

1.00 (ref) 

1.12 (0.77, 1.64) 

0.61 (0.23, 1.68) 

0.9642 

Asians 

(n = 55) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

2.90 (0.48, 17.61) 

1.85 (0.29, 11.68) 

1.00 (ref) 

2.92 (0.48, 17.73) 

1.80 (0.28, 11.41) 

0.9642 

Age < 60 Years 

(n = 1010) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.11 (0.96, 1.28) 

1.03 (0.83, 1.28) 

1.00 (ref) 

1.12 (0.96, 1.32) 

0.99 (0.77, 1.28) 

0.9282 

Age ≥ 60 Years 

(n = 2367) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.00 (0.90, 1.13) 

1.04 (0.87, 1.26) 

1.00 (ref) 

1.02 (0.89, 1.16) 

1.01 (0.81, 1.25) 

0.9282 

Age < 60 Years, 

Caucasian 

(n = 968) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.10 (0.95, 1.28) 

1.04 (0.83, 1.30) 

1.00 (ref) 

1.07 (0.91, 1.26) 

0.97 (0.74, 1.26) 

0.8553 

Age ≥ 60 Years, 

Caucasian 

(n = 2191) 

+/+ 

+/0 

0/0 

1.00 (ref) 

1.01 (0.90, 1.14) 

1.11 (0.92, 1.33) 

1.00 (ref) 

1.01 (0.90, 1.14) 

1.03 (0.83, 1.29) 

0.8553 

*adjusted for age and race 
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Table E.3: The Association between the UGT2B17 Deletion Polymorphism and Incident 

Adverse Vasomotor HRQL within 12 Months, Excluding MENQOLs after 1 Month of 

Discontinuation. 

N = 1986 UGT2B17 

Genotype 

Unadjusted Adjusted 

 OR (95% CI) OR (95% CI) p-value 

Incident Bothersome Vasomotor Symptoms within 12 Months 

Overall* 

(n = 1986) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.73 (0.48, 1.10) 

0.63 (0.32, 1.25) 

1.00 (ref) 

0.76 (0.50, 1.15) 

0.66 (0.33, 1.31) 

0.2805 

Caucasians 

(n = 1864) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.74 (0.49, 1.13) 

0.65 (0.31, 1.33) 

1.00 (ref) 

0.76 (0.50, 1.15) 

0.62 (0.30, 1.29) 

0.2643 

Age < 60 Years 

(n = 433) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.75 (0.36, 1.57) 

0.33 (0.08, 1.46) 

1.00 (ref) 

0.79 (0.38, 1.65) 

0.36, 0.08, 1.60) 

0.3795 

Age ≥ 60 Years 

(n = 1533) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.72 (0.44, 1.19) 

0.78 (0.36, 1.70) 

1.00 (ref) 

0.74 (0.45, 1.22) 

0.86 (0.40, 1.88) 

0.3795 

Age < 60 Years, 

Caucasian Only 

(n = 417) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.72 (0.34, 1.53) 

0.38 (0.08, 1.66) 

1.00 (ref) 

0.73 (0.34, 1.56) 

0.37, 0.08, 1.66) 

0.3670 

Age ≥ 60 Years, 

Caucasian Only 

(n = 1447) 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.76 (0.46, 1.26) 

0.79 (0.35, 1.80) 

1.00 (ref) 

0.76 (0.46, 1.27) 

0.81 (0.35, 1.86) 

0.3670 

*adjusted for age, race and EXE treatment 
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Table E.4: The Association between the UGT2B17 Deletion Polymorphism and Incident 

Adverse Vasomotor HRQL within 12 Months, by Treatment Group, Excluding MENQOLs 

after 1 Month of Discontinuation. 

N = 1986 
UGT2B17 

Genotype 

Exemestane    

(N = 1003)              

OR (95% CI) 

Placebo              

(N = 983)         

OR (95% CI) 

p-value for 

interaction 

Incident Bothersome Vasomotor Symptoms within 12 Months 

Overall* 

(n = 1986) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.66 (0.38, 1.12) 

0.95 (0.44, 2.03) 

1.00 (ref) 

0.94 (0.49, 1.80) 

0.18 (0.02, 1.35) 

0.1721 

Caucasians 

(n = 1864) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.62 (0.36, 1.07) 

0.85 (0.38, 1.90) 

1.00 (ref) 

1.04 (0.52, 2.08) 

0.20 (0.03, 1.56) 

0.1613 

Age < 60 Years 

(n = 433) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.67 (0.30, 1.52) 

0.49 (0.11, 2.27) 

1.00 (ref) 

0.99 (0.41, 2.41) 

0.09 (0.01, 1.08) 

0.1609 

Age ≥ 60 Years 

(n = 1553) 

 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.64 (0.35, 1.16) 

1.26 (0.54, 2.94) 

1.00 (ref) 

0.94 (0.46, 1.91) 

0.24 (0.03, 1.85) 

0.1609 

Age < 60 Years, 

Caucasian 

(n = 417) 

 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.59 (0.26, 1.36) 

0.49 (0.10, 2.25) 

1.00 (ref) 

1.02 (0.41, 2.58) 

0.12 (0.01, 1.36) 

0.1480 

Age ≥ 60 Years, 

Caucasian 

(n = 1447) 

+/+ 

+/0 

0/0 

1.00 (ref) 

0.62 (0.34, 1.15) 

1.12 (0.46, 2.74) 

1.00 (ref) 

1.08 (0.51, 2.28) 

0.27 (0.04, 2.14) 

0.1480 

*adjusted for age and race 
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Table E.5: The Association between Incident Adverse Vasomotor HRQL and Early Study 

Discontinuation, Excluding MENQOLs after 1 Month of Discontinuation. 

Exposure RR* (95% CI) p-value 

Incident VM Symptoms (n = 1951) 

 

3.36 (2.24, 5.02) 0.0005 

UGT2B17 Homozygous Deletion 

 

0.48 (0.25, 0.92) 0.0034 

Age  
     < 50 

     50-59 

     60-74 

     ≥ 75 

 

 

2.07 (0.72, 6.00) 

0.86 (0.48, 1.54) 

1.00 (0.60, 1.65) 

1.00 (ref) 

0.6360 

Race 

     Caucasian 

     African-American 

     Asian 

     Other 

 

 

1.00 (ref) 

0.91 (0.40, 2.07) 

0.44 (0.06, 3.11) 

2.38 (0.71, 7.98) 

0.5185 

EXE 1.81 (1.31, 2.49) 0.0002 

*mutually adjusted for all other variables in the model 

 

 

Table E.6: The Association between Incident Adverse Vasomotor HRQL and Early Study 

Discontinuation, by UGT2B17 Genotype, Excluding MENQOLs after 1 Month of 

Discontinuation. 

 Deletion                              

RR* (95% CI) 

Heterozygotes and Wild Type           

RR* (95% CI) 

Incident VM Symptoms (n = 1951) 2.79 (0.40, 19.29) 3.39 (2.25, 5.12) 

    EXE Only (n = 985) 2.69 (0.38, 18.85) 3.14 (1.94, 5.08) 

    Placebo Only (n = 966) 3.54 (0.45, 27.73) 4.13 (1.94, 8.82) 

*adjusted for age and race 

*p-value for UGT2B17 interaction = 0.87 

*p-value for EXE interaction = 0.57 
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Appendix F 

Evaluation of Selection Bias 

Table F.1: Comparison of Baseline Characteristics between the Entire MAP.3 Cohort and 

the Participants Included in this Study. 

Individual Characteristics Original Cohort (N = 4560) Final Sample (N = 3576) 

 N (%) / Mean [SD] N (%) / Mean [SD] 

Age (years)   

< 50 84 (1.8%) 53 (1.5%) 

50-59  1359 (29.8%) 1012 (28.3%) 

60-74 2842 (62.3%) 2285 (63.9%) 

≥ 75 

Mean (continuous) 

 275 (6.0%) 

63.04 [7.10] 

226 (6.3%) 

63.35 [7.00] 

   

Years Since Menopause   

< 5  630 (13.8%) 468 (13.1%) 

5 – 9  863 (18.9%) 672 (18.8%) 

≥ 10  3035 (66.6%) 2416 (67.6%) 

Missing 32 (0.7%) 

 

20 (0.6%) 

 

Marital Status   

Married 2912 (63.9%) 2271 (63.5%) 

Not-married 

Missing 

 

1643 (36.0%) 

5 (0.1%) 

1305 (36.5%) 

0 (0.0%) 

Highest Level of Education   

High School or less 1207 (26.5%) 749 (21.0%) 

College Diploma 1415 (31.0%) 1187 (33.2%) 

University Degree 

Missing 

1924 (42.2%) 

14 (0.3%) 

1640 (45.9%) 

0 (0.0%) 

 

Income 

  

≤ $20,000 342 (7.5%) 194 (5.4%) 

$20,000 – $39,999 715 (15.7%) 548 (15.3%) 

$40,000 – $59,999 754 (16.5%) 642 (18.0%) 

$60,000 – $79,000 636 (14.0%) 551 (15.4%) 

≥ 80,000 1398 (30.7%) 1220 (34.1%) 

Missing 

 

 

 

 

 

715 (15.7%) 421 (11.8%) 
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Individual Characteristics Original Cohort (N = 4560) Final Sample (N = 3576) 

 N (%) / Mean [SD] N (%) / Mean [SD] 

Race   

Caucasian 4239 (93.0%) 3344 (93.5%) 

African American 215 (4.7%) 155 (4.3%) 

Asian 68 (1.5%) 57 (1.6%) 

Other Races 

Missing 

25 (0.6%) 

13 (0.3%) 

20 (0.6%) 

0 (0.0%) 

 

Employment Status 

  

Currently Employed 2221 (48.7%) 1796 (50.2%) 

Currently Unemployed 

Missing 

2327 (51.0%) 

12 (0.3%) 

1780 (49.8%) 

0 (0.0%) 

 

BMI 

  

Normal (< 25.00) 1292 (28.3%) 1020 (28.5%) 

Overweight (25.00 – 29.99) 1559 (34.2%) 1202 (33.6%) 

Obese (≥ 30) 1692 (37.1%) 1354 (37.9%) 

Mean (continuous) 28.97 [6.04] 29.06 [6.13] 

 

Smoking Status 

  

Never 2485 (54.5%) 1883 (52.7%) 

Past 1746 (38.3%) 1479 (41.4%) 

Current 

Missing 

 

312 (6.8%) 

17 (0.4%) 

214 (6.0%) 

0 (0.0%) 

Gail Score   

< 1.66 1078 (23.6%) 826 (23.1%) 

≥ 1.66 3482 (76.4%) 2750 (76.9%) 

Mean (continuous) 

 

2.59 [1.65] 2.58 [1.58] 

Personal history of benign breast 

disease 

Missing 

 

1410 (30.9%) 

 

8 (0.2%) 

1025 (28.7%) 

 

0 (0.0%) 

Lifetime Cumulative Menstrual Cycles   

< 350 934 (20.5%) 752 (21.0%) 

350 – 399 661 (14.5%) 525 (14.7%) 

400 – 449 945 (20.7%) 762 (21.3%) 

450 – 499 976 (21.4%) 733 (20.5%) 

≥ 500 886 (19.4%) 706 (19.7%) 

Missing 158 (3.5%) 98 (2.7%) 

Mean (continuous) 

 

427.90 [158.75] 425.70 [146.92] 

Benign Breast Disease Family History   

0 First-Degree Relatives 3875 (85.0%) 3024 (84.6%) 

1 First-Degree Relative 580 (12.7%) 468 (13.1%) 

≥ 2 First-Degree Relatives 

 

105 (2.3%) 84 (2.4%) 

Any Family Member 

 

736 (16.1%) 594 (16.6%) 
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Individual Characteristics Original Cohort (N = 4560) Final Sample (N = 3576) 

 N (%) / Mean [SD] N (%) / Mean [SD] 

Breast Cancer Family History   

0 First-Degree Relatives 2447 (53.7%) 1972 (55.2%) 

1 First-Degree Relative 1771 (38.8%) 1368 (38.3%) 

≥ 2 First-Degree Relatives 

 

342 (7.5%) 236 (6.6%) 

Any Family Member 

 

2696 (59.1%) 2086 (58.3%) 

Medications   

Number of concomitant medications 

(continuous) 

10.18 [3.39] 10.44 [3.45] 

NSAID use 

 

1304 (28.6%) 1114 (31.2%) 

Exemestane 2285 (50.1%) 1795 (50.2%) 

Placebo 2275 (49.9%) 1781 (49.8%) 
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Table F.2: Comparison of Characteristics between the Whole Study Population and 

Samples at 6 and 12 Months. 

Individual Characteristics Study Population 

(N = 3576) 

Sample at 6 Months 

(N = 3493) 

Sample at 12 Months 

(N = 3205) 

Age (years)    

< 50 53 (1.5%) 50 (1.4%) 41 (1.3%) 

50-59 1012 (28.3%) 991 (28.4%) 924 (28.8%) 

60-74 2285 (63.9%) 2234 (64.0%) 2037 (63.6%) 

≥ 75 

Mean (continuous) 

226 (6.3%) 

63.35 [7.00] 

218 (6.2%) 

63.34 [6.97] 

203 (6.3%) 

63.28 [6.94] 

    

Years Since Menopause    

< 5  468 (13.1%) 454 (13.0%) 414 (12.9%) 

5 – 9  672 (18.8%) 659 (18.9%) 615 (19.2%) 

≥ 10  2416 (67.6%) 2362 (67.6%) 2158 (67.3%) 

Missing 

 

20 (0.6%) 18 (0.5%) 18 (0.6%) 

Marital Status    

Married 2271 (63.5%) 2223 (63.6%) 2040 (63.7%) 

Not-married 

 

1305 (36.5%) 

 

1270 (36.4%) 1165 (36.4%) 

Highest Level of Education    

High School or less 749 (21.0%) 728 (20.8%) 662 (20.7%) 

College Diploma 1187 (33.2%) 1161 (33.2%) 1067 (33.3%) 

University Degree 1640 (45.9%) 1604 (45.9%) 1476 (46.1%) 

 

Annual Family Income 

   

≤ $20,000 194 (5.4%) 189 (5.4%) 161 (5.0%) 

$20,000 – $39,999 548 (15.3%) 535 (15.3%) 492 (15.4%) 

$40,000 – $59,999 642 (18.0%) 627 (18.0%) 576 (18.0%) 

$60,000 – $79,000 551 (15.4%) 539 (15.4%) 504 (15.7%) 

≥ 80,000 1220 (34.1%) 1193 (34.2%) 1099 (34.3%) 

Missing 421 (11.8%) 410 (11.7%) 373 (11.6%) 

 

Race 

   

Caucasian 3344 (93.5%) 3271 (93.6%) 2998 (93.5%) 

African-American 155 (4.3%) 146 (4.2%) 135 (4.2%) 

Asian 57 (1.6%) 57 (1.6%) 54 (1.7%) 

Other Races 20 (0.6%) 19 (0.5%) 18 (0.6%) 

 

Employment Status 

   

Currently Employed 1796 (50.2%) 1747 (50.0%) 1573 (49.1%) 

Currently Unemployed 1780 (49.8%) 1746 (50.0%) 1632 (50.9%) 

 

BMI 

   

Normal (< 25.00) 1020 (28.5%) 994 (28.5%) 899 (28.1%) 

Overweight (25.00 – 29.99) 1202 (33.6%) 1175 (33.6%) 1087 (33.9%) 

Obese (≥ 30) 1354 (37.9%) 1324 (37.9%) 1219 (38.0%) 

Mean (continuous) 29.06 [6.13] 29.07 [6.13] 29.07 [6.11] 
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Individual Characteristics Study Population 

(N = 3576) 

Sample at 6 Months 

(N = 3493) 

Sample at 12 Months 

(N = 3205) 

Smoking Status    

Never 1883 (52.7%) 1848 (52.9%) 1695 (52.9%) 

Past 1479 (41.4%) 1438 (41.2%) 1328 (41.4%) 

Current 

 

214 (6.0%) 207 (5.9%) 182 (5.7%) 

Gail Score    

< 1.66 826 (23.1%) 801 (22.9%) 739 (23.1%) 

≥ 1.66 2750 (76.9%) 2692 (77.1%) 2466 (76.9%) 

Mean (continuous) 2.58 [1.58] 2.59 [1.58] 2.58 [1.58] 

 

Personal history of benign 

breast disease 

 

 

1025 (28.7%) 

 

995 (28.5%) 

 

903 (28.2%) 

Lifetime Cumulative 

Menstrual Cycles 

   

< 350 752 (21.0%) 732 (21.0%) 673 (21.0%) 

350 – 399 525 (14.7%) 518 (14.8%) 467 (14.6%) 

400 – 449 762 (21.3%) 749 (21.4%) 673 (21.0%) 

450 – 499 733 (20.5%) 706 (20.2%) 670 (20.9%) 

≥ 500 706 (19.7%) 690 (19.8%) 631 (19.7%) 

Missing 98 (2.7%) 98 (2.8%) 91 (2.8%) 

Mean (continuous) 

 

425.70 [146.92] 425.40 [147.06] 426.25 [146.61] 

Benign Breast Disease 

Family History 

   

0 First-Degree Relatives 3024 (84.6%) 2956 (84.6%) 2710 (84.6%) 

1 First-Degree Relative 468 (13.1%) 453 (13.0%) 422 (13.2%) 

≥ 2 First-Degree Relatives 

 

84 (2.4%) 84 (2.4%) 73 (2.3%) 

Any Family Member 

 

594 (16.6%) 579 (16.6%) 533 (16.6%) 

Breast Cancer Family 

History 

   

0 First-Degree Relatives 1972 (55.2%) 1919 (54.9%) 1760 (54.9%) 

1 First-Degree Relative 1368 (38.3%) 1342 (38.4%) 1225 (38.2%) 

≥ 2 First-Degree Relatives 

 

236 (6.6%) 232 (6.6%) 220 (6.9%) 

Any Family Member 

 

2086 (58.3%) 2042 (58.5%) 1875 (58.5%) 

Medications    

Number of concomitant 

medications (continuous) 

10.44 [3.45] 10.46 [3.46] 10.44 [3.46] 

NSAID use 

 

1114 (31.2%) 1097 (31.4%) 1002 (31.3%) 

Exemestane 1795 (50.2%) 1750 (50.1%) 1575 (49.1%) 

Placebo 1781 (49.8%) 1743 (49.9%) 1630 (50.9%) 
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Appendix G 

Impact of Individual Covariates 

Table G.1: Effects of Removing Individual Variables from the Fully Adjusted Model. 

Model UGT Genotype Ever Worsened              

RR (95% CI) 

% Change 

from BE 

CI Width 

Fully Adjusted +/0 

0/0 

1.027 (0.953, 1.106) 

1.046 (0.931, 1.175) 

-- 

-- 

0.153 

0.244 

Without BMI +/0 

0/0 

1.027 (0.953, 1.107) 

1.048 (0.933, 1.178) 

0% 

+ 0.2% 

0.154 

0.245 

Without Marital 

Status 

+/0 

0/0 

1.027 (0.953, 1.107) 

1.048 (0.928, 1.172) 

0% 

+ 0.2% 

0.154 

0.244 

Without 

Education 

+/0 

0/0 

1.025 (0.952, 1.105) 

1.044 (0.930, 1.173) 

- 0.2% 

- 0.2% 

0.153 

0.243 

Without 1st 

Degree BC 

+/0 

0/0 

1.030 (0.956, 1.110) 

1.047 (0.931, 1.176) 

+ 0.3% 

+ 0.1% 

0.154 

0.245 

Without NSAIDs +/0 

0/0 

1.028 (0.954, 1.108) 

1.045 (0.930, 1.175) 

+ 0.1% 

- 0.1% 

0.154 

0.245 
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Appendix H 

Study Power 

Objective 1 

Table H.1a: Power Calculations for the Association between UGT2B17 Genotype and 

Adverse Vasomotor HRQL at Baseline (Domain Score Threshold = 5), Comparing 

Homozygous Null (0/0) to Homozygous Wild Type (+/+). 

Relative Risk Power 

0.1 100% 

0.2 99.98% 

0.3 99.65% 

0.4 97.44% 

0.5 88.88% 

0.6 70.19% 

0.7 44.83% 

0.8 22.36% 

0.9 8.53% 

1.1 8.08% 

1.2 19.77% 

1.3 37.07% 

1.4 56.75% 

1.5 74.54% 

1.6 87.08% 

1.7 94.29% 

1.8 97.83% 

1.9 99.27% 

2.0 99.78% 

α = 0.05 

N = 3576 total ; 2002 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 389/2002 = 19.43% 

Prevalence of outcome (vasomotor domain score ≥ 5 at baseline) = 9.54% 
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Table H.1b: Power Calculations for the Association between UGT2B17 Genotype and Any 

Vasomotor Bother at Baseline (Domain Score Threshold = 2), Comparing Homozygous 

Null (0/0) to Homozygous Wild Type (+/+). 

Relative Risk Power 

0.5 100% 

0.6 100% 

0.7 99.69% 

0.8 86.65% 

0.9 32.64% 

1.1 30.50% 

1.2 81.06% 

1.3 98.68% 

1.4 99.99% 

1.5 99.99% 

1.6 100% 

1.7 100% 

1.8 100% 

1.9 100% 

2.0 100% 

α = 0.05 

N = 3576 total ; 2002 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 389/2002 = 19.43% 

Prevalence of outcome (vasomotor domain score > 2 at baseline) = 41% 
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Objective 2a 

Table H.2a: Power Calculations for the Association between UGT2B17 Genotype and 

Meaningful Worsening in Vasomotor Quality of Life, Comparing Homozygous Null (0/0) to 

Homozygous Wild Type (+/+). 

Relative Risk Power 

1.1 33.72% 

1.2 85.54% 

1.3 99.36% 

1.4 99.99% 

1.5 100% 

1.6 100% 

1.7 100% 

1.8 100% 

1.9 100% 

2.0 100% 

α = 0.05 

N = 3576 total ; 2002 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 389/2002 = 19.43% 

Prevalence of outcome (≥ 0.5-point increase in vasomotor domain score) = 44% 

 

Table H.2b: Power to Detect a Significant Interaction by EXE that Modifies the 

Association between the UGT2B17 Deletion and Worsened Vasomotor HRQL.  

Joint RR (Interaction Effect) Power* 

1.38 (1.0 – no Interaction) 5.00% 

2.07 (1.5) 46.22% 

2.76 (2.0) 88.13% 

3.45 (2.5) 98.33% 

4.14 (3.0) 99.79% 

5.52 (4.0) 99.99% 

 

EXE Prevalence = 0.5 

EXE Effect = 1.25 

UGT2B17 Effect = 1.1 

*Calculated with Quanto1–3 
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Objective 2b 

Table H.3a: Power Calculations to Detect an Association between UGT2B17 Genotype and 

Incident Adverse Vasomotor HRQL, Comparing Homozygous Null (0/0) to Homozygous 

Wild Type (+/+). 

 

Odds Ratio Power 

0.1 97.44% 

0.2 92.36% 

0.3 82.38% 

0.4 67.72% 

0.5 50.40% 

0.6 33.72% 

0.7 20.33% 

0.8 11.12% 

0.9 5.48% 

1.1 5.37% 

1.2 10.03% 

1.3 16.85% 

1.4 25.78% 

1.5 35.94% 

1.6 47.21% 

1.7 57.93% 

1.8 67.72% 

1.9 76.42% 

2.0 83.40% 

2.5 98.12% 

3.0 99.88% 

4.0 99.99% 

α = 0.05 

N = 2095 total ; 1189 minus heterozygotes 

Prevalence of exposure (UGT2B17 homozygous null) upon excluding heterozygotes 

 = 389/2095 = 20.77% 

Prevalence of outcome (vasomotor score ≥ 5 at follow-up) = 6% 
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Table H.3b: Power to Detect a Significant Interaction by EXE that Modifies the 

Association between the UGT2B17 Deletion and Incident Adverse Vasomotor HRQL.  

Joint RR (Interaction Effect) Power* 

1.2 (1.0 – no Interaction) 5.00% 

1.8 (1.5) 8.91% 

2.4 (2.0) 17.44% 

3.0 (2.5) 28.78% 

3.6 (3.0) 40.24% 

4.8 (4.0) 60.41% 

 

EXE Prevalence = 0.5 

EXE Effect = 2.0 

UGT2B17 Effect = 0.6 

*Calculated using Quanto1–3 
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Objective 3 

Table H.4: Power to Detect a Significant Interaction by UGT2B17 that Modifies the 

Association between Incident Adverse Vasomotor Symptoms and Early Treatment 

Discontinuation. 

Joint RR (Interaction Effect) Power* 

4.5 (1.0 – no Interaction) 5.00% 

6.75 (1.5) 8.91% 

 9.0 (2.0) 16.50% 

 11.25 (2.5) 24.82% 

13.5 (3.0) 32.67% 

18.0 (4.0) 45.69% 

α = 0.05 

N = 2047 (252 cases) 

Minor allele frequency = 0.3407 

Outcome prevalence = 0.123 

Genetic effect = 1.5 

Environmental effect (incident vasomotor symptoms) = 3.0 

*Calculated using Quanto1–3 
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