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ABSTRACT 

Dietary components potentially influence breast cancer risk factors, including breast 

density (BD) and estrogen metabolism (EM). Tamoxifen (TAM) is a commonly prescribed anti-

estrogen adjuvant cancer treatment to reduce breast cancer risk, partially through modulation of 

BD and EM. Epidemiological evidence has suggested a potential protective effect from dietary 

intakes of fiber and vegetables in breast cancer recurrence in women on TAM as well as an 

independent influence on BD and EM. The relationship between dietary intake BD and EM in 

women prescribed TAM is not fully understood. A cross-sectional analysis using baseline data 

collected from 130 pre- and post-menopausal women taking TAM and enrolled in the 

Diindolylmethane Efficacy (DIME) Study was conducted. Participants completed the Arizona 

Food Frequency Questionnaire to assess dietary intake. TAM metabolites were analyzed through 

HPLC. BD was measured from digital mammograms and urinary EM was analyzed using 

LC/MS. Unadjusted linear regression between diet and four TAM metabolites indicated 

significant association between endoxifen and caffeine. 4-hydroxyTAM had significant inverse 

associations with fat intake, including monounsaturated, polyunsaturated and saturated fats. 

Linear regression adjusted for BMI revealed a statistically significant positive association with 

caffeine intake and BD, with no other dietary associations observed.  The highest amount of 

correlations was observed between 2OHE and energy, total fat, MUFA, PUFA, protein and 

carbohydrate intake, though weak. Correlations were seen between 4OHE, 16αOHE and total 

isoflavones. Cholesterol was weakly positively correlated with 2mOHE, E1 and approached 

significance with E2. Dietary intake shows little association with BD or EM in women taking 

TAM therapy. Alternate preventive mechanisms for diet in women on TAM therapy should be 

investigated.   
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PART I: 

Current Evidence of the Role of Diet in Breast Cancer Prevention 

 

INTRODUCTION 

Breast cancer is the most common cancer diagnosis among adult women and is one of the 

leading causes of cancer deaths among U.S. women with trends relatively stable in the last 

decade.(1) The risk of a breast cancer diagnosis increases with age, with the median age of 

diagnosis being 61 years.(2) Sex hormones are influential in the development of breast cancer, 

supported by the prominent role of age at first menarche and menopause, age at first pregnancy, 

use of oral contraceptives and hormone replacement therapy as well as mammographic 

density.(3) Lifestyle factors such as diet, physical activity, alcohol consumption, smoking, and 

body weight as well as geographical location of residency also have been associated with breast 

cancer.  

Not all breast cancers are alike. Breast cancer has many classifications of diagnosis. For 

example, there are invasive (stage I-IV) and noninvasive (DCIS, LCIS) stages of breast 

cancer.(2) Stage IV represents disease that has metastasized outside the breast tissue. Beyond 

staging, there is further identification of cancer type by histological subtypes. Histological 

subtypes of breast cancer include the presence or absence of hormone (estrogen or progesterone) 

receptors (HR+/-) and levels of the human epidermal growth factor receptor 2 (HER2+/-). The 

HR+/ HER2- subtype of breast cancer demonstrated the highest incidence rate (86.5 per 100,000; 

95% CI: 86.5-86.6)(1). This subtype of cancer carries the best prognosis due to a wide variety of 

available treatment options. Therapy targeting estrogen in women diagnosed with HR+/HER2- 
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breast cancer is common. Prevention of HR+ breast cancer is modulated through pharmaceutical 

and/or lifestyle interventions. 

To assess breast cancer risk in women, the most universally used method is the Gail 

model(4), which takes into account a woman’s age, number of benign breast biopsies, age at first 

menarche, age of first live birth and number of first-degree relatives with breast cancer. Lifestyle 

risk factors are not included in the Gail model. Beyond the Gail Model, clinicians rely on 

surrogate biomarkers to further assess breast cancer risk. Surrogate biomarkers correlate with an 

endpoint and can be used to measure the efficacy of a specific treatment. Due to the prolonged 

time of onset associated with the development of primary or recurrent breast cancer, these 

surrogate biomarkers can be effective in terms of earlier examination of the efficacy of 

interventions, including the influence of lifestyle factors.  

 

SURROGATE BIOMARKERS OF BREAST CANCER RISK 

Breast Density 

There are both modifiable and non-modifiable factors associated with breast cancer risk. 

One commonly used biomarker is breast density (BD). Breast density is measured through a 

mammogram, which is an x-ray of the breast. Percent mammographic density can attribute to 

risk prediction in an individual.(5) BD reflects the proportion of fat, stromal and epithelial tissue 

within the breast. A mammogram is able to visually depict these tissues. Fat is lucent, appearing 

as dark areas. The dense tissues (comprised of stromal and epithelial cells) appear light in 

color/contrast. BD is the ratio between these two tissue types and is expressed as a percent of the 

breast area.(6) A computer assisted quantitative program, Cumulus(7), provides a commonly 

used and automated methodology to calculate percent BD. To standardize reporting, 
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mammograms often receive a Breast Imaging Reporting and Data System (BI-RADS; American 

College of Radiology, Reston, VA, USA) score. BIRADS scores are defined as: 1- almost 

entirely fatty; 2- scattered fibroglandular elements; 3- heterogeneously dense tissue; and 4- 

extremely dense tissue. These scores are different than, but correlated with percent BD 

estimating <25% of the breast area as dense at level 1, 25-50% at level 2, 51-75% at level 3 and 

>75% dense at level 4.(8)   

Breast cancer arises from within epithelial cells, where the number and proliferative state 

of cells can also affect BD.(9) Results of a case-controlled study nested within the Canadian 

National Breast Cancer Screening Study(10), showed a statistically significant 5.3 fold increase 

(95% CI: 2.8-12.44) in breast cancer risk with increasing BD (lowest vs. highest quartile) with a 

43% overall increased risk from one density category compared to the next highest. This finding 

was only identified in women ages 40-49 years. Another study by Tice et al.,(11) followed 

1,135,977 women ages 35-74 years with no history of breast cancer for a mean of 6.9 years, 

during which time 17,908 women developed breast cancer. Dense breast tissue (BIRADS ≥3) 

was associated with the development of breast cancer within all age categories. For US women, 

age, parity and menopausal status accounted for an estimated 20-30% of BD variation 

observed(12), suggesting that other potentially modifiable risk factors also influence BD. Several 

modifiable lifestyle factors including body mass index (BMI), modifiable by physical activity 

and diet have also been associated with BD. Of note, most of these risk factors are also common 

to breast cancer risk.  

BD varies widely among women. Multiple factors, including a woman’s age, menopausal 

status, parity, and possibly BRCA mutation status have each been shown to be associated with 

BD. Interestingly, one study(13) among women with a strong genetic risk for breast cancer, 
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presence of the germline BRCA1/2 mutation was not significant between BD or breast cancer 

incidence.  However, the inverse was seen in women identified at low or average risk for breast 

cancer. In these women, the unadjusted average BD was higher in those with a BRCA1/2 

mutation.(14)  

BD is possibly influenced by hormonal exposure, which can affect the milieu of the 

breast, shifting fatty tissue to epithelial tissue.(15) BD is highest at younger ages and decreases 

with increasing age, pregnancy and menopause. In 146 women in the Polish Breast Cancer 

Study(16), adipose within the breast increased 2.0% per year until the age of 50 years, where 

after the change to adipose tissue decreased to 0.1% per year. The use of hormone therapy in 

post-menopausal women can adversely affect BD. In the Women’s Health Initiative (WHI), the 

use of hormone therapy (estrogen-plus-progestin 0.625 mg/ 2.5 mg), increased mammographic 

BD by 6.0% after 1 year of hormone therapy; compared to a 0.9% decrease of BD in the placebo 

group. The changes demonstrated in BD persisted after two years.(17) 

 

Endogenous Estrogen Exposure and Metabolism 

Lifetime hormonal exposures within the breast are believed to increase cell proliferation, 

increase the likelihood of DNA mutations, and promote cancer cell growth thereby increasing 

breast cancer risk.(2) Frequently used in clinical research, measured hormones of noted 

importance in relation to breast cancer risk include circulating progesterone, sex hormone 

binding globulin (SHBG) and estrogens. Progesterone decreases cellular proliferation within the 

breast and as such is thought to reduce breast cancer risk.(18) SHBG, a binding protein that 

carries dihydrotestosterone, estrogen, and testosterone throughout the blood, has been associated 

with higher dense areas within the breast independent of breast cancer risk.(19) There are two 
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primary isoforms of estrogen that are measured in the serum: estrone, which is secreted by 

ovaries and adipose tissues and estradiol, which is secreted by both endocrine and non endocrine 

tissues including ovary, fat, adrenal and breast tissues. Elevated estrogen levels have been 

associated with dense breast tissue.(20) Estrogens can enhance cell proliferations in cell line 

models of breast cancer.(21) High levels of bioavailable and total estradiol and estrone were 

associated with increased breast cancer risk in a case-controlled study.(22) In fact, women in the 

highest quartile compared to the lowest had a 2.4 to 3-fold higher risk for invasive breast cancer. 

However, in this study, progesterone, testosterone and SHBG concentrations had no significant 

association with breast cancer risk.  

Estrogen and its metabolites may influence the etiology of breast carcinogenesis. 

Circulating serum estrogens are further metabolized and secreted into urine.(23) There are three 

main pathways of estrogen metabolism (EM), representing 15 total metabolites. These 

metabolites can be reliably measured in urine, including 2-hydroxyestrone (2OHE), 4-

hydroxyesterone (4OHE) and 16α-hydroxyesterone (16αOHE).(24) Urinary concentrations of 

hydroxyestrones approximate estrogen concentrations within breast tissue. Within these three 

main pathways are methylated hydroxyestrones. Overall, there are five metabolites within the 

2OHE pathway, three within the 4OHE pathway and five within the 16αOHE pathway. 

Measured urinary metabolites within the 2OHE and 4OHE pathways are highly correlated to 

serum metabolites.(25)  

Select metabolites yielded from estrone and estradiol are potentially estrogenic as well as 

mutagenic.(24) However, a protective association with estrogen receptor positive breast cancer 

has been observed in relation to urinary 2OHE concentrations including 2-hydroxyestrone, 2-

hydroxyesterone-3-methyl ether, and 2-methoxyestradiol.(26) In fact, these metabolites do not 
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appear to increase cell proliferation and are rapidly eliminated from the circulation.(27) Recent 

research has indicated that 4OHE metabolites may form DNA adducts that can lead to mutations 

which initiate breast tumors.(28) The ratio of 4OHE catechols to the 4OHE pathway was 

significantly associated with an increased risk of breast cancer (HR 1.34; 95% CI: 1.04- 1.72) in 

a sample of postmenopausal women not using hormone therapy.(24) An alternative pathway of 

estrogen metabolism is 16αOHE. Unlike 2OHE, 16αOHE has been shown to induce cell 

proliferation and covalently bind to estrogen receptors.(29) This estrogen metabolite is believed 

to contribute to physiologic estrogenic actions and has low affinity for the carrier protein SHBG. 

Of prominent interest in the literature is the ratio of 2:16αOHE, where a protective association 

between the ratio and breast cancer has been demonstrated.(26, 30) Although inverse 

associations between the 2:16αOHE ratio and breast cancer risk have also been consistently 

reported,(24, 31) current hypotheses suggest metabolism shifted towards the 2OHE pathway 

over the 16αOHE pathway may be the acting mechanism responsible for reducing risk. More 

recently, the evidence is developing to support associations with the methylated catechols within 

the estrogen metabolism pathways and breast cancer risk as they relate to risk rather than parent 

pathways.(24, 26) 

Currently, few studies exist that have evaluated the interactions between EM and BD. 

Sparse results to date have demonstrated mixed associations between BD and favorable EM. 

Even though the results vary, strong connections between BD and EM exist.(20, 32-34) 

Significant positive associations were seen in a cross-sectional study of 204 pre-menopausal 

women(35) with BD and serum estradiol (rs= 0.22) and SHBG (rs= 0.43), however after 

adjustment for demographic, anthropometric and reproductive variables, no significant 

relationship remained. In a cross-sectional study of 70 post-menopausal women by Riza et 



 
 

13 

al.,(32) lower BD was associated with higher 2OHE concentrations (OR 2.17; 95% CI: 0.71-

6.67, ptrend=0 .03), and 2:16αOHE (OR 6.23; 95% CI: 1.70-22.89, ptrend= 0.002), but no 

association was demonstrated for 16αOHE alone (OR 1.09; 95% CI: 0.37-3.24; ptrend= 0.78). 

Results from a cross-sectional analysis of 188 pre-menopausal women contradicted the current 

hypothesized risk related to the 2:16αOHE ratio; showing a positive association with 2OHE (p= 

0.01) and BD, but an inverse association with 16αOHE (p= 0.01), and no association with 4OHE 

(33).  

 

Tamoxifen Therapy 

The most common pharmaceutical interventions for breast cancer include aromatase 

inhibitors (AI; e.g., anastrozole, exemestane, letrozole) and select estrogen receptor modulators 

(SERMs; e.g., Tamoxifen, raloxifene, toremifene) therapy. AIs block aromatase from converting 

androgens to small amounts estrogen thereby reducing total estrogen available. Conversely, 

SERMs block the effects of estrogens in the breast tissue by binding to the estrogen receptors 

within the breast cells.  The U.S. Food and Drug Administration (FDA) approved the use of 

Tamoxifen (TAM) for the treatment of advanced breast cancer, prevention of recurrence in node-

negative patients, as well as the primary prevention in women at increased risk for breast 

cancer.(36) TAM has been demonstrated to modulate breast cancer risk and survival through a 

reduction in select circulating estrogens as well as BD.(37) TAM is prescribed for oral, daily use, 

which interferes with estrogen receptors within female breast. TAM therapy reduces the risk of 

invasive breast cancer by 49% and non-invasive breast cancer by 50%.(38) TAM is effective 

only in hormone-receptor-positive breast cancer subtypes.(36) 
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TAM can modulate BD and EM in pre- and post-menopausal women. In a randomized, 

controlled trial of the effect of TAM on BD, women at high risk for cancer were randomized to 

20 mg TAM daily. After an average treatment of 3.3 years, the TAM treated group demonstrated 

a 9.4% reduction in BD as compared to 3.6% in the placebo-treated group. This reduction was 

greater in women less than 50 years of age as compared to those over 50 years.(39) After only 19 

months of TAM therapy in a study by Ko, et al.,(40) 99.4% of women exhibited a reduction in at 

least one breast density category, placing these women at an estimated 65% lower risk of ER+ 

breast cancer recurrence than those with no change in breast density. Additionally, in women on 

TAM those who experienced a 10% or greater reduction in BD during therapy had a reduction of 

breast cancer risk of 64% (OR 0.37; 95% CI: 0.20- 0.69), a risk reduction not demonstrated in 

women who demonstrated a reduction in BD of less than a 10%.(41)  

 

DIETARY INFLUENCES ON SELECT BREAST CANCER RISK BIOMARKERS  

While TAM has established evidence on it’s role in breast cancer risk reduction, data on 

dietary influence remain limited. Within the Women’s Healthy Eating and Living Study 

(WHEL)(42), women who consumed the highest vegetable intake had significantly lower risk of 

breast cancer recurrence (HR 0.69; 95% CI: 0.55- 0.87). When stratified by TAM use, there was 

a significant dose-response relationship for total vegetable intake, which was also seen in 

cruciferous vegetables, supporting a potential protective benefit from increased consumption of 

vegetables. An inverse association for breast cancer recurrence was also observed in women on 

TAM with high soy isoflavone intake (HR 0.85; 95% CI: 0.40- 1.80).(43) There is little evidence 

to date supporting any dietary influence on TAM metabolism as a factor of risk reduction and 
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while consumption of specific dietary components has been associated with BD and EM, 

outcomes remain mixed. The details of these constituents are outlined in [TABLE A1].  

 

Epidemiological Support for Diet and Brest Density 

Several diet components hold potential to modify BD. In a study of 253 postmenopausal 

Japanese women(44), higher carbohydrate intake was inversely associated with BD (ptrend= 0.03) 

compared to lower intake.  Whereas intake of protein, total fat and saturated fat demonstrated the 

opposite and were positively associated with BD (ptrend=0.02, ptrend= 0.04, and ptrend= 0.02, 

respectively). In 1250 pre-and post-menopausal women, there was no association between BD 

and dark green vegetable consumption.(45) However, in this cohort, Japanese women 

demonstrated lower BD with higher overall mean intake of vegetable consumption, with the 

opposite trend seen in Caucasian women. Yet, BD was inversely associated (ptrend= 0.005) with 

higher intake of vegetables (OR 0.66; 95% CI: 0.50- 0.88) in 1,668 pre- and post-menopausal 

women.(46) 

Regardless of menopausal status, higher intake of long chain omega-3 fatty acids (from 

both food and supplements) and intake of 2 tablespoons (22 g) per day of olive oil was 

associated with lower BD (OR= 0.86; 95% CI: 0.76–0.96; OR= 0.72; 95% CI: 0.56– 0.93) in a 

cohort of Spanish women.(47) Furthermore, increasing ratios of omega-6 fatty acids to omega-3 

fatty acids were positively associated with BD (ptrend= 0.008).(48) A positive association with BD 

has been observed with overall higher caloric intake.(47, 49)  

 

Epidemiological Evidence for Diet and Estrogen Metabolites 
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Few studies have evaluated casual dietary exposures in relation to estrogen metabolism 

with mixed results.  In 255 female breast cancer survivors within the Health, Eating, Activity and 

Lifestyle (HEAL) Study actively using TAM, higher overall total fat intake (versus lowest) was 

associated with decreased serum estrone (p= 0.04).(50) A study by Reding, et al.,(51) evaluated 

urinary 2:16αOHE in 191 healthy pre-menopausal women. After adjustment for total energy, 

parity, ethnicity, BMI, smoking history and serum estrogen, fruit and vegetable consumption 

remained positively associated with the 2:16αOHE ratio. Fruit consumption in particular was 

positively associated with the ratio due to a favorable increase in protective 2OHE 

concentrations. The botanical families of fruits containing citrus fruits and bananas remained 

significantly associated with the positive changes in the 2OHE concentrations observed. There 

were no significant differences found between vegetable botanical classifications, including 

cruciferous, in relation to the modification of 2OHE concentration. In another sample of 

premenopausal women, fat and fiber intake were not strongly associated with urinary estrogen 

metabolism and the associations did not vary by dietary source.(52) 

 

Dietary Interventions with Measured Biomarker Endpoints 

Multiple studies currently investigate the role of diet interventions in specific biomarker 

endpoints related to breast cancer. A randomized-controlled trial of 400 breast cancer survivors 

from the WHEL study by Rock et al.,(53) suggested fiber intake was independently related to 

serum estradiol concentrations. Those randomized to an intervention diet consisting of high 

vegetable, high fiber and low fat foods, demonstrated significantly reduced bioavailable serum 

estradiol from 41 to 28 pmol/L (p< 0.05). Results from regression analysis suggested that the 

change in fiber intake from cereals, legumes and vegetables, not the reduction in fat was 
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responsible for the change in serum estradiol concentrations when controlled for baseline 

concentrations, TAM use and BMI (β= -0.0096, p= 0.002). The intervention group consumed a 

diet consisting of five vegetable servings/day, three fruit servings/day plus 16 fl oz vegetable 

juice/day, 30 g/day of fiber and limit total energy from fat to 15-20% total intake. The 

comparison group consumed a diet consistent with recommendations for cancer prevention. 

Women on TAM therapy had a greater decline in both estradiol and bioavailable estradiol 

regardless of randomization (p= 0.03, p= 0.02). There was no change observed in estrone or 

SHBG.  

Fat intake, and specifically intake of omega-3 fatty acids has also been of recent interest. 

A high-carbohydrate, low-fat diet showed reduced dense area of the breast in women with high 

BD (≥50%).(54) After a two-year intervention of a diet composed of 61% calories from complex 

carbohydrates and 21% from fat, the intervention group saw a reduced mammographic dense 

area of 6.1% compared to 2.1% in the control group. Weight loss was partially responsible for 

this reduction, but the effect of intervention remained after controlling for weight-loss and 

menopausal status (p= 0.03). However, it is unclear if the reduction was due to an increase in 

fiber intake from complex carbohydrates or reduction in overall fat intake. In a clear-label 

randomized-controlled trial(55), 266 healthy post-menopausal women with BD ≥25% were 

randomized to receive Lovaza (a FDA approved supplement containing 465 mg EPA and 375 

mg of DHA per gram) at 4 g daily, or raloxifene (a SERM) at 30 mg at 60 mg daily, or a 

combination of 4 g Lovaza and 30 mg raloxifene or no treatment. After 2 years, there was no 

difference in change in BD between treatment groups. In this study, omega-3 fatty acids alone 

demonstrated no effect on BD, opposing previous associations seen in epidemiological studies. 

However, in stratification by BMI, additional plasma DHA analyses suggested a negative 
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association between circulating DHA and absolute BD in subjects with BMI >29, but not in 

those with BMI of ≤29, alluding a potential protection by omega-3s for BD among obese 

women.  

A common dietary source of omega-3s, flax, has been investigated independently. In a 

12-month randomized-controlled trial in 45 high-risk pre-menopausal women of 50 mg/day of 

Secoisolariciresinol diglycoside, a lignan found in flaxseed, there was a non-significant reduction 

in BD of 6.3%.(56) Flax potentially influences the mechanism responsible for BD shifts through 

a possible role in EM. In a 12 week case-control trial(57), 45 post-menopausal women consumed 

1 tablespoon (7.5 g) ground flaxseed a day for 6 weeks, followed  by 2 tablespoons (15 g) of 

ground flaxseed until 12 weeks and experienced an overall significant decrease in 2:16aOHE 

ratio (-1.10; 95% CI: -2.00, -0.21; p= 0.02). This shift was resultant of increased levels of 

16aOHE (1.32; 95% CI: 0.26- 2.40), with a demonstrated non-significant decrease of 2OHE (-

1.04; 95% CI: -2.72, -0.64). 

Soy also has been found to have no significant influence on BD as well as serum estradiol 

in postmenopausal women given a soy isoflavone supplement.(58, 59) In two trials from the 

Breast, Estrogen and Nutrition (BEAN) study(60) participants consumed either a high-soy diet (2 

soy servings/day) or a low-soy diet (<3 servings soy/week). BEAN1, a 2-year randomized-

controlled intervention of 188 women showed no significant effect of soy on estrogen 

metabolites, although did demonstrate a drop in 4OHE concentrations. Alternatively, BEAN2, a 

13-month crossover trial of 79 women, showed a marked a significant difference (p< 0.01) in 

4OHE concentrations with low soy consumption (1.3 ng/mg creatinine; 95% CI: 0.6- 2.3) versus 

high soy consumption (0.8 ng/mg creatinine; 95% CI: 0.3- 1.9). No modifications were seen in 

2:16aOHE ratio in either study.  
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TABLE A1: Current evidence of dietary influences on breast cancer biomarkers 

 

Dietary Factor Breast 
Density Estrogen Metabolites Reference 

Evidence from dietary association studies 
Carbohydrate −  Nagata et al., 2005(44) 

Omega-3s −  
Diorio et al., 2013(48);  
Garcia-Arenzana et al., 2014(47) 

Protein −  
Nagata et al., 2005(44);  
Garcia-Arenzana et al., 2014(47) 

Vegetables −  Masala et al., 2006(46) 

Energy Density +  
Jones et al., 2014(49);  
Garcia-Arenzana et al., 2014(47) 

Fruits  + 2:16αOHE  Reding et al., 2012(51) 
Vegetables  + 2:16αOHE  Reding et al., 2012(51) 

Evidence from dietary intervention studies 
Fiber  êSerum estradiol Rock et al., 2004(53) 
Vegetables  êSerum estradiol Rock et al., 2004(53) 
Omega-3s Ø  Sandhu et al., 2015(55) 

Flax ê ê2:16αOHE 
é16αOHE ê2OHE  

Fabian et al., 2010(56); Sturgeon et 
al., 2010(57) 

Soy Ø 
Ø Serum estradiol 

Ø 2:16αOHE 
ê4OHE 

Delmanto et al., 2013(59); 
Maskarinec et al., 2009(58); 
Maskarinec et al., 2012(60) 

 
+: Positive association with increased intake; −: Inverse association with increased intake; é: 
Increased by intervention component; ê: Lowered by intervention component; Ø: No effect  
 
 
PROPOSED RESEARCH TO ADVANCE KNOWLEDGE  

Current evidence suggests that estrogens influence breast density, but the mechanism of 

action remains unknown. Evidence remains inconsistent in regards to dietary intake as it relates 

to breast cancer risk biomarkers, including estrogen metabolism. It is possible any protective 

benefits are derived from the influence of diet that result in shifts in EM, which in turn may 

reduce BD, and ultimately affecting breast cancer recurrence rates. [FIGURE A1] Given the 

existing literature that specific dietary components such as higher intake of vegetables and fiber 
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and lower intake of fat may influence estrogen metabolism, we proposed to evaluate the role of 

these select dietary exposures and breast cancer risk biomarkers (BD and estrogen metabolites) 

in women taking TAM. Specifically we evaluated dietary intake (total energy, total fat, saturated 

fat, monounsaturated fatty acids, polyunsaturated fatty acids, cholesterol, protein, carbohydrate, 

fiber, sugar, vegetable, cruciferous vegetable, total isoflavones, alcohol and caffeine) with TAM 

metabolism, mammographic density and urinary estrogen metabolite profile in a sample of 130 

women enrolled in the DIME study, using a cross-sectional analysis of baseline data. 

Importantly, the sample represented women currently taking TAM, a SERM known to reduce 

BD. Our objective was to determine, in the setting of BD “suppression” (by TAM), can diet 

further influence these risk biomarkers thus affording an additional protective effect against 

breast cancer risk or recurrence. 

 

FIGURE A1: Proposed mechanism of action for the role of diet in reducing breast cancer risk in 

women on Tamoxifen 
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Specific Aims 

1. Evaluate relationships between dietary intakes on circulating TAM metabolites. 

2. Determine if dietary intakes are associated with breast density in women on TAM.  

3. Explore the relationship between dietary intake at baseline and urinary estrogen metabolism in 

women on TAM.
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PART II: 

Dietary Associations with Biomarkers of Breast Cancer Risk in Women on Adjuvant 

Tamoxifen Therapy 

 

INTRODUCTION 

Breast cancer is the most common diagnosis of cancer among women globally.(61)  

Epidemiological evidence has established a protective association between diet quality and 

breast cancer risk.(62-66) Estrogen metabolism (EM) and breast density (BD) have been 

identified as surrogate biomarkers of breast cancer risk. These biomarkers have previously been 

shown to be modifiable, and are potentially influenced by diet.  

Tamoxifen (TAM) is a commonly prescribed adjuvant therapy and preventive for 

estrogen positive breast cancer. Evidence has shown that TAM reduces breast cancer risk 

through a mechanism of estrogen regulation by binding to the estrogen receptor, which can 

possibly affect BD.(37)  

High BD is a strong risk factor for breast cancer.(67) Previous evidence(45) has shown 

no association between BD and consumption of dark-green vegetables in 1250 pre- and post-

menopausal women. However in this cohort, Japanese women demonstrated lower BD with 

higher overall intake of vegetables, with the opposite trend seen in Caucasian women. A separate 

inverse association with BD was observed with higher total vegetable and leafy vegetable 

intake.(46) Other dietary exposures previously associated with lower BD include higher intake of 

carbohydrates, protein and omega-3s,(44, 47, 48) whereas higher energy intake was associated 

with higher BD.(47, 49) Scant studies exist on dietary interventions for reducing breast density. 

A reduced fat, high complex-carbohydrate diet intervention reduced BD by 6.1% after 2 years, 
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part of the observed reduction was due to weight loss.(54) To date, primarily soy has been 

investigated, (58, 59) which has shown little effect on modulating BD.  

Previous hypotheses have suggested that estrogens metabolized predominately via 16α-

hydroxyesterone (16αOHE) rather than 2-hydroxyesterone (2OHE pathways), thereby resulting 

in a lower 2:16αOHE ratio, increasing the risk of breast cancer. In 277 postmenopausal 

women(24) with invasive breast cancer, the ratio of 2:16αOHE was significantly associated with 

a reduced risk of breast cancer (HR 0.62; 95% CI: 0.45- 0.86). Further, an increased risk of 

breast cancer (HR 1.34; 95% CI: 1.04-1.72) was significantly associated with the ratio of 4-

hydroxyesterone (4OHE) pathway to the methylated 4OHE catechols. These metabolites may 

lead to genetic mutations that initiate breast tumors through the formation of DNA adducts.(68)  

Urinary estrogen concentrations of 2OHE and 16αOHE can approximate estrogen 

concentrations within the breast. Additionally, estradiol, a precursor to other estrogen 

metabolites, has been found to have significant positive associations with BD.(35) Interestingly, 

postmenopausal women with dense breast tissue patterns have demonstrated 58% higher median 

urinary concentrations of 2OHE (p= 0.002), 15% higher median urinary concentrations of 

16αOHE (p= 0.37), and a 35% higher 2:16αOHE ratio (p= 0.005).(32)  

Evidence suggests that some dietary factors may modulate estrogen metabolism. 

Vegetable and carbohydrate intake has had inverse associations with the estrogen DNA adduct 

ratio.(69) A high-fiber, high-vegetable, low-fat dietary intervention by Rock, et al.,(53) 

demonstrated decreased serum estradiol, which was attributed to the increased fiber intake rather 

than the reduction of fat intake; with a greater decline in both estradiol and bioavailable estradiol 

(p= 0.03, p= 0.02) in all women on TAM therapy. Evidence from the Women’s Healthy Eating 

and Living Study (WHEL)(42) has shown that breast cancer survivors with the highest (vs. 
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lowest) vegetable intake had a significantly lower risk of breast cancer recurrence (HR 0.69; 

95% CI: 0.55-0.87). In women taking TAM, there was a significant dose-response for total 

vegetable intake, which was also seen in relation to cruciferous vegetable intake. Previous bodies 

of work have examined the effect of overall diet on BD and EM independently, but to date no 

studies have evaluated these relationships in high-risk women on anti-estrogen, selective 

estrogen receptor modulator (SERM) therapy.  

Through an exploratory observational study, we tested the hypothesis that higher 

consumption of fiber, vegetables and particularly cruciferous vegetables, which have previously 

suggested chemopreventive benefits, would be associated with lower BD and favorable estrogen 

metabolism in women on TAM therapy. Further, because of the protective benefit previously 

associated in women on TAM, we hypothesized that higher fiber and vegetable intake would be 

associated with favorable TAM metabolism within the population. This is among the first 

research examining the interactions between diet, EM, and BD as markers of breast cancer risk 

in women on TAM therapy. 

 

METHODS 

Study Design and Population 

The Diindolylmethane Efficacy (DIME) Study is a double blind, placebo-controlled, 

randomized clinical trial. Women for the trial were recruited from cancer centers in Tucson and 

Phoenix, Arizona. Participants were eligible for the study if they were 18 years or older, had a 

previous mammogram with a Breast Imaging Reporting and Data System (BI-RADS; American 

College of Radiology, Reston, VA, USA) score of ≥2 (Reports: 2= scattered fibroglandular 

elements; 3= heterogeneously dense tissue; 4= extremely dense tissue), and were currently taking 
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TAM (> 3 months) with planned continuing therapy of >18 months for early stage breast cancer 

(0, I, II, IIIa) or for chemoprevention. Additionally, eligible participants had to be non-pregnant 

if pre-menopausal, with no history of hyponatremia and normal blood chemistry tests 

(electrolytes, liver and kidney enzyme panel). Throughout the duration of the study, women were 

asked to discontinue or avoid use of soy supplements and not change dietary intake. This study 

was approved by the Institutional Review Board, Human Subjects Protection Committee at the 

University of Arizona. All subjects provided written consent prior to participation. 

 

Diet Assessment Measures 

Dietary intake was assessed using a validated(70) Arizona Food Frequency Questionnaire 

(AFFQ). The AFFQ is a 153-item questionnaire that evaluates frequency of intake of foods by 

food grouping as well as portion size. Analytical output from the AFFQ is generated through 

linkage to the USDA database and includes data on 83 dietary components. For this analysis we 

focused on intake of total energy (kcal), total protein (g), total carbohydrate (g), total sugars (g), 

total fiber (g), total fat (g), saturated fat (g), monounsaturated fatty acids (MUFA) (g), 

polyunsaturated fatty acids (PUFA) (g), cholesterol (mg), total isoflavones (mg), alcohol (g), 

caffeine (mg), vegetable intake (g), and cruciferous vegetable intake (g) as these dietary 

components had previously demonstrated an association with change in BD and/or estrogen 

metabolism on review of the literature. Women completed the AFFQ at baseline in the study 

clinic and the reference time period for intake report was the prior 12 months. The baseline data 

served as the dietary exposure for this cross-sectional analysis. 
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Biomarker Analysis 

Biospecimen Collection and Processing 

Study participants were asked to collect baseline 12 hour, overnight urinary collections 

using standardized procedures. Briefly, before their laboratory visit, women were asked to 

collect their urine starting the evening before. Collection began at approximately 6:00 pm and 

continued through the morning of the appointment. Women were requested to avoid all caffeine 

containing foods and beverages on days of sample collection. All urine was collected in a study-

provided container and kept on ice in a cooler. Participants then transported the overnight urine 

collection to the clinic. Once received by the clinic, the urine was mixed well and aliquoted into 

2 mL tubes. Another portion of urine is put into a 15 mL conical tube and spun for 10 minutes in 

a centrifuge (3,000 RPM at 4°C) and then aliquoted into 2 mL tubes. Fasting plasma samples 

were collected by trained phlebotomists via venipuncture during scheduled site visits. 

Premenopausal women were asked to keep a track of their menstrual cycle throughout the study 

in an effort to standardize timing of blood draw. Plasma sat for 30 minutes at room temperature 

to allow for clotting prior to being spun in a centrifuge for 10 minutes (3,000 RPM at 4°C). All 

collected and aliquoted biospecimens were labeled with a barcode system and stored at -80°C 

until analysis. 

 

Tamoxifen Metabolism 

Baseline TAM metabolite profile analyses were completed using pl as asma collected at 

baseline by the laboratory of Dr. Alan Wu, University of California, San Francisco. Samples 

were sent to the laboratory after processing on dry ice. The assay detects four TAM metabolites: 

Tamoxifen, Endoxifen, N-Desmethyltamoxifen, and 4-hydroxytamoxifen. Briefly, deuterated 
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internal standards were prepared in methanol and stored at -70°C. An internal standard mix was 

diluted with 0.5mM Ammonium Formate buffer prior to sample extraction. Plasma samples 

(200μL) are combined with diluted internal standard mix (800μL) and extract with Waters MCX 

1cc solid phase extraction cartridges according to manufacturer’s instructions. After drying under 

nitrogen at 40°C, samples will be re-suspended in 80:20 Mobile Phase A:Mobile Phase B before 

transfer to autosampler vials. TAM metabolite analyses were done by high performance liquid 

chromatography (HPLC) (1200 series Agilent HPLC system) using a standard assay gradient. 

Recent research(71) further describes this process and has shown accurate quantification of TAM 

and TAM metabolites using HPLC. Tandem Mass Spectrometry (Applied Biosystems 3200 Q-

trap Tandem Mass Spectrometer) was used for analyte detection. Analyst Software (Applied 

Biosystems) determined analyte quantization of TAM metabolites, by comparing Peak Area: IS 

Area ratio to that of a five point standard curve.  

 

Mammographic Breast Density 

Mammograms were completed through clinic-based digital mammography with each 

participant attending the clinic of their choice. Mammograms were collected through the use of 

mammography machines made by Hologic Inc., Simmons, or GE. Mammograms were not 

collected on those women with bilateral mastectomies. Identifying information on the images 

was removed prior to being converted to a .bmp format through a DICOM viewer. Primary 

analysis of BD was in the contralateral mammographic image of the breast, using the 

craniocadual view. Mammogram images were digitally uploaded to Dr. Gertraud Maskarinec at 

the University of Hawaii Cancer Center for assessment using standard operating procedures 

previously described.(72) BD was represented by percent dense, calculated as the ratio of dense 
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to fatty tissue. BD was measured using a computer-assisted method previously described by 

Byng, et al.(7)  

 

Urinary Estrogen Metabolites 

Unspun urine samples collected at baseline were evaluated by the laboratory of Dr. 

Sherry Chow, University of Arizona Cancer Center Analytical Chemistry Shared Resource. 

Liquid Chromatography-Mass Spectrometry (LC/MS) was used to identify 15 estrogen isoforms 

within the urine sample through a previously published method.(23) In sum, estrogen metabolites 

were extracted from 500 μl unspun urine using 7 mL DCM. The organic layer is collected and 

evaporated to dryness. Equal volumes of 100 mM sodium bicarbonate (pH 10.5) and dansyl 

chloride (1 g/mL in acetone) are added and incubated at 60°C for 10 minutes before transfer to 

autosampler vials for analysis. Chromatographic separation is achieved using a Phenomenex 

Synergi Hydro-RP 2X100 2.5μ column and a gradient of acetonitrile and 0.1% formic acid in 

water. All samples were standardized to creatinine (Cr), using an enzymatic assay (Diazyme 

Laboratories). The measurable estrogen isoforms included estrone, estradiol, 2OHE, 2-

methoxyestrone, 2-hydroxyestradiol, 2-hydrozyestrone-3-methyl ester, 2-methooxyestradiol, 

4OHE, 4-methoxyestrone, 4-methoxyestradiol, 16αOHE, 17-epistriol, estriol, 16-epistriol, 16-

ketoestradiol.(25)  

 

Statistical Analyses  

Descriptive statistics were computed as mean ± standard deviation (SD). Linear 

regression was used to evaluate associations between dietary intake and Tamoxifen metabolites 

(TAM, endoxifen, N-desmethyltamoxifen (N-DTAM), and 4-hydroxytamoxifen (4OHTAM)). 
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Associations between dietary intakes and BD were completed through multiple linear regression, 

adjusted for BMI, menopausal status and time on TAM. To determine any relationship with 

urinary estrogen metabolites, Spearman’s correlations were used to compare between dietary 

intake of 15 components and 7 key estrogen metabolites including: estrone (E1), estradiol (E2), 

2OHE, 2-methoxyestrone (2mOE), 4OHE, 4-methoxyestrone (4mOHE), 16αOHE and 

2:16αOHE. Estrogen metabolites below the limit of detection were represented as 0.00017 

pmol/mg Cr for analysis. The α level for all analyses was set at 5%. All statistical analyses were 

completed using STATA 14 (StataCorp LP, College Station, TX, USA) software. 

 

RESULTS 

Participant Demographics 

In total, 156 women were eligible and consented to the DIME Study, 26 women dropped 

from the study for personal reasons or were deemed ineligible due to a discontinuation of TAM 

therapy, leaving 130 evaluable women at baseline. [TABLE 1] Women were predominately post-

menopausal (65%) non-Hispanic (87%) whites (94%) and ranged in age from 27-84 years. BMI 

ranged from 18-51 kg/m2; with 44% of women being normal weight (BMI ≤25 kg/m2), 31% 

were overweight (BMI 25-30 kg/m2) and 25% were obese (BMI ≥30 kg/m2) (data not shown). 

At baseline, plasma was collected from 129 of 130 women TAM metabolite analyses due 

to dropout for a personal reason prior to laboratory visit. Mammograms were collected at 

baseline for 102 women; reasons for exclusions of mammograms from analysis include incorrect 

image view, unreadable due to silicone implants, or bilateral mastectomy. 103 women completed 

AFFQs thorough enough to be used in analyses. Urinary estrogens were only analyzed for 
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women who successfully completed all time points during study duration, totaling 98 women at 

baseline. [FIGURE 1]  

 

TABLE 1: DIME Study Participant Demographics 

Participant Characteristic Mean ± SD or n (%) 
n=130 Age (years) 53 ± 9.3 

BMI (kg/m2) 26.5 ± 5.4 
Years since diagnosis 2.8 ± 3.8 
Years on TAM 1.7 ± 2.7 

Menopausal Status Pre-Menopausal 46 (35.4) 
Post-Menopausal 84 (64.6) 

Ethnicity Hispanic 17 (13.1) 
Non-Hispanic 113 (86.9) 

Race Caucasian 122 (93.8) 
Other 8 (6.2) 

Stage at Diagnosis Don’t know 1 (0.8) 
0 18 (14.4) 
I 58 (46.4) 
II 38 (30.4) 
IIIa 10 (8.0) 

Education Some/high school graduate 13 (10) 
Some/college graduate 68 (52.3) 
Some post-graduate/degree 49 (37.7) 
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FIGURE 1: Consort diagram of AFFQ and biospecimen analyses  

 

 

Average participant dietary intake is reported in [TABLE 2]. Mean dietary intake was 

1761.7± 802.0 kcal/day, 70.0± 32.9 g protein/day, 59.8± 30.1 g fat/day, 21.8± 11.3 g 

MUFA/day, 14.1±7.3 g PUFA/day, 18.9± 10.3 g saturated fat/day, 209.6± 122.9 mg 

cholesterol/day, 240.4 ±125.5 g carbohydrate/day, 120.8± 73.7 g sugar/day, 23.4± 13.3 g 

fiber/day, 220.4± 151.3 g vegetables/day, 35.2± 33.8 g cruciferous vegetables/day, 2.2± 7.0 mg 

isoflavones/day, 4.9± 7.6 g alcohol/day, and 154.3±141.7 mg caffeine/day. 
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TABLE 2: Mean daily dietary intake at baseline 

Nutrient Mean SD 
5% tail values 

5th 95th 
Total energy (kcal) 1761.7 802.0 679.4 3122.5 
Total protein (g) 70.0 32.9 27.2 136.2 
Total fat (g) 59.8 30.1 22.2 129.3 
Monounsaturated fat (MUFA) (g) 21.8 11.3 7.9 48.5 
Polyunsaturated fat (PUFA) (g) 14.1 7.3 5.7 29.4 
Saturated fat (g) 18.9 10.3 6.5 44.4 
Cholesterol (mg) 209.6 122.9 60.0 464.8 
Total carbohydrate (g) 240.4 125.5 82.9 502.4 
Total fiber (g) 23.4 13.3 6.7 46.5 
Total sugar (g) 120.8 73.7 25.3 327.2 
Total vegetable (g) 220.4 151.3 35.2 496.6 
Total cruciferous (cruc) vegetable (g) 35.2 33.8 2.5 97.0 
Total isoflavones (mg) 2.2 7.0 0.06 5.9 
Alcohol (g) 4.9 7.6 0.0 17.2 
Caffeine (mg) 154.3 141.7 6.82 453.0 
 

Diet and TAM Metabolism 

Samples from 129 women at baseline were analyzed for TAM metabolites. There was no 

difference in TAM metabolite distribution by menopausal status. [FIGURE 2] Caffeine intake 

was inversely associated with endoxifen metabolites (p= 0.03). 4-hydroxytamoxifen metabolite 

concentrations were significantly inversely associated with saturated fat (p= 0.02), MUFA (p= 

0.04) and PUFA (p= 0.03) and positively associated with total fat intake (p= 0.03) [TABLE 3].  

Diet was not shown to be associated with parent Tamoxifen metabolites and N-

desmethyltamoxifen metabolites.  
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FIGURE 2: Plasma concentrations of four TAM metabolites (ng/mL)  
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TABLE 3: Dietary Associations with four Tamoxifen metabolites  

 

TAM Endoxifen 4OH-TAM ND-TAM 

Nutrient Coef 
(SE) p* Coef 

(SE) p* Coef 
(SE) p* Coef 

(SE) p* 

Energy (kcal) 0.04 
(0.49) 

0.93 0.01 
(0.05) 

0.82 -0.007 
(0.009) 

0.42 1.65 
(1.78) 

0.35 

Total fat 12.82 
(14.41) 

0.37 2.23 
(1.57) 

0.15 0.58 
(0.26) 

0.03 37.13 
(52.07) 

0.47 

MUFA -15.71 
(14.00) 

0.26 -2.30 
(1.52) 

0.13 -0.52 
(0.25) 

0.04 -63.18 
(50.59) 

0.21 

Saturated fat -13.74 
(14.07) 

0.33 -2.75 
(1.53) 

0.07 -0.59 
(0.25) 

0.02 -56.91 
(50.82) 

0.26 

PUFA -10.91 
(13.56) 

0.15 -2.45 
(1.47) 

0.10 -0.55 
(0.25) 

0.03 -40.10 
(49.01) 

0.41 

Cholesterol -0.02 
(0.07) 

0.70 0.001 
(0.008) 

0.89 -0.001 
(0.001) 

0.41 0.08 
(0.28) 

0.76 

Protein -0.72 
(2.03) 

0.72 -0.11 
(0.22) 

0.61 0.03 
(0.03) 

0.42 -8.26 
(7.36) 

0.26 

Carbohydrate -0.09 
(2.18) 

0.96 -0.046 
(0.23) 

0.84 0.03 
(0.04) 

0.39 -6.74 
(7.88) 

0.39 

Total fiber -0.72 
(2.09) 

0.73 -0.12 
(0.22) 

0.58 -0.06 
(0.03) 

0.07 7.50 
(7.58) 

0.32 

Total sugar -0.16 
(0.42) 

0.69 0.02 
(0.04) 

0.65 -0.004 
(0.007) 

0.60 0.005 
(1.54) 

0.99 

Total 
vegetable 

0.005 
(0.05) 

0.92 0.003 
(0.006) 

0.57 0.001 
(0.001) 

0.20 -0.12 
(0.21) 

0.57 

Cruc 
vegetable 

0.13 
(0.19) 

0.47 -0.005 
(0.02) 

0.77 -0.002 
(0.003) 

0.95 0.10 
(0.69) 

0.88 

Total 
isoflavones 

0.10 
(0.80) 

0.89 0.07 
(0.08) 

0.41 -0.001 
(0.01) 

0.90 -3.85 
(2.89) 

0.18 

Alcohol -0.36 
(3.53) 

0.91 -0.04 
(0.38) 

0.90 -0.001 
(0.0007) 

0.37 -13.24 
(12.7) 

0.30 

Caffeine -0.04 
(0.03) 

0.27 -0.008 
(0.004) 

0.03 2.15 
(0.24) 

0.08 0.10 
(0.13) 

0.44 

*p-value determined from multiple linear regressions, α= 0.05, n=129. 

Abbreviations: Tamoxifen (TAM); 4-hydroxytamoxifen (4OH-TAM); N-Desmethyltamoxifen 

(ND-TAM)  
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Diet and Breast Density  

In total, 102 women completed baseline mammograms. Mean baseline BD was 25.08 ± 

14.84%, ranging from 3.07% to 64.8%. BMI was significantly inversely associated with BD 

(p<0.0005). BD throughout the sample did not vary significantly by time on TAM or 

menopausal status. [FIGURE 3]  

 

FIGURE 3: BD distribution in sample by time on TAM, menopausal status and BMI. 

 

 

Results from a multiple linear regression evaluating the association between BD and 15 

dietary components and adjusted for BMI, time on TAM and menopausal status are detailed in 
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[TABLE 4]. The unadjusted R2 for the linear model of dietary intake and BD was 0.28 and when 

adjusted for confounders the R2 value was 0.11. There was a statistically significant positive 

association between BD and caffeine intake (p= 0.006) after adjustments. Cholesterol was 

borderline significant (p= 0.05). No other dietary components were significantly associated with 

BD.  

 

TABLE 4: Dietary associations with breast density. 

Nutrient Coef (SE) p*  Nutrient Coef (SE) p* 

Energy (kcal) -0.13 (0.16) 0.40  Total fiber -0.09 (0.68) 0.89 
Protein 0.56 (0.67) 0.40  Total sugar -0.01 (0.13) 0.89 
Total fat -2.12 (5.2) 0.68  Total vegetable 0.003 (0.18) 0.84 
MUFA 4.34 (5.06) 0.39  Cruc vegetable -0.01 (0.75) 0.88 
PUFA 2.63 (4.95) 0.59  Total isoflavones 0.007 (0.27) 0.97 
Saturated fat 2.63 (5.17) 0.61  Alcohol 1.14 (1.13) 0.31 
Cholesterol 0.05 (0.02) 0.051  Caffeine 0.04 (0.01) 0.006 
Carbohydrate 0.52 (0.70) 0.45     
*p value determined through linear regression, α= 0.05, n=102 

 

Diet and Estrogen Metabolism 

Urinary metabolite analysis was only completed for women who completed all urine 

collections (baseline, 6 months and 12 months) throughout the DIME study. In total, urine 

samples from 98 women at baseline were analyzed. The LC/MS assay used identified 15 total 

urinary metabolites of estrogen, 7 of which were evaluated: E1, E2, 2OHE, 2mOHE, 4OHE, 

4mOHE, 16αOHE as well as the 2:16αOHE ratio. Mean concentrations (pmol/mg Cr) of the 

estrogen metabolites were 52.6 ± 111.8 (E1), 19.4 ± 38.3 (E2), 9.7 ± 16.8 (2OHE), 5.2 ± 14.6 
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(2mOE), 21.7 ±  45.1 (4OHE), 0.311 ± 1.6 (4mOE), and 8.6 ± 18.1 (16αOHE). The mean ratio 

for 2:16αOHE was 2.2 ± 2.6.  [FIGURE 4]  

 

FIGURE 4: Mean urinary estrogen metabolites (pmol/mg Cr) 

 

 

Total fiber, vegetable and cruciferous vegetable intake were not significantly correlated 

with any estrogen metabolite investigated. Total energy, total fat, MUFA, PUFA, total protein 

and total carbohydrate had weak positive correlations with 2OHE concentrations, (rs= 0.22 p= 

0.2, rs= 0.20 p=0.04, rs= 0.20 p= 0.04 rs= 0.20 p =0.04, rs= 0.21 p= 0.03, rs= 0.22 p =0.03, 

respectively). MUFA (rs= 0.20 p= 0.04) and cholesterol (rs =0.21 p= 0.03) intake were weakly 

positively correlated with 2mOE. Total isoflavone intake was only weakly correlated with 4OHE 

(rs= 0.21 p= 0.03) and 16αOHE (rs= 0.08 p= 0.02). Cholesterol reached borderline statistical 

significance (rs= 0.19 p= 0.05) with E1 and approached significance with E2 (rs= 0.18 p= 0.06). 

The 2:16αOHE ratio and 4mOE demonstrated no correlations with any dietary component. 

[TABLE 5]
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TABLE 5: Dietary correlations with selected estrogen metabolites 

 
E1 2OHE 4OHE 16αOHE 

Nutrient rs p* rs p* rs p* rs p* 
Energy (kcal) 0.14 0.17 0.22 0.02 0.05 0.57 0.17 0.09 
Total fat 0.16 0.10 0.20 0.04 0.005 0.96 0.15 0.12 
MUFA 0.16 0.10 0.20 0.04 0.02 0.80 0.14 0.16 
Saturated fat 0.16 0.11 0.16 0.10 -0.02 0.82 0.16 0.11 
PUFA 0.14 0.15 0.20 0.04 -0.001 0.99 0.17 0.09 
Cholesterol 0.19 0.05 0.24 0.01 0.04 0.65 0.14 0.17 
Protein 0.14 0.16 0.21 0.03 0.008 0.93 0.15 0.14 
Carbohydrate 0.11 0.26 0.22 0.03 0.09 0.38 0.16 0.12 
Total fiber 0.05 0.58 0.18 0.07 0.11 0.27 0.07 0.49 
Total sugar 0.09 0.38 0.17 0.10 0.12 0.22 0.10 0.33 
Total vegetable 0.03 0.74 0.13 0.20 0.10 0.31 -0.003 0.97 
Cruc vegetable -0.02 0.82 -0.04 0.66 0.01 0.90 -0.06 0.51 
Total isoflavones 0.08 0.39 0.04 0.66 0.21 0.03 0.08 0.02 
Alcohol 0.03 0.76 -0.01 0.85 -0.07 0.48 -0.01 0.92 
Caffeine 0.05 0.58 0.11 0.29 0.11 0.29 0.06 0.09 
 

E2 2mOE 4mOE 2:16αOHE 
Nutrient rs p* rs p* rs p* rs p* 
Energy (kcal) 0.08 0.39 0.09 0.36 -0.15 0.13 0.07 0.46 
Total fat 0.13 0.18 0.19 0.06 -0.10 0.33 0.08 0.43 
MUFA 0.14 0.17 0.20 0.04 -0.09 0.34 0.09 0.38 
Saturated fat 0.13 0.21 0.17 0.08 -0.08 0.43 0.06 0.54 
PUFA 0.10 0.33 0.15 0.13 -0.11 0.27 0.03 0.75 
Cholesterol 0.18 0.06 0.21 0.03 -0.07 0.45 0.17 0.09 
Protein 0.12 0.22 0.13 0.18 -0.15 0.14 0.09 0.34 
Carbohydrate 0.04 0.65 0.03 0.76 -0.10 0.30 0.08 0.40 
Total fiber 0.01 0.89 0.005 0.95 -0.09 0.37 0.13 0.19 
Total sugar 0.04 0.66 -0.01 0.91 -0.08 0.39 0.06 0.55 
Total vegetable 0.002 0.98 -0.08 0.43 0.01 0.88 0.15 0.14 
Cruc vegetable -0.002 0.97 -0.07 0.47 0.07 0.46 0.03 0.71 
Total isoflavones 0.02 0.79 0.05 0.59 -0.05 0.60 -0.04 0.699 
Alcohol 0.02 0.82 -0.01 0.86 -0.10 0.29 0.02 0.83 
Caffeine 0.06 0.54 0.54 0.23 0.17 0.10 0.07 0.45 
*p value determined through Spearman’s correlations, α= 0.05, n-98. 
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DISCUSSION 

Overall in our sample of women taking an estrogen receptor modulating medication, 

dietary intakes were not strongly associated or correlated with TAM metabolism, BD or estrogen 

metabolism. In this cross-sectional study we observed weak associations between caffeine and 

TAM metabolites, but no other associations between diet and TAM metabolism. In our sample, 

caffeine intake demonstrated an inverse association with endoxifen metabolites at baseline. The 

primary TAM metabolite is endoxifen, which is clinically monitored for efficacy. Early evidence 

has shown that endoxifen levels below 15 nM may be associated with breast cancer recurrence, 

but may be dependent on CYP2D6 genotype.(73) Analysis from Polish women with breast 

cancer on TAM therapy observed significantly lower endoxifen concentrations in patients 

carrying at least one CYP2D6 null allele, with 60% of patients below the therapeutic 

concentration threshold for endoxifen.(74) The inverse association observed might be due in part 

to CPY2D6 genotype, which is involved in the metabolism of both TAM and caffeine. 

 Caffeine was also associated with BD. Evidence associating caffeine with BD is 

negligible, with dietary association studies often failing to report on caffeine.  Despite this, 

caffeine intake has been associated with reduced breast cancer risk, with the largest benefit seen 

in post-menopausal women (RR 0.94; 95% CI: 0.80- 0.99).(75) In TAM treated patients with 

ER+ tumors, moderate to high consumption of coffee/caffeine was associated with a lower risk 

for early distant metastases compared to low coffee/caffeine consumption (HR 0.41; 95% CI: 

0.17- 1.00).(76) Caffeine was the only dietary factor examined that was significantly associated 

with BD in our population. It is possible that because TAM can modulate BD, diet has little 

influence on BD in women taking TAM. Additionally, BD in these women may have already 

been reduced prior to study enrollment, due to eligibility criteria. In one study(40), 99.4% of 
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women demonstrated a reduction of ≥1 BIRADS category grade of BD after a mean 19 months 

of TAM therapy; those with the reduction had longer disease free survival and lower recurrence 

rates. The reduction in BD from TAM maintains a protective benefit. Women on TAM therapy, 

who experienced 10% or greater reduction in BD, had a 64% reduction in breast cancer risk (OR 

0.37; 95% CI: 0.20- 0.69); however no reduction of risk was seen with lesser reduction of 

BD.(41) Because of the role of TAM in BD and the association seen between caffeine and 

endoxifen concentration, the association seen in this population is more likely a chance finding. 

Our investigation found no other significant correlations between diet and BD.  

Our data may support a U-shaped curve rather than linear association between dietary 

constituents, including vegetables, and BD, indicating a possible dose related response to diet. 

Intake of vegetables (4.9 servings/day) previously showed no association with BD in women 

with an average BD of 32.9%.(45) The mean intake of vegetables in our sample was 220.4 g/day, 

this is higher compared to a previous sample of 1,668 women, who demonstrated reduced risk 

for high BD with average consumption of 209.8 g vegetables/day (OR 0.66; 95% CI: 0.50- 

0.88).(46) Additionally, an inverse association was also evident with higher consumption of 

leafy vegetables at 42.9g/day (OR 0.73; 95% CI: 0.56-0.96). Our women had marked lower 

consumption of cruciferous vegetables at 35.2 g/day average. In this study, 944 (56.6%) of 

women had 25-75% high-density area within the breast, compared to the average percent BD in 

our sample being 25.08%. The total intake of vegetables in our study was lower (220.4 vs. 294 

g/day) than a previous study that also showed no association between vegetables and 

mammographic density in 3,548 Spanish women (OR 0.95; 95% CI: 0.88- 1.03).(47) Despite 

previous protective associations with BD being seen with similar intake of vegetables, the same 

was not seen for women on TAM with potentially previously altered BD as evidenced by our 
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sample, suggesting little benefit for intervention study in this population with this endpoint for 

modification of breast cancer risk. 

Finally, evaluation of diet and EM suggested that total fat, MUFA, PUFA, cholesterol 

were associated with EM, although correlations were weak and no relationships were 

demonstrated for fiber, vegetable or cruciferous vegetable intake.  Only weak, positive 

correlations were seen between estrogen metabolites and dietary components. Total isoflavone 

intake was positively correlated with 4OHE and 16αOHE metabolites, both of which are 

considered more estrogenic than those metabolites within the 2OHE pathway. The faint, though 

significant correlation seen between 2OHE and total carbohydrate may be acting as a surrogate 

for fiber intake, even though fiber was statistically non-significant. A recent study(52) in pre-

menopausal women found that fiber and fat intake was not strongly associated with patterns of 

EM. However, a high fiber diet was inversely associated with 16αOHE pathway estrogens, and 

total fat intake suggested a positive association. Total fat intake, MUFA and PUFA intake were 

correlated with elevated 2OHE concentrations within our study. The same association was seen 

in the 2OHE catechol, 2mOE concentrations for total fat, MUFA, as well as cholesterol.  

Previous epidemiologic evidence has shown a possible protective benefit in BD from 

higher consumption of omega-3s, rather than total fat intake.(47, 48) The protective benefit in 

lower BD previously seen from omega-3s could be from EM shifts within the breast tissue 

matrix. Dietary fat intake may contribute to hormone synthesis and balance, promoting a 

favorable shift in 2OHE concentrations, which have been associated with reduced breast cancer 

risk.(26) These weak associations may indicate a potentially pertinent role for the type of fats 

consumed and EM in women on TAM.  
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These results suggests that BD and EM may not be the acting mechanisms of action 

behind the previously seen benefit for fiber and vegetable intake and reduced breast cancer risk, 

or that in the setting of estrogen modulating effects of TAM, diet does not hold strong potential 

to further attenuate risk through modulation of estrogen metabolism or breast density. 

Importantly, the current body of evidence surrounding dietary intake and biomarkers of breast 

cancer risk is limited, while the literature on dietary interactions with TAM is scarce. Thus this 

investigation fills a gap in current literature in determining the limited association between diet 

and these breast cancer risk biomarkers.  

Additionally, dietary patterns rather than individual dietary components may be 

responsible for observed relationships. This may warrant further analysis exploring dietary 

patterns, such as Mediterranean Diet or Healthy Eating Index, in association with breast cancer 

risk biomarkers. Results from these analyses suggest dietary interventions aimed at favorable 

modification of such biomarkers in women on TAM therapy are unlikely to show a sufficient 

effect. Gaining important information in designing lifestyle interventions for women taking 

estrogen modulators, in that alternative pathways and mechanisms for breast cancer 

chemoprevention will need to be explored. 

 

Strengths 

To our knowledge this is one of the first studies to evaluate the dietary implications for 

BD as well as EM in women on adjuvant TAM therapy. Among a few of the strengths of the 

study include the use of an estrogen specific LC/MS assay. This assay has been validated and 

allows for evaluation of metabolites further in primary estrogen pathways. Additionally, because 



 
 

43 

the study participants were controlled to a specific therapeutic treatment, the effects of TAM 

treatment that are usually adjusted for are universal in this population.  

 

Limitations 

A limitation to this research is the power of our small sample size; dietary association 

studies traditionally require large sample sizes to identify strong associations. However, possible 

confounders of associations previously seen are potentially controlled through the restriction of 

participants only on current TAM therapy. Physical activity was not measured in the population, 

which may provide limitation to validity of dietary impact alone. Additionally, AFFQ data can 

be fault to self-reporting bias and error.  

 
CONCLUSION 
 

There is a limited role for diet in acting on BD and EM in women on active TAM 

therapy. We failed to find any associations between vegetable and fiber intake in BD and EM. 

Our study revealed a positive association with caffeine intake and BD, but observed no other 

dietary associations. Caffeine may potentially be acting on BD through similar enzymatic 

pathways in TAM metabolism, but this is likely coincidental.  Only weak correlations between 

diet and EM were observed. Those observed were in related to fat intake, which may indicate a 

benefit to the ratio and quality of dietary fat intake. Dietary intake shows little association with 

BD or EM in women taking TAM therapy. The findings in this study may be statistically 

significant, but it remains unknown if it is of clinical significance as of yet. In this population, 

dietary interventions aimed at modifying these biomarkers may not be efficacious. Alternate 

preventive mechanisms for diet in women on TAM therapy should be investigated.   
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Research Protections (FWA #00004218).

• All research procedures should be conducted in full accordance with all applicable sections of
the Investigator Manual.

• The current consent with the IRB approval stamp must be used to consent subjects.
• The Principal Investigator should notify the IRB immediately of any proposed changes that

affect the protocol and report any unanticipated problems involving risks to participants or
others.

• For projects that wish to continue after the expiration date listed above please submit an F212,
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timely review of the project.
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Appendix B: Informed Consent

For IRB Office Use Only: 

THE UNIVERSITY OF ARIZONA HUMAN SUBJECTS PROTECTION PROGRAM 
INFORMED CONSENT FORM 

Version Date  6-12-14 Page 1 of 6  
 

 1 
 2 
 3 
Project Title: Evaluation of Diindolylmethane Supplementation to Modulate Tamoxifen Efficacy in Breast 4 
Cancer (DIME Study) 5 
 6 
You are being invited to take part in a research study being conducted by The University of 7 
Arizona and asked to read this form so that you know about this research study. The 8 
information in this form is provided to help you decide whether or not to participate. If you 9 
decide to participate in the study, you will be asked to sign this consent form. If you decide 10 
you do not want to participate, there will be no penalty to you, and you will not lose any 11 
benefit you normally would have. 12 
 13 
WHY IS THIS STUDY BEING DONE? 14 
The purpose of this study is to determine if a dietary supplement, diindolylmethane (DIM), which is 15 
a compound found in broccoli, can enhance the health-promoting effects of the medication 16 
tamoxifen in women at risk for breast cancer or previously treated for early stage breast cancer. 17 
Tamoxifen is an accepted treatment for breast cancer. Some early evidence suggests DIM may 18 
enhance the benefit of tamoxifen, but this has only been tested in a very small number of women. 19 
This study will evaluate the DIM/tamoxifen combination to determine if it is more effective than 20 
tamoxifen plus placebo in favorably changing hormone and tamoxifen levels as well as breast 21 
characteristics like density.  These characteristics will be measured with methods like 22 
mammography and magnetic resonance images (MRI).  MRI is a procedure which uses radio 23 
waves and a magnetic field to take pictures of the breast. 24 
 25 
WHY AM I BEING ASKED TO BE IN THIS STUDY?  26 
You are being asked to be in this study because you are a woman over age 18 and have been 27 
diagnosed and treated for early stage breast cancer and are currently taking tamoxifen (or plan to 28 
start) or are taking or planning to start tamoxifen for prevention of breast cancer. You may not be 29 
pregnant and, if pre-menopausal, must be practicing birth control throughout the 18 months of this 30 
study.  31 
 32 
HOW MANY PEOPLE WILL BE ASKED TO BE IN THIS STUDY? 33 
170 women will be enrolled in this study in Tucson, Phoenix and southern Arizona.   34 
 35 
WHAT ARE THE ALTERNATIVES TO BEING IN THIS STUDY? 36 
This is not a treatment study, but rather is a study of a dietary supplement that may or may not 37 
improve the benefit of taking tamoxifen.  There is no alternate therapy. The alternative is not to 38 
participate. 39 
 40 
WHAT WILL YOU BE ASKED TO DO IN THIS STUDY? 41 
Your participation in this study will last up to 20 months and includes up to 9 clinic visits and three 42 
separate appointments to measure your breast using magnetic resonance images (MRI) or 43 
pictures.  The Tucson clinic visits will take place at the Nutrition and Cancer Research Clinic 44 
located at Herbert K. Abrams Public Health Center (UA South Campus), 3950 S. Country Club Rd., 45 
Suite 330, 3rd Floor, Tucson, AZ. 85714. The Phoenix area clinic visits will take place at University 46 
of Arizona Cancer Clinic at 4001 N. 3rd St., #230, Phoenix, AZ.. The MRI will take place at 47 
University of Arizona Medical Center located at 1501 N. Campbell Avenue, Tucson, AZ. The 48 
procedures you will be asked to perform are described below. 49 
 50 
The initial screening contact is conducted over the telephone and is your initial evaluation for study 51 
participation. The study coordinator will briefly explain the study to you, ask you questions specific 52 
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to your eligibility to participate and assess your interest in participation. If you are interested and 53 
appear to be eligible for study participation, a clinic visit will be scheduled and the study consent 54 
form, protected health information form and medical record release form will be mailed to you.  We 55 
will also send clinic visit confirmation and related information including instructions to collect from 56 
your medical records your breast cancer pathology report, most recent mammogram report, and 57 
blood test results, completed within the last 90 days, that include sodium and specific kidney and 58 
liver function tests for the study records. 59 
 60 
Visit 1 (Week -2) 61 
This visit will last about 90 minutes. During this visit, we will review the consent form and protected 62 
health information form with you to sign if you are comfortable doing so. You will undergo a urine 63 
pregnancy test, if pre-menopausal and without surgical sterilization, complete the participant 64 
contact information form plus complete the study eligibility, demographic & health history, and 65 
medication/dietary supplement questionnaires. We will also collect a medical record release form, 66 
your breast cancer pathology report, your most recent mammogram report, and a copy of your 67 
medical record blood test results that include sodium and specific kidney and liver function tests. At 68 
this time, you will also receive instructions regarding completion of the food frequency 69 
questionnaire as well as run-in/washout period study activities including taking placebo pills and 70 
completing the DIME study pill calendar. You will be given a supply of placebo pills (pills containing 71 
an inactive substance such as a sugar pill). Before your next visit, you will complete your 1st of 3 72 
study MRI breast picture scans at University of Arizona Medical Center, if you have at least one 73 
breast available for scanning. This MRI appointment will take about 45-60 minutes of your time. 74 
 75 
Visit 2 (Week 0) 76 
This visit will last about 45 minutes. During this visit, you will turn in your pill calendar as well as 77 
return and review your food frequency questionnaire with the study coordinator.  78 
 79 
If you and the study coordinator feel you are ready to enter the active study phase based on 80 
successful completion of the assigned study tasks, you will be randomized to either receive the 81 
dietary supplement, diindolylmethane or a placebo pill (an inactive substance such as a sugar pill). 82 
This is a double-blind study so neither you nor the study staff will know which pill you will receive. 83 
Assignment to a study pill will be randomized, meaning that similar to tossing a coin, you will have 84 
an equal chance of being assigned to one pill or the other. You will remain on the same pill 85 
throughout the study, taking two pills twice daily (morning and evening with food) and recording on 86 
a study calendar your study pill & tamoxifen consumption and any symptoms experienced. 87 
 88 
Your blood pressure, weight, height, body composition, and waist and hip circumference will each 89 
be measured. You will complete 3 short questionnaires. You will also have a fasting blood sample 90 
drawn (~3 tablespoons) and be offered a snack and beverage.  91 
 92 
Visit 3,4,5,7 (Study Week 6,12,26,52) 93 
These visits will take about 45 minutes of your time. Activities will consist of reviewing your DIME 94 
study pill calendar and a review of any concerns related to study participation. You will also 95 
complete your health history update & symptoms questionnaire, 2 other short questionnaires, 96 
blood pressure, weight, waist, hip and body composition measurements. (The last 3 97 
measurements will be completed only at Visits 5 and 7.)  You will also have a fasting blood sample 98 
drawn.  Study pills not taken during the previous period will be returned and a new supply of study 99 
pills will be provided at these visits or your breast MRI appointments.  In addition, at visit 5, you will 100 
complete or take home to complete and return by mail a food frequency questionnaire and around 101 
visits 5 and 7 (weeks 26 and 52), you will undergo another MRI breast picture scan at University 102 
Medical Center, if you have at least one breast available for scanning. Each of these MRI 103 
appointments will take about 45-60 minutes of your time. 104 
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 105 
Visit 6, 8 (Study Week 39,65)  106 
These will take about 20 minutes of your time. Activities will consist of reviewing your pill calendar 107 
and any concerns related to study participation, and completing a DIME study symptom form and 2 108 
short questionnaires. Study pills not taken during the previous period will be returned and a new 109 
supply of study pills will be provided at these visits or your breast MRI appointments. At visit 8, you 110 
will also receive instructions regarding completion and return of the food frequency questionnaire 111 
at visit 9. 112 
 113 
Visit 9 (Week 78) 114 
This will be your final clinic visit. This visit will take 60 minutes of your time. This visit will include 115 
review of your pill calendar and a review of any concerns related to study participation. You will 116 
return the completed food frequency questionnaire. You will also complete your health history 117 
update and symptoms questionnaire, update your demographic and contact information and 118 
complete 2 other short questionnaires.  Your blood pressure, weight, waist, hip, and body 119 
composition measurements will be taken. You will also have a fasting blood sample drawn. Study 120 
pills not taken during the previous period will be returned. You will then complete the exit interview 121 
questionnaire. 122 
 123 
OTHER INFORMATION 124 
 125 
Urine Collection 126 
You will also be asked to collect your urine starting the day before visits 2, 5, 7 and 9. You will start 127 
the collection after you take your 2nd study supplement pill for the day, and you will continue to 128 
collect all of your urine from that time forward through your 1st morning urine of your appointment 129 
day. Urine will need to be stored and kept on ice in the study-provided container and cooler 130 
throughout the collection period and transported on ice in the cooler to the clinic.  131 
 132 
 133 
Photographs TakenThe researchers may use photographs taken during the study for use in 134 
presentations of the research to other researchers or the public if you give your permission to do so.  135 
Initial your decision below. 136 
 137 
________ I give my permission for the researchers to take photographs of me during my 138 

participation in this research study. 139 
 140 
________ I do not give my permission for photographs to be taken of me during my participation in 141 

this research study. 142 
 143 
Study Removal or Withdrawal 144 
You may be removed from the study by the investigator for these reasons: 145 
you are unwilling or unable to take the study-specific dietary supplement daily as indicated by the 146 
study protocol; you have an adverse event during the study that is considered to be related to 147 
study participation; you have a recurrent or new breast cancer event or another serious medical 148 
diagnosis. 149 
 150 
If you quit or withdraw from the study early, you may be asked to complete an exit interview to 151 
collect data regarding the reason for discontinuing the trial and possibly complete study 152 
forms/instruments such as the food frequency questionnaire if you are within 60 days of the 153 
scheduled visit to collect such data. If willing, you will also be asked to provide a final blood sample 154 
for assessment of study measures. 155 
 156 
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ARE THERE ANY RISKS TO ME? 157 
The things that you will be doing have a little more risk than you would come across in everyday 158 
life. The dietary supplement or placebo may cause stomach upset, intestinal gas or nausea in 159 
some individuals. Less common side effects for DIM include low blood sodium levels or vaginal 160 
bleeding. The supplement could also be associated with more or less hot flashes in women who 161 
have hot flashes. Blood draws may be associated with local bruising, swelling, soreness or 162 
infection at the site of the blood draw. 163 

Each of the 3 MRI picture scans that will be taken of your breast involve a non-invasive and 164 
painless procedure.  It uses radio waves and a magnetic field to take pictures.  There are no 165 
known side effects.  However, some people may feel frightened by the cramped space inside the 166 
machine or by the loud, repeated sounds the machine makes.  As the MRI contains a big magnet, 167 
you should not have this type of scan if you have metal implanted in your body such as a cardiac 168 
pacemaker, cerebrospinal fluid shunt, or a mechanical heart valve. If abnormalities are identified in 169 
the breast MRI, the results will be shared with your oncologist. 170 

 171 
Although the researchers have tried to avoid risks, you may feel that some questions/procedures 172 
that are asked of you will be stressful or upsetting.  You do not have to answer anything you do not 173 
want to.  If you are or were to become pregnant, the particular treatment or study procedure might 174 
involve risks to the embryo or fetus, which are currently unknown. 175 
 176 
ARE THERE ANY BENEFITS TO ME?  177 
There may be no direct benefit to you by being in this study. What the researchers find out from 178 
this study may help other women with breast cancer or at risk for breast cancer who are being 179 
treated with tamoxifen. In addition, we will learn more about the potential health benefits (or lack 180 
there of) of DIM supplements related to breast and endometrial health. 181 
 182 
WILL THERE BE ANY COSTS TO ME?  183 
Aside from your time, there are limited costs for taking part in the study which include 184 
transportation costs. The study pills will be provided at no cost to you. The breast imaging (MRI) 185 
will also be at no cost to you; mammograms to be used in this study will be your standard 186 
scheduled mammogram so as to avoid additional costs or radiation exposure related to extra 187 
mammograms. 188 
 189 
Side effects (injury) can happen in any research study. These effects may not be your fault or the 190 
fault of the researcher involved. Known side effects have been described in the “Are there any 191 
risks to me?” section of this consent form. However, side effects that are not currently known may 192 
happen and require care. You do not give up any legal rights by signing this form. 193 
 194 
If you believe you are injured because of the research or are billed for medical care for injuries that 195 
you feel have been caused by the research, you should contact the Principal Investigator, Cynthia 196 
Thomson, at (520) 626-5133. 197 
 198 
WILL I BE PAID TO BE IN THIS STUDY? 199 
You will receive a $20 gift card after completing each of the 6 visits (visits 2,3,4,5,7,9) that require 200 
collection of blood samples plus you will receive an additional $20 gift card if you travel more than 201 
60 miles round trip for these visits..  If you have to travel more than 100 miles round trip to 202 
complete the MRI procedure at the University of Arizona Medical Center, you will receive a $50 gift 203 
card to help cover the cost of your travel. 204 
 205 
WILL INFORMATION FROM THIS STUDY BE KEPT CONFIDENTIAL? 206 
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Information about you will be stored in a locked file cabinet in the Nutrition and Cancer Research 207 
Clinic of Dr. Cynthia Thomson located at  Herbert K. Abrams Public Health Center (UA South 208 
Campus), 3950 S. Country Club Rd.,Suite 330, 3rd Floor, Tucson, Arizona  85714 All files stored on 209 
the research study computer will be protected with a password and access limited to study 210 
personnel. This consent form will be filed in an official area and kept in a locked file cabinet. 211 
 212 
All biosamples including blood and urine collected for this project will be stored in the laboratory of 213 
Dr. Patricia Thompson in Room 4983 of the University of Arizona Cancer Center using 214 
standardized protocols and procedures. Access will be limited to the co-investigators and data 215 
manager on this project. 216 
 217 
Information about you will be kept confidential to the extent permitted or required by law. People 218 
who have access to your information include the Principal Investigator and research study 219 
personnel.  Representatives of regulatory agencies such as the Office of Human Research 220 
Protections (OHRP) and entities such as the University of Arizona Human Subjects Protection 221 
Program may access your records to make sure the study is being run correctly and that 222 
information is collected properly. The agency that funds this study (The National Cancer Institute of 223 
the National Institutes of Health) and the institution(s) where study procedures are being performed 224 
(University of Arizona, Mel and Edith Zuckerman College of Public Health, University of Arizona 225 
Medical Center MRI Radiology Imaging and Arizona Cancer Center designated research 226 
compliance personnel) may also see your information. Additionally, your mammogram will be 227 
reviewed by study faculty at the University of Hawaii and your blood and urine samples will be 228 
analyzed by University of Southern California and University of Michigan study faculty who serve 229 
as consultants for this research.  However, any information that is sent to them will be coded with a 230 
number so that they cannot tell who you are.  Representatives from these entities can see 231 
information that has your name on it if they come to the study site to view records.  If there are any 232 
reports about this study, your name will not be in them.  233 
 234 
The University of Arizona Health Network (UAHN) is implementing a new electronic medical record 235 
system called EPIC. Medical services and test results completed by UAHN for this research project 236 
will be placed in your medical record (such as blood draws, blood test values and breast MRIs). If 237 
you do not have a UAHN medical record and you will be using UAHN medical services for this 238 
research project, a UAHN medical record will be created for you.  It is necessary to create a 239 
medical record for services completed by UAHN so that UAHN can appropriately bill the research 240 
study for the service. Therefore, people involved with your future care and insurance may become 241 
aware of your participation in this study and of any information added to your UAHN medical record 242 
as a result of your participation in this study. Medical records you may have under other providers 243 
will not be affected. 244 
  245 
Study information gathered directly from you by the researchers will be part of your research 246 
records but will not be added to your UAHN or other medical records. Your research records are 247 
kept separate from the medical record and available only to research staff working on this study.  248 
 249 
 250 
WHOM CAN I CONTACT FOR MORE INFORMATION? 251 
You can call the Principal Investigator to tell her about a concern or complaint about this research 252 
study. The Principal Investigator, Cynthia Thomson, PhD, can be called at (520) 626-5133. You 253 
may also contact the study Medical Director, Alison Stopeck, MD at (520) 694-4000. 254 
 255 
For questions about your rights as a research subject, or if you have questions, complaints, or 256 
concerns about the research and cannot reach the Principal Investigator or want to talk to 257 
someone other than the Investigator, you may call the University of Arizona Human Subjects 258 
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Protection Program office. 259 
x Local phone number: (520) 626-6721 260 
x Website (this can be anonymous): http://orcr.arizona.edu/hspp 261 
 262 
MAY I CHANGE MY MIND ABOUT PARTICIPATING? 263 
You have the choice whether or not to be in this research study.  You may decide to not begin or to 264 
stop the study at any time.   If you choose not to be in this study, there will be no effect on your medical 265 
care. Any new information discovered about the research will be provided to you. This information could 266 
affect your willingness to continue your participation. 267 
 268 
STATEMENT OF CONSENT 269 
I agree to be in this study and know that I am not giving up any legal rights by signing this 270 
form.  The procedures, risks, and benefits have been explained to me, and my questions 271 
have been answered.  I know that new information about this research study will be 272 
provided to me as it is available and that the researcher will tell me if I must be removed 273 
from the study.   I can ask more questions if I want, and I can still receive medical care if I 274 
stop participating in this study.   A copy of this entire, signed consent form will be given to 275 
me. 276 
 277 
___________________________________  __________________________________ 278 
Subject's Signature     Date 279 
 280 
INVESTIGATOR'S AFFIDAVIT: 281 
Either I have or my agent has carefully explained to the subject the nature of the above project. I 282 
hereby certify that to the best of my knowledge the person who signed this consent form was 283 
informed of the nature, demands, benefits, and risks involved in his/her participation. 284 
 285 
___________________________________ 286 

 _______________________________287 
___ 288 

Signature of Presenter    Date 289 
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