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1.0 SCHEMA

Before Clinic Visit
¢ Locate participants
¢ Send letter and call to invite to visit
e Schedule clinic visit in luteal phase of menstrual cycle

!

At Clinic Visit
¢ Informed consent
¢ Fasting blood collection
¢ Height and weight measurement
¢ Snack
¢ Questionnaires
e DEXA
¢ Breast MRI
¢ 1-24 Hour dietary recall

!

After Clinic Visit
¢ 2 Additional 24 hour recalls by phone within two weeks
e Date start of next menses

2.0 INTRODUCTION/RATIONALE

Breast cancer is the most common malignancy among women in the US and the second most
common cause of death from cancer. Each year approximately 184,000 women in the US are newly
diagnosed with breast cancer and 43,000 die from their disease [1]. Although animal studies,
international comparisons, and migrant studies support the hypothesis that a high fat diet increases
breast cancer risk, these findings generally are not confirmed by epidemiological studies that evaluate
the association of adult diet with breast cancer. Adolescence is a time of rapid growth and maturation
of the breasts, and a woman’s diet as an adolescent could potentially affect her risk of developing
breast cancer more than her diet as an adult. Because of difficulties remembering exposures in the
distant past, there is considerable potential for misclassification bias in case-control studies of adult
breast cancer that attempt to evaluate recalled adolescent diet. Cohort studies begun today to
evaluate the effect of childhood and adolescent diet on breast cancer risk will not begin to yield results
for 40-50 years. Alternative strategies are clearly needed.

The Dietary Intervention Study in Children (DISC) was a multicenter, randomized controlled
clinical trial that evaluated the effect of a reduced fat dietary intervention during puberty on serum sex
hormones in 301 girls who were healthy 8-10 year olds at randomization. After 5 years of
participation, girls in the intervention group had significantly 30% lower estradiol and non-SHBG
bound estradiol, 21% lower estrone, and 29% lower estrone sulfate levels during the follicular phase
of their menstrual cycles compared to girls in the usual care group. After 7 years, differences in
estrogens were no longer apparent, but girls in the intervention group had significantly 53% lower
luteal phase progesterone levels compared to girls in the usual care group. These findings suggest
that the DISC intervention altered function of the hypothalamic-pituitary-ovarian (HPO) axis. Although
it is currently unknown whether these changes will ultimately influence participants’ risk of developing
breast cancer as adults, estradiol and progesterone are both breast mitogens that regulate breast
development during puberty. We will evaluate in DISC participants, who are now in their twenties, the
effect of the DISC intervention during puberty on biomarkers strongly associated with breast cancer
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risk including serum hormone levels, breast density, and bone mineral density. This unique
opportunity will greatly improve our understanding of breast development and possibly the origins of
breast cancer.

2.1 Background

2.1.1 Diet, Hormones, and Breast Cancer

Animal models, international comparisons, and migrant studies strongly support a role of
dietary fat in the etiology of breast cancer. Animals whose diets contain a higher percent of fat
develop significantly more tumors [2]. International comparisons of breast cancer mortality rates
suggest a strong positive association with per capita fat intake (r=0.72) [3]. When analyzed by fat
source, a strong positive association is observed for animal fat (r=0.76) but not vegetable fat (r=0.18).
Breast cancer incidence rates in Asian Americans born in Asia and the US are, respectively, 50% and
75% the rates of US-born Caucasians and twice the rate of women living in Asia [4]. The change in
breast cancer incidence rates among Asian immigrants to the US could be related to the change from
a typical Asian diet, low in fat and calories, to a typical US diet, high in fat and calories.

In contrast to animal and ecologic studies, results of observational epidemiological studies that
have evaluated the role for dietary fat in breast cancer etiology are equivocal. In a combined analysis
of 12 case-control studies, the relative risk for breast cancer for postmenopausal women in the
highest vs. lowest quintile of saturated fat intake was 1.47 and statistically significant [5]. However,
the association was no longer significant after adjusting for energy intake. Because of potential for
recall bias in case-control studies, prospective studies are better suited to evaluating diet-cancer
hypotheses [6]. In a pooled analysis of 7 prospective studies that included almost 5,000 cases,
relative risks of breast cancer for women in the highest quintiles of energy-adjusted total fat and
saturated fat were 1.05 and 1.07, respectively, and the trends were not statistically significant [7].
Two explanations have been proposed to explain discrepant findings on the association of dietary fat
with breast cancer. One reasons that the variation in fat intake within populations is not large enough
to observe significant associations with breast cancer. The other speculates that diet during
childhood and adolescence, rather than adult diet, is related to breast cancer risk. The Women’s
Health Initiative clinical trial is evaluating the first hypothesis. Our past and proposed research in the
DISC clinical trial is aimed at evaluating the second hypothesis.

Women with elevated serum estrogen and androgens are more likely to develop breast cancer
[8-15]. In a pooled analysis of prospective studies of postmenopausal women [16], a doubling of
serum estradiol concentration was associated with a significant 31% increase in risk. Although results
were based on hormone measurements in a blood sample collected at a single time-point, the
intraclass correlation coefficient of estradiol measurements in blood samples collected over a 3-year
period was .68, suggesting that a single measurement in postmenopausal women can reliably
categorize women, at least over the short term [14]. Although fewer studies have prospectively
evaluated the associations of serum sex hormones with breast cancer development in premenopausal
women, results are generally supportive of a positive association with estradiol and particularly
bioavailable estradiol [13,17,18]. Luteal phase progesterone levels were also elevated in
premenopausal women who developed breast cancer in 1 of 2 prospective studies, but the sample
size was small and the association was not significant [13,19].

In premenopausal women, plasma estradiol and estrone are positively correlated with daily
intake of total fat and saturated fat and inversely correlated with the ratio of polyunsaturated-to-
saturated fat in the diet [8,20-22]. Wu [23] conducted a meta-analysis of 13 intervention studies that
evaluated the association of dietary fat with serum estrogens. Although there was considerable
heterogeneity among the studies, in combined analyses, with a 10%-25% reduction in percent of
calories from fat, serum estradiol decreased significantly by 7.4% and 23% in premenopausal and
postmenopausal women, respectively. Few studies before DISC have evaluated the association of
adolescent diet with serum hormones. In contrast to our findings from DISC, Persky [24] reported that
vegetarian girls who consumed less fat than non-vegetarian girls had significantly higher follicular
phase estradiol levels. Dissimilarity in fat intake, populations studied, and study designs could have
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contributed to the disparate results. No difference in hormone concentrations was reported in a
second study that compared vegetarian and non-vegetarian girls, but fat intakes between the two
groups also did not differ [25]. Thai girls have lower progesterone levels than British girls, which could
potentially be related to dietary differences [26].

2.1.2 Adolescent Exposures and Breast Cancer

Breast development occurs primarily during puberty and is not complete until the first
pregnancy. In the rat, susceptibility to mammary carcinogenesis depends on age and the
corresponding stage of mammary gland development [27]. Administration of a carcinogen at puberty
induces the greatest number of intraductal tumors. Once differentiation is complete following a
pregnancy, tumor incidence induced by the same carcinogen dose is decreased by more than 50%.

The increased breast cancer incidence among women exposed to radiation at a young age for
treatment of tuberculosis, thymic enlargement, and other health conditions and among survivors of the
atomic bomb during World War |l provide convincing evidence that exposures during childhood and
adolescence are also related to breast cancer development in humans [28]. Breast cancer risk varies
directly with radiation dose and inversely with age at time of exposure; in the cohort of atomic bomb
survivors, relative risks of breast cancer for women who were less than 20, 20-39, and 40+ years old
at the time of the bomb were 3.5, 2.5 and 1.1, respectively [29].

Because adolescence is a time of rapid growth and maturation of the breasts, a woman’s diet
as an adolescent may affect her risk of developing breast cancer. Mice fed a low fat/low calorie diet
beginning at or before puberty have a longer mammary tumor latency and a lower mammary tumor
incidence and multiplicity than mice fed a low fat/low calorie diet beginning after puberty that is related
to longer exposure to the diet [30]. In recent analyses from the Nurses’ Health Study, adolescent diet
was significantly related to risk of benign breast disease and breast cancer. Adolescent energy intake
was significantly positively associated with breast cancer risk [31], whereas vegetable fat and vitamin
E were significantly inversely associated with risk of benign breast disease and breast cancer [31,32].
However, findings from studies in humans on the association between adolescent diet and breast
cancer are inconsistent [33-35], possibly because these studies rely on recall of diet in the distant
past, which may cause some individuals to be misclassified, leading to biased results. In the
prospective Boyd Orr cohort study, each 1 MJ/day (239 calories) increase in energy intake during
childhood was associated with a 10% increase in breast cancer mortality [36]. Although the
association was not statistically significant, with only 26 breast cancer deaths, the study lacked power
to detect small differences.

Difficulties retrospectively assessing childhood and adolescent diet have led researchers to
evaluate relationships of surrogate markers of childhood and adolescent diet with breast cancer risk.
Early age at menarche is an established risk factor for breast cancer, and diet is associated with the
timing of menses onset [37-40]. Furthermore, adult height is influenced by childhood diet and is
positively associated with breast cancer risk. Adolescent height is also positively associated with
breast cancer risk. Using record linkage in Finland, Hilakivi-Clarke [41] found that girls who were
taller at each age from 7-15 years were at a significantly increased risk of developing breast cancer as
adults, with a relative risk of 1.9 for girls in the highest quintile. Herrinton [42] also found a significant
positive association between height at 15-18 years of age and risk of breast cancer in an analysis of
Kaiser Permanente medical records, but height at 9-11 years of age was not related to risk. In the
Nurse’s Health Study, high peak height velocity during adolescence was related to a 30%-40%
increased risk of breast cancer [43].

Because of the associations of childhood obesity with early puberty and early puberty with
breast cancer, it has been hypothesized that women who were heavier as children would be at an
increased risk of breast cancer [7,44,45]. However, two record linkage studies suggest that childhood
and adolescent weight is inversely related to breast cancer risk [41,46], and in 2 prospective cohort
studies, BMI at 18 years of age was inversely related to breast cancer risk [47,48]. The association
of adiposity with breast cancer is exceedingly complex. Adult obesity is associated with a decreased
risk of breast cancer before menopause, possibly due to an increased frequency of anovulatory
menstrual cycles in obese women that result in lower serum estrogens and progesterone [49].
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Conversely, adult obesity is associated with an increased risk of breast cancer after menopause when
aromatization of androgens in adipose tissue is the major source of circulating estrogens [50]. Weight
gain after 18 is positively associated with postmenopausal breast cancer risk independent of adult
weight, and part of the increased risk of postmenopausal breast cancer among women who were
leaner at a young age could be due to greater weight gain by these women [48]. In the prospective
Malmo Diet and Cancer Study, each 10 kg weight gain since age 20 was associated with a 16%
increase in postmenopausal breast cancer risk [51]. Similarly, weight gain from age 18 was
significantly associated with postmenopausal breast cancer in the Women’s Health Initiative [52].

2.1.3 Hypothalamic Pituitary Ovarian (HPO) Axis Programming
‘Programming’ is the process by which a stimulus or insult at a crucial, sensitive period of early
life results in permanent effects on structure, physiology or metabolism [53]. Fetal life and puberty are
critical times for maturation of the HPO axis (figure 1)[54], which via complex feedback loops
maintains ovarian hormone concentrations in the normal range (figure 2 ). In-utero programming of
the HPO by testosterone results in sex differences in the pattern of ovarian and testicular steroid

Figure 1. HPO Axis Development [53] Figure 2. HPO Axis Regulation
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production [55]. Less is known about programming of the HPO during puberty, but treatment with an
androgen receptor antagonist during puberty has been proposed to prevent the development of
polycystic ovary syndrome (PCOS), a syndrome characterized by dysregulation of the GnRH pulse
generator resulting in hyperandrogenemia and anovulation in adults [56]. Furthermore, valproate, a
common anti-seizure medication, delays pubertal maturation, and when administered to pubertal but
not adult mice delays GnRH cell maturation via effects on y-aminobutyric acid (GABA) [57].
Progesterone also acts via GABA to suppress the GnRH pulse generator and modulate LH and FSH
secretion [568]. We observed significantly lower serum progesterone concentrations in DISC
intervention girls at their last visits, when dietary differences were no longer apparent and hypothesize
that the DISC intervention during puberty may have differentially programmed the HPO axis during
this critical time.
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2.1.4 Bone Mineral Density

Estrogens are important determinants of bone mineral density, and several investigators have
proposed using bone mineral density as an integrated marker of a woman’s exposure to estrogens
over time [59-61]. In prospective studies, postmenopausal women with high bone mineral density are
significantly 2 — 3 times more likely to develop breast cancer compared to those with low bone mineral
density [62-64]. Peak bone mass, which is achieved by 29 years of age, is one of the strongest
predictors of bone density after menopause [65]. At least 90% of total adult bone calcium is acquired
by the end of adolescence and approximately 60% is acquired during adolescence [66]. Heredity
accounts for 60%-70% of variation in bone density with diet and other environmental factors
accounting for 30% to 40% of this variation [67]. Because serum estrogen levels during adolescence
are an important determinant of peak bone density and bone density later in life [68], associations of
bone density with breast cancer in older women could be related to dietary and hormonal influences
not only after menopause but also during adolescence. Because girls in the DISC intervention group
had lower serum estrogens during a critical period for bone calcium deposition, we predict that they
will have lower bone densities as adults. Beneficial effects of estrogens for bone health but
detrimental effects for breast cancer are well established.

2.1.5 Breast Density
Unlike most organs, most breast development occurs after birth (Figure 3). A small network of
ducts formed in-utero remains quiescent until puberty when these ducts grow out from the nipple into
the mammary fat pad [69]. Under the influence of estrogens, the ducts elongate and bifurcate until

Figure 3. Mammary Gland Development [70]
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they reach the edges of the fat pad. During the luteal phase of the menstrual cycle and pregnancy,
growth of side branches from existing mammary ducts occurs under the influence of estrogens and
progesterone. Estrogens induce expression of the progesterone receptor in the mammary epithelium,
and progesterone binds to its receptor to induce side branching of the mammary ducts by paracrine
mechanisms [71]. Final development of the mammary gland occurs following pregnancy and lactation
when reproductive hormones induce terminal differentiation of mammary lobular alveoli [72].
Interestingly, following completion of pregnancy and lactation the mammary gland involutes to its pre-
pregnant state. Throughout this process there is cross talk between the mammary stroma and
epithelium, and multiple proteins and growth factors contribute to regulation of breast duct formation
and involution [70].

Given the central role of estrogens and progesterone in regulating the elongation and
branching of mammary ducts, lower estrogens and progesterone in girls in the DISC intervention
group during puberty when the ductal architecture of the breast is laid down could have long term

8



PI: JF Dorgan, MPH, PhD

effects on breast cancer risk. In particular, we hypothesize that the intervention group will have less
dense breasts as a consequence of less branching due to lower progesterone levels at this critical
time in breast development. Breast density is one of the strongest risk factor for breast cancer.
Women with dense breasts on mammography are significantly 4-6 times more likely to develop breast
cancer [73-77]. Only age and BRCA1/2 mutations are stronger predictors of risk. Although it has
been suggested that the association of breast density with breast cancer is an artifact created by the
difficulty in detecting tumors in dense tissue, in prospective cohort studies the increased risk of breast
cancer in women with dense breasts persists for 5-10 years, suggesting that the association is not
due to detection bias [76,77].

Only one study has evaluated the association of estradiol and progesterone with breast
density and no association was observed [78]. However, day of the menstrual cycle was not taken
into account in premenopausal women. In postmenopausal women, estradiol is frequently close to or
below the assay limit of detection and progesterone is almost always below the limit of detection.
Both the area and percent of breast tissue that is dense decrease with the decline of serum estrogens
and progesterone after menopause [78]. Initiation of HRT use increases breast density and
discontinuation of HRT decreases breast density [79,80]. Increases in breast density are more
pronounced in women using combined estrogen plus progestin regimens compared to women using
estrogen alone [79,81]. Tamoxifen blocks the estrogen receptor and decreases breast density [82]
and breast cancer risk [83].

Although genetic factors are estimated to account for 63% of variation in breast density [84],
environmental factors also are important. Cross-sectional studies of dietary fat intake and breast
density have yielded inconsistent results [73,85-87]. Boyd [88] evaluated the effect of a low-fat diet in
perimenopausal women on breast density in a randomized controlled clinical trial. The decrease in
area of density during 2 years was significantly 3 times greater in the intervention group compared to
the control group. Furthermore, among women who experienced menopause during the follow-up,
percentage of density decreased significantly twice as much in the intervention group compared to the
control group [87]. After adjusting for energy intake, decreases in saturated fat and cholesterol intake
were significantly associated with reduction in percent density.

2.2 SUMMARY OF PRECLINICAL AND CLINICAL DATA TO BE COLLECTED

All data collection for an individual participant will be conducted on a single day. It is
anticipated that the visit will take several hours to complete. Participants will be asked to fast for 12
hours before coming to the clinic. After a urine pregnancy test and venipuncture, the participant will
be weighed and her height will be measured. She will be fed a standard snack, complete
questionnaires, bone density will be measured by DEXA, breast density will be measured by MRI, and
an in-person 24-hour dietary recall will be conducted. Two additional 24-hour dietary recalls will be
conducted by telephone in the following 2 weeks. Trained and certified individuals who are masked to
treatment assignment will perform all data collection.

Data to be collected at the follow-up visit includes the following:  demographics
(education/occupation, marital status, income, ethnicity), medical history (medications including oral
contraceptives, serious or chronic illnesses, hospitalizations,), reproductive and menstrual histories
(cycle regularity, usual cycle length, pregnancy, lactation); anthropometric measurements (height,
weight), dietary assessment (three 24-hour recalls), physical activity assessment, serum hormones
(progesterone, estradiol), bone mineral density, breast density, family history of cancer.

3.0 OBJECTIVES

3.1 Overall Hypothesis
We hypothesize that the DISC intervention to lower total fat and saturated fat intake during
puberty will have long-term effects on serum sex hormones, bone mineral density, and breast density,
characteristics that are strongly associated with risk of breast cancer development.
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3.2 Primary Specific Aim

1. Determine the long-term effect of the DISC intervention on serum progesterone levels in early
adulthood.
Hypothesis: Luteal phase serum levels of progesterone in the DISC intervention group are
significantly lower than in the usual care (control) group at 25-29 years of age.

3.3 Secondary Specific Aims
2. Determine the long-term effect of the DISC intervention on serum estradiol levels in early
adulthood.
Hypothesis: Luteal phase serum levels of estradiol in the DISC intervention group are
significantly lower than in the usual care (control) group at 25-29 years of age.

3. Determine the long-term effect of the DISC intervention on bone mineral density in early
adulthood.
Hypothesis: Bone mineral density is significantly lower in the DISC intervention group than in
the usual care (control) group at 25-29 years of age.

4. Determine the long-term effect of the DISC intervention on breast density in early adulthood.
Hypothesis: Breast density in the DISC intervention group is significantly lower than in the
usual care (control) group at 25-29 years of age.

This study focuses on the effect of the DISC intervention on the intermediate biomarkers most
strongly associated with breast cancer risk - serum sex hormones, bone mineral density, and breast
density. Blood for measurement of additional biomarkers and DNA will be collected and stored for
future use.

4.0 SELECTION OF STUDY SUBJECTS

Participants for this study will include the 301 female participants in DISC.

5.0 REGISTRATION PROCEDURES

We will conduct a follow-up visit with 301 female participants in DISC, which will involve
locating them, inviting them to participate, scheduling the visit to occur during the luteal phase of their
menstrual cycles, and obtaining informed consent prior to conducting the visit.

5.1 Locating Participants

Retention in DISC was excellent; 89.4% of girls completed last visits, which were conducted
on average 7 years after randomization. Extraordinary efforts will be undertaken to see all
participants.

Because the participants were minors when they were active in DISC, informed consent was
provided by the parents/guardians, and new HIPAA regulations may require that we initially contact
participants through their parents/guardians or some intermediary (e.g. physician, school). Each
center will follow the guidance provided by their IRB for contacting participants. In general, a letter will
be sent to the participants’ parents last known address informing them about the plans for a follow-up
DISC visit, what would be involved, and asking them to have their daughter contact us. The
envelope will be marked ‘Forwarding Address Requested’, so that the post office will provide us new
addresses for individuals who have moved. A telephone call will be made to the last known telephone
number within 2 weeks of mailing the letter. Whenever possible, a DISC staff member who knew the
family will make the call. Because DISC was a family intervention and parents know the DISC staff,
we are confident that parents will assist us in contacting their daughters.

Participants not found using the above procedure will be traced using several sources: 1) the
two friends/relatives identified during the DISC trial as individuals who did not live in the household but
would know where to locate the family will be contacted; 2) parents will be contacted at their place of
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employment; 3) post offices will be asked to provide forwarding addresses; 4) participants’ personal
physicians will be contacted; 5) local telephone books will be searched; 6) internet based telephone,
residential address and email address websites will be searched. Additionally, in some cases,
reverse (criss-cross) directories may be used to obtain telephone numbers of neighbors to contact.
The only information that will be disclosed to neighbors in this case is the participant’s name,
that she was a prior neighbor, and that we are trying to locate her because she previously
participated in a research study of diet in healthy people and we would like to invite her to
participate in another research study.

For participants who cannot be found locally, identifiers including names, last known address
and telephone number, and contact information will be forwarded to a commercial search firm.

5.2 Scheduling Clinic Visits

All clinic visits will take place during the luteal phase of participants’ menstrual cycles.
Although follicular phase estradiol levels in the intervention group were significantly 28% lower than
the usual care group at Year-5 visits, we did not observe any significant differences in estrogens or
androgens in the follicular phase of the menstrual cycle at last visits. However, at their last DISC
visits, the intervention group had significantly 53% lower serum progesterone levels during the luteal
phase of their menstrual cycles compared to the usual care group. To maximize power to observe
differences in progesterone and possibly estrogens at the proposed follow-up visit, all visits will be
scheduled to take place during the luteal phase of the menstrual cycle.

Because time from ovulation to onset of next menses is more constant than time from previous
menses to ovulation, we will time visits in relation to expected date of start of next menses. The
participant in consultation with clinic staff will select a target date for the clinic visit based on when she
usually gets her period. When the participant starts her last period expected before the target date,
she will call the clinic. Clinic personnel will record the date the participant started her last period and
then schedule the visit to occur 3-4 days (+ 2 day window) before her anticipated start of next menses
based on date of start of last period and usual cycle length. We also considered timing the clinic visit
in relationship to ovulation by asking participants to use urine ovulation kits. However, participants
would have to come to the clinic in about a week after ovulating, which would give them little time for
planning to take time off from school or work and in some cases fly to the clinical center. Additionally,
using this approach we would include only ovulatory cycles, which would remove a source of variation
in the hormone data.

6.0 STUDY DESIGN

A follow up study of women who participated in DISC during adolescence will be conducted.

Number of groups: 2

The sequencing of treatment: None

Method of subject allocation: Random

Type of control: Usual care

Blinding procedure: All data collection personnel will be blinded to treatment group.

The essential characteristics of the subject population: Females currently in their 20s who

previously participated in the DISC study as adolescents

e The duration of exposure to individual subjects: Average 7 years in DISC trial. No additional
interventions in current study.

e The total expected duration of the study: 4 years.

e The drug dosage/device usage schedule: The DISC diet was a balanced food pattern that
achieved the following goals: limit intake of total fat to <28% calories, with <8% of calories
from saturated fat, <9% of calories from polyunsaturated fat and the remainder from
monounsaturated fat, limit cholesterol intake to 75mg/1000 calories not to exceed 150 mg/day,
maintain protein intake at 14% calories (2/3 animal protein, 1/3 vegetable protein), and
maintain carbohydrate intake at 58% calories.
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7.0 MEASUREMENT OF EFFECT

Intervention and usual care group participants’ serum progesterone and estradiol, bone
mineral density and breast density will be compared as described under statistical considerations.
Data on these endpoints and potentially confounding variables will be collected at a clinic visit. This
section provides an overview of the clinic visit and a description of data collection procedures.

7.1 Clinic Visit

All data collection for an individual participant will be conducted on a single day. It is
anticipated that the visit will take several hours to complete. Participants will be asked to fast for 12
hours before coming to the clinic. After a urine pregnancy test and venipuncture, the participant will
be weighed and her height will be measured. She will be fed a standard meal, complete
questionnaires, bone density will be measured by DEXA, breast density will be measured by MRI, and
an in-person 24-hour dietary recall will be conducted. Two additional 24-hour dietary recalls will be
conducted by telephone in the following 2 weeks. Trained and certified individuals who are masked to
treatment assignment will perform all data collection.

We will pay transportation costs for participants who live out of town. For participants who
have to fly, one night lodging will be provided. Participants who have moved and live closer to a
different DISC clinical center will have the option of going to that center for evaluation. Participants
who attend the clinic visit be reimbursed $500 for participating in this very involved study.

7.2 Anthropometry
Height will be measured by a stadiometer and weight will be measured by an electronic scale.
Participants will be clothed in a hospital gown without shoes. Consistent with earlier DISC
measurement acceptability criteria, if height measurements do not agree within .5 cm or if weight
measurements do not agree within .2 kg, measurements will be performed a third time and the two
closest values will be averaged.

7.3 Dietary Assessment

Three 24-hour dietary recalls will be collected within 2 weeks of the clinic visit by Nutrition
Coordinating Center certified nutritionists using Nutrition Data System for Research (NDS-R). This is
a Window’s based direct data entry system that prompts the nutritionist performing the interview to
ask appropriate questions regarding foods. For example, the nutritionist is prompted to ask the
participant about the percent fat in milk consumed and serving size. This state of the art system
calculates nutrient composition and is used extensively in nutrition research. The system also has the
capability to calculate servings of subcategories of fruits, vegetables and sweetened beverages.
Efforts to complete other categories are underway and are expected to be ready for use in the DISC
follow-up analyses. Two recalls will be conducted on weekdays and one will be conducted on a
weekend day. The first recall will be a face-to-face recall with the nutritionist. The second and third
recalls will be by telephone. Two dimensional food models will be used to help participants estimate
serving sizes. These procedures are the same as were used previously in DISC and participants will
be familiar with the approach. A 20% sample of recalls will be randomly selected for evaluation at the
Nutrition Coordinating Center for quality assurance.

7.4 Physical Activity
Physical activity will be measured using the Modifiable Activity Questionnaire developed by Dr.
A. Kriska [126]. The questionnaire captures leisure time and occupational/school physical activity, is
age appropriate and has excellent test-retest reliability (r=.92 for individuals 21-36 years of age) [126].
It has been validated against Caltrac activity monitor (r=.6-.8) [126] and doubly labeled water (r=.7)
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[127]. A copy is included in Attachment B. We also will repeat the questions about usual physical
activity used in the original DISC study for comparison (Attachment B).

7.5 Menses Dates
Participants will report date of last menses and record date of start of next menses after the
clinic visit on a postcard and return it to the clinic. Because data on start of next menses will be
important for interpreting serum hormone and breast MRI data, if a postcard is not received within 5
days of estimated start of next menses, clinic staff will call the participant to see if she started her
period. If she has, the date will be recorded. If she has not, clinic staff will call her each week until she
has her period.

7.6 Psychosocial Assessments

Because affective disorders can lead to alterations in HPO axis functioning [128-130], we will
collect limited data on these characteristics to evaluate for potential confounding. Depression will be
measured using the Center for Epidemiological Studies-Depression scale (CES-D) [131]. To reduce
participant burden, we will use the 11-item short form [132]. The short-form reproduces the same four
factor structure as the original CES-D (i.e., depressed affect, positive affect, somatic complaints, and
interpersonal problems), has high reliability, and is strongly correlated with the original full scale.
General levels of anxiety will be measured using the 20-item trait anxiety scale of the Spielberger
State-Trait Anxiety Inventory (STAI) [133], which has been shown to have high internal consistency
and is well correlated with other dispositional measures of anxiety. The STAI has proven to be
effective in screening college students for anxiety problems and has been widely used with a variety
of populations (e.g., normal, healthy adults; medical patients).

7.7 DISC Medical History Questionnaire

A DISC Medical History questionnaire (Appendix B) will be used to collect updated information
on demographic characteristics (education, occupation, marital status, income, ethnicity); medical
history (serious or chronic illnesses, hospitalizations,); medications (current medications and detailed
current and past use of hormonal contraceptives including brand names, age started and duration of
use); menstrual history (age at menarche (a few participants had not reached menarche at last visits),
cycle regularity and length); reproductive history (number and dates of pregnancies and births;
number, dates and duration of lactation); dietary supplements (supplements with hormonal properties,
vitamins and minerals including calcium); alcohol use (frequency and amount, binge drinking);
tobacco use (current, past, cigarettes/day); family history of cancer (update information on cancer
among first degree relatives).

7.8 Blood Sample Collection and Processing

A total of 55 ml of blood will be collected by venipuncture using standard procedures with the
participant in the supine position. Three 15ml red top serum separator tubes for hormones and
storage and one 10 ml yellow top ACD tube for DNA extraction will be collected from each participant.
Serum and lymphocytes will be separated and aliquoted at the clinical centers and stored at -80°C
until shipped to the Fox Chase Cancer Center (FCCC) Repository. Shipments to FCCC will be made
monthly by overnight Fed-Ex with samples packaged in dry ice. Each participant’s specimens will be
divided in half and sent to FCCC in 2 separate shipments so that if there is an accidental thaw, only
half of samples are affected. Serum for hormone assays will be stored at FCCC at -80°C until
shipped to the Central Hormone Laboratory for analysis at the end of data collection. Additional
serum will be stored for future assays. High molecular weight DNA will be extracted from
lymphocytes using standard phenol/chloroform techniques and stored at 4°C for future use.

7.9 Serum Hormones
All hormone assays will be conducted under the direction of Dr. Frank Z. Stanczyk at the
Reproductive Endocrine Research Laboratory, Department of Obstetrics and Gynecology, University
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of Southern California Keck School of Medicine. Dr. Stanczyk has been supervisor and director of
this laboratory since 1972. The laboratory has extensive experience in measuring steroid, peptide
and protein hormones using well-validated methodology that has been published. All hormone
assays will be performed at the end of data collection. Serum samples for hormone assays will be
batched at FCCC; batches will be balanced on treatment group. Masked quality control samples
indistinguishable from participant samples will be included in batches. Samples will be shipped to the
laboratory on dry ice. The hormones will be analyzed by specific immunoassays as described below.

7.9.1 Progesterone

Progesterone will be quantified by radioimmunoassay (RIA) following its extraction with ethyl
acetate:hexane (2:3) and Celite column partition chromatography [136]. Approximately 1000 d.p.m. of
3H-progesterone will first be added to each serum sample to follow procedural loss. The RIA of
purified progesterone will use iodinated progesterone in conjunction with a specific antiserum against
progesterone. After an appropriate incubation period, a second antibody is used to separate
antibody-bound progesterone from unbound progesterone. The resulting progesterone values will be
corrected for procedural loss. Sensitivity of the assay is 0.2 ng/ml; intraassay and interassay
coefficients of variation (CVs) are 8% and 9%, respectively.

7.9.2 Estradiol

Estradiol will be measured by RIA following extraction and Celite column partition
chromatography [137]. The extraction step will utilize ethyl acetate:hexane (2:3). Following
evaporation of the organic solvents, the extract will be applied on a column of Celite impregnated with
ethylene glycol. Estradiol will be separated by elution with 15% ethyl acetate in isooctane and 40%
ethyl acetate in isooctane, respectively. After evaporating the eluates, the residues will be redissolved
in assay buffer, and appropriate aliquots will be taken for RIA. Each RIA uses a highly specific
antiserum in conjunction with an iodinated radioligand. Following an appropriate incubation period,
antibody-bound and unbound estradiol is separated using a second antibody. The antibody-bound
fraction is then counted after centrifugation. Sensitivity of the estradiol assay is 5 pg/ml; intraassay
and interassay CVs are 9.3% and 11.4%, respectively.

7.10 Breast MRI

While the majority of studies showing an association between breast density and breast
cancer risk are based on mammographic measurements, mammography is generally not
recommended for young women because of its reduced effectiveness of cancer detection in dense
breast tissue, and the radiation exposure, which is quite low but cumulative. In this study of young
women, we propose to use MRI to measure breast density. MRI is not impaired by high parenchymal
breast density, making it especially effective for younger women with dense breast tissue. MRI can
easily distinguish fibroglandular and fatty breast tissue and gives three-dimensional information not
provided by mammography. Additionally, MRI does not use ionizing radiation. In studies using MRI
to stage the extent of carcinoma of the breast, MRI has demonstrated significantly greater accuracy
than mammography in defining tumor size when compared to pathology [140-143].

7.10.1 MRI Procedure
Each subject will be imaged in a whole body 1.0 Tesla or higher field strength MRI scanner
using a dedicated breast imaging radiofrequency coil. The subject will lie prone on the table with both
breasts hanging freely in the coil. The following pulse sequences will be performed in the transaxial
orientation with a 32-40 cm field-of-view for bilateral coverage:

1. 2D or 3D spin echo or gradient echo localization sequence; 32-40 cm field of view (FOV), 5 cm
slice thickness, number of locations to cover both breasts in I/S direction.
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2. 2D T2-weighted fast spin echo sequence; TR/TE = 5500 ms/85 ms, 24 slices, 3-4 mm slice
thickness to cover both breasts in I/S direction, echo train length 8, 32-40 cm field of view
(FOV), 512x256 matrix, Frequency A/P.

3. 3D fast gradient echo sequence without fat-saturation; TR/TE = 20 ms/minimum TE with
Fat/Water in phase, 30 degree flip angle, FOV 32-40 cm, 60 slices, 1-2 mm slice thickness to
cover entire breast in I/S direction, 512-256 matrix, frequency A/P.

4. 3D fast gradient echo sequence with fat-saturation; Repeat #3 with chemical saturation fat-
suppression.

No contrast agent will be administered for this examination. Additional pulse sequences
including diffusion-weighted and 3D steady state free procession sequences may be acquired
depending on availability of these techniques on the MRI systems at the participating sites. The total
exam time, including patient positioning will be less than 1 hour. Subjects are given the opportunity to
lie in the magnet before scanning begins. Those subjects experiencing claustrophobia are counseled
by a technologist or physician and will not be pressured to finish the exam. Earplugs are provided to
each subject to reduce noise levels.

All MRI exams will be performed during the luteal phase of the menstrual cycle. Although
diagnostic breast MRI is usually scheduled in the follicular phase of the menstrual cycle because it is
easier to detect tumors, we will be using MRI to measure physiological characteristics of the breast,
not to detect tumors or other abnormalities. Because non-contrast MRI scans to be used are not
diagnostic, we do not anticipate detecting abnormalities. However, if abnormality is detected, the
participant will be informed and the results will be sent in writing by the clinical center Pl to the
physician identified by the participant on the consent form.

7.10.2 Reproducibility of measurement of breast tissue total volume

In order to quantify the variability in breast volume measurement due to patient re-positioning,
two normal volunteers, one with low and one with high mammographic breast density, were each
scanned twice on the same day. Two different users delineated breast tissue regions as described
above and the overall volume of fibroglandular tissue was calculated on the whole MR data set. The
intra-user variability with patient repositioning was 2% for the dense breast and 8% for the fatty
breast. The inter-user variability for the dense breast was 7% and for the fatty breast was 18.3%. The
subjects in the DISC study will each receive only 1 MRI exam and therefore variability due to
repositioning will not be a factor. Because of the young age of the study population, we anticipate that
the majority of subjects will have dense breast tissue, the category in which the best reproducibility
was measured. The same investigator will analyze all breast MRI studies.

7.10.3 Image Transfer
Data will be archived with patient identifying information replaced by study ID number. Image
data will be sent by optical disk to University of California at San Francisco (UCSF) for breast density
measurements.

7.10.4 Image Analysis
Image data will be processed at UCSF using customized image processing software to
identify the chest wall/breast tissue boundary and skin surface, and to separate breast fibroglandular
and fatty tissue. Total volumes of fibroglandular and fatty tissue will be computed separately for each
breast. In problematic cases such as those with incomplete or failed fat-saturation, manual
delineation will be used.

7.10.5 Quality Assurance Program
Prior to the start of subject enroliment, a training session for all site MRI technologists will be
conducted at UCSF. Hands-on instruction will be provided to address patient positioning, breast
positioning in coil, scan prescription, and data acquisition. In particular, technologists will be trained to
recognize and correct failures due to incomplete fat-suppression, motion artifact, and inadequate
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breast coverage. Each site will be provided with 2 breast tissue mimicking phantoms consisting of
doped-water and oil compartments that will be used to periodically test bilateral breast MR imaging
sequences at each site. In addition, before any participant exams, breast MRI data from 5 volunteers
will be acquired from each site and sent to UCSF for review. Image quality will be evaluated and
acceptability will be required for site certification.

7.11 Bone Densitometry
We will measure bone density using dual x-ray absorptiometry (DEXA). The entire DEXA
examination is very low dose radiation and typically less than the daily effective dose from natural
sources (cosmic radiation, environmental isotopes in our bodies and surroundings). When compared
to other radiological procedures, this protocol is approximately 10 times less radiation than a chest x-
ray and 10 times less radiation than received when flying round trip coast-to-coast.

7.11.1 Scan Protocol
The participant will be asked to disrobe and wear a hospital gown. (Buttons, heavy fabrics,
bra clasp, etc., can all cause inaccurate results.) They will then lie down on the table of the DEXA
device. This is typically a simple padded tabletop. The x-ray arm will make several passes over the
patient for each scan mode. The following scans will be acquired:

1. Lumbar Spine: A/P or P/A view, default scan speed, L1 - L4.
2. Proximal Femur: A/P or P/A view, default scan speed.
3. Whole body: default scan speed

The scan combination of dedicated proximal femur, lumbar spine (L1-L4), and whole body
DEXA scans is important for this study for several reasons. Dedicated scans of the lumbar spine (L1-
L4) and of the proximal femur are the most widely used combination for diagnosing osteoporosis and
assessing fracturing risk since fractures at these sites (1) are best predicted by site-specific scans,
and (2) these fractures have the highest morbidity. Bone density measures at these two sites will
allow for direct comparison of these study results to most of the osteoporosis literature. The spine
contains a high percentage of trabecular, or spongy, high turnover bone (66%) while the proximal
femur contains more of a mix of trabecular and cortical (compact) bone. The whole body is comprised
of 80% cortical bone. It is a measure of systemic bone health and responds slower to changes in
bone turnover. Thus, it may contain more “memory” of the intervention than the localized spine and
femur sites. The entire examination should take less than 30 minutes. Any of the currently
manufactured DEXA devices from Hologic, Inc., or GE/Lunar are appropriate.

7.11.2 Reproducibility of Bone Density Measurements
DEXA provides precise composition analysis with a low radiation exposure (< 0.1 uGy). The
precision error (1 SD) for total body bone mineral density is less than 0.01 g/cm? and the coefficient of
variation for this SD is 1.8% [140]. The same investigator will analyze all DEXA scans.

7.11.3 Image Data Transfer

Data will be archived with patient identifying information replaced by study ID number. Image
data will be sent by super disk to UCSF for bone density measurements.

7.11.4 Image Analysis

Image data will be processed at UCSF using customized image processing software. Bone
mineral content (BMC) and bone area (AREA) will be measured and bone mineral density (BMD) will
be calculated. BMC is the bone mass in grams of the region being measured and AREA, in square
centimeters, is the area projected by the bone in a 2-dimensional x-ray image. BMD is the value most
reported as DEXA bone density. It is found by dividing the BMC/AREA and is in units of grams per
square centimeters, or g/cm?. Bone density as measured by DEXA techniques is an areal density, not
a true physical density (mass per unit volume). This is because the DEXA measure is derived from 2-
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dimensional x-ray projections. Thus, DEXA bone density is affected by bone size as well as physical
density, and areal BMD will always be confounded by bone size (e.g. participant height) unless
corrected. There are several techniques to accomplish this. Carter [141] derived “bone mineral
apparent density” or BMAD that takes into account that the spine vertebral body is close to cylindrical
in shape and this information can be used to estimate the missing dimension. It was shown that
BMAD = BMC/(Bone projected area)'S. The UCSF investigators have also derived a whole body
apparent density that effectively removes bone size from whole body BMD[142]. We will derive these
apparent density variables in our analysis to reduce the data scatter caused by participant differences.
Any abnormalities will be reported to the participant’s physician.

In addition to bone density, the whole body scan provides body composition. DEXA is the most
precise method to estimate whole body percent fat, and the CV for repeated scans is ~1% [143]. This
is part of the whole body protocol and requires no additional radiation or time. Because breast density
and bone density are strongly correlated to body composition, the %fat will be used in multivariate
analyses of these two outcome variables.

It is not anticipated that abnormalities will be detected by DEXA. However, if abnormality is
detected, the participant will be informed and the results will be sent in writing by the clinical center PI
to the physician identified by the participant on the consent form.

7.11.5 Quality Assurance Program

Since the study needs to be sensitive to even small changes bone density, a comprehensive
quality assurance program has been included. DEXA devices can have calibration drifts or major
service issues over the course of the study. However, it is possible to correct for these calibration
drifts posthoc if appropriate phantoms are scanned as part of the protocol. The phantoms of choice for
this study are the device-specific spine phantoms (come with each device and different for each
manufacturer) and the Hologic Whole Body phantom. These phantoms accurately predict the in vivo
calibration of the device such that changes in the phantom measures are used to directly correct
participant data collected during that interval. The spine phantom is typically scanned once a day as
standard practices at most clinical DEXA sites. The whole body phantom is critical since previous
work by the UCSF investigators has shown that the typical spine quality control program does not
predict the whole body calibration. The whole body phantom would be scanned 3 times a week. The
UCSEF investigators will use Cumulative Sums (CUSUM) statistics to determine when a change in the
calibration has occurred [144].

DEXA participant scans will be acquired at each of the 6 clinical sites. To pool scan results
from different DEXA devices, static calibration differences must also be corrected. Ideally, this is done
by scanning the same individuals on all devices. However, this is impractical. We will circulate a single
set of calibration phantoms to all sites. This set of phantoms is more complete than the daily
phantoms and made available by the UCSF investigators. Machines of the same make and model will
be readily cross calibrated using this phantom data. Devices from different manufacturers will be
calibrated with in vivo calibration equations from the literature. The calibration and monitoring
activities will be coordinated by one of our investigators from UCSF (Shepherd) who is an expert in
this area. The DEXA cross calibration protocol will take about 1 hour, and be done once during the
course of the study.

To insure data accuracy and conformity to the protocol, the following training and procedures
will be used. One of the UCSF investigators will travel to each site and train local DEXA personnel on
the protocol including any special patient positioning, data transfer issues, and phantom scanning
procedures. Each site will then recruit five volunteers who will be scanned according to the study
protocol. The scans will be sent to UCSF for evaluation. The clinical center will not recruit study
participants until their test data meets study standards. After site certification, participant scans will be
sent to UCSF for central analysis to ensure there are no clinic specific inaccuracies due to placing
regions of interest slightly differently. Participant scans that are found to be inaccurate due to artifacts,
motion, or poor positioning will be rejected from the study data and coded for the type of problem
found. The UCSF investigators find approximately 5% of scans received from trained clinical sites
have some type of quality issue.
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7.12 Training and Certification

A centralized data collection training session will be held during the first year of the grant to
train and certify individuals responsible for the different types of data collection except DEXA and
breast MRI. Dr. Shepherd will perform DEXA training locally at each site as described above. Breast
MRI training will be performed at the Univ. of California at San Francisco to allow adequate hands on
time on the magnet. A technician from each center will be sent to San Francisco for this training.
Each Clinical Center will have at least one person centrally trained and certified to collect each type of
data who will train others at their center locally. Requirements for certification are:

¢ Height, Weight Repeat measurements within acceptable limits

e Diet Assessment NCC Training and Certification

¢ Other Questionnaires Receive passing grade on exam about procedures

¢ Blood Collection Receive passing grade on exam about procedures

¢ Breast MRI Completion of 5 acceptable breast MRI's on volunteers

e DEXA Completion of 5 acceptable DEXA measurements on volunteers

8.0 STUDY PARAMETERS

e Serum hormone levels
e Breast density
e Bone mineral density

9.0 PHARMACOKINETIC STUDIES

Not applicable.

10.0 OFF-STUDY CRITERIA

Not applicable.

11.0 DRUG FORMULATION AND PROCUREMENT INFORMATION

Not applicable.

12.0 STATISTICAL CONSIDERATIONS
12.1 Data Management

All data will be processed at Maryland Medical Research Institute (MMRI), the original Data
Coordinating Center (DCC) for the DISC study. MMRI currently uses a multi-access data entry system
based on the Teleform® data entry software. The Teleform® software allows a clinical center to send
data forms to the DCC either through a fax machine, through the mail (to be scanned at the DCC), or
through a Web-based data entry system. If the forms are sent through a fax machine or through the
mail for scanning, the data are read from the form using OCR/ICR software and verified. A
preliminary edit is performed prior to insertion into a transaction database. A comprehensive edit of
the data in the transaction database is performed and sent via e-mail to the clinical center prior to
acceptance of the form into the main study database. MMRI is currently using MS Access as the main
database system for studies the size of the DISC Follow-up Study with edits and other procedures
written in Visual Basic. The DISC database will be housed on the main MMRI server running Windows
2000.

The preliminary edit compares the study participant ID number (using the same number as in
the main DISC study) and namecode (the same as used in the main DISC study) to the main study
database, which will have the original information available. If the identifying information is verified as
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correct, the other data are scanned to verify that the data are within preset ranges and are of the
correct type. The comprehensive edit will look for consistency in the responses on the form and for
consistency across forms (and against the previous DISC data). Data entry will have quality control
checks built into the system. Each month 10% of forms will be verified manually against the main
database. A test set of forms with multiple errors will be run through the data edit system routinely to
verify that errors are caught and correct items are not. Timeliness of responding to edit queries will be
tracked, as will the time between completion of the visit for a particular woman and when her forms
are submitted.

A back-up of the databases and data management programs is performed every night with a
weekly archive sent off-site to an environmentally controlled and protected storage facility. All user
computers are fully backed up every week and, for the main statisticians on a study, every night.
Access to the main study database is through multilevel password protection and enforcement of user
privileges on the database. The main MMRI network is not accessible from the outside or from the
Web except through passwords and a firewall. Access to any particular PC on the MMRI network can
only be obtained through the granting of specific privileges to a particular individual.

12.2 Data Analysis
All analyses will be performed using analysis files created by adding follow-up data to the main
DISC database with verification by manual checking. SAS (SAS Inst., Cary, NC) will be the primary
software used for analysis supplemented with S-Plus (Insightful Corp., Seattle, WA) and Stata (Stata
Corp., College Station, TX).

Because DISC was a clinical trial, analysis of the specific aims will be performed by
randomized treatment assignment. Mean serum progesterone will be compared between the
intervention and usual care groups without regard to compliance with the intervention, attendance at
intervention sessions, or attendance at earlier DISC clinic visits. Because hormonal contraceptives
contain progesterone, only women not using hormonal contraceptives will be included in analysis of
treatment group differences in serum progesterone levels. The distribution of serum progesterone
values will be examined to determine whether transformation is appropriate prior to analysis. In
previous DISC analyses, we In transformed hormone concentrations to improve normality and
decrease dependence of the variance on concentration. We anticipate that In transformation of
progesterone data collected at the proposed follow-up visit will also be appropriate, but a final
decision will be made after examining the data. The analytical approach will depend on the
distributions of age, race, and menstrual cycle day when blood was collected at the clinic visit in the
two treatment groups. These characteristics are potential confounders that would not be affected by
the intervention. If the treatment groups are balanced on these characteristics, means can be
estimated directly and statistical significance of the treatment group differences can be tested using a
Student’s t-test. If the participants in the treatment groups are not balanced on these characteristics
and there is evidence for confounding, we will estimate adjusted means and test for statistical
significance using linear models. We used analysis of covariance to compare adjusted treatment
group means in previous DISC hormone analyses.

The effect of missing progesterone data on observed treatment group differences will be
evaluated using the multiple imputation method of Rubin [89], in which multiple datasets are
constructed, analyzed, and results combined so that the underlying variability of the outcome is
preserved.

In secondary analysis of the primary aim, we will determine whether treatment group
differences in progesterone are related to differences in several individual characteristics including
age at menarche, BMI, and % body fat by including appropriate covariates in linear models. We will
investigate if there is a particular component of the diet intervention (energy, total or saturated fat,
fiber) responsible for observed differences in progesterone levels. BMI and diet at time of the follow-
up visit or earlier, during puberty, could be responsible for observed treatment group differences in
progesterone at the follow-up visits. To evaluate if puberty is a critical time for exposure, we will
estimate the mean level of exposure at earlier DISC visits and use linear models to evaluate whether
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average pubertal exposure can explain treatment group differences in progesterone levels at the
follow-up visit. Furthermore, we will evaluate potential confounding and effect modification of
treatment group differences in progesterone levels at follow-up visits by changes in characteristics
such as diet, anthropometry, and physical activity between the last DISC visit and the follow-up visit
and by intervening events such as pregnancy, lactation, and use of hormonal contraceptives, by
including terms for main effects in models to evaluate confounding and by including cross-product
terms in models that include main effects to evaluate effect modification.

Analysis of secondary aims will be performed using the same approach as described for the
primary specific aim except breast MRI analysis will use statistical techniques for paired organs as
described below. Similar to progesterone, women using hormonal contraceptives will not be included
in analysis of serum estradiol. We will, however, perform breast MRI and bone densitometry on these
women. In analysis of treatment group differences in breast density and bone density, we will
evaluate confounding by past and present hormonal contraceptive use. We also will test for
interaction of hormonal contraceptive use with treatment group effects by including cross-products
terms in models. Analyses will be stratified by hormonal contraceptive use if cross-product terms are
significant.

We will use the generalized estimating equations (GEE) approach to analyze the breast
density data. GEE will be used to adjust for the inherent correlation between the density measures of
the two breasts within the same woman. This modeling can be done as either a nested model with
breast nested within women or as an explicit factor in the model with appropriate interaction terms.
Although other data reduction techniques could be used (such as averaging the breast density
measures for both breasts so that we would use the average breast density for a women in the
analysis), the GEE approach would preserve the information about the density for each breast so that
we can investigate variation in density between the two breasts.

12.3 Sample Size and Power
Participants in the proposed study are the 301 female DISC participants. Because this is an
existing cohort and sample size is set, we estimated detectable differences in luteal phase
progesterone levels (our primary specific aim). For information, we also provide detectable differences
for our secondary specific aims. Detectable differences in treatment group means were calculated
using S-Plus 2000 (Insightful, Seattle WA).

12.3.1 Primary Specific Aim

We used data from the DISC last visit on serum progesterone levels in 9 usual care group
participants whose blood was collected 1-6 days before the start of their next menses. This time
frame is the window during which follow-up visits will take place in the proposed study. Earlier DISC
analyses were performed on In transformed hormone values. We also used In transformed values to
improve normality of distribution for these power calculations. The mean transformed progesterone
concentration adjusted for age and cycle day was 6.76 (sd = 0.52). Hormones will be measured only
in participants not using hormonal contraceptives. CDC estimates that 40% of women 20-24 years
old use hormonal contraceptives [146]. In our pilot study of DISC participants, 48% of women reported
using hormonal contraceptives and 10% were pregnant. Ninety-three percent of participants in our
pilot said they would be willing to come to a follow-up visit. We estimated detectable differences in
progesterone concentrations at 80% (conservative) and 90% participation rates assuming 50-60% of
participants are using hormonal contraceptives or pregnant and cannot be included in these analyses
(Table 1). Depending on participation rate, hormone use, and pregnancy we will be able to detect

Table 1. Minimal Detectable Differences For Luteal Phase Progesterone and Estradiol
at 0=.05 (2-sided) and 80% Power

Hormonal
Participation Contraceptive Use or Number per Detectable Difference Detectable Difference
Rates Pregnant Group Progesterone Estradiol

In % In %

20



PI: JF Dorgan, MPH, PhD

80% 50% 60 266 23.3% 164 15.1%
60% 48 297 25.7% 183 16.7%
90% 50% 68 250 22.1% 154 14.3%
60% 54 280 24.4% 173 15.9%

22%-26% lower progesterone levels in the intervention group compared to usual care ((e %75— e &7¢
266)/g8.76), At last DISC visits the intervention group’s mean progesterone level was 52.9% lower than
the usual care group. We will have ample power to detect a difference that is less than half as large
as this.

12.3.2 Secondary Specific Aims

Luteal Phase Serum Estradiol: We used data from the DISC last visit on serum estradiol
levels in 9 usual care group participants whose blood was collected 1-6 days before the start of their
next menses. The mean In transformed estradiol concentration adjusted for age and cycle day was
2.62 (sd=.32). We estimated detectable differences in estradiol concentrations at 80% and 90%
participation rates and assuming 50% -60% of participants are using hormonal contraceptives or
pregnant and cannot be included in these analyses (Table 1). We will have 80% power to detect
14%-17% lower estradiol levels in the intervention compared to the usual care group.

Bone Mineral Density: We used data from Teegarden [147] to estimate the detectable
differences in total body bone mineral density. Teergarden used DEXA to measure total body bone
mineral density in 215 women 18-31 years old (mean age = 23.8 years). Their mean total body bone
mineral density ranged from 1.00-1.37 gm/ cm? with a mean of 1.16 gm/cm? (sd = .08). This standard
deviation is comparable to the population standard deviation of .087 in the Hologic Reference Data.
With 80%-90% participation rate and 10% excluded because of pregnancy, we will have DEXA data
on 108 — 122 women per group. This yields 80% power to detect treatment group differences in total
body bone mineral density of .029 - .030 gm/cm?.

Breast Density: We used data from Lee [95] to estimate detectable differences in percent
dense (fibroglandular) breast tissue in intervention vs. usual care group DISC participants. Lee
measured fatty and fibroglandular tissue volumes by MRI in the breasts of 40 women 20-83 years old.
Because breast density changes with age and menopausal status and all DISC participants at follow-
up visits will be 25-29 years old and premenopausal, we only used data from 15 women 20-45 years
of age. Their percent dense tissue ranged from 18% - 83% with a mean of 45.1% (sd = 17.7%). With
80%-90% participation rate and 10% excluded because of pregnancy, we will have MRI data on 108 —
122 women per group. This yields 80% power to detect treatment group differences in percent dense
breast tissue of 6.3% — 6.7 %.

12.3.3 Implications for Breast Cancer

Data are not available on the relationship of serum hormones, breast density, and BMD at 20-
30 years of age and subsequent breast cancer risk. We extrapolate from data in older women, which
gives an indication of possible implications of our findings for breast cancer risk. In postmenopausal
women, each doubling of serum estradiol increases breast cancer risk by 31% [148]. Therefore, a
difference in estradiol of 14-17% could potentially translate into a 4-5% difference in risk. Prospective
data are not available on serum progesterone and breast cancer risk. However, risk of breast cancer
associated with HRT use that includes estrogens plus progesten is significantly 50% higher compared
to use of HRT that includes estrogen alone [149]. Incrementing the risk of 4-5% for estradiol alone by
50% yields a 6-8% difference in breast cancer risk. Yaffee and Boyd [150] estimated that each 1%
increase in percent breast density translates into approximately a 2% increase in breast cancer risk.
Therefore, a 6-7% difference in breast density could translate into as much as a 12-14% difference in
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breast cancer risk. In the SOF, a 1 SD increase in BMD increased breast cancer risk by 30-50% [63].
A difference in BMD of .029-.030 is approximately one-third of 1 SD (Hologic Reference Data
SD=.087), which could translate into a 10-17% difference in breast cancer risk. A difference of .029 -
.030 gm/cm? is a 2.5- 2.6% difference (.029/1.16). In the MORE study, Raloxifene increased BMD by
2.4-2.7% and significantly decreased risk of vertebral fractures [151].

13.0 ADVERSE EVENT REPORTING

Adverse events could occur related to the measurements proposed. Risks to participants
include loss of privacy and confidentiality of data collected by questionnaires; feeling dizzy, fainting, or
bruising following venipuncture; feelings of claustrophobia during the MRI; and exposure to very low
dose radiation by the DEXA (less than 0.1 uGy). Even at low doses radiation can cause a slight
increase in cancer risk. The dose of radiation exposure during the DEXA is typically less than the
daily effective dose from natural sources (cosmic radiation, environmental isotopes in our bodies and
surroundings). This protocol exposes the individual to approximately 10 times less radiation than a
chest x-ray and 10 times less radiation that received when flying round trip coast-to-coast. None of
the risks to participants is life threatening or should have a major negative impact on the participants’
physical, mental, or emotional well-being. Because radiation from DEXA could adversely affect the
fetus and the effect of MRI on the fetus is not known, pregnant women will not have these exams.

Adverse events will be reported by the clinical center Pl to his/her IRB, the data coordinating
center, and the PI for the proposed study. Adverse events will be reviewed and written summary
reports will be sent to PI’s at all collaborating centers to forward to their respective IRBs.

14.0 PATHOLOGY REVIEW

Not applicable.

15.0 RECORDS TO BE KEPT

1. DISC Questionnaire (demographics, medical history, menstrual and reproductive history,
medications, diet supplements, alcohol use, tobacco use, family history of cancer)
Anthropometric measurements (height, weight)

Dietary assessment (three 24-hour recalls)

Physical activity assessments

Psychosocial assessments (CESD, STAI)

Menses data

Serum hormones (progesterone, estradiol)

Bone mineral density

Breast density

©CoeNoOoORWN

16.0 INFORMED CONSENT

Written informed consent will be obtained before specimen/data collection at the beginning of
the clinic visit. The study coordinator or other knowledgeable personnel at the clinic will describe what
is involved in participating in the study and encourage the participant to ask questions. The informed
consent statement will include a statement that participation is entirely voluntary; and provide
information on the number of women being invited to participate, why they were selected, why the
study is being done, what participation involves, the risks, benefits and costs of participation, how
confidentiality will be protected, what happens if she is injured, who to contact if she has questions or
problems with the study, what her rights are as a participant (including withdrawal), how samples and
images (DEXA and MRI) will be used, and how results will be reported. Signed informed consent will
be kept in the participant’s file. Documentation that informed consent was obtained will be included in
the study database.
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