Additional methods

Study populations

The participating studies included the Mayo Mammography Health Study (MMHS), Mayo
Clinic Breast Cancer Study (MCBCS), Nurses’ Health Study (NHS) and NHSII, Mayo Clinic
Mammography Study (MCMAM), and the Bay Area Breast Cancer SPORE and San Francisco

Mammography Registry (SFMR).

MMHS

The MMHS is a large, prospective mammography cohort study at the Mayo Clinic. Over
three years (2003-2006), 19,948 women from the tri-state region (Minnesota, Wisconsin, lowa)
who were age 35 or older and had a screening mammogram at the Mayo Clinic were enrolled[ 1,
2]. On all participants, risk factor information was ascertained on a baseline questionnaire; serial
mammogram films and blood samples were obtained from a large proportion of the cohort.
Participants are passively followed for breast cancer incidence and mortality through linkage to
clinic (Mayo Tumor Registry) and state cancer registries of MN, IA and WI and state death
certificates. For the present analysis, a nested case-control design was used. Controls were
matched to cases on age, menopausal status, year of exam, and state. MMHS contributed 404

cases and 1207 controls to the current analysis.

MCBCS

The MCBCS is an ongoing clinic-based breast cancer case-control study initiated in 2001
at the Mayo Clinic as described previously[3, 4]. Patients with breast cancer were recruited
Minnesota, lowa, Wisconsin, North Dakota, South Dakota, and Illinois. Controls were recruited

from the general internal medicine practices at the Mayo Clinic and frequency-matched to cases



on age (5-year category), race, and state of residence. The analyses here are based on 261 cases
and 179 controls from the MCBCS who had available mammograms at least six months prior to

breast cancer.

Nurses’ health studies

The NHS is a prospective cohort that was established in 1976 and follows 121,701
registered female nurses in the United States, aged 30—55 years at enrollment. Similarly, the
NHSII is an ongoing prospective cohort study of 116,678 premenopausal women who were aged
25 to 42 at baseline in 1989. Self-administered questionnaires are collected every two years to
update information on diseases and risk factors such as weight, family history of breast cancer,
parity, use of oral contraceptives or postmenopausal hormones, and diet. Incident breast cancer
diagnoses were identified by self-report on each biennial questionnaire and confirmed by
medical record review. Nested case-control studies of breast cancer were established within sub-
cohorts of NHS and NHSII participants who gave blood samples to investigate a wide range of
biomarkers as potential predictors of breast cancer, as previously described[5-7]. In addition,
screening mammograms performed close to the date of blood draw were collected for the
majority of these women. Women with any type of cancer (other than non-melanoma skin
cancer) at the time of the selection or dates of diagnosis prior to date of mammogram were
excluded. This analysis includes 1108 cases and 2163 controls from NHS and 365 cases and 992

controls from NHSII.

MCMAM

The MCMAM is a retrospective breast cancer case—control study nested within the Mayo
Clinic mammography screening practice in Rochester, Minnesota[8]. Subjects had a screening

mammogram between 1997 and 2001, were aged 50 years or older, lived within a 120-mile



radius of Rochester, and were required to have had at least two screening mammograms two
years prior to their breast cancer diagnosis (case subjects) or screening examination (control
subjects). Control subjects (i.e., women without breast cancer) were matched to each case
subject on age (within 5 years), date of screening examination (within 4 months), menopausal
status, interval between first and last mammograms (within 8 months), number of previous
screening mammograms (within I mammogram), and county of residence. All data were
obtained from retrospective chart review. MCMAM contributed 372 cases and 679 controls to

the current analysis.
SFMR

The SFMR is an ethnically and economically diverse population-based mammography
registry whose overall goal is to collect demographic, clinical, and risk factor information, as
well as mammographic interpretations, and cancer outcomes through linkage with state-wide,
California population-based Surveillance, Epidemiology, and End Results (SEER) program[9-
11]. The SFMR began prospective data collection on women undergoing mammography in San
Francisco County in 1995 and expanded data collection to Marin County mammography
facilities in 2003. Since the registry’s inception, information on over 2 million mammography
examinations and 30,101 breast cancers has been collected from 20 facilities that offer breast
imaging. Two of the larger facilities that participate in the SFMR, UCSF and California Pacific
Medical Center, serve as the underlying screening mammography cohort and contributed 904

cases and 1979 matched controls for this study.

Standardization of mammographic density measurements

Because of known differences in the distribution of percent mammographic density (MD)

across different readers[12, 13], we standardized the percent mammegraphie-density{MD) reads



made at different research centers or at different times for studies within research centers. These
standardized values made it possible to perform analyses of percent MD that combined
information across multiple groups and/or time points. An added benefit to this approach is that
it can be easily applied to data from studies which are not included in the current report, making
it possible to standardize MD measurements obtained from almost any dataset with MD

measures using the similar computer-assisted thresholding methods.

For these analyses, we included data from three different sites, comprising 6 different
studies. Differences in percent MD, as well as age, were observed between these studies.
Supplementary Figure 1 highlights both the age effect on MD as well as the differences in the
distribution of percent MD across the studies observed for breast cancer cases. We also noted
that variance in MD differed across studies. A similar pattern was observed for control patients

(not shown).



Additional Figure 1:

MD by Age
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We used the age-dependent distribution of MD to standardize measures of MD obtained
from groups of women of different ages. First, we modeled the age trend linearly and stabilized
the residual variance by transforming the MD measures to the logit scale (logit of MD, or LMD).
Because values of 0 are not permissible in the logit transformation, MD values of 0 were re-set to
be one-half of the smallest non-zero value observed in each study. When plotted by age, the
logit transformation showed age trends that were nearly linear. Second, the observed
relationship between age and LMD was used as a framework to standardize MD across all study

groups, as outlined in steps 1-6 below.

1) Quantile regression was performed to estimate the common linear trend in median LMD as a

function of age, combining data from controls across all studies while allowing for different



2)

3)

4)

intercepts by study. From this regression, the intercept corresponding to the study with the
largest sample size was extracted and the estimate of age slope was obtained. These

estimates are used as a reference age trend line for LMD within each study.

Quantile regression was performed within each study to estimate the linear trend in median
LMD within the controls as a function of age. This analysis estimates the observed age trend
in LMD for each study, and the residuals from the analysis give a de-trended per-person

percent LMD value for each woman.

The estimates from these study-specific models were used to compute a predicted residual
for each case. These predicted residuals were used to reflect the de-trended LMD value for
each woman affected with breast cancer in the same way as the controls. This approach was
applied in order to ensure that case-control differences in MD were maintained after applying

the standardization.

We re-scaled the variances in LMD across study groups by computing the inter-quartile
range (IQR) of the residuals from the controls, and dividing the residuals from steps 2 and 3
(cases and controls) by the study specific IQR. This produced study-specific residual
distributions whose variances were scaled to the IQR of the controls in the appropriate study.
Steps 2 through 4 result in a set of residuals that are re-centered (while accounting for age

differences) and re-scaled such that they share roughly the same center (age-adjusted median



roughly equal to zero) and spread (age-adjusted variance scaled relative to the study-specific

IQR).

5) The per-study residuals were multiplied by the IQR observed in the selected reference study.
This step has the effect of re-scaling the residuals in such a way that the within-study

variances are all roughly equal to one another.

6) We used the age at mammogram of each woman and applied the reference regression trend
line from Step 1 to estimate the expected age-dependent LMD value for each woman. We
then added the de-trended residual values available at the end of Step 5 to obtain the

standardized LMD measurement for each woman.

The steps outlined above produce a measurement of LMD that retains the rank ordering
of the within-study measurements while re-centering and rescaling their values such that the age
by LMD relationship is roughly equivalent in the location of the trend and in the variability about
the trend. Finally, the standardized percent MD is computed by back-transforming to the
original scale as the inverse logit of the standardized LMD value. Supplementary Figure 2
shows the standardized percent MD measurements obtained when this method is applied to the
data from six studies reported in this manuscript. The study-specific trend lines are now
centered at approximately the same age trend, and the variability within study is more similar

than it was previously.



Additional Figure 2:

Standardized MD by Age
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This standardization method makes it possible to rescale and re-center percent MD estimates in a
way that the resulting percent MD estimates are approximately equivalent across studies that
individually read MD using Cumulus. The use of standardized values in the context of
epidemiologic analysis effectively reduces measurement error due to random variability in MD
measurements across mammogram readers and study sites (e.g., “batch-to-batch” variability).
From a practical standpoint, if data from a new study become available, the same steps can be

followed to standardize the data to the measurements obtained from the reference study.
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