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Abstract
Background—Without population-based evidence, some clinicians recommend short-term
hormone therapy (HT) suspension to improve mammography performance. HT raises breast density
and abnormal screening mammograms are more common among women with greater breast density
and among women using HT.

Objective—Test whether brief (1–2 month) HT suspension before screening mammography
decreases additional mammographic imaging (recall) in women aged 45–80.

Design—Three-group randomized controlled trial.

Setting—Integrated health plan in Washington state, US between 2004–2007.

Patients—1704 women aged 44–80 who used HT at their most recent screening (index)
mammogram, were due for a screening (study) mammogram, and were still using HT.
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Intervention—Block randomization (by breast density and HT type) to: no HT suspension (N=567)
or suspension for 1 (N=570) or 2 (N=567) months before the study mammogram. One blinded expert
radiologist interpreted all mammograms.

Measurements—Recall was the primary outcome and change in mammographic breast density
(percentage and dense area) between index and study mammograms was the secondary outcome.

Results—Mammography recall rates were 11.3% (61/542 no-suspension), 12.3% (50/478 1-
month), and 9.8% (44/451 2-month). We identified no subgroups where brief suspension resulted in
decreased mammography recall. With suspension, decreases in percentage breast density were
orderly and statistically significant: 0.1% (no-suspension), −0.9% (1-month), and −1.5% (2-month).
Comparable ordered declines were observed for dense area. Suspension groups experienced
increased menopause symptoms.

Limitations—Our results can only be generalized to women aged 45–80 years who have used HT
for at least 1 year and will consider short-term suspension; the majority (61%) of eligible women
refused participation. Mammography recall was determined by one expert radiologist.

Conclusions—Brief HT suspension was associated with small changes in breast density and did
not affect recall rates. There is no evidence to support short-term HT suspension before
mammography.

Keywords
Randomized controlled trial; mammographic breast density; mammography recall; mammography
performance; hormone therapy; hormone therapy suspension; hormone therapy suspension

INTRODUCTION
Each year, breast cancer is diagnosed in over 182,000 U.S. women.(1) Mammography is the
only available screening method proven to reduce breast cancer mortality,(2) yet it is imperfect.
Over 10% of U.S. women screened for breast cancer receive a recommendation for additional
imaging at the time of their mammogram and only 4.4% of U.S. women who receive additional
imaging after a screening mammogram will be diagnosed with breast cancer within 1 year.
(3,4) False-positive mammograms have an enormous impact on women (e.g., increased patient
anxiety) and subsequent healthcare use and cost.(5) False-positive mammograms raise annual
U.S. healthcare costs by approximately $200 million ($500 per workup).(6)

As mammographic breast density increases, both sensitivity and specificity of mammography
are decreased.(7–13) Breast density is not static and is affected by exogenous and endogenous
reproductive hormones.(14–17) We have previously reported clinically and statistically
significant higher rates of mammography recall among HT users(18,19) and have demonstrated
HT discontinuation between mammography exams (average time between exams=2 years) can
reduce density and recall to levels comparable to non-users of HT.(18,19) Several reports
encourage women to consider short-term HT suspension before receiving a mammogram, with
the idea that cancers are more easily detected.(18,20–22) Some providers already recommend
short-term HT suspension in the hopes it will improve mammography performance; however,
population-based evidence has been lacking for widespread or ad-hoc adoption in clinical
practice.

This study was designed to test whether brief HT suspension before a screening mammogram
improves mammography performance. To assess the impact of HT suspension on
mammography sensitivity and specificity, a three-group randomized trial would need to enroll
700,000 women, making it unfeasible. The vast literature on screening mammography
performance supports that recall rate is an important measure of the interpretive performance
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of screening tests(23). There is evidence that US radiologists could lower their recall rates
without negatively impacting their cancer detection rates(24–27). Screening mammography
aims to maximize performance, which involves weighing the sensitivity against the specificity
of a test. As recall rates increase, specificity decreases. The recall rate includes both false-and
true-positive mammograms, but the majority of positive screening mammograms are false-
positive; therefore, lowering recall rate in a screening population mostly translates into
lowering the false positive rate. We therefore chose mammography recall rates as our primary
outcome and change in mammographic breast density as our secondary outcome. This trial
specifically tests whether brief (1–2 month) HT suspension before screening mammography
decreases mammographic recall in women aged 45–80.

METHODS
Design Overview

This study was a three-group randomized controlled trial to test whether brief HT suspension
before screening mammography decreases mammography recall in women aged 45–80. We
identified and attempted to recruit 5861 potentially eligible women over 35 months from
November 2004 through September 2007 and enrolled a total of 1704 women. Participants
were considered enrolled only after we verified their eligibility, they returned a consent form
and Health Insurance Portability and Accountability Act authorization form, and
randomization was completed. Women were followed for 12 months following their study
screening mammogram (through December 2008) for adverse events. The institutional review
boards (IRBs) at Group Health and the U.S. Department of Defense reviewed and approved
this study.

Setting and Participants
The Radiological Evaluation and Breast Density (READ) randomized controlled trial was
conducted within Group Health, an integrated health plan based in western Washington State
(US), with approximately 550,000 members. Group Health has a population-based Breast
Cancer Screening Program (BCSP) that women are invited to join when they turn 40 or join
Group Health.(28,29) Demographic and breast cancer risk factor information is gathered by a
self-administered questionnaire completed when women enter the BCSP and at each
mammogram.(29)

We used automated administrative databases to identify and recruit women aged 45–80 years
who were due for a screening (“study”) mammogram. Women had to have a previous
mammogram (“index”) at Group Health within the past 2 years where they self-reported using
HT, and evidence of continued HT dispensing at the time of recruitment. Women were
ineligible if they had a history of myocardial infarction, angina treated with medication,
coronary revascularization surgery, stroke, blood clots, breast cancer, mastectomy, or breast
implants. We further excluded women with any dispensings of tamoxifen or raloxifene because
of these medications’ potential influence on breast density. Women who had a breast density
rating of “entirely fat” [Breast Imaging-Reporting and Data System® (30) (BI-RADS) breast
density 1] at their index mammogram were also excluded since their breast density was unlikely
to influence mammography recall.

Randomization and Interventions
Women were randomized to one of three study groups (no-suspension or 1-or 2-month
suspension) using a permuted block algorithm. Once a week, the study programmer identified
women eligible for randomization, and each was assigned to one of six stratification cells,
based on BI-RADS breast density at index mammogram and type of HT used in the 6 months
before recruitment based on electronic pharmacy dispensing records [estrogen plus progestin
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(EPT) versus estrogen alone (ET)]. Within each stratification cell, a random number was
generated for each woman using the ranuni function in SAS (version 9.0 SAS Institute Inc.,
Cary, NC), and women were assigned to study groups in order based on the rank of their random
number within the stratification cell. Randomization group assignment was maintained in the
study database, available to the study programmer, statistician, and staff responsible for mailing
follow-up questionnaires, but the study radiologist and investigators were blinded to
randomization group.

All women were mailed a letter with a baseline questionnaire and instructions personalized to
their randomization group. The instructions included the participant’s mammography
appointment date and, for women in the suspension groups, the date they should stop HT.
Participants were given the study nurse’s toll-free number to discuss any study-related concerns
and report any symptoms or adverse events. The study nurse called all women participants to
answer questions, and confirm the baseline questionnaire had been completed and returned.
These calls occurred two weeks before their scheduled HT suspension date (suspension groups)
and one month before their scheduled mammogram (no-suspension).

Data Collection—We collected participants’ self-reported information from four sources:
BCSP questionnaires from the index and study mammograms; baseline study questionnaire at
enrollment; and follow-up study questionnaire at study mammogram. Body mass index was
calculated from self-reported height and weight collected at the index and study mammograms.

The baseline study questionnaire collected information on medical history, physical activity,
tobacco and alcohol use. Both study questionnaires gathered information about HT use, sleep
and menopausal symptoms. Participants rated the importance of getting a good night’s sleep
(1=not important to 10=very important) and reported the frequency (days/week) of nine
common sleep disturbances selected from the General Sleep Disturbance Scale.(31) We used
a modified Wiklund Menopause Symptom Checklist(32,33) to ascertain the presence and
severity (0=not present to 10=severe) of menopausal symptoms (sleep, mood swings, vaginal
bleeding, vaginal dryness, hot flashes and night sweats).

Hormone therapy groups—We used automated pharmacy dispensing data to identify
potentially eligible women and to classify type of HT used for stratification. Women had to
have two estrogen dispensings in the 6 months before recruitment; HT type was distinguished
by the presence of any progestin dispensing in those 6 months (EPT).(34) We further classified
HT dose using information on the highest daily conjugated equine estrogen equivalent dose
and categorized these into: low (<0.625mg), medium (0.625mg), and high (>0.625mg).(34–
36) Progestin dose was defined as: low (2.5mg medroxyprogesterone acetate or 100mg
micronized progesterone) and standard dose (all other progestins).

Outcomes and Measurements
Mammography recall (primary outcome)—Women completed their study mammogram
as part of routine clinical care. All mammograms were interpreted in accordance with Group
Health standard clinical practice during the trial, and clinical care was continued as usual.
Within 1–2 months of the screening mammogram, the expert study radiologist (JCG)
independently interpreted each study mammogram using the index mammogram for
comparison and provided assessments and recommendations blinded to: randomization group,
clinical assessment, and any clinical recommendations. Mammography recall was defined as
any assessment requiring additional imaging or evaluation of either breast (BI-RADS
assessment of 0 for either or both breasts)(30) determined exclusively from the study
radiologists’ interpretation. All women in the study had ≥1 screening mammogram at Group
Health before being recruited; so all women had comparison films that were used at the time
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of the study screening mammogram. Our primary outcome was defined a priori as
recommended recall of any imaging (for technical reasons or otherwise). Technical reasons
for recall were indicated by our expert radiologist primarily for the reason of not having enough
tissue in one or more of the mammographic views to have complete confidence that there were
no changes in the breast from the prior views. We believe it is important to include
mammograms that were recalled for technical reasons because there is no reason to expect
recall for technical reasons to differ across randomization group unless cessation had an effect
on the ability to get a technically adequate image including ability to sufficiently compress the
breast or to get clear images. Time between mammograms was determined in part by a woman’s
recommended screening interval (determined by her risk profile)(37) and her choice (median
time between index and study mammograms=720 days).

Breast density (secondary outcome)—We digitized the left breast craniocaudal
projection from the index and study mammograms using a Kodak Lumisys 85 scanner. We
used Cumulus software(38) (University of Toronto) to measure dense area and total breast area
measured in pixels. Small films were scanned at 87 microns/pixel and large films at 116
microns/pixel and were converted to cm2 for dense area and breast area as follows:
7.554×10−5cm2/pixel (small films) and 1.350×10−4cm2/pixel (large films). Percent breast
density was computed as the ratio of dense area to total breast area. All breast density measures
were interpreted by the same trained reader (EAB) in batches of 50 films each. Participant’s
index and study films were read in random order within the same batch of films, with the reader
blinded to participant identifiers, randomization group, and the timing of the exam. To evaluate
quality assurance, we included four intra-batch repeats within each batch. The mean absolute
difference (standard error, SE) in quality control samples was 3.3% (0.2%) for percent breast
density, 4.7 (0.4) cm2 for dense area; and 2.5 (0.2) cm2 for breast area. The concordance
correlation between intra-batch repeats was 0.9 for percent breast density, 0.95 for dense area,
and 1.0 for breast area.

Follow-up Procedures and Monitoring
The self-administered follow-up study questionnaire was completed before the scheduled
mammogram. The questionnaire asked about tolerance of and adherence to HT suspension,
menopausal symptoms, and specific adverse events, but did not address any questions related
to anxiety related to mammographic procedures, possible recall or mammographic findings.
Adherence was based on self-report from the follow-up questionnaire. Women in the 1-and 2-
month suspension groups were asked “Were you able to stay off your HT as instructed for this
study?” Women who responded “yes” were considered adherent. Adherence among the no-
suspension group was determined from a “yes” response to the question “Did you take any
estrogen in the last month?” We could not assign adherence status for the 3.8% of women who
did not complete these questions.

Adverse experiences—We collected adverse experience information, from recruitment to
12 months following study mammogram, for serious adverse events (myocardial infarction,
angina, stroke, coronary bypass surgery, coronary angioplasty/stent, pulmonary embolism,
deep vein thrombosis, or death), anticipated adverse events (depression, dizziness or faint
spells, palpitations, or vaginal bleeding), and unexpected adverse events (any event not
previously listed). Adverse experiences were collected from: the study hotline, the follow-up
questionnaire, and monthly reviews of Group Health automated data using International
Classification of Diseases, 9th Revision and Current Procedural Terminology codes. The study
physician (SDR) and a designated medical monitor adjudicated all potential events identified.
All serious adverse events were also submitted to the Data Safety and Monitoring Board and
Group Health’s and the U.S. Department of Defense’s IRBs. The Data Safety and Monitoring
Board met four times and monitored serious adverse events, anticipated adverse events, and
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unexpected adverse events; interim analyses were examined at two meetings to determine if
stopping guidelines had been met.

Statistical analysis
In designing our study, we estimated study power based on preliminary data demonstrating a
13% mammography recall rate among women using HT.(19) Enrolling 1500 women to three
equal size groups provided 85% power to detect a 5% decrease in mammography recall rate
(8% mammography recall in the combined suspension groups).

Chi-square tests, Kruskall-Wallis tests, and analysis of variance were used to compare
demographic and potential confounding variables among the three groups. We used
generalized linear models with a log link to estimate the relative risk (RR) and 95% confidence
intervals (CI) of mammography recall for women in the suspension groups relative to the no-
suspension group. We used linear regression to compare the mean change from index to study
mammograms in breast density across study groups. All statistical analyses were completed
using STATA, v.10.0 (StataCorp. College Station, TX).

All main analyses were based on a modified intention to treat analysis, where group differences
were estimated based on randomized group assignment, regardless of adherence. Since
mammography recall and breast density (the primary and secondary outcomes) could only be
assessed among women completing their mammogram, all analyses were limited to women
who did not withdraw from the study before their study mammogram, making a strict intention
to treat analysis impossible. We report unadjusted results, because sensitivity analyses adjusted
for covariates (body mass index, age, and HT type) did not alter the findings. We repeated the
main analysis limited to women who adhered to the study protocol.

To investigate effect modification, we specified a priori four participant characteristics for
subgroup analyses that we thought could alter the association between HT suspension and the
study outcomes: age at study enrollment; duration of HT use at baseline; and estrogen and
progestin strength. The associations between mammography recall and brief suspension in
these subgroups were estimated by including an interaction term between randomization group
and the subgroup variables in the multivariable regression models.

RESULTS
We approached 5861 women to assess their eligibility and to invite them to participate in the
trial. We excluded 4157 women: 2999 (72.1%) refused; 977 (23.5%) were determined
ineligible after initial contact (e.g., no longer taking HT, heart disease history, had recent
mammogram); 179 (4%) could not be contacted; and 2 had unknown reasons for exclusion.
Most women who refused participation (58.4%) were unwilling to stop HT, even briefly
(Figure 1). Among the 4884 potentially eligible women invited, 65.1% declined participation.
There were a few small differences between women who refused compared with those who
participated. Women who refused were older than participants (mean 61.3 vs. 60.3 years, p<.
001), leaner (mean=27.1 vs. 27.6 kg/m2, p<.002), less likely to be Caucasian (89.6% vs. 91.3%,
p=<.001), and less educated (≤high school 19.2% vs. 14.0%, p<.001).

We randomly assigned 1704 women to the three study arms: 567 no suspension, 570 1-month
suspension, and 567 2-month suspension. A total of 228 (13.4%) randomly assigned women
withdrew from the study. Withdrawal differed across groups: 24/567 (4.2%) no suspension;
90/570 (15.8%) 1-month suspension; and 114/567 (20.1%) 2-month suspension. Reasons for
withdrawal varied, but the majority of women in the suspension groups withdrew because they
refused to discontinue HT after receiving their randomization assignment. Nearly one third of
the withdrawals in the no-suspension group (7/24) withdrew because they discontinued HT
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before their mammogram. Despite differential withdrawal by randomization group, there were
no statistically significant characteristics of women who withdrew after randomization
compared with women who completed participation: age (p=.81), HT type (p=.50), body mass
index (p=.181), race (p=.29), education (p=.21), breast cancer risk (p=.32), family history
(p=.25), HT duration (p=.71) or breast density (p=.25). We had complete study data including
mammogram assessments and both questionnaires for 95.7% of the 1476 enrolled women who
remained in the study. An additional five women (one no-suspension, two 1-month suspension,
and two 2-month suspension) were excluded from the primary analysis because they did not
complete their study mammogram or their film was not available for assessment by the study
radiologist. This resulted in a final analytic sample size of 1471.

The mean age at recruitment among enrolled women was 60.3 years, mean body mass index
27.6 kg/m2, and 91.5% of the study population was Caucasian (Table 1). There were no
statistically significant differences in age, body mass index, race, ethnicity, education, or breast
cancer risk across randomization groups. Most of the randomly assigned women (62.0%) used
unopposed estrogen, and nearly half had previously tried to quit HT. Approximately one third
of the women self-reported having hypertension, high cholesterol, and/or depression. Health
status and behaviors did not differ across randomization groups. Self-reported health status
was high across all groups, with <10% reporting fair or poor health (data not shown). Most
women were non-smokers (56.5% never, 37.2% former) and were not heavy alcohol drinkers
(28.9% never-drinkers and 14.1% drinking daily, with 70.9% of drinkers reporting having 1
drink/day on days they drank).

Adherence to random assignment was high across randomization arms (99.0% no suspension,
92.7% 1-month, and 87.3% 2-month); but was statistically significantly lower (p<.006) in the
2-month suspension group compared to the 1-month group. There were no crossovers designed
in this study. Women in the suspension groups were asked to report all reasons for
nonadherence, and their most frequent responses included hot flashes (70.5%), night sweats
(65.9%), sleep disturbances (65.9%), and “just feeling better” taking HT (64.8%).

Mammography recall
Just over one in 10 women (11.2%) were recalled for additional mammography imaging with
the largest proportion of mammography recall occurring in the women randomly assigned to
1-month suspension (12.3%) followed by no suspension (11.3%) and 2-month suspension
(9.8%) (p=.45) (Table 2). Recall rates did not change when limited to women adherent with
randomization (p=.39). Reason for recall included technical (7.3%), work-up of a probably
benign lesion (84.1%), work-up of a possible malignant lesion (6.1%) and other (reason not
specified, 3.1%). Technical reasons were indicated as the reason for recall for 3.3% in the no
suspension, 11.9% in 1-month suspension and 6.8% in 2-months suspension. After excluding
the women who had a recall for technical reasons from the numerator and denominator, the
pattern of recall remained the same by randomization group: 1-month suspension (11.0%)
followed by no suspension (10.9%) and 2-month suspension (9.2%) (p=.57).

Recall patterns varied by HT strata. ET users had a statistically non-significant (p=.30) lower
recall (9.7%) than EPT users (13.5%). There were no statistically significant differences in
recall across randomization groups for ET (p=.42) or EPT users (p=.80). Among ET users,
there was a suggestion that women in the 1-month suspension group had a higher recall rate
compared to the no-suspension group. Among EPT users, recall rates had statistically non-
significant drops from 14.5% among continued users to 12.1% for women who stopped EPT
for 2 months.
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Pre-specified effect modification analyses by age at recruitment, HT use duration, and HT
strength identified no subgroup with statistically significant decreases in mammography recall
(data not shown).

Mammographic breast density
Recall rates increased with increasing amounts of dense area on mammograms but were
affected little by percent density (Table 3). After adjusting for body mass index and age, there
was an increase in the relative risk of recall with increasing mammographic breast density
(percent and dense area), but there was no relation between change in density and recall rates.

There were ordered and statistically significant decreases in percent breast density and dense
area with 1 and 2 months of HT suspension (Table 4); decreases in density were greater with
longer suspension. Percent breast density decreased in both suspension groups, with a mean
(SE) change of -0.9% (0.3%) in the 1-month suspension group and -1.5% (0.4%) in the 2-
month group, with no change [0.1% (0.3%)] in the no-suspension group. Comparable ordered
declines were observed for dense area. Declines in percent breast density and dense area were
larger after excluding non-adherent women.

When stratified by HT type, changes in percent breast density and dense area shared the same
pattern as for overall users, but statistically significant differences were limited to EPT users
with short-term suspension with mean decreases in percent breast density of −1.3% and −2.2%
for 1-and 2-month suspension, compared to no change (0.6%, p=.009 1 month vs. no
suspension, p<.0001 2 months vs. no suspension) in the no-suspension group.

In our sub-analyses by age, duration of HT use before index mammogram, and estrogen and
progestin strength, we observed the greatest declines in percent breast density and dense area
among women <60 years and in women using standard progestin dose (Figure 2). Virtually
every subgroup analysis showed ordered decreases in breast density with increasing HT
suspension. We observed a nonsignificant increase in mammography recall for women on
progestin doses of medroxyprogesterone acetate 2.5 mg compared to higher doses. Although
we did not assess continuous vs. cyclical patterns, medroxyprogesterone acetate 2.5 mg is
almost never given in a cyclical pattern and is the most common progestin dose for a continuous
regimen.

Adverse events and symptoms
Eight serious adverse events occurred among randomized participants (through 7/18/08): two
myocardial infarctions (no-suspension), two strokes (one no-suspension, one 2-month), and
four deaths (two no-suspension, one 1-month, one 2-month) (data not shown).The no-
suspension group had the most unanticipated events: three diagnoses of breast cancer, two
women with atypical chest pain, and eight other events (e.g., fracture/fall, laceration). Six
unanticipated events occurred among women in the 1-month group, but none occurred in the
2-month group. All women diagnosed with breast cancer adhered to randomization. Of the
women diagnosed with breast cancer, all three in the no-suspension group used EPT, and one
in the 1-month suspension group used ET until 1 month before her mammogram.

Vaginal bleeding was the most common anticipated adverse event, occurring in seven women
in 1-month, six in 2-month, and three in no-suspension. Hot flashes, sleep disturbances and
night sweats were the symptoms that increased the most in the suspension groups, with the
greatest increase in symptoms in the 2-month suspension group (Table 5). None of our
measured menopausal symptoms improved in either suspension group.
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DISCUSSION
We have demonstrated that short-term suspension of ET or EPT for 1 or 2-months is associated
with small changes in breast density and that suspension does affect mammography recall rates.
Although most women who agreed to participate in our study tolerated short-term HT
suspension, suspension was associated with statistically significant increases in menopausal
symptoms for women using ET or EPT.

No large-scale randomized trials have measured how quickly density changes with HT
suspension. Moreover, no studies have quantified the amount of density reduction needed to
improve mammography performance (recall, sensitivity, specificity or overall accuracy).
Theoretically, even small decreases in breast density and recall have the potential to have a
clinically meaningful impact on screening performance in larger groups. However, no studies
have quantified the amount of decrease in continuous mammographic breast density (percent
or area) needed to reduce mammography recall.

We designed our intervention to test 1-and 2-month HT suspension because we believed it was
impractical for women to suspend HT for longer periods between annual and biennial screening
mammograms. Previous studies(11,18,19) have demonstrated clinically and statistically
significant improvements in mammography recall with HT suspension, but those studies were
not randomized and were based on longer periods of HT suspension. The majority (61%) of
eligible women approached to participate in this trial refused because they were unwilling to
consider short-term HT suspension, even if short-term suspension might improve
mammography quality. There were no clinical or statistical differences in breast density or HT
type or duration for women who refused compared to women who participated. Among women
who agreed to participate in the trial, 13% withdrew after randomization; there were also no
clinical or statistical differences between women who agreed to participate and withdrew after
randomization to women who remained in the study. Our study was designed to determine the
effectiveness of short-term HT suspension, making the high proportion of refusals an important
finding of this study.

Linear trends of increased recall were seen with increasing percent density and increasing dense
area at the study mammogram, with slightly stronger effects for dense area. However, these
trends were not observed in relation to change in percent density or change in dense area and
recall. These findings emphasize that density is an important factor influencing recall rates,
but that it is likely that change in density needs to be large to be able to have any clinical affect
on recall rates.

Percent density changes in our study are similar in magnitude to changes observed during a
menstrual cycle(14) and the menopause transition.(39) They are also comparable to other
smaller studies measuring change in breast density over longer (12-month) periods. The
exception is the Postmenopausal Estrogen/Progestin Intervention (PEPI) Trial, a randomized
trial including 571 women aged 45–64(40), designed to examine differences in heart disease
risk factors by ET and EPT vs. placebo. PEPI reported some of the largest mean changes in
percent breast density over a 12-month period, with breast density increasing from 3.1% to
4.8% for women in the EPT groups and decreasing by −0.1% in the placebo group.(40)
Additionally, one small (n=48) observational study found a reduction in density from 2 weeks
of HT suspension, and suggested brief suspension could improve mammography performance.
(20) However, this study was limited to women with new or enlarging circumscribed breast
masses, which excluded abnormalities that were unlikely to be related to HT use. Our current
study was not designed to examine pattern changes (e.g., masses/calcifications) in density in
response to HT suspension, but this may be an important area for future examination.
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Assessing clinically meaningful changes in breast density is challenging for continuous and
BI-RADS density measures.(41) Large changes in density are needed to shift BI-RADS
categories if radiologists use the recommended distribution of 25% density in each BI-RADS
category.(30) Moving one BI-RADS breast density category amounts to a 14%-18% change
in breast density.(40) Boyd(42) previously estimated the relative risk of breast cancer increases
by 2% for each 1% increase in percent breast density when measured continuously. However,
the clinical significance of changing breast density remains unknown, particularly in the
subgroup of women for whom HT increases breast density. Understanding characteristics of
women whose breast density changes with HT and other exogenous exposures, including which
breast-level changes result, may be critical to understanding hormone exposures in breast
cancer development and detection.

Several small randomized trials—and one large study nested in a randomized trial—have
assessed the effects on density of various HT formulations, including dose, drug type,
application, and duration of use.(43–48) Together, these studies suggest estrogens and
progestins increase density in some women, with a differential effect by route and dose. Our
study was insufficiently large to estimate recall and density changes by HT dose, mode
(continuous sequential vs. cyclical EPT), route, or type (synthetic vs. natural. Interestingly, we
observed a suggestion of higher mammography recall for women using medroxyprogesterone
acetate 2.5 mg (commonly used in continuous regimens) than for women using higher progestin
doses (used cyclically), suggesting that suspension of continuous EPT may increase recall rates,
although full interpretation of these findings is limited by a small sample size. In vitro studies
of breast tissue suggest continuous progestin inhibits cell growth.(49,50) If continuous
progestins have an anti-proliferative effect, it is possible that upon withdrawal, particularly in
the month following suspension, breast tissue may experience rebound proliferation leading
to an increase in recall.

We recruited a population of women who were due for a screening mammogram for whom we
had access to index and study mammogram images within our clinical system. Electronic
pharmacy records enabled targeted recruitment to women who were still receiving HT
dispensings and to block-randomize women by HT type (ET vs. EPT). Automated pharmacy
data allowed evaluation of outcome differences by HT type, but we were unable to examine
differences by HT mode, although inferences based on progestin dose can be made.

We designed this study to minimize measurement error including having one breast density
interpreter; using one computer, monitor, and scanner; ensuring distribution of women across
randomization groups in each breast density batch; and including intra-and inter-rater quality
control readings in each batch. Despite all these controls, the variability in quantitative density
assessments is important, and can limit the ability to detect change.(41) The standard error of
the mean change in percent breast density ranged from 0.3–0.4%. This resembles other studies
that have reported measurement error in mammographic breast density.

There is a tremendous literature on variability in mammography interpretive performance
(23,51–54). We purposefully used an expert radiologist to interpret all study mammograms in
the same setting to decrease recall variability that could arise from including multiple
radiologists.(23,51–54) Having recall defined by one expert is a strength of the study, which
increases internal validity by reducing variation in recall due to inter-reader variation, but it
could also decrease the generalizability of the findings if other radiologists have different
patterns of recall.(55)

Our results are generalizable to women aged 45–80 years who have used HT for at least 1 year;
nearly half our study population had used HT for ≥15 years. With no evidence of an interaction
between duration of EPT or ET use and mammography recall, we have no reason to believe
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that results from this trial cannot be generalized to women who have shorter-term HT use than
the women in our study. We found no evidence of a benefit for short-term HT suspension in
any age groups, including women over 70 years; an age group been previously demonstrated
to have the greatest reduction in recall from HT suspension.(18,19)

Any intervention that can decrease mammography recall has important public health
consequences regardless of the intervention effect size; false-positive mammograms account
for 25% of the overall costs of US mammography.(56) In the US population in 2005, Medicare
reimbursed 11.4 million screening mammograms among non-HMO women between ages 50
and 79 years.(57) Finding interventions to decrease recall for additional imaging without
compromising sensitivity is critical to the sustainability of breast cancer detection in the US.
Results from this large, population-based randomized trial provide evidence that brief HT
suspension before screening mammography does not decrease mammography recall for any
subgroups of women using HT, despite decreases in breast density. Our results also
demonstrate a substantial negative impact on women from increased menopausal symptoms.
For breast cancer detection and prevention, we need to understand whether subsets of women
whose breast density changes in response to endogenous exposures (e.g., parity, cyclical
changes) and exogenous exposures (e.g., various HT types and doses, tamoxifen, aromatase
inhibitors) may benefit differentially from interventions designed to decrease mammographic
breast density.
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Figure 1.
Recruitment for READ Study
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Figure 2.
Difference Between Index and Study Mammogram in Means of Percent Breast density and
Dense Area for 1-Month Suspension vs. No-Suspension and 2-Month Suspension vs. No-
Suspension, by Age, Duration of Hormone Therapy Use, Body Mass Index, and Estrogen and
Progestin strength
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Table 1

Baseline Characteristics of READ Study Participants by Randomization Assignment

Characteristics No-
suspension
(n = 567)

1-month
suspension
(n = 570)

2-month
suspension
(n = 567)

Age at study recruitment, y

  44–50 34 (6.0) 41 (7.2) 35 (6.2)

  51–55 118 (20.8) 111 (19.5) 121 (21.3)

  56–60 151 (26.6) 178 (31.2) 175 (30.9)

  61–65 125 (22.1) 113 (19.8) 117 (20.6)

  66–70 82 (14.5) 68 (11.9) 59 (10.4)

  71–81 57 (10.1) 59 (10.4) 60 (10.6)

Mammographic breast density

  Scattered fibroglandular 194 (34.2) 196 (34.4) 194 (34.2)

  Hetereogeneously dense 315 (55.6) 315 (55.3) 315 (55.6)

  Extremely dense 58 (10.2) 59 (10.4) 58 (10.2)

Type of hormone therapy

  Estrogen + progestin 215 (37.9) 217 (38.1) 215 (37.9)

  Unopposed estrogen 352 (62.1) 353 (61.9) 352 (62.1)

Body mass index kg/m2, index mammogram

  Mean (SD) 27.5 (5.7) 27.7 (6.0) 27.6 (5.6)

  Range 17.4, 51.1 17.5, 49.5 17.7, 51.9

Race

  Caucasian 525 (92.8) 516 (90.9) 511 (90.8)

  African American 12 (2.1) 12 (2.1) 13 (2.3)

  Asian 8 (1.4) 11 (1.9) 14 (2.5)

  Other 21 (3.7) 29 (5.1) 25 (4.4)

Hispanic

  No 544 (98.6) 540 (97.0) 536 (96.8)

  Yes 8 (1.5) 17 (3.1) 18 (3.3)

Time between index and study mammogram (days) (n=1471)

  Mean (SD) 620.4 (165) 618.4 (158) 618.6 (163)

  Range 292, 1232 339, 875 349, 1234

Education

  ≤High school 80 (14.3) 74 (13.2) 82 (14.6)

  Some college 243 (43.4) 219 (39.0) 223 (39.7)

  College graduate 99 (17.7) 127 (22.6) 112 (19.9)

  ≥Graduate school 138 (24.6) 142 (25.3) 145 (25.8)

Breast cancer risk§

  Low 486 (85.7) 484 (84.9) 468 (82.5)

  Higher 81 (14.3) 86 (15.1) 99 (17.5)

Information from baseline questionnaire

Women completing baseline questionnaire 540 (95.2) 485 (85.1) 477 (84.1)
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Characteristics No-
suspension
(n = 567)

1-month
suspension
(n = 570)

2-month
suspension
(n = 567)

Duration of prior HT use at baseline

  Mean (SD), years 14.1 (9.4) 14.1 (9.2) 13.6 (8.9)

  Categorical

 <5 years 70 (13.4) 62 (13.3) 59 (12.9)

 5–9 years 113 (21.6) 103 (22.1) 102 (22.3)

 10–14 years 113 (21.6) 107 (22.9) 110 (24.1)

 15+ years 228 (43.5) 195 (41.8) 186 (40.7)

Days per month taking estrogen at baseline

    <15 days 12 (2.3) 10 (2.1) 16 (3.4)

    15–29 days 58 (10.9) 55 (11.5) 46 (9.8)

    Daily 464 (86.9) 414 (86.4) 408 (86.8)

Ever tried to quit HT previously

  No 275 (51.8) 268 (56.2) 244 (51.9)

  Yes 256 (48.2) 209 (43.8) 226 (48.1)

Health history

  Hypertension 204 (38.4) 185 (38.8) 176 (37.9)

  High cholesterol 160 (31.1) 146 (31.3) 147 (32.4)

  Diabetes 34 (6.5) 46 (9.6) 20 (4.3)

  Bone fracture after age 44 or kyphosis 74 (14.0) 55 (11.7) 66 (14.3)

  Depression 192 (37.0) 170 (36.0) 157 (34.1)

Last episode of vaginal bleeding

  ≤12 months ago 57 (10.6) 57 (13.0) 46 (10.0)

  1–5 years ago 78 (14.8) 68 (14.4) 58 (12.6)

  >5 years ago 393 (74.6) 348 (73.6) 357 (77.4)

*
Data are presented as a number (percentage) of women unless otherwise noted.

‡
Women with entirely fatty breasts were ineligible to participate

§
Low risk = recommended 2-year screening interval, High risk = recommended annual screening
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