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Abstract

Background—Reductions in breast density with tamoxifen and aromatase inhibitors may be an 

intermediate marker of treatment response. We compare changes in volumetric breast density 

among breast cancer cases using tamoxifen or aromatase inhibitors (AI) to untreated women 

without breast cancer.

Materials and Methods—Breast cancer cases with a digital mammogram prior to diagnosis 

and after initiation of tamoxifen (n=366) or AI (n=403), and a sample of controls (n=2170) were 

identified from the Mayo Clinic Mammography Practice and San Francisco Mammography 

Registry. Volumetric percent density (VPD) and dense breast volume (DV) were measured using 

Volpara™ (Matakina Technology) and Quantra™ (Hologic) software. Linear regression estimated 

the effect of treatment on annualized changes in density.

Results—Premenopausal women using tamoxifen experienced annualized declines in volumetric 

percent density of 1.17% to 1.70% compared with 0.30% to 0.56% for controls and declines in 

dense breast volume of 7.43 cm3 to 15.13 cm3 compared with 0.28 cm3 to 0.63 cm3 in controls, 

for Volpara and Quantra respectively. The greatest reductions were observed among women with 

≥10% baseline density. Postmenopausal AI-users had greater declines in volumetric percent 

density than controls (Volpara p=0.02; Quantra p=0.03), and reductions were greatest among 

women with ≥10% baseline density. Declines in volumetric percent density among 
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postmenopausal women using tamoxifen were only statistically greater than controls when 

measured with Quantra.

Conclusions—Automated software can detect volumetric breast density changes among women 

on tamoxifen and AI.

Impact—If declines in volumetric density predict breast cancer outcomes, these measures may be 

used as interim prognostic indicators.

Introduction

Tamoxifen is a well-established therapy for estrogen-receptor (ER) positive breast cancer, 

and is used primarily to treat premenopausal breast cancer.(1) Treatment with tamoxifen 

reduces breast density in approximately 30–60% of breast cancer cases,(2,3) with greater 

declines observed among premenopausal women and women with high breast density. 

Reductions in breast density of 10–20% with tamoxifen have been associated with a reduced 

risk of recurrence and mortality among both premenopausal and postmenopausal breast 

cancer cases, as well as reduced risk of breast cancer among high-risk women taking 

tamoxifen for primary prevention.(4–8)

Aromatase inhibitors (AI) decrease levels of circulating estrone and estradiol and are 

prescribed as adjuvant treatment for ER-positive breast cancer in postmenopausal women.

(9,10) Research evaluating the effect of AI on breast density has been less consistent than 

tamoxifen. Though several studies have found reductions in breast density among 

postmenopausal breast cancer cases taking AI,(11,12) studies comparing changes to 

untreated women found no difference in density decline.(13,14) Changes in breast density 

among postmenopausal women taking AI as primary prevention have largely had null 

findings,(15–17) though one study found that women taking AI and postmenopausal 

hormone therapy experienced greater declines in breast density compared with women on 

postmenopausal hormones alone.(18) Similar to tamoxifen, reductions in breast density with 

AI may signal improved prognosis; a study by Kim et al.(7) found that women on AI who 

did not have a decline in density had a 7-fold increased risk of recurrence relative to women 

with a reduction of 5% or greater.

Prior literature assessing longitudinal changes in breast density has principally used 

operator-dependent techniques that measure the two-dimensional area of dense breast tissue 

on digitized mammography. Full-field digital mammography (FFDM) has advanced the 

development of automated software that measures volumetric breast density in three-

dimensions, and early studies confirm that volumetric breast density is predictive of breast 

cancer risk.(19–21) Research has not assessed response to treatment with tamoxifen and AI 

using volumetric density measures on FFDM, though a few studies using MRI suggest 

volumetric measures may more accurately measure density changes.(22,23) If volumetric 

density measures from FFDM provide precise estimates of longitudinal change in breast 

density, they may be used clinically to provide important prognostic information.

We aim to assess the effect of tamoxifen and AI on changes in breast density by comparing 

annualized changes among breast cancer cases to women without breast cancer not using 
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tamoxifen or AI to account for natural declines in breast density with age among cases. We 

use two volumetric breast density measures obtained from FFDM and currently used in 

clinical practice,(19) Volpara™(24) and Quantra™(25), to assess longitudinal changes with 

therapy.

Materials and Methods

Study Population

Participants were sampled from two breast imaging cohorts: the San Francisco 

Mammography Registry (SFMR) and the Mayo Clinic Breast Screening Practice, described 

below, and in detail elsewhere.(19)

San Francisco Mammography Registry (SFMR)—The SFMR is a population-based 

mammography registry collecting demographic, risk factor, and mammographic information 

on women undergoing mammography at 22 facilities in the San Francisco Bay Area. We 

included four SFMR facilities that have obtained raw digital images from Selenia-Hologic 

mammography machines since 2006. The SFMR links to the California Cancer Registry 

(CCR), which includes data from Northern and Southern California Surveillance 

Epidemiology and End Results (SEER) Programs for information on cancer diagnoses. 

Passive permission to participate in research is obtained at each mammography visit.

Mayo Clinic, Rochester, Breast Screening Practice—Patients within the Mayo 

Clinic Rochester Breast Screening practice residing in Minnesota, Iowa and Wisconsin were 

eligible for this study. Tri-state women presenting for screening mammography at Mayo 

comprise a regional cohort of women likely to return to Mayo for subsequent breast cancer 

diagnosis and treatment.(26) Patients consenting to Research Authorization allow medical 

records, images and cancer data to be used for research (93% response rate). Breast cancer 

cases are ascertained via linkage to the Mayo Clinic Tumor Registry.

Participants

Women diagnosed with invasive (n=674) or in situ (n=95) breast cancer with a mammogram 

within 48 months prior to diagnosis and a subsequent mammogram at least one year 

following initiation of tamoxifen or AI were eligible to be included if they were on treatment 

at the time of the exam. For the pre-treatment mammogram, the exam closest to date of 

diagnosis was selected (median months prior to diagnosis: 0.6, IQR: 0.2–2.1). The last 

available mammogram while the woman was still on treatment was selected as the 

subsequent mammogram (median months post-diagnosis: 31.5, IQR: 23.6–40.3). Women 

without breast cancer with two or more mammograms at least 6 months apart, over the same 

time period as the cases and not using tamoxifen, AI or postmenopausal hormones were 

selected as controls. 35 breast cancer cases and 37 controls were excluded due to unknown 

menopause status; sensitivity analyses including women of unknown menopause status did 

not alter results. 17 premenopausal women transitioned from tamoxifen to AI over the study 

period and 31 women took tamoxifen and AI’s concurrently; these women were included in 

the tamoxifen group. Sensitivity analyses excluding women taking both tamoxifen and AI 
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did not alter results. There were a total of 366 breast cancer cases on tamoxifen, 403 breast 

cancer cases on AI, and 2170 controls included in the analysis.

Treatment and Covariate Data

Demographic, risk factor, and treatment data were ascertained from questionnaires at 

mammography visits for women in the SFMR. Treatment duration was estimated by length 

of time between examinations that both confirmed hormone therapy use. Treatment data for 

women diagnosed at the Mayo Clinic were ascertained through linkage with the Mayo 

Clinic Tumor Registry and medical record abstraction. Covariate data including age, body 

mass index (BMI), race/ethnicity, menopause status, parity, and first-degree family history of 

breast cancer were obtained from baseline questionnaire (SFMR) or electronic medical 

records (Mayo). Change in BMI was calculated between first and last mammograms.

Breast Density Measurement

Raw (“for processing”) mammograms were collected and stored, and automated breast 

density measures Volpara™ and Quantra™ were run on all contralateral images for cases 

and one randomly chosen side for controls.

Volpara and Quantra Software—Volpara™ (Version 1.5.0; Matakina Technology, New 

Zealand) and Quantra™ (Version 2.0; Hologic, Bedford, US) are fully automated software 

systems that use different proprietary algorithms to estimate volumetric breast density. Both 

software types have been described in detail elsewhere.(19,20,27,25) Briefly, Volpara and 

Quantra use measurements of breast thickness and x-ray attenuations to estimate the amount 

of dense and non-dense tissue at each pixel in the mammogram. Estimates of the overall 

dense breast volume (DV) are obtained by summing over the estimated dense tissue volume 

at each pixel. The dense breast volume is divided by the total breast volume and multiplied 

by 100 to obtain volumetric percent density (VPD). We measured breast density on the 

cranio-caudal (CC) and medio-lateral oblique (MLO) views for each woman. The final 

density value is estimated as the ratio of highest DV to total volume from either view for 

Quantra, and the average VPD of both views for Volpara.

Statistical Methods

Baseline characteristics of the study populations are summarized by median and quartiles or 

frequency and percentage. VPD and DV estimates at each mammogram were plotted against 

time to visually assess evidence of linearity of changes. Density change was found to be 

approximately linear with time, therefore annualized changes were estimated by fitting 

linear regression models for each density measure with time from initial mammogram. 

Assessing annualized changes in breast density allowed for variation in duration of treatment 

across groups. Multivariable linear regression models were used to estimate the effect of 

treatment type (tamoxifen or AI vs. control) on annualized change in breast density, 

adjusting for age, baseline BMI, change in BMI, natural logarithm of baseline volumetric 

density, and study site. Confounding by race/ethnicity, parity, and family history of breast 

cancer were evaluated and adjusted estimates were similar; thus, results shown are not 

adjusted for these variables. Separate models were fitted for software type and menopause 

status. F-test p-values compared the changes in treatment groups compared to controls 
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separately for each endpoint (VPD and DV) and software type (Volpara and Quantra) by 

menopause status. In secondary analyses, models assessed the effect of treatment on relative 

change in VPD, where point estimates reflect the percent reduction in VPD relative to the 

baseline VPD, and inferences were consistent with models using absolute changes 

(eSupplement, Table 1). Further analyses were stratified by baseline VPD of <10% vs. ≥10% 

for consistency with prior literature.(7,8,28) To directly assess differences in software types, 

data for both Volpara and Quantra were entered into the same model with an interaction 

between software type and treatment. We used a repeated measures mixed model analysis to 

account for correlation between measurements taken on the same woman from the two 

software types; we did not impose a structure on the correlation but allowed the model to 

estimate the correlation from the data. Models for interaction were fit separately for 

premenopausal and postmenopausal women and for VPD and DV. All tests of statistical 

significance were two-sided and p-values <0.05 were considered to be statistically 

significant. Analyses were conducted using SAS version 9.4.

Results

Characteristics of the 366 women on tamoxifen, 403 women on AI, and 2170 controls are 

displayed in Table 1 (Table 1). Women treated with AI were exclusively postmenopausal, 

while tamoxifen-users were premenopausal or postmenopausal in roughly equal proportions. 

Premenopausal tamoxifen-users were similar in age and BMI to premenopausal controls, 

however among postmenopausal women, tamoxifen-users tended to be younger and have a 

lower BMI relative to AI-users and controls. The median time between earliest and latest 

mammogram was 3 years for breast cancer cases and 2 years for controls.

Premenopausal Women

Annualized changes in VPD among premenopausal women on tamoxifen ranged from 

−10.4% to +5.1% for Volpara and −18.9% to +11.7% for Quantra. Premenopausal women 

on tamoxifen experienced greater declines in VPD relative to controls, with an adjusted 

annual declines of 1.17% and 1.70% compared to declines of 0.30% and 0.56% among 

control women for Volpara (p<0.001) and Quantra (p<0.001), respectively (Supplementary 

Table 2). Among women with a baseline VPD ≥10%, there were greater reductions in VPD 

among tamoxifen-users compared to controls for both Volpara (mean: −1.58%, p=<0.001) 

and Quantra (mean: − 2.11%, p=0.004). However, premenopausal women with Quantra 

baseline VPD <10% on average did not experience a decline in breast density, while those 

with Volpara baseline VPD<10% did show a significant decrease of 0.38% compared to 

controls (p=0.01, Figure 1c,d).

Among premenopausal women, estimates of the effect of treatment on DV overall and by 

baseline density were generally consistent with VPD. Annualized changes among 

tamoxifen-users ranged from −70.0 cm3 to +22.0 cm3 for Volpara and −156.9 cm3 to +53.0 

cm3 for Quantra. Women on tamoxifen had greater reductions in DV relative to controls, 

with adjusted declines in Volpara DV of 7.43 cm3 and Quantra DV of 15.13 cm3 compared 

to reductions of 0.28 cm3 and 0.63 cm3 among controls (Volpara p<0.001; Quantra 

p<0.001). When stratifying by baseline Volpara VPD, tamoxifen-users with baseline VPD 
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<10% and ≥10% both showed statistically greater declines in DV compared to controls. 

Women on tamoxifen with <10% baseline Quantra VPD did not experience a decline in DV 

(p=0.51; Figure 1f, Supplementary Table 3).

Postmenopausal Women

Annualized changes in VPD and DV were, on average, lower among postmenopausal 

compared with premenopausal cases and controls. Reductions in VPD with tamoxifen 

ranged from of −5.7% to +5.7% and −7.0% to +6.7%, compared with AI-users range of 

−7.4% to 3.9% and −7.6% to +11.9% for Volpara and Quantra, respectively. Adjusted 

annual reductions in VPD were greater for tamoxifen-users (Volpara: −0.26%, Quantra: 

−0.75%) and AI-users (Volpara: −0.30%, Quantra: −0.58%) relative to controls, though 

changes with tamoxifen compared with controls were only statistically significant with 

Quantra (p=0.005). Volpara did not detect differences in VPD with tamoxifen compared 

with control women in either strata of baseline density, but found greater reductions in VPD 

among AI-users with baseline VPD ≥10% (p=0.009). In contrast, Quantra found statistically 

greater declines in VPD for both tamoxifen and AI-users among women with baseline VPD 

≥10% compared to controls (tamoxifen p=0.009; AI p=0.006, Figure 2c,d).

Neither software type detected decreases in DV among postmenopausal tamoxifen or AI-

users overall, though both Volpara and Quantra detected statistically significant increases in 

DV among AI-users compared with controls with baseline density <10%, with an increase of 

0.14 cm3 and 2.22 cm3 for Volpara (p=0.05) and Quantra (p=0.04), respectively 

(Supplementary Table 4).

Volpara vs. Quantra

The effect of treatment differed by software type only for estimates of DV among 

premenopausal women, where Quantra estimated a larger effect of tamoxifen on DV relative 

to Volpara (p interaction=0.002, Figure 1e,f). The effect of treatment on annualized change 

of VPD, or DV among postmenopausal women did not differ by software type.

Discussion

Our results suggest that treatment with tamoxifen and AI were associated with decreases in 

VPD among premenopausal and postmenopausal women. On average, the magnitude of 

annual decline in VPD with either treatment was greater in premenopausal women and 

women with higher baseline VPD. Treatment was associated with decreases in DV among 

premenopausal women, though DV did not decline with tamoxifen or AI among 

postmenopausal women overall.

Our results using volumetric density measures support previous literature finding greater 

declines among tamoxifen-users relative to women not treated with tamoxifen. Meggiorini et 

al. (2008)(2) compared area percent density among breast cancer cases treated with 

tamoxifen and radiation compared with chemotherapy and radiation, and found a mean 

reduction of 20.6% in the tamoxifen-treated group compared to 7.5% among those treated 

without tamoxifen. Two other studies of adjuvant tamoxifen used qualitative parenchymal 

patterns and found that premenopausal and postmenopausal tamoxifen-users were more 
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likely to decrease their breast density category relative to controls.(29,30) Studies of 

tamoxifen for primary prevention show similar findings;(31,32) notably, in the International 

Breast Cancer Intervention Study (IBIS), women randomized to tamoxifen reduced percent 

density by 7.9% after 18 months of treatment, relative to the 3.5% decline among those 

randomized to placebo, with larger declines observed among premenopausal women.(28) 

We found average annual declines of 1–2% among premenopausal women, and 0–1% 

among postmenopausal women. This magnitude of change was broadly consistent with the 

only other study to use volumetric breast density, measured on MRI, that found a median 

reduction of 5.8% percent density among premenopausal and postmenopausal women after a 

mean of 17.5 months.(30)

Our study is the first to find clear evidence of a decline in volumetric breast density among 

women on AI. Neither of the two prior studies of AI that include a reference comparison 

found evidence of a greater decline in breast density with AI compared to the natural decline 

among untreated women.(13,14) Previous studies have exclusively used two-dimensional 

operator-dependent breast density measures, therefore one explanation of our results may be 

increased precision in the fully-automated software. Also, prior studies did not exclusively 

use FFDM images.(13,14) Alternatively, differences in our findings may support the 

hypothesis that there are different aspects of breast density that are captured by two and 

three-dimensional measurements. This hypothesis is supported by recent work,(33,34) 

including Cheddad et al.(33) who found that while area and volumetric measurements were 

correlated, volumetric density was independently associated with a genetic variant indicative 

of breast density, after controlling for area density measures, suggesting volume may capture 

a slightly different underlying entity.

A growing literature suggests that declines in breast density with tamoxifen or AI may be 

important prognostic indicators of breast cancer outcomes. Changes in breast density with 

tamoxifen and AI may occur when the estrogen effect is successfully blocked at the tissue 

level, consistent with other exposures, including menopause, where reduced exposure to 

estrogen reduces breast density. Li et al.(6) recently found a reduced risk of breast cancer 

mortality among women on tamoxifen who experienced a ≥20% reduction in dense breast 

area, while Kim and colleagues(7) found that women on tamoxifen or AI who decreased 

their area percent density by >10% had a lower risk of recurrence. These results are 

supported by the IBIS-1 trial, which observed a similar threshold for reduced risk of breast 

cancer among women taking tamoxifen for primary prevention.(8) However, all of these 

studies used two-dimensional measurements of breast density; the magnitude of volumetric 

breast density change relevant for prognostic significance has yet to be examined and must 

be established to inform clinical decision-making.

Studies of longitudinal change in breast density have observed greater declines among 

women with higher baseline breast density.(4,8,12,22,28,35) We found that on average 

women with baseline density ≥10% experience a larger annual decline, though 

premenopausal women with baseline density <10% still experienced statistically significant 

reductions in breast density, using either volumetric density measure. It is unclear if the 

benefit of density reduction on breast cancer outcomes is limited to women with higher 

baseline density, or simply if women with higher baseline values experience larger 
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reductions. A majority of the literature finding improved prognoses with density decline 

have been restricted to studies of women with higher baseline density,(4,6,8) though we 

found density declines even among women with low baseline values. Future research should 

examine whether these smaller changes are also clinically relevant.

While Volpara and Quantra software estimated similar directions of changes in breast 

density, the magnitude of the changes differed. Both software types estimate volumetric 

breast density using the same metric, cm3, but with distinct proprietary algorithms, though 

previous research shows the measures to be highly correlated.(19) Differences in these 

algorithms may explain why Quantra results were statistically significant for DV but Volpara 

estimates were not. The software types were most consistent among premenopausal women, 

suggesting that the estimates may be most robust among women with high baseline density. 

Although we found occasional differences in statistical significance between software types, 

the direction of changes and subsequent inferences were consistent, thus we conclude that 

both software types are capable of measuring longitudinal change..

Limitations of our study included the inability to determine the exact treatment duration for 

cases from the SFMR, though we expect that misclassification of treatment duration would 

be random and non-differential with respect to breast density change (e.g., the proportion of 

newly treated women will be similar to those who have been treated for the entirety of the 

prior year). Our analyses were stratified by menopause status at the initial mammogram, 

though controls that were premenopausal at baseline may have gone through menopause 

during the time between mammograms. Tamoxifen and AI can induce menopause, therefore 

we could not restrict to controls remaining premenopausal throughout treatment as they 

would not be comparable to cancer cases. To address this, we adjusted for age and other 

determinants of density decline, and expect that the control group approximates the average 

natural decline that would have been observed in the cases had they not been treated. Finally, 

we modeled annualized changes, which assumes linear change with treatment duration. Our 

results suggested a linear fit was appropriate, though prior studies have found nonlinear 

declines in density,(3,12,28) and our power to detect non-linear changes was limited by low 

average number of visits.

Our study is one of the largest to examine longitudinal changes in breast density among 

breast cancer cases on tamoxifen or AI, and the first to utilize automated, volumetric breast 

density measures on FFDM. Our study benefits from a large number of treated women with 

serial mammograms, and the comparison of annualized changes to declines among untreated 

women.

In summary, we found that automated volumetric breast density measures can be used to 

detect volumetric density changes among women on tamoxifen and AI, with greater declines 

in volumetric breast density among premenopausal women using tamoxifen, and 

postmenopausal women using AI, compared to control women. Future research should 

examine whether change in volumetric breast density, and what magnitude of change, is 

predictive of breast cancer outcomes.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Changes in Volpara and Quantra volumetric percent density (VPD) and dense breast volume 

(DV) with tamoxifen (TAM) therapy among premenopausal women.

Panel (a): annualized changes in VPD measured by Volpara and Quantra; panel (b): 
annualized changes in DV measured by Volpara and Quantra; panel (c): annualized changes 

in Volpara VPD stratified by baseline Volpara VPD; panel (d): annualized changes in 

Quantra VPD stratified by baseline Quantra VPD; panel (e): annualized changes in Volpara 
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DV stratified by baseline Volpara VPD; panel (f): annualized changes in Quantra DV 

stratified by baseline Quantra VPD.

Circles represent estimated annualized changes in breast density; lines represent 95% 

confidence intervals. All analyses adjusted for age, baseline BMI, change in BMI, natural 

logarithm of baseline volumetric density, and study site.

TAM, tamoxifen

*p-value <0.05 for annualized change compared to controls
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Figure 2. 
Changes in Volpara and Quantra volumetric percent density (VPD) and dense breast volume 

(DV) with tamoxifen (TAM) and aromatase inhibitor (AI) therapy among postmenopausal 

women.

Panel (a): annualized changes in VPD measured by Volpara and Quantra; panel (b): 
annualized changes in DV measured by Volpara and Quantra; panel (c): annualized changes 

in Volpara VPD stratified by baseline Volpara VPD; panel (d): annualized changes in 

Quantra VPD stratified by baseline Quantra VPD; panel (e): annualized changes in Volpara 
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DV stratified by baseline Volpara VPD; panel (f): annualized changes in Quantra DV 

stratified by baseline Quantra VPD.

Circles represent estimated annualized changes in breast density; lines represent 95% 

confidence intervals. All analyses adjusted for age, baseline BMI, change in BMI, natural 

logarithm of baseline volumetric density, and study site.

TAM, tamoxifen

AI, aromatase inhibitors

*p-value <0.05 for annualized change compared to controls
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