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Abstract

Background Mammographic density (MD) has been shown to be a strong and independent risk factor for breast
cancer in women of European and Asian descent. However, the majority of Asian studies to date have used BI-RADS
as the scoring method and none have evaluated area and volumetric densities in the same cohort of women. This
study aims to compare the association of MD measured by two automated methods with the risk of breast cancer
in Asian women, and to investigate if the association is different for premenopausal and postmenopausal women.

Methods In this case—control study of 531 cases and 2297 controls, we evaluated the association of area-based
MD measures and volumetric-based MD measures with breast cancer risk in Asian women using conditional logistic
regression analysis, adjusting for relevant confounders. The corresponding association by menopausal status were
assessed using unconditional logistic regression.

Results We found that both area and volume-based MD measures were associated with breast cancer risk. Strongest
associations were observed for percent densities (OR (95% Cl) was 2.06 (1.42-2.99) for percent dense area and 2.21
(1.44-3.39) for percent dense volume, comparing women in highest density quartile with those in the lowest quar-
tile). The corresponding associations were significant in postmenopausal but not premenopausal women (premeno-
pausal versus postmenopausal were 1.59 (0.95-2.67) and 1.89 (1.22-2.96) for percent dense area and 1.24 (0.70-2.22)
and 1.96 (1.19-3.27) for percent dense volume). However, the odds ratios were not statistically different by menopau-
sal status [p difference=0.782 for percent dense area and 0.486 for percent dense volume].

Conclusions This study confirms the associations of mammographic density measured by both area and volumetric
methods and breast cancer risk in Asian women. Stronger associations were observed for percent dense area and per-
cent dense volume, and strongest effects were seen in postmenopausal individuals.
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Background

Mammographic density (MD) reflects the composition
of fibro-glandular tissue of the breast, as visualised on a
mammogram. MD is an independent predictor of breast
cancer risk, although the strength of its association var-
ies across studies, due in part to the different methods
of MD assessment and different partitioning thresholds
used to define high and low MD [1-3]. Efforts to make
measuring MD less reader-dependent and more repro-
ducible have resulted in the development of a number
of fully-automated methods for measuring MD [4-6],
including both volumetric and area-based assessments
methods.

In women of European ancestry Volumetric assess-
ments of density have been shown to be a stronger pre-
dictor of risk compared to area-based density [7, 8].
Volumetric methods are less influenced by compression
force and are more sensitive to breast thickness, and may
more accurately estimate the amount of fibroglandular
tissue for women with larger breasts [9-11]. However
Asian women have smaller and denser breasts compared
to women of European ancestry, and the performance of
area and volume-based densities have hitherto not been
compared in the same study.

In this study, we aim to determine and compare the
effects of two automated MD measures, namely STRA-
TUS measurements of area densities, and Volpara meas-
urements of volumetric densities, on breast cancer risk in
the Asian population, and to explore the potential varia-
tion by menopausal status.

Methods

Study participants, data collection and eligibility criteria
Cases comprised of patients who were recruited
sequentially into the Malaysian Breast Cancer Genet-
ics (MyBrCa) study from Subang Jaya Medical Centre
(SIMC), between 2012 and 2020, and University Malaya
Medical Centre (UMMC), between 2003 and 2020. Con-
trols were women between 40 and 74 years old with no
prior history of breast cancer that were recruited into the
Malaysian Mammography Study (MyMammo) from the
same participating hospitals as cases. The study details
have been previously published [12]. All participants
answered a detailed questionnaire which included infor-
mation on lifestyle and reproductive risk factors, socio-
demographic factors, and family history and provided
blood sample for genetic testing.

Bilateral full-field digital mammograms (FFDMs) for
cases were retrieved from the medical image storage
servers retrospectively starting in June 2018 and for con-
trols were collected at recruitment. The bilateral cranio-
caudal (CC) and medio-lateral oblique (MLO) views for
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both raw and processed images, where possible, were
retrieved. Cases were excluded from the research study
if: (a) digital mammograms were conducted more than
12 months prior to cancer diagnosis, (b) only mam-
mograms ipsilateral to the breast cancer were available.
Controls were excluded from the research study if no
mammograms were available for analysis. All partici-
pants included in the study were of self-declared Chinese,
Malay or Indian ethnicity and had information on age at
mammography, body mass index (BMI) and/or meno-
pausal status. In total, 10% of cases and 69% of controls
were available and eligible for matching.

Matching

For the case—control analysis of mammographic density
and breast cancer risk, as raw and processed images were
not available for all women, cases and controls in the full
dataset were matched for age (within 5 years) and eth-
nicity (exact) separately for the analyses of STRATUS,
which measures processed images, and Volpara, which
measures raw images. Age-matching was performed in
each ethnic group using a 1:4 case to control ratio nearest
neighbour propensity score matching using the matchit
package in R. For the STRATUS study, a total of 488 cases
and 1796 controls were included in the matched case—
control study, of which 82.2% of cases were matched to
four controls, 9% to three controls, 3.5% to two controls
and 5.3% to only one control. For the Volpara study,
a total of 436 cases and 1623 controls were included,
of which 81.4% were matched to four controls, 12.4%
to three controls, 3.2% to two controls and 3% to only
one control. In total, 531 cases and 2297 controls were
included for analysis of which data was available for both
STRATUS and Volpara in 393 cases and 1122 controls.

Mammographic density (MD) assessments

Mammography was performed using machines from
three different manufacturers; Hologic [Models: Lorad
Selenia, Selenia Dimensions and Tomo Selenia Dimen-
sions], General Electric (GE) Senographe Essential,
and Siemens Mammomat Novation. Area-based MD
was determined using STRATUS, a fully automated
machine-learning method for assessing MD based on
image features assessed using thresholding methods, by
the developers of STRATUS at the Karolinska Institute,
Sweden [4]. Volumetric MD was computed using Volpara
Data Manager version 1.1.109 [5]. Six MD phenotypes
were considered in this study: absolute dense area (DA)
and volume (DV), percent dense area (PDA, i.e., absolute
dense area/total breast area) and volume (PDV, i.e., abso-
lute dense volume/total breast volume), and non-dense
area (NDA) and volume (NDV). We also categorised MD
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according to the computer-generated BI-RADS scores
(cBIRADS) generated by STRATUS, and the clinical clas-
sification score (Volpara Density Grades (VDGQ)).

Image laterality

Pearson’s correlation coefficients and previous studies
showed that there were strong correlations between CC
and MLO measurements [13, 14]. The Wilcoxon rank sum
test was performed to compare the distribution of MD in
the left and right mammograms in the control group. For
the CC view mammograms, percent dense volume was
higher in the right breast (Left median 9.1%; Right 9.5%,
P=0.035), whereas for the MLO view, three measures
were higher in the left breast [dense volume (Left 57.6
cm?; Right 56.5 cm®, P=0.006), non-dense volume (Left
591.8 cm?®; Right 561.7 cm®, P=0.011) and total breast
volume (Left 653.4 cm?; Right 628.0 cm®, P=0.006)]. As
there was less variation in MD measurements for the CC
view, MD measurements from the CC view mammo-
grams of unaffected breasts of cases were used in all anal-
yses, and matched by laterality in the controls.

Statistical analyses
Box-Cox transformation was used to transform MD phe-
notypes into approximately normal distribution.

Confounder selection

Covariates that were assessed include socio-demographic
factors, known lifestyle and reproductive risk factors of
breast cancer, mammogram machine and compressed
breast thickness. A covariate was considered confound-
ing if: (a) it was significantly associated with MD in con-
trols at P<0.05, after accounting for other associated
variables; (b) it was significantly associated with breast
cancer risk at P<0.05, after accounting for other associ-
ated variables; and (c) it had a magnitude of confounding
that was greater than 5%.

Age at first full term pregnancy, total number of live
births and breast feeding were only evaluated among
parous women. Parous women were defined as those
who have had at least one full-term pregnancy. The use of
hormone replacement therapy (HRT) was only evaluated
among postmenopausal women. Postmenopausal women
were defined as women who have not had their periods
for at least 12 months prior to their enrolment into the
study or if they self-reported that they were postmeno-
pausal at enrolment.

Association of mammographic density (MD) phenotypes

and breast cancer risk

We assessed the association between mammographic
density phenotypes (treated either as continuous or cate-
gorical variables) and breast cancer risk using conditional
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logistic regression, adjusting for selected confounders.
When MD was treated as a continuous variable, odds
ratios per-adjusted standard deviations (OPERA [15])
was calculated to allow comparison across MD pheno-
types. When MD was treated as a categorical variable,
MD phenotypes were categorised into four equal quar-
tiles based on the MD distribution in controls, using the
first quartile as the reference group. We also categorised
MD according to the computer-generated BI-RADS
scores, cBIRADS, generated by STRATUS, and Volpara
Density Grades (VDG), which is the classification used
to report density, measured by Volpara, in the clinic.
Weighted kappa, using quadratic weighting, was cal-
culated to assess the concordance between quantiles of
STRATUS and Volpara measurements.

The association between MD phenotypes and breast
cancer risk by menopausal status were conducted using
unconditional regression. Z-tests were conducted to
determine whether the odds ratios for mammographic
densities and breast cancer risk were different for pre-
menopausal and postmenopausal women.

All statistical analyses were performed with R version
3.6.1.

Results

Characteristics of study participants

Participant selection and descriptive statistics of cases
and controls are presented in Fig. 1 and Table 1. The
majority of controls within the STRATUS study (67.7%)
were recruited from the private tertiary hospital (SJMC),
while approximately half of the controls within the Vol-
para study were from the government-funded teach-
ing hospital (UMMC). Most of the mammograms were
obtained from the Hologic machine.

Confounders

We identified potential confounders as covariates with P
value <0.05 with both MD phenotypes and breast cancer
risk in the multivariable models, and these were breast-
feeding for absolute dense area and dense volume, alco-
hol intake for non-dense volume and breast thickness for
all MD phenotypes except dense area (Additional file 1:
Table S1). Additionally, although not significant in our
study, menopausal status and parity were included as
potential confounders as these variables have consistently
been reported to be associated with both MD and breast
cancer risk in the literature. Of the list of potential con-
founders, only those resulting in >5% change in the mag-
nitude of MD association with risk were retained in the
model for adjustment. The final list of variables included
in the association analyses for adjustment can be found
Additional file 1: Table S2.
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(a)

CASES CONTROLS
The Malaysian Breast Cancer Genetic Study (MyBrCa)
Recruitment centres: SIMC and UMMC
September 2012 - June 2020
Contralateral breast image available

The Malaysian Mammogram Study (MyMammo)
Recruitment centres: SIMC and UMMC
October 2011 - December 2017
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(b)

only controls 2,763 controls

-©

Restricted to 40-74 years old —> 411 cases; 2,763 controls —>°

—> 488 cases; 1,796 controls —‘a

Restricted to 40-74 years old — 381 cases; 2,594 controls —»°

—
STRATUS

543 cases;
2,763 controls

—

—

Matched for ethnicity, and
—
age (5-years)

— Only controls — 2,594 controls

Exclusions: Volpara
494 cases;
2,594 controls

Matched for ethnicity, and
—
age (+5-years)

—

— 436 cases; 1,623 controls —>°

Analysis performed:
@ ~ssociation of covariates with MD
°Association of covariates with breast cancer risk

@ #ssocition of MD and breast cancerrisk

Fig. 1 Flowchartillustrating a the selection of cases and controls for mammographic density (MD) assessment by STRATUS and Volpara, and b
participants included in the different analyses performed including the analysis of (1) the association of covariates with MD, (2) the association
of covariates with breast cancer risk, and (3) the association of MD and breast cancer risk

Association of mammographic density (MD) phenotypes
and breast cancer risk

Allwomen

When treated as a continuous variable, both dense area
and dense volume were significantly associated with
breast cancer risk, the odds per adjusted standard devia-
tion (OPERA) and the corresponding 95% CI were 1.19
(1.08-1.32) and 1.14 (1.02-1.28), respectively (Fig. 2).
However, when categorised into quartiles, only the high-
est quartile of dense area was significantly associated
with risk (odds ratio (95% CI) was 1.44 (1.03—-1.21)). This
association was no longer significant in analyses limited
to overlapping samples between the STRATUS and Vol-
para studies (1.26, 95% CI: 0.83-1.91) (Fig. 3).

For percent density, OPERA for percent dense area was
significant (1.23, 95% CI 1.10-1.37) while the OPERA for
percent dense volume was not significant (1.08, 95% CI
0.97-1.20). However, quartiles analyses of percent den-
sity showed significant association for both MD measure-
ment methods, with risk estimates increased consistently
across quartiles. The OR of highest versus lowest quar-
tile was 2.06 (95% CI 1.42-2.99) for percent dense area
and 2.21 (95% CI 1.44-3.39) for percent dense volume
(Fig. 2). There was no significant difference between the
ORs of percent dense area and percent dense volume
(p-value of Z-test<0.05). Similar results were observed
for analyses limited to overlapping samples between the
STRATUS and Volpara studies (Fig. 3).

Non-dense area was significantly associated with a
lower breast cancer risk (OPERA 0.85, 95% CI 0.76—
0.95). Risk estimates decreased consistently, from OR
0.62 (95% CI: 0.45-0.86) to 0.50 (95% CI: 0.35-0.71) and
0.30 (95% CI: 0.19-0.47), comparing the first quartile

of non-dense area with the second, third and fourth
quartile, respectively. By contrast, the OPERA estimate
for non-dense volume was not significant (1.06, 95%
CI: 0.95-1.19), although the pattern of association for
quartiles was similar to that observed for non-dense
area i.e., OR 0.87 (95% CI: 0.61-1.24), OR 0.66 (95% CI:
0.42-1.01) and OR 0.54 (95% CI: 0.31-0.94) for the sec-
ond, third and fourth quartiles respectively, the corre-
sponding strengths of association were weaker (Figs. 2
and 3).

Where densities were categorised according to area-
based ¢cBIRADS and volume-based VDG, women in
¢BIRADS 3 and cBIRADS 4 were associated with a 2.5-
fold (P=0.003) and 2.9-fold (P<0.001) greater odds of
disease, respectively (Fig. 2a). By contrast, VDG was
not associated with breast cancer risk (Fig. 2b). The
same pattern was observed for analyses limited to over-
lapping samples between the STRATUS and Volpara
studies (Fig. 3).

There are no appreciable differences between the
results generated using the CC and MLO view meas-
urements (Additional file 1: Table S2).

The agreement between the STRATUS and Volpara
measurements for classifying women into mammo-
graphic density quartiles was fair for absolute density
(Weighted Kappa, kw=0.28) and percent density (0.35),
and moderate for non-dense area and volume (0.50).
Figure 4 illustrates the magnitude of concordance for
the classification of area and volumetric MD quartiles.
Although there is some agreement between STRATUS
and Volpara, there are instances of discordance where
individuals shift to adjacent quartiles or even skip one
quartile altogether.
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(a) Area densities - STRATUS (b) Volumetric densities - Volpara STRATUS
vs.
Measurement N Conditional logistic regression Measurement N Conditional logistic regression Volpara t
Mammographic density Cases Controls ' Odds ratio (95% Cl)  Mammographic density Cases Controls B Odds ratio (95% Cl)  Z P
1) Dense area (cm?) 0 1) Dense volume (cm?) 0
OPERA* 488 1796 - 1.19(1.08t0 1.32)  OPERA* 436 1623 - 114 (1.02t0 1.28) 047 0.642
Dense area quartiles* E Dense volume quartiles* E
Qi 109 449 L} 100(ref) Qi 89 406 ] 100(ref) - B
Q2 123 449 - 130(093t01.81) Q2 11 406 —— 1.11(0.78t0 1.58) 053 0.595
Q3 18 449 . 1.20 (0.85 to 1.69) Q3 103 406 ——— 1.11(0.76 t0 1.60) 026 0.793
Q4 138 449 —— 1.44 (1.03 to 2.01) Q4 133 405 ] 1.25(0.87 to 1.80) 041 0.683
2) Percent dense area (%) E 2) Percent dense volume (%) 2
OPERA* 488 1796 0EC 7 1.23(1.10t0 1.37)  OPERA* 436 1623 - 1.08 (0.97 to 1.20) 141 0.158
Percent dense area quartiles* | Percent dense volume quartiles* E
Q1 104 449 L ] 1.00 ( ref) Q1 81 406 [ ] 100(ref) - -
Q2 103 449 L ] 1.28 (0.91 to 1.81) Q2 103 406 e S 1.45(1.00 to 2.12) -0.34 0.736
Q3 130 449 —a— 175(122t0251) Q3 109 406 S — 184 (124 t0272) -0.10 0.920
Q4 151 449 S — 206(14210299) Q4 143 405 D o—. 221(1.44t0339) -0.11 0910
3) Non-dense area (cm?) 1 3) Non-dense volume (cm?) H
OPERA* 488 1796 .«E 0.85(0.76 t0 0.95)  OPERA* 436 1623 »:I4 1.06 (0.95 to 1.19) -2.83 0.005
Non-dense area quartiles* ' Non-dense volume quartiles* :
Q1 159 449 L] 1.00 ( ref ) Q1 17 406 [ ] 1.00 ( ref ) - -
Q2 m 449 _-— 0.62 (0.45 to 0.86) Q2 120 406 —— 0.87 (0.61to 1.24) -1.80 0.073
Q3 125 449 -— 0.50 (0.35 t0 0.71) Q3 102 406 —.— 0.66 (0.42t0 1.01) -1.59 0.112
Q4 93 449 H 0.30 (0.19 to 0.47) Q4 97 405 »—.—1: 0.54 (0.31t0 0.94) -3.37 0.001
4) STRATUS cBIRADS E 4) Volpara Density Grade (VDG)* E
CBIRADS 1 (<2%) 19 113 [ ] 1.00 ( ref ) VDG 1 (<4.8%) 19 125 [ ] 1.00 ( ref )
CBIRADS 2 (2-<17%) 106 441 —— 1.58 (0.88 to 2.84) VDG 2 (4.8-<8.0%) 91 396 —— 0.96 (0.52 to 1.76)
CBIRADS 3 (17-<49%) 256 931 L —— m——— & 246(137t04.40) VDG 3 (8.0-<15.0%) 149 571 ——.—t 1.35(0.73 to 2.47)
CBIRADS 4 (249%) 107 31 L o w . 292(155t0552) VDG 4(215.0%) 177 531 ——.-— 1.73 (0.91 t0 3.28)
00 10 20 30 40 00 0 20 30 40

Fig. 2 Associations of a STRATUS area mammographic densities and b Volpara volumetric mammographic densities, with breast cancer risk.
*Adjusted for relevant confounding factors. 'Z-tests comparing estimated regression coefficients between the STRATUS and Volpara studies

Analyses by menopausal status 1.10-1.54) were significant in postmenopausal women,
Figures 5 and 6 show the association of MD with breast  but the corresponding quartile analyses did not show
cancer risk for premenopausal and postmenopausal significant associations for dense area and was only sig-
women, respectively. For dense area and dense volume, nificant for the association of the highest dense volume
both OPERAs and quantile analyses were not signifi-  quartile and risk when compared to the lowest dense vol-
cantly associated with breast cancer risk in premenopau-  ume quartile among postmenopausal women (OR 1.65,
sal women. By contrast, consistent with the all-women  95% CI: 1.01-2.71).

analysis, OPERA for both dense area (OR 1.23, 95% For percent density, OPERAs for percent dense
CL: 1.07-1.41) and dense volume (OR 1.30, 95% CI: area and percent dense volume were significant in

(a) Area densities - STRATUS (b) Volumetric densities - Volpara STRATUS
Vs,
Measurement N Conditional logistic regression Measurement N Conditional logistic regression Volparat
Mammographic density Cases Controls B Odds ratio (95% Cl) Mammographic density Cases Controls ' Odds ratio (95% Cl) z P
1) Dense area (cm?) f 1) Dense volume (cm?) H
OPERA* 393 1122 - 1.18 (1.05t0 1.34)  OPERA* 393 1122 - 1.15(1.01 to 1.30) 025 0.806
Dense area quartiles* : Dense volume quartiles*
Q1 90 281 n 100(ref) Ql 79 281 L] 1.00 ( ref ) - -
Q2 96 281 - 1.23 (0.81 to 1.85) Q2 101 281 - 1.34 (0.90 to 2.01) -0.22 0.825
Q3 103 280 | ——— 1.80 (1.16 to 2.79) Q3 95 280 —_—— 1.26 (0.83 to 1.91) 0.71 0475
Q4 104 280 L 1.26 (0.83 to 1.91) Q4 18 280 L 1.38 (0.92 to 2.09) -0.22 0.823
2) Percent dense area (%) 2) Percent dense volume (%)
OPERA* 393 122 - 124 (1.09to 1.41)  OPERA* 393 1122 - 1.08 (0.95 to 1.22) 129 0.197
Percent dense area quartiles* : Percent dense volume quartiles* :
Q1 86 281 [ ] 1.00 ( ref ) Q1 82 281 [ ] 1.00 ( ref ) - -
Q2 89 281 - 140(0.93 to 2.11) Q2 97 281 e 1.33(0.87 t0 2.03) 0.12 0.903
Q3 97 280 [ — 167(1.06t0264) Q3 104 280 ——— 17111010265  -004  0.967
Q4 121 280 L o——— 2.13(1.35t0 3.35) Q4 110 280 ——— 1.78 (1.10 to 2.90) 0.26 0.794
3) Non-dense area (cm?) \ 3) Non-dense volume (cm?) 0
OPERA* 393 122 ™ 0.82(0.72t0 0.94)  OPERA* 393 122 .:.-< 107 (094t0121)  -300  0.003
Non-dense area quartiles* : Non-dense volume quartiles* '
Qi 123 281 [ ] 1.00 ( ref ) Q1 101 281 [ ] 1.00 ( ref ) - -
Q2 88 281 —--— 064(042t0098) Q2 102 281 —— 082(054t0124) -108 0279
Q3 105 280 -— 0.47 (0.29 to 0.75) Q3 93 280 —-— 0.60 (0.37 to 0.98) -1.25 0210
Q4 77 280  vm— H 0.28 (0.16 to 0.50) Q4 97 280 —.— 0.58 (0.31 to 1.08) -3.40 0.001
4) STRATUS cBIRADS : 4) Volpara Density Grade (VDG)* H
CBIRADS 1 (<2%) 17 72 i 1.00 ( ref ) VDG 1 (<4.8%) 14 53 + 1.00 ( ref )
cBIRADS 2 (2-<17%) 89 289 —_——.—— 1.36 (0.70 to 2.63) VDG 2 (4.8-<8.0%) 83 276 ——— 0.97 (0.44 to 2.18)
CBIRADS 3 (17-<49%) 202 566 L —  m—+ 269(137t0527) VDG 3 (8.0-<15.0%) 132 395 —— 1.24 (056 to 2.77)
cBIRADS 4 (249%) 85 195 | —  m——» 308(148t0643) VDG 4 (215.0%) 164 398 —_—a——— .+  181(078t04.16)
+

Fig. 3 Associations of a STRATUS area mammographic densities, b Volpara volumetric mammographic densities, with breast cancer risk
in the dataset of 393 cases and 1122 controls included in both STRATUS and Volpara studies. *Adjusted for relevant confounding factors. TZ-tests

comparing estimated regression coefficients between the STRATUS and Volpara studies
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(a) Dense area; Dense volume

STRATUS Volpara STRATUS
1500~
Q1 Q1 Q1
1000- v
Q2 ¢ Q2 Q2
>
9
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5}
>
o
o
w
Q3 Q3 Q3
500
Q4 Q4 Q4
0-
Densearea Densevolume Percent densearea
quartiles quartiles quartiles

(b) Percent dense area; Percent dense volume
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(c) Non-dense area; Non-dense volume

Volpara STRATUS Volpara
Q1 Qi Q1
Q2 @ \ Q2
Q3 Qs Q3
Q4 Q4 Q4

Non-densevolume
quartiles

Percent densevolume Non-densearea
quartiles quartiles

Fig.4 Concordance between the classification of a absolute dense area/volume, b percent dense area/volume and ¢ non-dense area/volume
into quartiles using STRATUS and Volpara measurements. Note: Agreement between the STRATUS and Volpara measurements for classifying women
into mammographic density quartiles was calculated using Cohen's weighted kappa. Weighted Kappa, kw values for dense area/volume, percent
dense area/volume, and non-dense area/volume were 0.28, 0.35 and 0.50, respectively

postmenopausal women but not premenopausal
women. The OPERAs were 1.23 (95% CI 1.07-1.41)
and 1.16 (95% CI 1.01-1.34) for precent dense area and
percent dense volume, respectively, in postmenopausal
women. The corresponding estimates in premenopau-
sal women were 1.16 (95% CI 0.99-1.35) and 1.01 (95%
CI 0.86-1.19). The observed significant association of

(a) Area densities - STRATUS

Measurement N Unconditional logistic regression

Mammographic density ~ Cases Controls 0dds ratio (95% Cl)

1) Dense area (cm?)

1) Dense volume (cm?)

highest versus lowest quartile in all women analysis was
replicated in postmenopausal women (OR 1.89, 95% CI:
1.22-2.96 for percent dense area; OR 1.96, 95% CI: 1.19-
3.27 for percent dense volume), but not premenopausal
women (OR 1.59, 95% CI: 0.95-2.67 for percent dense
area; OR 1.24, 95% CI: 0.70-2.22 for percent dense
volume).

(b) Volumetric densities - Volpara STRATUS
vs.
Measurement N Unconditional logistic regression Volpara §
Mammographic density Cases Controls 0Odds ratio (95% CI) r4 P

H :
OPERA* 233 826 - 111 (0960 1.28)  OPERA* 19 693 - 109(093t0128) 015 0881
Dense area quartiles* Dense volume quartiles* i
Qi 46 207 [} 100(ref) Q1 48 174 [ 100( ref) - -
Q 63 207 —.-— 123(079t0193) Q2 42 173 —.— 083(050t0137) 107 0283
Q3 60 206 —— 110(070t01.73) @3 52 173 —.— 088(055t0142) 065 0517
Q4 64 206 —— 1.08(069t01.68) Q4 54 73 073(044t0120) 123 0219
2) Percent dense area (%) : 2) Percent dense volume (%) :
OPERA* 233 826 - 116 (099 t0 1.35)  OPERA* 19 693 - 101(086t01.19) 111 0266
Percent dense area quartiles* : Percent dense volume quartiles* :
Qi 34 207 [} 100(ref) Q1 33 174 . 100(ref) - -
@ 64 207 — - 180 (11010 298) Q2 49 173 ——.-— 132(078t0225) 051 0611
Q3 69 206 —— 1.91 (1.15 to 3.20) Q3 57 173 —.-— 1.56 (0.91 to 2.69) 029 0770
Q4 66 206 ——— 159 (095t0267) Q4 57 173 ——.— 124(070t0222) 042 0671
3) Non-dense area (cm?) \ 3) Non-dense volume (cm?) H
OPERA* 233 826 - 088(0.75t01.02)  OPERA* 19 693 i 111(095t01.31) 202 0044
Non-dense area quartiles* ' Non-dense volume quartiles*
Q1 79 207 [] 1.00 ( ref) Q1 67 174 [ 1.00 ( ref ) - -
@ 62 207 ——— 081(05410122) Q2 47 173 051(031t0082) 214 0033
Q3 54 206 05903710092 Q3 44 73 m— ) 043(024t0077) 163 0.104
Q4 38 206  m— 037(020t0066) Q4 38 73 m— ) 031(014t0067) 099 0322
4) STRATUS cBIRADS ' 4) Volpara Density Grade (VDG)* '
CBIRADS 1 (<2%) > o VDG 1 (<4.8%) - - :
CBIRADS 2 (2-<17%) 120 153 " 100 ( ref) VDG 2 (48-<8.0%) £21 132 . 1.00 ( ref )
CBIRADS 3 (17-<49%) 137 441 o w—— |, 220(130t0389) VDG 3 (8.0-<15.0%) 68 237 J 143 (082 to 2.58)
CBIRADS 4 (249%) 76 232 e m— | 210(11810388) VDG4 (2150%) 107 324 156 (0.87 to 2.87)

00 10 20 30 40

| H

00

40

Fig. 5 Associations of a STRATUS area mammographic densities and b Volpara volumetric mammographic densities, with breast cancer risk
in premenopausal women. *Adjusted for relevant confounding factors. fReference category is cBIRADS 1 (< 29%) + cBIRADS 2 (2— < 17%). + Reference
category is VDG 1 (<4.8%) +VDG 2 (4.8—< 8.0%). S7-tests comparing estimated regression coefficients between the STRATUS and Volpara studies
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(a) Area densities - STRATUS
Measurement N Unconditional logistic regression Measurement
Mammographic density ~ Cases Controls . Odds ratio (95% Cl)  Mammographic density
1) Dense area (cm?) H 1) Dense volume (cm?)
OPERA* 255 970 - 123(1.07to 1.41)  OPERA*
Dense area quartiles* E Dense volume quartiles*
Q1 ul 243 [ ] 1.00 ( ref) Q1
Q 49 243 —— 094(060t01.45) Q2
Q3 64 242 - 1.39(091t0 2.14) Q3
Q4 n 242 —— 1.45 (096 to 2.19) Q4
2) Percent dense area (%) 2) Percent dense volume (%)
OPERA* 255 970 - 123(1.07to 1.41)  OPERA*
Percent dense area quartiles* Percent dense volume quartiles*
Qi 69 243 [} 100( ref) Q1
Q2 59 243 ] 1.18 (0.77 to 1.80) Q2
Q3 48 242 - 113(071t0179) Q3
Q4 79 242 ——— 189(12210296) Q4
3) Non-dense area (cm?) : 3) Non-dense volume (cm?)
OPERA* 255 970 »'l: 087 (0.75t0 1.01)  OPERA*
Non-dense area quartiles* : Non-dense volume quartiles*
Q1 63 243 L] 1.00 ( ref) Qi
Q@ 76 243 —— 112(07310170) Q2
Q3 57 242 . 068(043t01.08) Q3
Q4 59 242 »—.—: 0.60 (0.36 to 1.01) Q4
4) STRATUS cBIRADS | 4) Volpara Density Grade (VDG)*
CBIRADS 1 (<2%) 18 91 * 1.00 ( ref) VDG 1 (<4.8%)
CBIRADS 2 (2-<17%) 87 310 S S 157 (089t02.89) VDG 2 (4.8-<8.0%)
CBIRADS 3 (17-<49%) 119 490 —— 1.93 (1.08 to 3.61) VDG 3 (8.0-<15.0%)
CBIRADS 4 (249%) 31 79 H — 353 (1.70 to 7.49) VDG 4 (215.0%)

—_—

00 10 2 30 40
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(b) Volumetric densities - Volpara STRATUS (c) Pre vs. Post
vs.
N Unconditional logistic regression Volparat  STRATUS  Volpara
Cases Controls Odds ratio (95%Cl) 2 P z Pz P
240 930 - 1.30 (1.10 to 1.54) -039 0.696 -086 0391 -123 0218
a2 233 [] 1.00 ( ref ) . . - B . .
62 233 —. 108(066t0176)  -039 0696 074 0459 -074 0462
63 232 —_ 1.29(0.79t0 2.13) 0.16  0.872 -0.57 0568 -0.94 0348
73 232 —— 1.65 (1.01to 2.71) -024 0809 -0.73 0465 -1.72 0.086
240 930 :’-I-‘ 1.16 (1.01 to 1.34) 048 0628 -046 0644 -1.17 0244
49 233 [] 1.00 ( ref ) = = - - = =
57 233 o 1.20 (0.75 to 1.93) -0.04 0966 077 0440 020 0843
s6 232 —.— 137(08410223)  -043 0668 089 0375 023 0822
78 232 —— 1.96 (1.19 to 3.27) -0.05 0.958 -028 0782 -0.70 0.486
240 930 g 2 1.00 (0.85 to 1.18) -130 0.192 0.12 0905 084 0402
2 233 . 100(ref) - - . B
66 233 —— 1.09 (0.70 to 1.70) 008 0939 -1.08 0283 -263 0.009
54 232 ——— 0.85(0.52 to 1.39) -080 0421 -065 0513 -262 0.009
8 232 S — 088(051t0154)  -123 0218 -238 0017 -353 0.0004
16 105 . 1.00( ref )
73 284 ——— 1.30 (0.69 to 2.54) - - - -
81 334 —.——— 1.57 (0.82 t0 3.13) - - 0.14 0887 -0.13 0.900
0 207 —  w . 271031t058) - - 032 0750 -044 0660
—————

00 0 20 3 40

Fig. 6 Associations of a STRATUS area mammographic densities, b Volpara volumetric mammographic densities, with breast cancer risk

in postmenopausal women and, ¢ comparison of regression coefficients for premenopausal and postmenopausal women. *Adjusted for relevant
confounding factors. fZ-tests comparing estimated regression coefficients between the STRATUS and Volpara studies. *Z-tests comparing estimated
regression coefficients between premenopausal and postmenopausal women

For non-dense MD phenotype in both premenopau-
sal and postmenopausal women, OPERAs were not
significant in both non-dense area (0.88, 95% CI: 0.75-
1.02 and 0.87, 95% CI: 0.75-1.01 for premenopausal and
postmenopausal women, respectively) and non-dense
volume (1.11, 95% CI: 0.95-1.31 and 1.00, 95% CI: 0.85-
1.18, respectively) measurements. However, the quartile
analyses for both non-dense area and non-dense volume
were significant in premenopausal women, comparing
the highest and lowest non-dense area quartiles (OR
0.37, 95% CI: 0.20-0.66) and non-dense volume quartiles
(OR 0.31, 95% CI: 0.14-0.67), but not postmenopausal
women (OR 0.60, 95% CI: 0.36-1.01 for non-dense area;
OR 0.88, 95% CI: 0.51-1.54 for non-dense volume).

Discussion

In this study of women of Asian-ancestry, we found that
percent mammographic density is a strong breast cancer
risk factor, with similar magnitudes of association for both
area and volumetric mammographic density measures.
Comparing women in the lowest quartiles, women with
percent density in the highest quartiles had approximately
two-fold higher odds of breast cancer. The observed asso-
ciation was however significant only in postmenopausal
women but not in premenopausal women.

The two-fold risk estimates reported in this study are
consistent with those found in a meta-analysis of Japa-
nese, Korean and Singaporean women comprising of
one cohort study and five case—control studies, which
reported a summary effect size of 2.2 (95% CI 1.5-3.2)
[16], as well as with a large meta-analysis of Euro-
pean women using the BI-RADS density four-category

classification [3]. The corresponding odds ratio per
adjusted standard deviation (OPERA) was similar to
a Korean study of 213 cases and 630 controls [17], but
lower than those previously reported in women of Euro-
pean ancestry. A study of Australian women reported
OPERA of 1.52 (95% CI 1.34-1.73) for percent dense
area, compared to 1.23 (95% CI 1.10-1.37) this study,
suggesting potential ethnic differences in MD-risk asso-
ciations [18].

Our findings of lack of MD-risk association in pre-
menopausal women align with similar-sized studies in
other Asian populations [19-22]. For instance, a multi-
centre Japanese study (530 cases, 1043 controls) found
a near three-fold increase in breast cancer odds (OR 2.9,
95% CI 1.1-7.2) among postmenopausal women with
extremely dense breast (>75% glandular tissue), while
no significant association was observed in premeno-
pausal women [19]. Similarly, another study in Japanese
women (146 cases, 659 controls) revealed a four-fold
higher odds of breast cancer among postmenopausal
women with >75% percent densities, with no significant
association in premenopausal women [21]. However,
it is important to note that a recent large prospective
Korean study comprising of ~ 65,000 breast cancer cases
reported that breast density is associated with breast
cancer risk in both premenopausal (OR 2.4, 95% CI
2.2-2.5) and postmenopausal (OR 2.9, 95% CI 2.8-3.0)
women, suggesting that larger sample sizes in premeno-
pausal women are required to detect a significant asso-
ciation with breast cancer risk [20].

Our study did not yield conclusive evidence regard-
ing the association of absolute MD measures with breast
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cancer risk. While the odds ratios for continuous dense
area and dense volume were significant at a nominal
level (1.19, 95% CI 1.08—1.32 and 1.14, 95% CI 1.02-1.28,
respectively), the results from quartile analysis did not
support the significant associations. We also observed a
stronger inverse association with non-dense area com-
pared to non-dense volume that was significant in our
analyses of all women and premenopausal women, but
not that of postmenopausal women. This inverse asso-
ciation is consistent with previous studies in women of
European ancestry reporting a protective effect of hav-
ing greater amounts of fat or non-dense tissue in the
breast [23].

In summary, our study confirms the significance of MD
as a robust breast cancer risk factor in Asian-ancestry
women, with percent density showing consistent asso-
ciations across area and volumetric-based measures.
However, the lack of MD-risk association in premeno-
pausal women underscores the need for further investi-
gation in larger datasets. While our findings contribute
to the understanding of MD and breast cancer risk, the
inconclusive evidence regarding absolute MD measures
prompts a critical evaluation of their utility in risk pre-
diction models for this population.

This study had several limitations. First, more than
90% of the cases were recruited from one recruitment
centre, making it impossible to match cases and controls
based on centre. However, we adjusted our analyses for
this factor. Second, some covariates have missingness
rates greater than 10%, which may explain some of the
unexpected results (e.g. the protective effect observed
for HRT among postmenopausal women and alcohol
consumption). Third, the healthy controls were women
attending an opportunistic screening mammography
programme and may be enriched for a family history of
breast cancer. This is likely to be the reason family history
of breast cancer is not associated with breast cancer risk
in this study. Finally, only the mammograms performed
at the time of cancer detection (or close to cancer detec-
tion) were available for the cases. Given that densities
measured from the unaffected contralateral breasts have
been shown to be similarly associated with risk of disease
[8], densities of the contralateral breasts were used as
surrogate measurements.

Conclusions

In conclusion, our study underscores the significance
of mammographic density (MD) as a strong predictor
of breast cancer risk in women of Asian-ancestry, par-
ticularly in postmenopausal individuals. While percent
density, for both area- and volume-based measures,
consistently demonstrated significant association, abso-
lute MD measures yielded inconclusive results. Future
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research should aim to elucidate ethnic-specific MD-risk
associations and refine risk prediction models to incor-
porate the most predictive MD measures, thus enabling
more targeted preventive strategies for women of Asian
ancestry.
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