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Objectives: To assess the associations between auto-
mated volumetric estimates of mammographic asym-
metry and breast cancers detected at the same
(“contemporaneous”) screen, at subsequent screens, or
in between (interval cancers).

Methods: Automated measurements from
mammographic images (N = 79,731) were used to esti-
mate absolute asymmetry in breast volume (BV) and
dense volume (DV) in a large ethnically diverse popula-
tion of attendees of a UK breast screening programme.
Logistic regression models were fitted to assess asym-
metry associations with the odds of a breast cancer
detected at contemporaneous screen (767 cases),
adjusted for relevant confounders.

Nested case-control investigations were designed to
examine associations between asymmetry and the odds
of: (a) interval cancer (numbers of cases/age-matched
controls: 153/646) and (b) subsequent screen-detected
cancer (345/1438), via conditional logistic regression.

INTRODUCTION

Breast cancer is the most common female cancer.'
Mammographic screening programmes, such as the
England and Wales Breast Screening Programme
(NHSBSP), have been found to reduce mortality through
earlier detection.? However, although increased amount of
radio-dense tissue on a mammogram is associated with an
increased risk of developing breast cancer,” there is strong
evidence that it also reduces the effectiveness of breast
screening®!® by decreasing mammographic sensitivity,
as radio-dense tissue may hide cancers. Boyd et al found
that females in the highest category of mammographic
density (density in >= 75% of mammogram) had greater
odds of being diagnosed with cancer in the year following a
“normal” mammogram than females in the lowest density

Results: DV, but not BV, asymmetry was positively asso-
ciated with the odds of contemporaneous breast cancer
(P-for-linear-trend (Pt) = 0.018). This association was
stronger for first (prevalent) screens (Pt = 0.012). Both
DV and BV asymmetry were positively associated with
the odds of an interval cancer diagnosis (Pt = 0.060and
0.030, respectively). Neither BV nor DV asymmetry were
associated with the odds of having a subsequent screen-
detected cancer.

Conclusions: Increased DV asymmetry was associated
with the risk of a breast cancer diagnosis at a contempo-
raneous screen or as an interval cancer. BV asymmetry
was positively associated with the risk of an interval
cancer diagnosis.

Advances in knowledge: The findings suggest that DV
and BV asymmetry may provide additional signals for
detecting contemporaneous cancers and assessing
the likelihood of interval cancers in population-based
screening programmes.

category (density in <10% of mammogram) (OR of 17.8
(95% CI 4.8-65.9)).° Other research has focused on the
texture or type of parenchymal pattern in breast tissue as
a risk factor for breast cancer; a review of over 40 research
papers concluded that automated analysis of quantitative
features in mammographic images may be useful in breast
cancer risk assessment and potential stratification for
screening but that further research was necessary.'!

One little explored potential feature is mammographic
asymmetry in the total size of the breast and in the size of
the radio-dense tissue between the left and the right breasts.
Increased “fluctuating asymmetry” (FA), that is, increased
anthropometrical asymmetry in paired features, is related
to both fecundity and general health.'"*> Furthermore,
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breast FA appears to be related to many of the known reproduc-
tive breast cancer risk factors, such as parity, age at first birth and
age at menopause.'® Findings to date are consistent with breast
volume (BV) asymmetry being associated with the presence of
breast cancer'”~* as well as with a higher risk of having a breast
cancer diagnosed in the short- and medium-term.*' There is
also limited evidence that asymmetry in mammographic density
might be associated with higher short-term,”*** and medium-
term® risk of being diagnosed with breast cancer although
the previous research used very specific bespoke algorithms to
derive asymmetry scores based on comparing multiple bilateral
mammographic density features.

Breast cancer subtypes, based on gene expression or receptor
status, are clinically relevant because they are associated with
differential treatment options and prognoses. Studies have
shown that some hormonal risk factors associated with FA are
also associated with particular breast cancer subtypes (e.g., parity
is inversely associated with FA'® and with the risk of luminal-like
breast tumours>*?’).

The aim of this study is to investigate the association between
left-right asymmetry in breast size and in the amount of radio-
dense tissue, as ascertained by mammography, and the risk of
being diagnosed with breast cancer (overall and by subtype) at
the same or subsequent screens, or as an interval cancer, among
a large population-based sample of 68,776 females who under-
went mammographic screening in South West London, England,
between March 2013 and June 2017.

METHODS

Study participants

The study participants were female residents in one of six
London boroughs—Wandsworth, Merton, Croydon, Sutton,
Richmond and Kingston—who underwent routine 3 yearly
screening mammography as part of the NHSBSP at the South
West London Breast Screening Service (SWLBSS) based in the
St George’s University Hospitals NHS Foundation Trust. The
NHSBSP is an organised population-based mammographic
screening programme, with a call-recall system, which targets
females aged 50-70 years (with a trial for 50% of females aged
47-50 and 70-73) and has a coverage of approximately 75%.
Also included were small numbers of younger females who had
been identified as having a higher risk of breast cancer and there-
fore invited for screening on an annual basis, plus any females
over 73 years who had optionally contacted the service for a
self-referred screening appointment. Participants were screened
during the period 01 March 2013 to 20 June 2017.

Data on ethnicity were collected as part of the standard screening
protocol via a self-completed screening questionnaire. Ethnicity
was categorised according to the Census classification® and
summarised as, “Asian” (Indian, Pakistani or Bangladeshi or
other), “Black-African,” “Black-British or Caribbean or other,
“Chinese,” “Mixed” (White and Black, White and Asian or any
other mixed), “White” (British or Irish or other) and “Other”
Data for other known breast cancer risk factors (e.g., reproduc-
tive history, body mass index (BMI), family-history of breast
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cancer) are not collected in a systematic way across the NHSBSP
screening programme and thus were unavailable. The type of
screen (first (prevalent) versus subsequent (incident) screens)
was recorded.

Exposure assessment

Each female underwent the NHSBSP standard, two-view (cranio-
caudal (CC) and medio-lateral-oblique views (MLO)) mammog-
raphy of each breast.”® Raw digital mammographic images were
processed via an automated algorithm, that is, Volpara® Densi-
ty™ V.1.5.11, (Matakina Technology Limited, Wellington, New
Zealand)* ; this algorithm provided fully automated estimates
(in cm®) of the volume of the BV and the volume of the radio-
dense tissue (DV) separately for each of the four (left-right CC
and MLO) images. The volume of non-dense volume (NDV) was
calculated as the difference between BV and DV on the same
image. The NHSBSP does not use mammographic density as a
diagnostic aid, and participants are not informed on whether
they have dense breasts.

For each participant, we estimated absolute measures of left-right
asymmetry (in cm?), that is, the unsigned difference between left
BV (or DV) and right BV (or DV). Absolute asymmetry was esti-
mated from the CC images because this view is likely to capture
the whole of the breast while being less affected than the MLO
view by the inclusion of variable amounts of retro-glandular fat
tissue near the chest wall.

Subject eligibility

Screening events where exposure measurements (ie., breast
asymmetry) and outcome ascertainment (screen-detected
cancer) were done concurrently, were regarded as “contempo-
raneous screens” for the purposes of this study. In all, 93,416
contemporaneous screens took place during the study period.
Screens were excluded from this analysis if: females had a
previous history of breast cancer (N = 2,068); females had breast
implants or where the standard set of four (i.e., left-right CC and
MLO) images was incomplete or exceeded (N = 10,234); and of
these if one or both of the CC images was rejected by Volpara
based on its internal consistency checks (N = 1,383). Thus, a total
0f 79,731 screens were eligible for inclusion in the analysis. Some
females were screened more than once in the study period; 9,600
females had two screens; 221 females had three screens; 72 had
four screens; and 3 females had five screens; all valid screens
were included in the analysis. “Subsequent” screens were screens
that took place, as a result of the next screening round invitation
following on from a contemporaneous screen, at approximately
3 years after the contemporaneous screen. Approximately 20% of
subsequent screens were also included in the contemporaneous
screen study.

Cancer ascertainment

The images were double read with arbitration by consensus. In
this study, cancers detected at the screen when breast asym-
metry was estimated were called “contemporaneous screen
detected cancers,” cancers diagnosed symptomatically in the
3-year period following this measurement and prior to the next
screening invitation were regarded as “interval cancers’ and

2 of 12 birpublications.org/bjr

Br J Radiol;93:20200154


http://birpublications.org/bjr

Left-right breast asymmetry and risk of screen-detected cancers

breast cancers detected at the subsequent screen were considered
as being “subsequent cancers.

Interval cancer case ascertainment was based on the sharing
of data between the Screening Quality Assurance Service and
Cancer Registries and via direct contact between the screening
services and local treating NHS Trusts. Each NHSBSP screening
service is responsible for recording and reviewing all reported
interval cancers. We included all recorded interval cancers from
the SWLBSS database as of 06 November 2019.

Contemporaneous screen cancers were categorised according
to histological subtype and laterality (left-side, right-side, bilat-
eral tumour). Tumour subtypes are routinely differentiated in
the NHSBSP by immunohistochemical (IHC) analysis of the
oestrogen (ER) and progesterone (PR) hormone receptors and
the human epidermal growth factor (HER2) (using IHC plus
in situ hybridisation (ISH) molecular analysis). These tests are
carried out on diagnostic or surgical biopsies. In the NHSBSP,
ER testing is required for all invasive tumours and guidelines are
used to ensure standard reporting of results across the screening
programme.’* The results were used to approximately differ-
entiate between the most clinically relevant subtypes based on
the definitions proposed by Waks and Winer®* as: Hormone+
(H+) cancers if ER +and/or PR+, HER2-; HER2 +cancers if
ER+PR+/-, HER2+; and triple negative cancers if ER-, PR- and
HER2-. The size of tumours was estimated as maximum dimen-
sion of the whole tumour at surgical excision where such data
were available. No data on receptor status or tumour size were
available for interval cancers.

Study design

A cross-sectional screen-specific design was used to examine
associations between left-right breast asymmetry and contem-
poraneous screen-detected cancers (Figure 1). Screens at which
females were diagnosed with a first occurrence of breast cancer
(n = 767) were defined as cases, and screens where no cancer
was detected (n = 78,964) as non-cases. In all, 82 females had
both a non-cancer contemporaneous screen and a later contem-
poraneous first screen-detected cancer; in the analysis, their

Figure 1. Timing of mammography and cancer diagnosis

Contempora neous screens
(March 2013 —June 2017)

Assessment of volume/density asymmetry
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(n=79,731)
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contemporaneous contemporaneous
cancers screens
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non-cancer screens were included as being non-cancer while
their screen-detected cancers were included as cases.

An incident-density-sampling (nested) case—control design was
used to investigate the association between breast asymmetry and
interval cancers (Figure 1). Cases were females who were diag-
nosed with an interval cancer after a normal contemporaneous
screen. For each case, up to five controls were randomly selected
among females who had a contemporaneous screen in the same
year and month as the case and who had a verified “non-cancer”
status (based on subsequent screening records) at the time that
the case was diagnosed, matched to the case on age at contempo-
raneous screen (£ 1year). For cases aged >73 years at contempo-
raneous screen, controls were aged-matched within + 5 years due
to paucity of controls. A total of 153 interval cancer cases and 646
matched controls were identified corresponding to 87 cases with
five controls each, 37 cases with four controls each, 14 cases with
three controls each, seven cases with two controls each and seven
cases with one control each; one case was excluded in the analysis
because there were no valid matched controls.

A similar nested case—control approach was also used to assess
the association between mammographic asymmetry and risk
of being diagnosed with a breast cancer in a subsequent screen
(Figure 1). This design was preferred to a cross-sectional anal-
ysis because subsequent screens had not yet been performed for
around one-third of the study participants. Cases were females
who had a normal contemporaneous screen but were diagnosed
with breast cancer in the subsequent screening round (n = 345).
Up to five age-matched controls per case were identified (a total
of 1,438) using a similar approach to that outlined above for
interval cancers, corresponding to 202 cases with five controls
each, 58 cases with four controls each, 44 cases with three
controls each, 25 cases with two controls each and 14 cases with
one control each; two cases were excluded in the analysis because
there were no eligible controls.

Statistical analyses
Tertiles of the distributions were used to categorise BV asym-
metryand DV asymmetry into three equally sized categories (low,

Subsequent screens
(up to June 2019)

Subsequentscreen-
Interval cancers detected cancers

(n=153) (n=345)

Follow-up of cancer-free women to next routine screening (~3 year interval)

|

Cross-sectional screen-specificanalysis
(to estimate the odds of having a screen-detected cancer
inrelation to concurrently measured
volume/dense asymmetry)

Nested case-control analyses

(to estimate the odds of having an interval cancer or a subsequent screen-detected
cancerin relation to previously measured volume/dense asymmetry,

i.e. from a contemporaneous screen)
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medium and high) based on the distributions in the non-cases/
controls.

Logistic regression models were used to examine the strength
of the associations between the exposures of interest, BV asym-
metry and DV asymmetry, and the odds of being diagnosed with
a contemporaneous screen-detected breast cancer (overall and
by subtype). Robust standard errors (clustering by female) were
used to account for the fact that some females had repeat screens
over the 52-month study period. Similarly, separate conditional
logistic regression models were used to examine the strength of
the associations between BV asymmetry and DV asymmetry
and the odds of an interval cancer and the odds of a subsequent
screen-detected cancer.

All regression models were adjusted for a priori poten-
tial confounders: age at screening, ethnicity and mean
mammographic NDV (a valid proxy for BMI when data for
the latter are not available**) and additionally for mean BV (log
transformed) in the BV asymmetry model and mean DV (log
transformed) in the DV asymmetry model. DV was not added
as a potential confounder in the BV asymmetry model because
previous studies using this data showed that there was no asso-
ciation between DV and BV asymmetry.*®> Mean BV, NDV and
DV values were calculated as averages of the corresponding
fully automated readings obtained from each female’s four
contemporaneous CC and MLO images (all available image sets
being used to derive the best estimate for these confounders).
Trend tests for the association with the asymmetry measures
were carried out fitting models with the ordinal values of each
asymmetry measure and assessing their significance using
Wald tests.

For the association between breast asymmetry and the odds
of having a contemporaneous screen-detected cancer, further
analysis included stratification by type of screen (prevalent vs
incident) and reanalyses restricted to each tumour subtype.
Adjustment for ethnicity was omitted for the latter due to spar-
sity of data.

Spearman rank correlation coefficients (r) were estimated to
investigate whether the magnitude of the breast asymmetry in BV
and DV among contemporaneous screen-detected breast cancer
cases was correlated with the size of the tumour. The proportion
of cancers detected in the larger breast was also calculated.

In all the analyses, we considered statistical significance (two-
sided) at p-value < 0.05. All analyses were conducted in Stata (IC
14)*,

RESULTS

Study participants

The characteristics of the participants, and of their screens, are
shown in Table 1. The majority of the participants were White.
The mean age at contemporaneous screening was 58.4 years when
the screen did not lead to cancer detection and 60.4 years when
it did. Mean time between contemporaneous screen and interval
cancer diagnosis was 19.2 (range 0.14-36.0; SD = 9.1) months.

Hudson et a/

Mean time between contemporaneous screen and subsequent
screen diagnosis was 36.4 (range 9.6-70.8; SD = 8.2) months.

The median values for BV and DV asymmetry were higher for
contemporaneous cases (65.4cm® and 6.64 cm’, respectively)
than non-cases (60.3 cm® and 5.78 cm?, respectively; Table 1).
Median values for BV asymmetry and DV asymmetry were
also higher for interval cancer cases (71.9 cm?® and 8.90 cm?,
respectively) than their matched controls (57.5cm® and
5.60 cm?, respectively; Table 1). A similar pattern was observed
for subsequent cancers but with smaller case-control differ-
ences in median BV asymmetry and DV asymmetry (Table 1)
(Supplementary Table 1).

Tumour subtype was known for 88% of all contemporaneous
screen-detected cases. Of these 84% were HR+, 11% HER2+
and 4.8% triple-negative tumours (Table 1). The median
BV and DV asymmetry values for the latter were markedly
higher (110.4cm’ and 11.66 cm®, respectively) than for the
other subtypes (average 65.4cm’ and 6.64 cm’, respectively)
(Supplementary Table 2).

Associations between BV and DV asymmetry and
contemporaneous screen-detected breast cancer
There was a possible positive, but weak (p-for-linear-trend (Pt)
= 0.105), log-linear association between BV asymmetry and
the odds of being diagnosed with cancer at the contempora-
neous screen. Relative to females in the bottom third of the
BV asymmetry distribution (<36.4 cm®), those in the top third
(293.7 cm®) appeared to have 1.17 times greater odds (OR 1.17;
95% CI 0.97, 1.44) of having a screen-detected cancer, in the
fully adjusted models. There was stronger evidence that DV
asymmetry was positively associated with the odds of being
diagnosed with a cancer at the contemporaneous screen;
(Pt = 0.018) with females in the top third of the DV asym-
metry (29.04cm?®) having 1.26 times greater odds (OR 1.26;
959% CI 1.04, 1.53) than those in the bottom third (<3.48 cm®)
(Figure 2).

In stratified analyses by type of screen, BV asymmetry was
not associated with the odds of a contemporaneous screen-
detected cancer in either group. DV asymmetry was however
positively associated with the odds of a contemporaneous
screen-detected breast cancer among females who had a prev-
alent screen (OR 1.56; 95% CI 1.07, 2.27; Pt = 0.012) but not
among those who had an incident screen (OR 1.15 (0.92, 1.45);
Pt = 0.21; Figure 3).

No clear associations were found between BV asymmetry and
any specific tumour subtype. DV asymmetry however was
positively associated with both the odds of having a contem-
poraneous screen-detected HR +breast cancer and the odds of
having a triple negative breast cancer, but no association was
found with HER2 +cancers. Relative to females in the bottom
third of the DV asymmetry distribution those in the top third
were 3.7 times more likely to have a triple negative cancer (OR
3.72; 95% CI 1.11, 12.45) and 1.3 times more likely to have a
HR +cancer (1.28; 1.05, 1.58; Figure 4).
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Left-right breast asymmetry and risk of screen-detected cancers

Figure 2. Associations® between breast volume (BV) asymmetryb and mammographic density volume (DV) asymmetry with the
odds of having a breast cancer detected at the contemporaneous screen (a) Adjusted for age, ethnicity, NDV (volume of non-
dense mammographic tissue, as a proxy for BMI), and log BV for BV asymmetry or log DV for DV asymmetry (b) Automated BV
and DV asymmetry measures from the CC (cranio-caudal view) images categorised according thirds of the distribution in non-
cases (c) Contemporaneous screen corresponds to the same screen whose images were used to estimate BV and DV asymmetry
(d) Interval Cancers were cancers diagnosed within 3 years of the contemporaneous screen, but before a subsequent screene
(e) Cancers at subsequent screen were those diagnosed at next the routine screening round after the contemporaneous screen

Category Cases Controls/Non-cases OR (95% Cl)
c
Cancer at Contemporaneous Screen
Low BV Asymmetry (<36.4 cm3) 237 26,313 1.00
Medium BV Asymmetry (<93.7 cm3)239 26,328 + 0.97 (0.86, 1.17)
High BV Asymmetry (>=93.7 cm3) 291 26,323 r 1.17(0.97, 1.44)
Pt=0.105
d
Interval Cancer
Low BV Asymmetry (<35.9 cm3) 42 215 1.00
Medium BV Asymmetry (<93.2 cm3) 50 215 L B 1.24(0.77,2.03)

High BV Asymmetry (>=93.2cm3) 61 216 1.75(1.07,287)

Pt=0.030
Cancer at Subsequent St:reene
LowBV Asymmetry (<38.3cm3) 124 479 1.00

Medium BV Asymmetry (<94.2 cm3) 88 479 - 0.69 (0.51, 0.94)
High BV Asymmetry (>=94.2cm3) 133 480 - 1.09 (0.80, 1.48)
Pt=0.672

Category Cases Controls/Non-cases OR (95% CI)

Cancer at Contemporaneous Screenc

LowDV Asymmetry (<348 cm3) 219 26,312 1.00

Medium DV Asymmetry (<9.04 cm3) 252 26,320 t— 1.13(0.94, 1.36)

High DV Asymmetry (>=9.04 cm3) 296 26,332 —— 1.26 (1.04, 1.53)
Pt=0.018

d

Interval Cancer

Low DV Asymmetry (<3.13cm3) 32 215 1.00

Medium DV Asymmetry (<8.86 cm3) 44 215 - 124(0.72,2.12)

High DV Asymmetry (>=8.86 cm3) 77 216 — 1.68(0.97,2.92)
Pt=0.060

Cancer at Subsequent St:r\a‘enE

Low DV Asymmetry (<3.20 cm3) 94 477 1.00

Medium DV Asymmetry (<8.78 cm3) 126 481 — 1.27 (0.93,1.72)

fo—

High DV Asymmetry (>=8.78 cm3) 125 480 - 1.17 (0.85, 1.62)

Pt=0.356

T T T
0 1 2 335

Odds Ratio with 95% Confidence Intervals

Associations between BV and DV asymmetry and
interval cancer

BV asymmetry was positively associated with the odds of having
an interval cancer; relative to females in the bottom third of the
BV asymmetry distribution those in the top third had signifi-
cantly higher odds of being diagnosed with an interval cancer
(adjusted OR 1.75; 95% CI 1.07, 2.87). Similarly, there was a posi-
tive, but weak (P-trend = 0.060), log-linear association between
DV asymmetry and the odds of being diagnosed with a subse-
quent interval cancer (OR for females in the top third of the DV
asymmetry distribution versus those in the bottom third: 1.68;
95% CI 0.97, 2.92).(Figure 2)

T T T
0 1 2 335
Odds Ratio with 95% Confidence Intervals

Associations between BV and DV asymmetry and a
subsequent screen-detected cancer

There were no clear associations between BV or DV asymmetry
and the odds of having a cancer detected at the next screening
round.(Figure 2)

Cancer laterality

The cancer was detected in the breast with larger BV in approx-
imately 52% of all cases and in the breast with larger DV in
approximately 54% of cases. These proportions were similar
irrespective of whether the cancer was detected at the contem-
poraneous screen (i.e., from the same images that were used
to measure BV/DV asymmetry) or whether it was an interval
cancer or a cancer detected at a subsequent screen (Table 2).

Figure 3. Associations® between breast volume (BV) asymmetryb, and mammographic density volume (DV) asymmetryb, and the
odds of having a breast cancer detected at the contemporaneous screen®, by type of screen?. (a) Adjusted for age, ethnicity, NDV
(volume of non-dense mammographic tissue, as a proxy for BMI) and log BV for BV asymmetry or log DV for DV asymmetry. (b)
Automated BV and DV asymmetry measures from the CC (cranio-caudal view) images categorised according thirds of the distri-
bution in non-cases. (c) Contemporaneous screen corresponds to the same screen whose images were used to estimate BV and
DV asymmetry. (d) Prevalent screen if the contemporaneous screen was the first screen a female had ever had; incident screen if
the female had at least one screen prior to the contemporaneous screen.

Category Cases  Non_Cases OR (95% CI) Category Cases  Non_Cases OR (95% CI)
Cancer at Contemporaneous Prevalent Screen Cancer at Prevalent Screen
Low BV Asymmetry (<36.4 cm3) 65 7,253 100 Low DV Asymmetry (<3.48 cm3) 46 6,141 1.004
Medium BV Asymmetry (<93.7 cm3) 63 7,105 - 0.95 (0.67, 1.36) Medium DV Asymmetry (<9.04 cm3) 52 6791 - 1.01(0.68, 1.50)
High BV Asymmetry (>=93.7 cm3) 7 6,884 — 120(0.83,1.73) High DV Asymmetry (>=9.04 cm3) 107 8310 —— 1.56 (1.07,227)
Pt=0346 Pt=0012
Cancer at Contemporaneous Incident Screen Cancer atIncident Screen
Low BV Asymmetry (<36.4 cm3) 172 19,060 1.00 Low DV Asymmetry (<3.48 cm3) 173 20171 1.00
Medium BV Asymmetry (<93.7 cm3) 176 19223 + 0.98(0.79,1.22) Medium DV Asymmetry (<9.04 cm3) 200 19,529 te— 1.17(0.96, 1.45)
High BV Asymmetry (>=93.7 cm3) 214 19439 te— 117(0.92, 1.48) High DV Asymmetry (>=9.04 cm3) 189 18,022 t— 1.15 (0.92, 1.45)
Pt=0.198 Pt=0.206
T T T —
0 1 2 335 0 1 2 335

Odds Ratio with 95% Confidence Intervals Odds Ratio with 95% Confidence Intervals
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Figure 4. Associations® between breast volume (BV) asymmetryb, and mammographic density volume (DV) asymmetryb, and the
odds of having a breast cancer detected at the contemporaneous screen, by tumour subtype®. (a) Adjusted for age, ethnicity,
NDV (volume of non-dense mammographic tissue, as a proxy for BMI), and log BV for BV asymmetry or log DV for DV asymmetry
(b) Automated BV and DV asymmetry measures from the CC (cranio-caudal view) images categorised according to thirds of the
distribution in non-cases (c) 95 cases with unknown sub-type excluded from this figured (d) Hormone receptor positive (HR+)
includes oestrogen receptor positive (ER+) and/or progesterone receptor positive (PR+) (e) HER2+ includes tumours with over-
expression or amplification of human epidermal growth factor 2 (ER+/-, PR+/-) (f) Triple negative tumours correspond to those

which were HER2-, PR- and ER-.

Category Cases Non cases OR (95% Cl) Category Cases Non cases OR (95% CI)
Hormone Receptor + d Hormone Receptor + Cl
Low BV Asymmetry (<36.4 cm3) 175 26,313 1.00 Low DV Asymmetry (<348cm3) 161 26312 1.00
Medium BV Asymmetry (<93.7 cm3) 182 26,328 e 1.00 (0.81, 1.24) Medium DV Asymmetry (<9.04 cm3) 195 26,320 na 1.20(0.98, 1.49)
High BV Asymmetry (>=93.7 cm3) 209 26,323 to— 1.18 (0.94, 1.49) High DV Asymmetry (>=9.04cm3) 210 26,332 — 1.28 (1.05, 1.58)
n Pt=0.165 & Pt=0035
HER2 + HER2 +
Low BV Asymmetry (<36.4 cm3) 22 26,313 1.00 Low DV Asymmetry (<3.48cm3) 24 26,312 1.00
Medium BV Asymmetry (<93.7 cm3) 24 26,328 —_— 1.07 (0.59, 1.94) Medium DV Asymmetry (<9.04 cm3) 22 26,320 — 0.88 (0.49, 1.58)
High BV Asymmetry (>=93.7 cm3) 28 26,323 — 1.11(0.59, 2.10) High DV Asymmetry (>=9.04 cm3) 28 26,332 B E— 1.00 (0.54, 1.85)
. Pt=0.746 Pt=0.988
Triple Negative Triple Negauvef
Low BV Asymmetry (<36.4cm3) 9 26,313 1.00 Low DV Asymmetry (<3.48cm3) 4 26,312 1.00
Medium BV Asymmetry (<93.7 cm3) 6 26,328 —_— 0.63 (0.21,1.92) Medium DV Asymmetry (<9.04 cm3) 10 26,320 5 238(0.74,7.60)
High BV Asymmetry (>=93.7 cm3) 17 26,323 B 1.59 (0.62, 4.03) High DV Asymmetry (>=9.04 cm3) 18 26,332 —_— ) 372(1.11,1245)
Pt=0.302 Pt=0.028
T U . L L T TR L
0 5 1152253 354 455 0 5 1152 253 354 455

Odds Ratio with 95% Confidence Intervals

Correlations between contemporaneous screen
tumour size and absolute asymmetry

Tumour size, as measured at surgical excision (available for
494 (64%) tumours), was not correlated with the degree of
mammographic BV asymmetry (r = 0.01 (p = 0.82) and r =
0.03 (p = 0.60) for tumours located, respectively, in the left and
right breasts). Similarly, there was only a very weak correlation
between tumour size and DV asymmetry (r = 0.12 (p = 0.06)) for
cancers located in the left breast and (r = —0.12 (p = 0.06)) for
cancers located in the right breast).

The median percentage of BV occupied by the largest tumour
was 0.57% (IQR; 0.14-2.15%). For DV, the median percentage of
tumour size to overall breast DV was 8.04% (IQR; 1.9-29.48%).

Figure 5 shows that the distribution of tumour size versus signed
difference in volume between the left and right breasts and
tumour size was broadly similar irrespective of laterality of the
tumour.

DISCUSSION
Main findings
The present study found positive associations between automat-
ically estimated mammographic DV asymmetry and the odds of
having a breast cancer diagnosed at a contemporaneous screen

Table 2. Proportion of tumours occurring in the larger breast?® b

Odds Ratio with 95% Confidence Intervals

and as an interval cancer. Increasing BV asymmetry was also
strongly associated with increasing odds of having an interval
cancer but only weakly associated with higher odds of a contem-
poraneous screen cancer. Neither BV nor DV asymmetry were
associated with the odds of a subsequent screen-detected cancer
in our study.

Our findings are similar to previous smaller studies by Scutt et
al who used visually assessed mammographic breast size (BV)
asymmetry estimates (~250 cases;~250 age-matched controls)
to show that absolute BV asymmetry was positively associated
with contemporaneously detected cancer.!” Our larger study
using automated measurements also found a positive associ-
ation between BV asymmetry and the odds of a breast cancer
diagnosis at the contemporaneous screen (although with border-
line significance). Unlike our study, Scutt et al also found an
association between BV asymmetry and medium-term risk of
breast cancer diagnosis (mean time to diagnosis 6.44 years) after
adjustment for known-risk factors and absolute breast size.”! As
in our study, Scutt et al found no correlation between tumour
size and BV asymmetry and they noted that approximately 50%
of the tumours were found in the smaller breast by BV. Eltonsy
et al used a computerised algorithm to estimate BV asymmetry
from screening mammographic images (280 screen-detected
cancer cases; 82 controls). They found that mean absolute BV

Point of diagnosis

Cancer in larger breast by BV cm®

Cancer in larger breast by DV cm’

Contemporaneous screen cancers

3771744 (50.7%)

413/744 (55.5%)

Interval cancers

45/83 (54.2%)

46/83 (55.4%)

Subsequent screen cancers

181/345 (52.5%)

180/345 (52.2%)

All cancers

603/1172 (51.5%)

639/1172 (54.5%)

2Excludes bilateral cases

PCalculated as the signed difference in cm® between the BV (or DV) value from the left CC image and the BV (or DV) value from the right CC image.
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Figure 5. Tumour size and Left breast - Right breast asymmetry? by cancer laterality® (a) Calculated as the signed difference in
cm3 between the BV (or DV) value from the left CC image and the BV (or DV) value from the right CC image. (b) Excludes bilat-

eral cases
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asymmetry, adjusting for BV, was significantly higher in cancer
patients.'® Only limited research has looked at the association
between BV asymmetry and interval cancers. Kayar et al used
physical breast measurements (251 cases; 466 controls) from a
Turkish outpatient (non-screening) clinic, to identify a “patho-
logical breast asymmetry ratio.”® They found that approximately
50% of the tumours were located in the smaller breast but that
left breast:right breast BV ratio of >+20% was associated with
an increased risk of breast cancer being diagnosed within 1 year
of the examination.”” Similarly, we found a significant positive
association between BV asymmetry at the original screening
and interval cancer risk (mean time to diagnosis 1.6 years). Our
findings are in line with Cheong et al who studied 87 breast
cancer patients referred for breast reconstruction and found that
only approximately 0.2% of the BV was occupied by the actual
tumour. They found no association between tumour size and BV
asymmetry.3 6

Our study also broadly agrees with the findings of a previous
small case—control study, which used a bespoke algorithm for
estimating mammographic density percentage (%MD) asym-
metry in 230 cases found clear of cancer at the time the image
was taken but who were subsequently diagnosed with breast
cancer and 230 matched cancer-free controls.”** Increasing
%MD asymmetry was positively associated with the odds of
cancer at the subsequent screen (1-3 years later) after adjusting
for age and subjective breast density category (BIRADS),*** in
line with our findings.

DV asymmetry was more strongly associated with contempo-
raneous cancer detection in prevalent than in incident screens.
Asymmetries might be more likely to be identified and investi-
gated in the first (prevalent) screen when prior screening images
are not normally available for comparison.

To our knowledge, this is the first study to look at the association
between breast asymmetry (DV or BV) and cancer subtypes. A
systematic review by Antoni et al.***® showed that the density-
breast cancer association did not differ by cancer subtype. Our
analysis, albeit based on small numbers, suggests that the DV

Breastdense volume asymmetry (Left breast - Right breast)
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3
£
£
3 o
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5 %
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= a
T &
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T T T T
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asymmetry association with breast cancer may be particularly
strong for triple-negative cancers.

The findings that neither BV nor DV asymmetry were associated
with the odds of a subsequent screen-detected cancer is possibly
a result of the relatively small number of subsequent breast cancer
cases; both BV and DV asymmetry showed positive associations
with the odds of subsequent screen cancer but not at the 95% CI
level. Larger studies will be required to investigate this fully.

The pathways through which asymmetry in BV and DV may
affect the risk of being diagnosed with breast cancer (in the
short or longer term) are poorly understood. If asymmetry is
simply attributable to the presence of a tumour in the breast,
then a higher correlation between tumour size and asymmetry
would be expected together with a closer correspondence
between tumour laterality and the breast with larger volume/
density (in our study only ~55% of unilateral screen detected
tumours were located in the breast with higher DV/BV) and
previous studies found no evidence that the tumour was asso-
ciated with the larger BV.***"*® In our study, there was some
evidence of a weak positive correlation between DV asymmetry
and tumour size, but overall little of the observed asymmetry in
our study can simply be explained by the presence of a tumour
in the larger breast. We therefore conclude that asymmetry
cannot be explained by the presence of a tumour alone but may
be a biomarker of increased genetic/early life susceptibility to
breast cancer.

Radiologists are able to identify abnormal signals from mammo-
grams extremely quickly by extracting the “gist” of the image
in fractions of a second®® but they may also find it more diffi-
cult to read bilateral mammograms that display greater asym-
metry between the breasts,"**! due to the “obfuscation” effect
of increased asymmetry. The “masking effect” of DV has been
recognised for some time®” and this study suggests that the
masking effect is enhanced where DV is asymmetrical. This
association may however be subtle since Evans et al*? found that,
although asymmetry may be part of what signals an abnormal
mammogram, there is still above-chance performance from
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clinicians when presented with artificial asymmetric conditions
(e.g., where the contralateral breast was from a different female).

Strengths and limitations

Strengths of this study include its population-based design,
large sample size, ethnic mix, and availability of information on
receptor status. The images for both breasts were collected at the
same point in time, and under similar technical conditions there-
fore within-woman left:right breast comparisons are unlikely to
have been biased by anthropometric, reproductive and lifestyle
characteristics or the equipment used. The study used an auto-
mated method to estimate BVs, therefore measurements were
free from subject or observer biases.

The algorithm (Volpara Density) used gives reliable volumetric
BV and DV estimates.*>™* There is no published data specifi-
cally on the reliability of asymmetry measures derived from the
Volpara volumetric measurements but examination of data from
a subset of 464 females in our study, who had two sequential
screens, using Bland Altman plots showed no systematic bias
although the limits of agreement were large (unpublished).

A limitation of this study was the lack of data on potential repro-
ductive confounders (e.g., parity, age at menarche, menopausal
status) which have been shown to be associated with breast
asymmetry,'® (these data are not routinely collected at screening
in the UK). Our adjustment and matching for age (at least partly)
dealt with the potential confounding effect of menopausal status;
however, too little is known of the direction and strength of the
cumulative effects of other reproductive variables to speculate on
the direction of the potential residual confounding bias affecting
the reported estimates. The number of interval cancers recorded
was relatively small, partly reflecting the lag time between diag-
nosis and notification to the screening services. Information on
tumour subtypes was limited and there was insufficient power to
analyse asymmetry associations with the rarer tumour subtypes.

IMPLICATIONS
This study suggests that increasing left:right asymmetry in BV
and DV may be of relevance when interpreting mammographic

Hudson et a/

screening images as a signal of the likely presence of a cancer
on a contemporaneous screen and the likelihood of being diag-
nosed with an interval cancer before the next screen. Further
studies are needed to confirm these findings and, if confirmed,
to assess how they may affect the performance of the screening
programme. Nevertheless, the availability of automated algo-
rithms, which allow volumetric assessment of BV and density in
real-time from two-dimensional mammographic images, means
that such studies can now be conducted on a large-scale as objec-
tive measurements of bilateral asymmetry can be easily obtained
for all females screened.
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