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Objectives: To determine screening outcomes in women who have no recorded risk factors for breast
cancer.
Methods: A retrospective population-based cohort study included all 1,026,137 mammography screening
episodes in 323,082 women attending the BreastScreen Western Australia (part of national biennial
screening) program between July 2007 and June 2017. Cancer detection rates (CDR) and interval cancer
rates (ICR) were calculated in screening episodes with no recorded risk factors for breast cancer versus at
least one risk factor stratified by age. CDR was further stratified by timeliness of screening (<27 versus
�27 months); ICR was stratified by breast density.
Results: Amongst 566,948 screens (55.3%) that had no recorded risk factors, 2347 (40.9%) screen-
detected cancers were observed. In screens with no risk factors, CDR was 50 (95%CI 48e52) per
10,000 screens and ICR was 7.9 (95%CI 7.4e8.4) per 10,000 women-years, estimates that were lower than
screens with at least one risk factor (CDR 83 (95%CI 80e86) per 10,000 screens, ICR 12.2 (95%CI 11.5
e13.0) per 10,000 women-years). Compared to timely screens with risk factors, delayed screens with no
risk factors had similar CDR across all age groups and a higher proportion of node positive cancers (26.1%
vs 20.7%). ICR was lowest in screens that had no risk factors nor dense breasts in all age groups.
Conclusions: Majority of screens had no recorded breast cancer risk factors, hence a substantial pro-
portion of screen-detected cancers occur in these screening episodes. Our findings may not justify less
frequent screening in women with no risk factors.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Mammography screening has been shown to reduce breast
cancer deaths in average-risk women [1]. In Australia, similarly to
organised breast screening in Europe, the publicly-funded
BreastScreen program has been providing mammography
screening for around 30 years, currently targeting women aged
50e74 years [2].

Both globally and within Australia, there is interest in risk-
uilding, University of Sydney,
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stratified breast cancer screening to improve benefit and possibly
reduce the harms of screening [3]. This includes considering
increasing screening frequency or using more sensitive imaging for
women at increased risk, and conversely reducing screening fre-
quency (longer time between screens) for those deemed at lower
risk. To determine the increase in breast cancer risk associated with
individual risk factors, we have previously reported screen-
detected and inter-screen interval cancer rates by risk factors in
contemporary Australian women [4]. However, little is known
about screening outcomes in women who do not have any specific
risk factors for breast cancer and who are presumed to be at or
lower than population risk.
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In this study, we investigate this under-researched group of
screening participants who may be at the lower end of the risk
spectrum and determine screening outcomes in women who have
none of the breast cancer-related risk factors that are recorded by
the BreastScreen program.

2. Material and methods

2.1. Participants

A retrospective cohort study was conducted using routinely
collected clinical and administrative data in the BreastScreen
Western Australia (BSWA) program. All mammography screening
episodes in women aged �40 years in the BSWA program from 1
July 2007 to 30 June 2017 were included in the analyses.

Women aged�40 years are eligible for freemammograms every
2 years in the program. The target age-group that is actively invited
was 50e69 until 30 June 2013 and 50 to 74 from 1 July 2013.
Women aged �40 but below or above the target age range are not
actively invited but are still able to take part in the screening pro-
gram if they wish. BSWA classifies women with the following
characteristics as high-risk allowing annual screening: strong
family history (�2 affected first-degree relatives, or �1 first-degree
relative diagnosed at <50 years or with bilateral disease), personal
history of breast and/or ovarian cancer, or previous diagnosis of
Atypical Ductal Hyperplasia or Lobular Carcinoma in-situ (‘benign’
conditions associated with increased risk).

Participants in BSWA program provide written consent for their
data to be used for research and quality assurance each time they
screen. Ethics approval for this study was obtained by the Gover-
nance, Evidence, Knowledge & Outcomes Ethics Committee,
Quality Improvement Women's Health, Genetics & Mental Health,
Women and Newborn Health Service (reference number 34263).
An author responsible for data analysis (NN) had full access to all
de-identified data in the study.

2.2. Measurement

The BSWA program routinely collects information on de-
mographic characteristics, risk factors and breast symptoms using a
self-administered registration form [2]. In addition, details and
results of all screening mammograms and further assessments for
recalled women are routinely recorded in the Mammographic
Screening Registry. Data on interval cancers are collected according
to BreastScreen national accreditation standards.

2.3. Exposures

Collected variables included age, screening round, and time
since last screen for re-screens (repeat screens) as well as the
following risk factors: personal history of breast and ovarian cancer,
first-degree family history of breast cancer, hormone replacement
therapy (HRT) in the past 6 months, a history of excision/biopsy of
benign lump, and self-reported breast symptoms. Screens were
classified as having none of these risk factors versus at least one risk
factor. Age was categorised into four groups of 40e49, 50e59,
60e69, and �70 years.

BSWA recorded breast density only for women who had no
abnormality on the mammogram and were not recalled for addi-
tional testing. Women were considered to have dense breasts if at
least one of the two radiologists who double-read themammogram
visually classified it as showing heterogeneously or extremely
dense breasts [5]. Secondary analyses for CDR included dense
breasts from the previous screen within 27 months as a risk factor
in the subset of women who had this information. Analyses for ICR
17
included breast density from the current screen as a stratification
variable.
2.4. Outcomes

Primary outcomes were cancer detection rates at screening
(CDR) per 10,000 screens, and interval cancer rates (ICR) per 10,000
women-years.

Screen-detected cancers were defined as cancers detected
following abnormal mammograms and recall for further testing.
Pathological tumour size category and axillary nodal status were
recorded for screen-detected cancers.

Interval cancers were defined as cancers in women whose
screen results were negative, and in whom breast cancer diagnosis
occurred before the next scheduled screen (two years for most
women, or one year for women scheduled for annual screening). If
women presented before 730 days in biennial screeners (365 days
in annual screeners) with a symptom and then are diagnosed with
a cancer in the same breast, they were considered to have interval
cancers.
2.5. Statistical analysis

Characteristics of the cohort were summarised descriptively
using means for age and percentages for categorical variables. 95%
confidence intervals (95% CIs) were computed using the binomial
distribution.

PROC GENMOD in SAS 9.4 (SAS Institute, Cary, North Carolina,
US) was used to calculate CDR per 10,000 screens in re-screens and
ICR per 10,000 women-years in all screens, and to compare screens
that had no recorded risk factors and those that had at least one risk
factor stratified by age groups. CDR was further stratified by
timeliness of the screens in a biennial screening program (<27
months or �27 months since last screen) [6]. First (prevalent)
screens were excluded when calculating CDR because CDR is
known to be high in first screens regardless of risk factors [4]. CDR
analysis was repeated including breast density information as
determined at the previous screen within 27 months because
breast density was only reported for women who had no abnor-
mality on the current mammogram. ICR was further stratified by
breast density since increased density has been shown to increase
the risk of an interval cancer [7]. ICR included data for all screens
since our earlier work showed no significant differences in ICR for
first or repeat screens [4].

Distributions of pathological tumour size (pT) category and
axillary nodal status of screen-detected cancers were stratified by
risk factors and timeliness of the screens and the four strata were
compared with the Chi-squared test.

All tests of statistical significance were two-sided. The level
chosen for statistical significance was p < 0.05; p < 0.10 was
considered weak evidence of association.
3. Results

Between 1 July 2007 and 31 June 2017, a total of 1,026,137
screens were performed in 323,082 women aged �40 years who
attended BSWA. As reported in our earlier work, mean age at the
time of screening was 58.5 (SD ±8.6) years (range 40e98) and the
majority of screens were re-screens between 15th and 26thmonths
(Supplementary Table 1) [4]. 459,121 screens (44.7%) had at least
one risk factor (not including breast density information) (mean
age 59.4 (SD ±8.5) years) and 566,948 screens (55.3%) had none of
the recorded risk factors (mean age 57.8 (SD ±8.5) years).
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3.1. Cancer detection rates and characteristics

Of all screen-detected cancers, 40.9% were detected in screens
with no risk factors (not including breast density information). In
408727 rescreens with at least one risk factor, 3395 cancers (2660
invasive, 734 in-situ, 1 unknown) were detected (CDR 83 (95%CI
80e86) per 10,000 screens), and in 468,850 rescreens with no risk
factors, 2347 cancers (1824 invasive, 523 in-situ) were detected
(CDR 50 (95%CI 48e52) per 10,000 screens). Timely screens (<27
months) with no risk factors had lower CDR compared to timely
screens with at least one risk factor in women aged �50 (p < 0.001
in 50s, 60s and �70; p ¼ 0.1166 in 40s) (Table 1, Fig. 1). However,
delayed screens (�27 months) with no risk factors had similar CDR
to timely screens with at least one risk factor across all age groups
(p ¼ 0.3580 in 40s, p ¼ 0.0890 in 50s, p ¼ 0.3477 in 60s and
p ¼ 0.7917 in �70). The highest CDRs were observed in women
with delayed screens and at least one risk factor.

After including breast density information in the risk factor
classification, CDR in screens with no risk factors nor dense breasts
was not substantially lower compared to timely screens with no
Table 1
Cancer detection rate in re-screens by age group, timeliness and risk factor grouping.

Age None of the breast cancer RFs

Timely screens (<27mo) Delayed screens (�27mo)

Total Cancer CDR 95% CI Total Cancer CDR 95% CI

40e49 34612 109 31y 26e38 11781 39 33y 24e45
50e59 145784 489 34** 31e37 46617 213 46y 40e52
60e69 145626 789 54** 51e58 36294 301 83y 74e93
70 and over 29027 189 65** 56e75 19109 218 114y 100e1

(calculated for each screening episode).
RF, risk factor; CDR, cancer detection rate at screen per 10,000 screens, CI, confidence inte
HRT use, history of risk-relevant benign breast conditions, and self-reported symptoms (
screens’ group in the same age group is statistically significant. yDifference to the ‘at leas

Fig. 1. Cancer detection rate in re-screens by age group, timeliness and risk factor grouping
including breast density information) and returned after 27 months or longer; “RF,<27mo”,
have any risk factors and returned after 27 months or longer; “NoRF,<27mo”, does not hav
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risk factors not including breast density information (Table 1),
especially in women older than 50 (Supplementary Table 2). Of the
2963 screen-detected cancers, 996 (33.6%) occurred inwomenwith
no risk factors nor dense breasts.

There was statistically significant overall difference in distribu-
tions of pathological tumour size category (p < 0.0001) and axillary
nodal status (p ¼ 0.0025) between cancers detected in timely and
delayed screens with and without risk factors (not including breast
density information). Delayed screens with at least one risk factor
had the highest proportion of pT2 and pT3 cancers and positive
nodes. Compared to timely screens with at least one risk factor,
delayed screens with no risk factors group had similar proportions
of pT2 and pT3 cancers but 5.4% more with positive nodes(Table 2).

3.2. Interval cancer rates

Approximately half (47.1%) of all interval cancers were detected
in screens with no risk factors (not including breast density infor-
mation). In 459121 screens with at least one risk factor, 987 interval
cancers (950 invasive, 37 in-situ) were detected (ICR 12.2 (95%CI
At least one breast cancer RF

Timely screens (<27mo) Delayed screens (�27mo)

Total Cancer CDR 95% CI Total Cancer CDR 95% CI

27119 106 39 32e47 6364 34 53 38e75
127746 709 56 51e60 31593 246 78 68e88
137056 1206 88 83e93 26232 321 122 110e136

30 36967 431 117 106e128 15650 342 219 197e243

rval. *RF comprised any of the following: first-degree family history of breast cancer,
breast density information not included). **Difference to the ‘at least one RF, timely
t one RF, timely screens’ group in the same age group is not statistically significant.

(calculated for each screening episode). “RF,�27mo”, has at least one risk factor (not
has at least one risk factor and returned within 27 months; “No RF,�27mo”, does not
e any risk factors and returned within 27 months.



Table 2
Characteristics of the screen-detected cancers by timeliness and risk factor grouping.

Characteristics None of the RFs* At least one RF*

timely screens
(<27mo)

Delayed screens
(�27mo)

timely screens
(<27mo)

Delayed screens
(�27mo)

N % N % N % N %

Pathological tumour size category
pTis (DCIS) 364 23.2% 159 20.6% 551 22.5% 183 19.6%
pT1a (�5 mm) 117 7.5% 44 5.7% 202 8.3% 54 5.8%
pT1b (>5 mm, �10 mm) 327 20.9% 161 20.9% 502 20.5% 152 16.2%
pT1c (>10 mm, �20 mm) 526 33.5% 275 35.7% 787 32.2% 306 32.7%
pT2 (>20 mm, �50 mm) 219 14.0% 117 15.2% 362 14.8% 210 22.4%
pT3 (>50 mm) 15 1.0% 14 1.8% 40 1.6% 31 3.3%
Unknown 8 . 1 . 8** . 7 .
Total 1568 770 2444 936

Axillary nodal status (invasive cancer)
Negative for metastasis 856 77.3% 408 73.9% 1342 79.3% 507 72.9%
Positive for metastasis 251 22.7% 144 26.1% 351 20.7% 188 27.1%
Unknown 105 . 60 . 208 . 64 .
Total 1107 552 1693 695

RF, risk factor; DCIS, ductal carcinoma in situ. *first-degree family history of breast cancer, HRT use, history of benign breast conditions, and self-reporting symptoms. Breast
density was not included. **1 was also unclear whether it was DCIS or invasive.

Table 3
Interval cancer rate by age group, breast density and presence or absence of all other risk factors (calculated for each screening episode).

Age None of the RFs* At least one RF*

Not dense breasts Dense breasts Not dense breasts Dense breasts

Total Cancer ICR 95% CI Total Cancer ICR 95% CI Total Cancer ICR 95% CI Total Cancer ICR 95% CI

40e49 49385 48 4.9 3.7e6.5 33226 91 13.8 11.3e17.0 26563 42 8.9** 6.6e12.0 21701 75 19.2 15.3e24.1
50e59 171322 183 5.4 4.7e6.2 57133 151 13.4 11.4e15.7 114117 172 8.3** 7.1e9.6 50254 173 18.7 16.1e21.7
60e69 154107 185 6.1 5.3e7.0 27683 78 14.3 11.4e17.8 112851 191 9.4** 8.2e10.8 31528 139 24.3 20.5e28.7
70 and over 41390 63 7.7 6.0e9.9 6247 21 17.0 11.1e26.1 33439 74 12.2** 9.7e15.4 7683 48 34.3 25.9e45.5

RF, risk factor; ICR, interval cancer rate per 10,000 women-years; CI, confidence interval. *First-degree family history of breast cancer, HRT use, history of benign breast
conditions, and self-reporting symptoms. **Difference to the ‘None of the RFs, No dense breasts’ group in the same age group is statistically significant.
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11.5e13.0) per 10,000 screens), and in 566948 screens with no risk
factors, 879 cancers (840 invasive, 39 in-situ) were detected (ICR 7.9
(95%CI 7.4e8.4) per 10,000 screens). Table 3 and Fig. 2 show ICR in
all screens by age-group, breast density and presence or absence of
all other risk factors. ICR was lowest in screens that had no risk
factors nor dense breasts and the differences to the next lowest
group, “at least one RF, not dense breasts”, were statistically sig-
nificant in all age groups (p¼ 0.0050 in 40s, <0.0001 in 50s and 60s
and p ¼ 0.0070 in �70).
4. Discussion

This is the first population-based study to investigate screening
outcomes in womenwith no recorded risk factors for breast cancer
in a large cohort of participants in a mammography screening
program (BSWA, Australia). In population screening, women are
considered at ‘average’ (or population) risk, yet it is known that
some will have risk factors for breast cancer and others will not,
therefore screening participants will have a mixed risk profile. In
the era of targeted therapies and precision medicine, risk-stratified
cancer screening that tailors screening according to individual risks
aligns with the concept of individualised healthcare [8]. Most
studies examining screening outcomes by risk factors have focused
on population subgroups at increased risk [9,10]. Instead, our study
has focused on quantifying outcomes in thosewho have none of the
risk factors that are recorded in the population screening program
to inform ongoing discussions about potentially providing less
intensive screening to those women who are at relatively lower
risk. The evidence we report in the present study will be relevant to
19
breast screening programs contemplating evaluation of risk-based
screening, as is being planned in several countries [11,12], or
indeed in trials in progress [13].

In our study, 55.3% of screening participants had no recorded
risk factors, so even at a lower cancer detection rate, just less than
half of screen-detected cancers (40.9%) occurred in women who
had no risk factors. Although we did not have data about dense
breasts at the time of the current screen inwomenwho had screen-
detected cancers, our secondary analysis found that 33.6% of
screen-detected cancers had no risk factors nor dense breasts based
on information from the prior screen within 27 months. This is
consistent with Neal et al.‘s study that found that 33% of screen-
detected cancers occurred in women without dense breasts, per-
sonal or family history of breast cancer [14].

When screens were stratified by timeliness (27 months was
chosen as a cut-off value given that most population screening
programs provide biennial screening allowing 3months for women
to turn up to re-screen since it is due at/after 24 months) and risk
factor grouping, CDR was lower in timely screens with no risk
factors compared to timely screens with at least one risk factor in
women aged �50. However, CDR in delayed screens with no risk
factors was similar to timely screens with at least one risk factor in
all age groups. We acknowledge that this comparison may seem
counter-intuitive given these are different groups, however this
highlights the need for caution, or at least thorough evaluation, if
longer screening intervals are contemplated as part of risk-
stratified screening. Even after including breast density informa-
tion (classified from the previous screens within 27 months), there
was no substantial decrease in CDR in screens with no risk factors



Fig. 2. Interval cancer rate in all screens by age group, breast density and risk factor grouping (calculated for each screening episode). “RF, dense”, has at least one risk factor (not
including breast density information) and has dense breasts; “RF, not dense”, has at least one risk factor and does not have dense breasts; “No RF, dense”, does not have risk factors
and has dense breasts; “No RF, not dense”, does not have risk factors and does not have dense breasts.
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nor dense breasts compared to timely screens with no risk factors
not including breast density information. Furthermore, there was a
higher proportion of node positive cancers in delayed screens with
no risk factors compared to timely screens with risk factors. Our
observational data suggest that if risk-based screening is to be
implemented in the future, prolonging the inter-screen interval
beyond 2 years for thosewithout any known conventional risk factors
for breast cancer (so called ‘low-risk’ women) might not be appro-
priate. If we are to pursue risk-stratified programmatic screening,
we need to find better methods to reliably identify women at lower
risk who can have less frequent screening, and to investigate this in
prospective trials. Clearly, such trials would include more
comprehensive risk assessment beyond conventional risk factors as
highlighted in ongoing studies and proposed screening and pre-
vention approaches [13]. [[,15] [][][].

Our work highlights that one population subgroup had a rela-
tively low ICR - women with no risk factors nor dense breasts had
lower ICR than those with risk factors and/or dense breasts. This
also suggests that screening programs might be enhanced by
routine collection and reporting of outcomes by breast density to
better understand the burden of interval cancers. This is consistent
with previous reports that dense tissue compromises cancer
detection on mammography [16].

Although the focus of this study was on women who had no
recorded risk factors, our findings also highlighted the high CDR
and less favourable cancer characteristics in women with risk fac-
tors who had delayed screens. The effect of delaying re-screening
may be larger because some of the women with risk factors may
have had a supplementary examination between routine screening
outside of the public screening program. This shows that it is
important for screening programs to support timely re-screening
for women with risk factors. A remarkably high ICR was also
observed in women with risk factors and dense breasts. BSWA
20
informs women and their primary care physicians of their breast
density, with the anticipation that these women may receive
follow-up discussions in primary care about the pros and cons of
supplementary examinations.

Our study showed that the risks of both screen-detected and
interval cancers are diverse between those with risk factors and
those without, and the differences are more pronounced in older
age groups. This supports the importance of individualised
decision-making about breast cancer screening particularly in older
women as highlighted in the EUSOMA/SIOG guidelines for man-
agement of breast cancer in older women [17]. The balance be-
tween benefits and harms of breast screening may vary greatly in
older women due to more diverse breast cancer risk and in-
dividuals’ health and life expectancy.

The major limitation of this study is that the BSWA did not re-
cord some important risk factors such as second-degree family
history, established high-risk gene mutations (e.g. BRCA1/2),
ancestry associated with these mutations, or radiotherapy to the
chest. However, very few women with these strong risk factor
would have been included in this study since women with known
cancer-predisposing genes are generally managed in specialised
clinics because they require alternative screening or risk-reducing
strategies. Furthermore, BSWA does not systematically collect in-
formation about in-situ cancers in the inter-screen intervals
therefore in-situ cancers may be underestimated amongst interval
cancers. However, the proportion of in-situ cancers in all interval
cancers in this study (4.1%) was comparable to 4.6% reported in a
Norwegian study on a population-based breast cancer screening
program [18]. We are also cognisant that the study focused on
cancer detection and interval cancer rates, and did not assess long-
term health outcomes, however our work represents the first step
in documenting outcomes in screening participants who do not
have a risk factor for breast cancer.
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5. Conclusions

A substantial proportion of screen-detected cancers occurred in
screening participants who did not have any recorded risk factors
for breast cancer e these are the majority participants in Australia's
screening program. Although CDR and ICR were relatively low in
screens with no risk factors, delayed screens (�27 months) with no
risk factors had similar CDR and a higher proportion of node pos-
itive cancers compared to timely screens (<27months) with at least
one risk factor. Our findings may not align with the proposed
concept of de-intensify screening in those deemed at lower risk
based on conventional risk factors, or at least do not justify less
frequent screening inwomenwith none of the risk factors routinely
recorded in screening services. The findings from our study may
inform ongoing discussion in the BreastScreen program and other
breast screening programs world-wide about potentially providing
less intensive screening to women who are at or lower than pop-
ulation risk based on conventional risk factors, and may assist
planning of future research to generate evidence on effectiveness
and cost-effectiveness of this approach.
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