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Abstract
Regular screening mammography reduces breast cancer mortality. However, in women with dense breasts, the performance of
screening mammography is reduced, which is reflected in higher interval cancer rates (ICR). In Canada, population-based
screening mammography programs generally screen women biennially; however, some provinces and territories offer annual
mammography for women with dense breast tissue routinely and/or on recommendation of the radiologist. This study compared
the ICRs in those breast screening programs with a policy of annual vs. those with biennial screening for women with dense
breasts. Among 148,575 women with dense breasts screened between 2008 to 2010, there were 288 invasive interval breast
cancers; screening programs with policies offering annual screening for women with dense breasts had fewer interval cancers
63/70,814 (ICR 0.89/1000, 95% CI: 0.67-1.11) compared with those with policies of usual biennial screening 225/77,761 (ICR
1.45 /1000 (annualized), 95% CI: 1.19-1.72) i.e. 63% higher (p ¼ 0.0016). In screening programs where radiologists’ screening
recommendations were able to be analyzed, a total of 76,103 women were screened, with 87 interval cancers; the ICR was lower
for recommended annual (65/69,650, ICR 0.93/1000, 95% CI: 0.71, 1.16) versus recommended biennial screening (22/6,453, ICR
1.70/1000 (annualized), 95%CI: 0.70, 2.71)(p¼ 0.0605). Screening program policies of annual as compared with biennial screening
in women with dense breasts had the greatest impact on reducing interval cancer rates. We review our results in the context of
current dense breast notification in Canada.

Résumé
La mammographie régulière de dépistage abaisse la mortalité par cancer du sein. Cependant, chez les femmes dont les seins sont
denses, les performances de la mammographie de dépistage sont réduites, ce qui se manifeste par des taux de cancers dans
l’intervalle (ICR) plus élevés. Au Canada, les programmes de mammographies de dépistage basés sur la population contactent
habituellement les femmes tous les deux ans. Certaines provinces et des territoires proposent de façon régulière une mam-
mographie annuelle aux femmes ayant un tissu mammaire dense et/ou sur recommandation du radiologiste. Cette étude a
comparé les ICR chez les femmes ayant un tissu mammaire dense et participant à ces programmes de dépistage sur une base
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annuelle ou tous les deux ans. Parmi les 148 575 femmes ayant des seins denses examinées entre 2008 et 2010, il y a eu 288
cancers du sein invasifs dans l’intervalle. Les programmes de dépistage appliquant une politique d’examen annuel pour les femmes
ayant des seins denses ont eu moins de cancers de l’intervalle (63/70 814, soit 0,89 ICR/1000, IC à 95 % : 0,67 à 1,11) que les
programmes appliquant une politique d’examen tous les deux ans (225/77 761, 1,45 ICR/1000 [annualisés], IC à 95 % : 1,19 à 1,72),
c.-à-d. 63 % de plus (P > 0,0016). Dans les programmes de dépistage où les recommandations des radiologistes ont pu être
analysées, un total de 76 103 femmes a été examiné avec 87 cancers dans l’intervalle; l’ICR a été plus faible lorsque l’examen
annuel était recommandé (65/69 650, 0,93 ICR/1000, IC à 95 % : 0,71 à 1,16) par rapport à la politique recommandée de dépistage
tous les deux ans (22/6 453, 1,70 ICR/1000 [annualisés], IC à 95 % : 0,70 à 2,71) (P > 0,0605). Les politiques de programmes de
dépistage annuel comparées aux politiques de dépistage tous les deux ans chez les femmes ayant un tissu mammaire dense ont eu
le plus grand effet sur la réduction des taux de cancer dans l’intervalle. Nous revoyons nos résultats dans le contexte de la
notification actuelle de seins denses au Canada.
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Introduction

Breast cancer mortality is reduced by the detection of small,

node-negative cancers.1,2 But, for women with dense breasts,

the sensitivity of mammography is limited due to the masking

effect of dense tissue.3 In addition, dense breast tissue is one of

the strongest and most common independent risk factors for

breast cancer.4-6 As such, it is critical to understand the sig-

nificance of breast density as it directly affects performance of

screening mammography and impacts patient outcomes. In

Canada, a review of breast tissue density is important within

the context of well-established population-based screening pro-

grams with overall high performance indicators. Both a

reduced cancer detection rate (CDR) and lower reduction in

breast cancer mortality have been demonstrated in screening

mammography for women with dense breasts.7-9 Women with

non-dense breasts screened regularly have a 41% mortality

reduction from screening mammography, while women with

dense breasts have a 13% mortality reduction.10 A higher rate

of advanced breast cancers has been shown in women with

dense breasts11 (see Figure 1). Women with extremely dense

breasts have a 4- to 5-fold greater risk of developing breast

cancer compared to women with fatty breasts.3,6 Compared

to women with scattered fibroglandular density (non-dense),

women with heterogeneously dense and extremely dense

breasts are 1.4-1.6 and 1.5-2.1 times more likely to develop

breast cancer respectively.12 Breast tissue density is considered

a biomarker, defined as what is used to ‘‘detect or confirm

presence of a disease or condition of interest or to identify

individuals with a subtype of the disease.’’13-16 Breast density

can predict the effectiveness of various treatment interventions

for breast cancer such as response to chemotherapy17 and sur-

gery, with higher rates of locoregional recurrence in women

with dense breasts.17-20

Breast density refers to the amount of fibroglandular tissue

relative to fat and is determined either visually or quantitatively

on mammography. The BI-RADS® 5th edition includes 4 cate-

gories of breast density, reflecting the densest portion of the

breast: A (fatty), B (scattered fibroglandular density), C

(heterogeneously dense) and D (extremely dense).21 The

2013 BI-RADS 5th ed. density classification is based on the

masking effect of breast tissue density, while the 2003 BI-

RADS 4th ed.22 was based on visually estimated percentage

breast density; both are associated with high rates of inter- and

intra-observer variability.23,24 There is less variability for

women with extremely dense than with heterogeneously

dense breast tissue.24,25 Dense breasts are normal and com-

mon: 43.3% of women 40 to 74 years of age have hetero-

geneously or extremely dense breasts, and the incidence

decreases with age, particularly around menopause.25 Only

7.4% of women have extremely dense breasts.25 Knowledge

of implications of breast density on the part of radiologists and

referring physicians is essential. In addition, women want to be

informed of their breast density.26 Patient advocacy groups in

Canada and across the world are lobbying to ensure density

notification for all women.27,28 At the time of writing in

Canada, Alberta, Manitoba, Nova Scotia, New Brunswick,

British Columbia and Prince Edward Island formally notify

screening participants of breast tissue density using BI-

RADS 5th ed. categories in their results letters, while Ontario,

Newfoundland and Saskatchewan notify screened women if

they are in the densest category (i.e. extremely dense, category

D, previously defined as visually � 75% dense). In addition to

provincial variability regarding density notification, recom-

mended age to begin screening is under the jurisdiction of

each province/territory (Table 1)

The sensitivity of mammography decreases with increas-

ing breast density with a range of 81-93% for fatty breasts,

84-90% for breasts with scattered fibroglandular density,

69-81% for heterogeneously dense breasts and 57-71% for

extremely dense breasts in women 40-74 years of age30 (see

Figure 2). About 45% of invasive cancers have associated

microcalcifications,31 and calcifications remain visible even

in the densest breasts. The remaining 55% of noncalcified

cancers manifest as masses or asymmetries which are only

visible mammographically if there is some surrounding fat

and/or associated architectural distortion.
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Because dense tissue masks some cancers on mammographic

screening, breast cancers are more likely to present with symp-

toms in the interval between recommended screens in women

with dense breasts. Interval cancers are cancers found during the

interval after a normal screening mammogram and before the

next screen is due.29 Some interval cancers are newly developed

biologically aggressive tumors (e.g. triple negative or HER2 neu

positive cancers), while others are those missed on screening

mammography. Women with dense breasts experience more

interval cancers, likely related to the masking effect of

density.32,33 Interval cancers are 13-31 times more likely in

extremely dense breasts as compared with fatty breasts.3,34,35

Such interval cancers are often more aggressive and in several

studies are more likely to be larger and to have spread to

axillary nodes at presentation than are cancers detected on

screening.33,36-40 Interval cancers are associated with a 2-3 times

greater mortality rate in women with dense breasts.7,41

One measure of the effectiveness of a screening program is

the interval cancer rate (ICR), typically for invasive cancers,

also referred to as post-invasive cancer rate.29,42 The ICR

reflects the sensitivity of a screening program and depends

on cancer incidence within a population. An ICR exceeding

1 per 1000 screened women per year within a population with

a cancer incidence of 4/1000 or sensitivity < 75% suggests an

ineffective screening strategy.30 In Canada, screening pro-

grams demonstrate overall high sensitivity of 84.3%43 and an

incidence of 3.7 invasive cancers per 1000 women screened;

the targets for ICR are < 0.6 per 1000 for annual screening and

< 1.2 per 1000 for 12 to 24 months after screening.29 Houssami

et al37 evaluated screening programs worldwide and showed

that biennial and triennial screening increase ICR, with many

interval cancers found in the second or third years, and an

average ICR of < 0.8 per 1000 with annual screening.

Although annual screening mammography is performed in

the USA and parts of Canada, and every 18 months for women

age 40-54 in some counties in Sweden, most population-based

screening mammography is performed biennially.27,29 While a

few studies have predicted a reduction in interval cancers of

36% to 50% when going from triennial to annual screening,8,44

to date, there are little trial or observational data on the

Figure 1. 60-year-old woman with no family history of breast cancer undergoing regular screening mammography every 2 years, with
heterogeneously dense breasts (BI-RADS Category C). Two months after her last normal screening mammogram, she presented with a new
right palpable breast mass at 12 o’clock in her right breast. A, Demonstrates mediolateral oblique (MLO) views from her screening mammo-
grams from 2019, 2017 and 2015, all normal. Breast tissue density masked the tumors found 2 months later with ultrasound. B, A right breast
ultrasound performed for evaluation of the palpable mass shows a 3 � 1.8 cm irregular heterogeneous mass at the site of the palpable mass. C,
additional 2.5 cm mass was found at 11:00, 1.8 cm away from the clinical finding. D, Axillary ultrasound shows the 2 enlarged axillary lymph
nodes, both of which were proven malignant. E, Axial maximum intensity projection (MIP) image of the breast on contrast-enhanced breast MRI
shows the multicentric enhancing tumors involving most of the right breast (circle) with right axillary lymphadenopathy (arrow), in keeping with
locally advanced right breast cancer. Final pathology was invasive ductal carcinoma, ER and PR negative, HER2 neu positive, T3N2M0. The
patient was treated with neoadjuvant chemotherapy and subsequent right mastectomy and targeted localized sentinel lymph node dissection.
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potential stage shift and mortality reduction associated with

higher frequency screening in women with dense breasts.45

The purpose of our study was to evaluate the impact of

population-based annual screening versus biennial screening

policy on the ICR for women with dense breasts.

Materials and Methods

Patient Population

We used information available from the Canadian Breast Can-

cer Screening Database (CBCSD), which is operated and

Table 1. Organized Screening Programs in Canada and Density Notification.

Province/Territory

Accepts average
risk 40-49 year-old

women with referral**

Screening interval
for 40-49 year-old
women (years)**

Screening interval
for 50-74 year-old

women (years)

Annual Screening
mammography policy

for dense breasts

Current Dense Breast
Notification (results
letters, as of 2021)

Data Included for Women
Age 40-74

New Brunswick Yes NA 2 No Yes
Northwest Territories Yes 1 2 Yes Yes*
Data Included for Women

Age �50-74
Newfoundland and Labrador No NA 2 Yes Yes*
Ontario No NA 2 ^ ^ Yes Yes*
Québec No NA 2 No No
Manitoba No NA 2 No Yes
Not included in analysis
Alberta Yes 1 2 No Yes
British Columbia Yes 2 ^ 2 No Yes
Nova Scotia Yes 1 2 No Yes
Prince Edward Island Yes 1 2 Yes Yes
Saskatchewan No NA 2 Yes Yes*
Yukon Territory Yes 1 2 ^ ^ ^ No No

Note that Nunavut has no organized screening program.
*Notification only for � 75% dense (BI-RADS D, extremely dense); density notification commenced in British Columbia in 2018.
NA ¼ not applicable.
^ accepted within 18 months, and for a woman with a first degree relative with breast cancer, is accepted within 12 months.
^ ^ accepted after 11 months with self-referral.
^ ^ ^ accepted after 12 months with self-referral.
**.29

Figure 2. Malignancies in 4 women with each of 4 categories of breast tissue density, BI-RADS categories A (fatty replaced), B (scattered
fibroglandular density), C (heterogeneously dense), and D (extremely dense), in 4 different patients. Each patient has a cancer in their upper
breast (arrows). As density increases, the detection of the cancer becomes more challenging and only the presence of calcifications allows
detection of a 1.5 cm cancer, the extent otherwise masked by the dense breast tissue in a patient with category D, with axillary nodal metastases
also present.
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maintained by the Public Health Agency of Canada (PHAC) on

behalf of the Canadian Breast Cancer Screening Network.29,46

New Brunswick (NB) data for this analysis was contributed by

the NB Cancer Network (NBCN). Data were included from

provincial screening programs that provided information on

breast density (BI-RADS 4th ed.), interval cancers, family his-

tory, and jurisdictional policy on supplemental screening for all

women (aged � 40) with extremely dense breasts (defined as

visually �75% glandular, unless the classification method

necessitated use of �50%, as defined in NB), only results from

women with no first-degree family history, known recom-

mended screening interval and not referred for follow-up test-

ing were included. Records with missing data were excluded.

Screening programs from Quebec (QC), Ontario (ON) and

Newfoundland (NL) included in the analysis did not submit

screening information for women younger than 50 years old.29

Six jurisdictions : Manitoba (MB), QC, ON, NL, Northwest

Territories (NT) and New Brunswick (NB) contributed data

with the necessary information; 4 jurisdictions (MB, ON, NL

and NT) also included the radiologists’ screening interval rec-

ommendation (as radiologists may recommend an earlier return

visit than the general policy if they deem it indicated).29,46

Radiologists’ recommendations for annual screening are based

on their assessment that included clinical impression, breast

density, and personal/family risk factors.

Screen years 2008-2010 were selected as the most recent

screens available with interval cancer information. During

2008-2010 inclusively, all the breast screening programs used

two-view, mostly analog mammography, provided at desig-

nated centers with a single radiologist interpretation. During

this period in Canada, the proportion of mammograms per-

formed on film decreased from 71.5% in 2008 to 41.0% in

2010, and in the 6 jurisdictions studied, 57% of mammograms

were film, 22% digital radiography (DR) and 21% digital com-

puted radiology (CR).29 Entry to all programs was based upon

self-referral except in the jurisdictions that required referral for

women age 40-49, with jurisdiction-wide geographic access

provided using a mixture of clinics and mobile services.

Depending on time period and jurisdiction, women might have

received personalized invitation letters to participate in screen-

ing prior to enrollment. After enrollment, women received

periodic reminder letters for screening at 1 or 2 years, based

on the screening interval policy or radiologist recommendation.

In all jurisdictions, breast cancer care for women, including

those participating in screening, was managed through family

physicians who received results of diagnostic tests and who

then managed referral to tertiary services or managed via direct

referral from the screening centers.

Analysis

The main outcome examined was the frequency of invasive

interval cancers among women with the densest breasts. Inter-

val cancers were defined as cancers occurring between regular

screening visits, after a negative or benign mammographic

assessment, i.e. within 1-2 years of the last screen. ICRs for

biennial (24 month) screening interval are presented as aver-

aged annual rates (annualized) to facilitate comparison with the

annual (12 month) screening. Comparison was performed using

the chi-square test based on per 1000/year results. Screening

programs were combined according to the interval policy or

radiologist recommendation to facilitate analysis.

Results

A total of 148,575 women were included in the analysis that

compared the impact of jurisdictional policies in women with

the densest breasts. This represents approximately 17.5%
(148,575/864,386) of all women screened in these jurisdictions

in 1 year (2009).47 Of these, 288 women were diagnosed with

interval cancers (Table 2). Of the 6 screening programs

included, 3 offered routine annual mammography screening for

women with dense breasts, and 3 did not. In the jurisdictions

routinely providing annual screening, the rate of interval can-

cers was 0.89/1000 women screened/year (95% CI: 0.67-1.11)

and for those providing biennial screening, the annualized ICR

was 1.45/1000 women (95% CI: 1.19-1.72) screened/year, or

63% greater (p ¼ 0.0016). When screening interval policy and

radiologists recommendations were combined, there were

76,103 screened women eligible for the analysis, 87 of whom

had invasive interval cancers: 65 of the 69,650 screened

with annual recommendations had ICR 0.93/1000 (95% CI:

0.71-1.16) and 22 of 6453 screened with biennial recommen-

dations had a higher annualized ICR 1.70/1000 (95% CI:0.70-

2.71)(p ¼ 0.0605).

Discussion

In our study, women with dense breasts who received a screen-

ing recommendation by jurisdictional policy for biennial screen-

ing had an annualized ICR of 1.45 per 1000 as compared to

0.89 per 1000 for annual screening policy, 1.63 times higher

(p ¼ .0016). Those who had a radiologist’s recommendation

of biennial screening had an annualized rate of interval cancers

that was almost twice that of women receiving an annual screen-

ing recommendation (1.7 vs 0.93 per 1000 women screened/

year, p ¼ 0.0605) trending to significance. By comparison, in

Canada, 2009-2010, for all screened women age 50-69 years,

including all categories of breast tissue densities, the ICR (post-

screen invasive cancer rate) was 0.74/1000 within 12 months and

1.27/1000 between 12 and 24 months of a normal screen.29

Although it would have been optimal to compare the ICR of

women with dense to non-dense breasts, these data were not

available within the jurisdictions studied. To our knowledge, this

is the first study that has shown the impact of annual vs biennial

screening policies on ICRs in women with dense breast tissue.

These results suggest the need to prospectively assess the impact

of annual screening in dense breasts.

ICR has become an important method of assessing the effec-

tiveness of a screening program. Interval cancers represent a

shortcoming in mammographic screening because of unfavor-

able tumor characteristics compared with screen-detected

Seely et al 5



cancers.48-53 Specifically, interval cancers are more likely to be

larger and node positive at the time of diagnosis, with more

advanced stage; these factors result in poorer outcomes.33,36,37

More advanced tumors require more aggressive therapy with

respect to both surgery and either neoadjuvant or adjuvant

therapy.54 A wide range of 17 to 30% of breast cancers detected

in women in European population-based screening programs

are interval cancers, the highest occurring in programs that

screen triennially.37,55 A doubling of the ICR with biennial

vs annual screening is well recognized, with a larger pro-

portion occurring in the second year37; a recent study found

that two thirds of the interval cancers occurred in the second

year.55 The majority of population-based screening pro-

grams are biennial and report a range of ICRs of 0.84 to

2.11 per 1000.37,56 In Canada, between 2003 and 2010, the

interval cancer rate among women with incident (subse-

quent) screens was between 1.25 and 1.28 per 1000 women

within 12-24 months of their screen. The national target of

< 1.2 per 1000 screened women was only met in the years

2004, 2005 and 2007.29 During this period, the rate of inva-

sive cancer detection was relatively stable at approximately

3.7 per 1000 women-screens.

In our study, the annualized ICR for biennial screening was

significantly higher than the suggested target of less than 1 per

1000 for an effective screening program. Depending on the

screening interval policy for jurisdictional policy or radiologist

recommendation, the annualized ICR ranged from 1.45-1.7

per 1000 for biennial screening and was lower at 0.89-0.93

per 1000 with annual screening, within the suggested target.

This suggests that annual screening mammography is a more

effective screening strategy for women with dense breasts to

meet suggested benchmarks for ICRs.

Despite the significantly lower ICR with annual screening

for women with dense breasts, ICR still exceeded the Canadian

benchmark of < 0.6 per 1000 women within 12 months of

screening. The negative impact of breast density on

mammographic screening, mainly due to masking, highlights

the need for more effective screening in women with dense

breasts to ensure equal benefit from early cancer detection.

Dense breast tissue by both visual assessment and quantita-

tive breast density software (such as Volpara® and Cumulus®)

correlates with reduced mammographic sensitivity and

increased ICR.26,27,28,30 While there is growing recognition

of the importance of modifying breast cancer risk factors

within the control of women, including avoiding alcohol, reg-

ularly exercising, modifying diet and maintaining a healthy

body weight, there remain non-modifiable risk factors includ-

ing genetics, family history, early menarche/late menopause,

nulliparity, chest wall radiation, previous atypia, and dense

breast tissue. Risk assessment tools such as the Tyrer-Cuzick

Breast Cancer Risk Model, version 8, which includes breast

density26,27 and emerging mammography-based deep learning

models facilitate more accurate lifetime risk prediction of

breast cancer.32 Dense breast tissue remains an obstacle to

early cancer detection.

Supplemental screening options have been evaluated and

show further reductions in ICR in women with dense breasts.

Observed results using various supplemental screening modal-

ities are summarized in Table 3. Incremental cancer detection

in dense breasts has been demonstrated with multiple studies of

supplemental screening with tomosynthesis,57-60 breast ultra-

sound,61 breast MRI,62-65 and more recently, with contrast-

enhanced mammography66,67 and molecular breast Imaging

(MBI)68-70 (Figure 3). The highest sustained incremental can-

cer detection rates (ICDR) are observed with breast MRI, with

average ICDR of 14-20 per 1000 women in prevalence stud-

ies62,64,65 with sustained yield with incident rounds averaging

ICDR of 5.8-8.6 per 1000 women screened.64,71 ICRs have

been shown to be reduced with supplemental screening with

ultrasound,62,72,73 breast MRI64,65 and most recently, with

tomosynthesis74 (Figure 4). In the J-START randomized con-

trolled study of supplemental screening ultrasound in women

Table 2. Impact of Screening Interval on Invasive Interval Cancers for Women with Dense Breasts Screened Between 2008 and 2010.

Total number of
women screened

(2008-2010)

Total number of
women with interval

cancers

Invasive interval cancer
rate/1000 women

screened

Interval invasive cancer
rate per 1000 women

screened/yr**
(Annualized) (95% CI) p value*

Recommendations by screening program
policy (6 jurisdictions)

Annual screening 70,814 63 0.89 0.89 (0.67, 1.11)
Biennial screening 77,761 225 2.89 1.45 (1.19, 1.72)
Total 148,575 288 0.0016
Recommendations by radiologist

and screening program
policy (4 jurisdictions)

Annual screening 69,650 65 0.93 0.93 (0.71, 1.16)
Biennial screening 6,453 22 3.41 1.70 (0.70, 2.71)
Total 76,103 87 0.0605

**Interval rates for the biennial (24 month) screening interval are presented as averaged annual rates to facilitate comparison with the annual (12 month)
recommendation.

*Chi-square test based on annualized rates, per 1000/year results.
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of all breast densities, interval cancers accounted for 0.05% of

cancers detected with ultrasound as compared with 0.10% of

cancers in the control group.72 In a retrospective prevalence

study, Corsetti et al found that supplemental breast ultrasound

had an ICR in women with dense breasts of 1.1 per 1000

screened women, which was similar to the ICR for women with

non-dense breasts.73 In the ACRIN 6666 trial, Berg et al

showed ICR of 1.2 per 1000 after combined mammography

and supplemental US screening in women with dense breasts.62

In the DENSE trial, a prospective Dutch randomized trial of

women with extremely dense breasts, the ICR in women who

received supplemental breast MRI was 0.8 per 1000 as com-

pared with 5 per 1000 in those who did not.65 The ability to

maintain reduced ICRs in multiple rounds of screening with

MRI is still unknown.35 The most recent screening tomosynth-

esis study of a 5-year period found an ICR of 1.6 per 1000

screened women, compared with 2.8 per 1000 screened women

in the control group.74 Recalls are highest in prevalence scans

for any modality, and with supplemental US, recalls reported at

15.1%, decreased to 7.4% in subsequent scans.62 Similarly with

supplemental MRI screening, there were higher recalls of 9.5%

in the DENSE trial in the prevalence scans which decreased to

3.2% on incidence screening.65

Limitations

Screening interval policy and even radiologists’ recommenda-

tions did not necessarily translate into patient behavior and so

not all women eligible for an annual mammogram would have

received it. Unfortunately, we do not have access to data on

compliance, so this might underestimate the value of perform-

ing annual screening in women with dense breasts. Further-

more, the recommendations for offering more frequent

screening for women with dense breast tissue varied, with 3 jur-

isdictions offering annual screening by program policy and

1 offering biennial screening that could be modified based on

radiologist recommendations. Another limitation is that rea-

sons for the radiologists’ recommendation of annual screening

were not captured and could have included abnormal findings.

Most Canadian screening programs defined ‘‘dense’’ breast

tissue as �75% density (i.e. extremely dense), according to the

BI-RADS 4th edition, while NB defined it as �50% (which

Table 3. Incremental Cancer Detection with Various Supplemental Screening Modalities and Impact on Reduction of Interval Cancer Rates in
Women with Dense Breasts.*

Screening modality
Number of

women reported

Incremental CDR
per 1000 women

screened

Incremental invasive
CDR per 1000 women

screened

Incremental recall
rate per 100 women

screened
Reduced
interval cancers

MRI62,64,65 9256 16.0 12.1 10.4 Yes
MRI after DBT63 1444 9.7 6.9 21.5 Not yet evaluated
CEM66,67 1311 10.7 8.4 15 Not yet evaluated
Ultrasound61,62,75 452,743 2.0-2.7 1.8-2.3 7.6-10.6 Yes
DBT57,59,60,76 103,245 1.7 1.4 �2 Yes74

Abbreviations: CDR, cancer detection rate; DBT, digital breast tomosynthesis; CEM, contrast-enhanced mammography.
*Reproduced with permission from.75

Figure 3. Bar graph demonstrating the different incremental cancer detection and recall rates for various supplemental screening modalities.
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would include heterogeneously dense breasts). If provinces and

territories had recalled all women with dense breasts (i.e. cate-

gories C and D) annually, the ICR would likely have been even

lower. The current definition of dense breasts, according to the

BI-RADS 5th edition, which includes both heterogeneously

dense and extremely dense categories, avoids density percen-

tages and is based on a subjective visual assessment. None of

the screening programs used quantitative methods of determin-

ing breast tissue density. This study primarily pertains to

patients with the densest breast tissue, BI-RADS category D,

extremely dense, which applies to only about 7% of all

screened women. In addition, the study was not able to explore

whether the increased ICR translated into worse outcomes for

women with dense breasts as stage of cancers and survival

could not be assessed. However, previous studies have shown

a survival benefit of 1-year over 2-year screening intervals.77 It

was not possible to assess for potential lower specificity and

increased recalls that may occur with annual screening mam-

mography with this study. Chiarelli et al found that specificity

decreased with annual screening with increasing breast tissue

density.78 Annual mammographic screening was not compared

with other screening regimens using supplemental screening

modalities, which is of increasing relevance in other countries

where there is far greater uptake of supplemental ultrasound

screening for women with dense breasts, such as the USA,

France, Austria, and a few other European countries.27,75,79

Currently, in Canada, access to supplemental screening with

additional modalities varies according to jurisdiction. MRI sup-

plemental screening for women with dense breasts is recom-

mended in several countries but currently there is limited

access to breast MRI in Canada to promote this as a

population-based strategy. The European Commission Initiative

for Breast Cancer Screening and Diagnosis guidelines suggest

not implementing tailored screening (with ultrasonography or

MRI) in women with dense breast tissue.80 Nickel et al have

raised concerns about breast tissue density notification and con-

cluded that evidence on whether benefit outweighs harm is

required to inform future screening practice.81 Consensus on the

balance of benefits versus harms has not yet been established.

Although evidence is rapidly emerging, more studies are under-

way to evaluate sustainability and cost effectiveness. Lastly, the

study evaluated women that were screened in 2008-2010 to

permit assessment of subsequent cancers diagnosed; however,

this study does not reflect improvements in technology such as

more widespread use of digital mammography and even tomo-

synthesis. It is noted that although tomosynthesis increases CDR

in all breast densities, the greatest increases are in categories B

and C, with very few additional cancers found in category

D.76,82,83 There is considerable uncertainty about the cost effec-

tiveness of annual mammography.84 Research on the effective-

ness of screening strategies has been suggested.

This study is the first to demonstrate a reduced ICR with

annual screening policies for women with dense breast tissue

participating in a population-based screening program. Women

with dense breast tissue (particularly those with densest

breasts) may benefit from annual screening, as evidenced by

a lower ICR compared to biennial screening. Potential further

benefits and harms of supplemental screening modalities need

to be considered in the context of ICRs and screening interval.

Ultimately, all women deserve an equal opportunity for early

cancer detection regardless of breast density.
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Ouvrage édité par l’INCa; 2012:84.

80. Schunemann HJ, Lerda D, Quinn C, et al. Breast cancer screening

and diagnosis: a synopsis of the European breast guidelines. Ann

Intern Med. 2020;172(1):46-56.

81. Nickel B, Farber R, Brennan M, Hersch J, McCaffery K, Hous-

sami N. Breast density notification: evidence on whether benefit

outweighs harm is required to inform future screening practice.

BMJ Evid Based Med. 2020.

82. Tagliafico AS, Mariscotti G, Valdora F, et al. A prospective

comparative trial of adjunct screening with tomosynthesis or

ultrasound in women with mammography-negative dense breasts

(ASTOUND-2). Eur J Cancer. 2018;104:39-46.

83. Tagliafico AS, Calabrese M, Mariscotti G, et al. Adjunct screen-

ing with tomosynthesis or ultrasound in women with

mammography-negative dense breasts: interim report of a pro-

spective comparative trial. J Clin Oncol. 2016;34(16):

1882-1888.

84. Pataky R, Ismail Z, Coldman AJ, et al. Cost-effectiveness of

annual versus biennial screening mammography for women with

high mammographic breast density. J Med Screen. 2014;21(4):

180-188.

Seely et al 11



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


