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Abstract
Objective: Breast ultrasound is one of several tools proposed for supplemental screening of women with dense breasts but 
is not widely available in Canada. Methods: An IRB-approved, evaluation of ultrasound-guided breast biopsies prompted by 
screening breast ultrasound performed from August 1, 2021, to December 31, 2022, offered to asymptomatic women with 
category C and D breast tissue density after normal screening mammography (2D) in the provincial organized screening 
program, or surveillance diagnostic mammography after breast cancer. Risk factors, stage (AJCC 8th ed), incremental cancer 
detection rate (ICDR), biopsy rates, and positive predictive values for biopsy (PPV3) were evaluated. Results: 5257 women 
were screened, yielding 247 women (ages 34-82, median age of 56) who underwent biopsies (281 masses), 32 of whom 
were diagnosed with breast cancer, 27 invasive and 5 DCIS for PPV3 13.0% (32/247), and ICDR 6.1/1000. Ductal cancers 
found were stage 0 in 5/32 (15.6%), stage 1A in 18/32 (56.3%), and stage 1B in 2/32 (6.3%), 1 ductal/lobular cancer was stage 
3B (3.1%), 5 lobular cancers (16.6%) were stage 1A (1), 1B (2), and 2B (2) and 1 adenoid cystic carcinoma was stage 2A 
(3.1%); 3 cancers were found on incident and 29 on prevalent screens, 27 (84.4%) in category c and 20 (62.5%) in women 
with no personal or first-degree family history of breast cancer. Conclusion: A high ICDR for screening breast ultrasound 
of 6.1/1000 was found. Clinical Relevance Statement: In women with dense breasts screened with 2D mammography 
where access to supplemental screening with MRI and contrast mammography is limited, supplemental screening ultrasound 
can play a significant role in cancer detection with a high ICDR in women in both category c and d densities that is higher 
than in jurisdictions offering annual screening mammography, or where MRI is used for surveillance after cancer.

Résumé
Objectif : L’échographie mammaire est l’un des outils proposés comme dépistage complémentaire chez les femmes présentant 
une densité mammaire élevée, mais elle n’est pas largement accessible au Canada. Méthodes : Une évaluation approuvée par 
un comité d’éthique (CE) a porté sur des biopsies mammaires guidées par échographie, effectuées à la suite de dépistages 
par échographie mammaire réalisés entre le 1er août 2021 et le 31 décembre 2022. Ces échographies étaient offertes à des 
femmes asymptomatiques présentant une densité mammaire de catégorie C ou D après une mammographie de dépistage 
(2D) normale dans le cadre du programme provincial organisé de dépistage ou après une mammographie diagnostique de 
surveillance suivant un cancer du sein. Les facteurs de risque, le stade (selon la 8e édition de l’AJCC), le taux de détection 
des cancers incrémentaux (ICDR), les taux de biopsies, ainsi que les valeurs prédictives positives des biopsies (PPV3) ont 
été évalués. Résultats : Au total, 5 257 femmes ont fait l’objet d’un dépistage, et 247 d’entre elles (âgées de 34 à 82 ans, âge 
médian de 56 ans) ont subi des biopsies (281 masses); 32 cancers du sein ont été diagnostiqués, incluant 27 cancers invasifs 
et 5 carcinomes canalaires in situ (CCIS); le PPV3 était de 13,0 % (32/247) et l’ICDR de 6,1/1 000. Les cancers canalaires que 
l’on a découverts étaient de stade 0 dans 5 des 32 cas (15,6 %), de stade 1A dans 18 des 32 cas (56,3 %) et de stade 1B dans 2 
des 32 cas (6,3 %). Un cancer mixte canalaire/lobulaire était de stade 3B (3,1 %), et les 5 cancers lobulaires (16,6 %) étaient de 
stade 1A (1 cas), 1B (2 cas) et 2B (2 cas). Un carcinome adénoïde kystique a été détecté au stade 2A (3,1 %). Parmi ces cancers, 
3 ont été observés lors de dépistages incidents et 29 lors de dépistages de référence. Par ailleurs, 27 cancers (84,4 %) ont été 
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diagnostiqués chez des femmes de catégorie C, et 20 (62,5 %) chez des femmes sans antécédents personnels ou familiaux de 
premier degré de cancer du sein. Conclusion : Un taux élevé de détection des cancers incrémentaux (ICDR) de 6,1/1 000 
a été observé dans le cadre du dépistage par échographie mammaire. Énoncé de pertinence clinique : Chez les femmes 
ayant une densité mammaire élevée se soumettant à un dépistage par mammographie 2D dans des contextes où l’accès au 
dépistage complémentaire par IRM ou mammographie avec contraste est limité, l’échographie mammaire complémentaire 
peut jouer un rôle important dans la détection des cancers : chez les femmes de catégories de densité mammaire C et D, 
elle offre un ICDR élevé, supérieur à celui observé dans les régions administratives offrant une mammographie de dépistage 
annuelle ou ayant recours à l’IRM pour la surveillance après un cancer.

Keywords
breast cancer, ultrasound, supplemental screening, dense breasts

Introduction

Mammographic density is one of the strongest risk factors for 
breast cancer: Women with extremely dense breasts have a 4 to 
6× higher risk of developing breast cancer compared to those 
with fatty breasts.1,2 Women with heterogeneously dense 
breasts and no other risk factors are at least 1.5× higher risk for 
developing cancer than those with scattered density and women 
with extremely dense breasts are at twice the risk.3

Risk for these women is even higher if they have other risk 
factors, such as family history. High breast density is one of 
the most prevalent risk factors for both premenopausal and 
postmenopausal women and has the largest effect on the 
Population-Attributable Risk Proportion.4 It is estimated that 
density accounts for 39% of premenopausal and 26% of post-
menopausal breast cancer.4 Breast density is now incorpo-
rated in some risk models and should be used to optimize risk 
assessment.5 Risk assessment should be performed to identify 
women who should be offered supplemental screening (espe-
cially MRI).

Cancers are masked in dense tissue on mammograms. 
Forty percent of cancers are missed in women with extremely 
dense breasts, and 30% are missed in heterogeneously dense 
breasts.6 Those undetected cancers continue to grow and 
potentially spread, and are more likely to present as a palpa-
ble lump, referred to as an interval cancer, in women with 
dense breasts than in women with non-dense breasts.7,8 
Interval cancers tend to be larger9 and are more often meta-
static to lymph nodes at the time of diagnosis than cancers 
found on screening mammograms, are more likely to require 
more intensive and harsh treatments, and have poorer out-
comes with decreased survival.10-17 Women with the densest 
breasts are 13 to 18× more likely to have an interval cancer 
than women with fatty breasts, with worse outcomes.7,8

Randomized trials showed breast cancer mortality reduc-
tion of 20% overall.18-21 In observational studies, breast 
cancer mortality reduction is 25% to 31% for women 
invited for screening, versus 38% to 48% for women actu-
ally screened.22,23 Women do not all benefit equally from 
screening mammography. In the Dutch National screening 
program, a case-control study showed 41% mortality reduc-
tion in women with non-dense breasts, but only by 13% in 
women with dense breasts.24

The goal of supplemental screening is to give women with 
dense breasts equity in the opportunity for early detection. By 
doing so, interval cancers are reduced,25 deaths from breast can-
cer are reduced,26,27 and women can be successfully treated with 
less aggressive therapies: fewer mastectomies, fewer axillary 
dissections and lymphoedema, and less chemotherapy.28,29

Women in British Columbia (BC) have qualified for sup-
plemental screening breast ultrasound (US) based on density 
classifications c or d since 2019. A study found an ICDR of 7 
cancers per 1000 screening examinations in the first year in 
695 patients all having a first/prevalence screen.30 Given the 
high incremental cancer detection rate, we wondered whether 
it might have been a statical fluke given the relatively low 
number of screens performed, and whether it would decrease 
once women were attending for subsequent screens. The pur-
pose of this study was to determine the cancer detection rate 
with inclusion of a larger number of examinations performed, 
and since some of the women were having incidence screens.

Methods

This study was approved by our institutional review board which 
granted a waiver of consent. A retrospective review was per-
formed for all US-guided biopsies, prompted by screening US 
examinations performed in a community imaging clinic in 
Vancouver from August 1, 2021, to December 31, 2022. The 
biopsies were performed between August 25, 2021, and July 27, 
2023. Our study population included women who were referred 
for US screening because of dense breasts (ACR BI-RADS cat-
egories c or d) classified based on previous negative screening or 
diagnostic mammograms, regardless of whether they had other 
risk factors such as family or previous personal history of breast 
cancer. All US examinations were performed by experienced 
technologists. Our screening breast US technologists are required 
to have completed the American Registry for Diagnostic Medical 
Sonography (ARDMS) Examination in Sonography Principles 
and Instrumentation and that for ARDMS Breast Sonography. 
Each breast sonography technologist performs 15 to 20 diagnos-
tic breast US a day. There were 8 breast sonographers in 2022, 
with an average of 10 years of breast US experience. Four of 
them also conduct mammography, with an average mammogra-
phy experience of 18 years. There were 5 breast imaging radiolo-
gists including one with recent fellowship training in breast 
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imaging and others with 26, 40, 44, and 49 years of experience in 
breast imaging, respectively. Breast Imaging Radiologists deter-
mined, based upon their longitudinal experience with technolo-
gists, which women were selected to undertake screening breast 
sonography. High resolution linear array transducers were used: 
5 to 15 MHz (GE Logic S8, Gyeonggi-do, Korea), and 5 to 
14 MHz (Ultrasonix Touch, Richmond, BC, Canada).

Images were recorded by the sonographer for the interpret-
ing radiologist to review only in the case of detection of an 
abnormality, including simple and complicated cysts, and non-
cystic masses. All lesions were imaged in at least 2 orthogonal 
planes, and Doppler was used for masses that were not simple 
cysts. Cine loops were recorded at the discretion of the tech-
nologist, especially for subtle findings that were of low conspi-
cuity on static images. The axilla was routinely scanned, and 
lymph nodes were documented. Our protocol did not require 
representative images of all quadrants and the subareolar region 
as described by Berg and Mendelson,31 but technologists had to 
document all areas including the axilla included in the scan 
using a standard diagram.

Although inclusion of the axilla is not considered neces-
sary when there is no suspicious finding on mammography or 
screening US,32,33 we routinely do scan the axillae to ensure 
any potential heterotopic parenchyma extending into the axil-
lary tail has been scanned, so that parenchymal masses located 
there can be detected.

In BC, women may self-refer for screening mammograms 
starting at age 40. They must be asymptomatic, with no previ-
ous breast cancer, no breast implants, and not be pregnant. In 
2022, 3 other jurisdictions in Canada did the same, 2 started 
at 45, but most started at 50. Women with a first-degree fam-
ily history may attend annually in all jurisdictions. All others 
may attend only biennially. Although 7 Canadian provinces 
allow annual mammograms for women with Category D den-
sity, and this has been shown to decrease interval cancers,34 
that is not the case in BC.

In BC, women with a personal history of breast cancer or atypi-
cal ductal hyperplasia (ADH) may not attend the organized screen-
ing program, but rather must be referred for annual diagnostic 
mammography. There is no organized high-risk screening program 
in our province and supplemental MRI screening is not routinely 
offered to women with a personal history of breast cancer. All 
screening mammograms are done only with 2D mammography. In 
cases where a suspicious finding was seen at screening US, it was 
at the discretion of the interpreting radiologist to repeat the mam-
mogram, depending on how much time had passed since her last 
mammogram. Because these are done as diagnostic studies, 
most were performed with digital breast tomosynthesis (DBT). 
Information was collected to determine whether the cancer was 
seen on the repeat mammogram, with DBT only, or with 2D + DBT. 
Follow-up data were collected for any woman whose biopsy 
showed atypia, papillary lesion ± atypia, pseudoangiomatous stro-
mal hyperplasia (PASH), radial sclerosing lesion or malignancy.

All biopsies were performed by one of the authors (PBG). 
Most biopsies were performed with a 10 cm 14-gauge needle 
using a spring activated device (Bard Magnum, Becton, 

Dickinson and Company, Franklin Lakes, NJ) with 3 to 4 
cores obtained (range 1-6), at the discretion of the radiologist, 
based on confidence of accurate targeting. All solid masses 
had at least 3 cores. Some masses disappeared after 1 or 2 
cores, indicating that they were complicated cysts, subse-
quently confirmed on histology. Rarely, fine-needle aspiration 
biopsy was performed rather than core. All specimens were 
processed and interpreted by specialized breast pathologists at 
our provincial cancer agency. It is our practice to always place 
a clip after the biopsy, unless the lesion disappears during the 
procedure. When we anticipate that the lesion might be a com-
plicated cyst (and disappear) we place a clip posterior to the 
lesion before any samples are taken. We use a variety of clips, 
including surgical vascular clips and commercially-available 
post-breast-biopsy clips. In all cases where a clip is deployed, 
post procedure mammograms are performed.

The histology/cytology reports for all biopsies were 
reviewed. The following information was collected from our 
clinic’s radiology information system: patient age, breast den-
sity, whether the screening US was her first (prevalent) or sub-
sequent (incident) study, whether there was a personal or 
first-degree family history of breast cancer, and the time inter-
val between the screening study and the biopsy. For cancers, 
histology included ER, PR and Her2 receptors, grade, and axil-
lary node histology if core biopsy was performed. Ki67 was not 
reported. Surgical pathology reports were requested from the 
patient’s family doctor or surgeon, to determine node status on 
sentinel node biopsy or axillary dissection. Tumour size was 
noted and included the measurement from the screening US 
and from the pathology report for the cancers excised. AJCC 
8th edition pathologic stage was recorded for each cancer.

Radiologic-pathologic review was performed for all biop-
sies. At the discretion of the radiologist, benign concordant 
cases could be returned to routine screening, with the recom-
mendation that screening US continue to be performed half-
way between planned mammograms. Alternatively, follow-up 
targeted US could be recommended. This was typically at 
1 year, but in some cases could be at 6 and 12 months. None of 
the lesions followed this way showed any adverse change 
prompting repeat biopsy, and none were subsequently diag-
nosed as malignant.

For patients who returned to the same clinic for follow-up 
imaging, lesion size was assessed to determine any change. 
For cases where histology showed a papillary lesion, radial 
sclerosing lesion, PASH, or atypia, inquiries regarding rec-
ommended additional investigations done elsewhere were 
sent to the referring physicians for information about out-
comes. There was no access to tumour registry for outcomes.

Results

From August 1, 2021, to December 31, 2022, screening US was 
performed for 5257 women. Core needle biopsy was performed 
on 247 women, with some of the biopsies performed in 2023.

Most had a single mass biopsied (Figure 1), but some had 
as many as 4 (2 suspicious masses in each breast). In the case 
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Figure 1.  Age 51 category d, no personal or family history. (A) Screening mammogram. (B) Screening ultrasound, transverse (L) and 
sagittal (R) scans of the left breast, 13 months after screening mammogram. Suspicious mass at the 12:30 o’clock position, 4 cm from the 
nipple (arrows) measured 7 mm maximum dimension at US, and there were no suspicious axillary nodes. Assessed as BI-RADS 4A. No 
additional mammogram was performed before biopsy. Core biopsy showed IDC, ER+, PR+, Her2−, and Grade 3. At excision, size was 
4.5 mm and Grade 1. Four sentinel nodes excised, all negative. Final stage 1A. (C) Post procedure mammogram shows no mass at the 
site of the vascular surgical clip (arrows).
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of a suspicious breast mass and an abnormal lymph node, the 
node was biopsied during the same appointment. If there were 
multiple masses and only one was suspicious (BI-RADS 4 or 
5), a second non-suspicious (BI-RADS 3) might also be biop-
sied at the discretion of the radiologist. In the 247 women, 279 
breast masses were biopsied.

Eighteen women had 2 sites biopsied. Of these, 14 had 
no cancer. Of the 4 that had cancer, one had cancer at both 
sites, and the others had cancer at one of the sites and the 
others were benign. Four women had 3 sites biopsied. In 
one, all 3 sites were benign. In another, 1 site was ILC, one 
was a papilloma with atypia, and one was nonspecific 
benign. In 2 others, one site was cancer and the other 2 were 
benign. Two women had 4 sites biopsied. Neither had can-
cer: in one of the women, all 4 were papillomas and in the 
other, all 4 were PASH.

BI-RADS final assessment categories were as follows for the 
247 women: Cat 3—3, Cat 4 (otherwise not specified)—52, Cat 
4A—114, Cat 4B—47, Cat 4C—21, Cat 5—10. For the women 
diagnosed with cancers, 6 were category 4 (otherwise not speci-
fied), 5 were category 4A, 3 were category 4B, 12 were cate-
gory 4C, and 6 were category 5.

Of the 3 women who had biopsies for a BI-RADS 3 mass, 
one was age 69 and had 2 sisters with breast cancer, one was 
age 55 and her mother had breast cancer, and one was age 48 
with no personal or family history of breast cancer. The num-
ber of BI-RADS 3 cases for the remaining screening US 
examinations was not recorded.

94/247 (38.1%) women had a diagnostic mammogram 
after the screening breast US detected an abnormality for 
which biopsy would be recommended. In 20/94 (20.6%) an 
abnormality was seen on the repeat mammogram, and that 
finding was visible only on DBT in 12 (Figure 2). The 
mean wait time between the screening US and biopsy was 
11.95 weeks (range 1-52 weeks).

Core histology showed cyst/fibrocystic change in 56, fibro-
adenoma/fibroadenomatous change in 86, malignancy in 31, 
radial sclerosing lesion in 5, PASH in 11, papilloma without 
atypia in 18, and papillomas with ADH in 3 (Table 1). Histology 
was benign not specified in 60. One papilloma with atypia was 
upgraded to DCIS at surgery. A total 32 cancers were found, for 
ICDR of 6.1/1000 screens and PPV3 (32/247) 13.0%.

The average age of women diagnosed with cancer was 63.3 
(range 46-82 years). Of 32 cancers, 26 (81.3%) were invasive 
including 5 (15.6%) invasive lobular carcinomas, and 6 (18.8%) 
were non-invasive. Average size was 13.4 mm (range 
5->40 mm) on US and final pathologic stage for ductal cancers 
was stage 0 in 5/32 (15.6%) and 1A in 18/32 (56.3%), only 2 
were HER2+, and 1 TN, 1 mixed ductal/lobular carcinoma 
(TN) was 3B (3.1%), while the 5 lobular cancers were stage 1A 
(1), 1B (2), and 2A (2), and 1 adenoid cystic carcinoma (TN) 
was stage 2A. One patient declined surgery and received endo-
crine therapy, with no change in size at 20 months. One patient 
with triple negative cancer had neoadjuvant chemotherapy, and 
her cancer decreased from 33 mm on US to 3 mm at surgery. 

Twelve cancers were unchanged or smaller on the surgical 
report, and 18 measured larger on surgical excision.

Twenty-nine cancers were found on prevalent screens and 
3 on incident screens. Of the 3 cancers seen on a subsequent 
scan, 2 were ILC, and one was IDC. 27/32 cancers (84.4%) 
were in Category c density, and 5 (15.6%) were category d, 20 
(62.5%) occurring in women with no personal and/or first-
degree family history of breast cancer.

Of the entire cohort of 247 patients who had biopsies, 91 
had a mother or sister (or both) with breast cancer. Twenty-
four had a previous personal history, 8 of whom also had a 
first-degree family history. Two had ADH. Of the cancers: 4 
were in women with a previous cancer, 4 were in women with 
a first-degree family history, and 2 were in women with both 
a personal and family history.

Eight of the 32 cancers (25%) were in women with a 
mother or sister with breast cancer and 24 (75%) were in 
women with no family history. Six of the cancers were in 
women with a previous personal history, 3 of unknown 
pathology, diagnosed 10 to 24 years ago and 3 had different 
pathologies from the new cancer. If we deduct them from the 
total, then we found 26 cancers in 5250 screens, or 4.95 can-
cers per thousand screens.

Of the 32 cancers, 27 were in women in Category c, 16 of 
them had no other risk factors: 6 had a first-degree family his-
tory; 4 had a personal history and one had both a first degree 
and personal history of breast cancer. Five of the cancers were 
in women with Category d density; 4 of them had no other 
risk factors; one had a personal history of breast cancer and 
none had a family history.

One woman whose cancer was triple negative had a suspi-
cious node on the screening study, that showed metastasis on 
core biopsy. She received neoadjuvant chemotherapy and had 
no positive sentinel nodes on her subsequent surgery, which 
included preoperative localization of the node that had been 
biopsied. One woman had ILC, and no abnormal nodes were 
seen at the time of her screening breast US, but 2 of 4 sentinel 
nodes were positive for metastases. All the other women who 
had no abnormal axillary nodes at the time of the US exami-
nation had no positive sentinel node at surgery. One woman 
had no suspicious breast mass but had abnormal axillary 
nodes. Core biopsy led to a diagnosis of B-cell lymphoma. 
She was not included in the analysis.

No diagnostic imaging follow-up was recommended when 
histology was definitive for cyst, fibroadenoma or fat necro-
sis, and considered to be concordant with the imaging appear-
ance of the lesion. These women returned to routine screening 
or routine annual surveillance mammography in women with 
previous cancer.

For the 60 masses where the histology was benign, but 
non-specific, it was at the discretion of the radiologist who 
did the biopsy and performed radiologic/pathologic review, to 
recommend imaging surveillance (or not). Most were recom-
mended to resume routine screening. If surveillance was rec-
ommended, it was for 6 or 12 months.
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Figure 2.  Age 61 Category c, no other risk factors. (A) Screening mammogram. (B) Screening ultrasound 1 year after the screening 
mammogram shows a suspicious 11 mm mass at the 5:30 o’clock position, 3 cm from the nipple, with no suspicious axillary nodes. 
Assessed as BI-RADS 4C. (C) The mammogram performed with tomosynthesis 6 weeks after the screening US, showed the cancer 
(arrows) on the cc tomosynthesis image only, less conspicuously in retrospect on the MLO 2D and tomosynthesis slice. Core biopsy 
was performed 16.5 weeks after the screening US study, and showed invasive apocrine adenocarcinoma, triple negative, and grade was 
not stated. (D) Post clip images confirm the coil shaped clip marker (yellow arrows) corresponding to the site of the suspicious mass 
seen on the tomosynthesis (red arrows).
At surgery, 6 months after the screening US exam, the mass measured 18 mm and was assessed as grade 1. Five sentinel nodes were excised, all negative.
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Discussion

This is a large single centre study of supplemental screening 
US performed for women with dense breasts (categories c 
and d) after a normal screening or asymptomatic diagnostic 
mammogram, and found a high ICDR of 6.1/1000, 84% inva-
sive cancers and 87.5% at early stage (0 or 1) with a mean 
imaging size of cancers of 13.6 mm. To our knowledge, this is 
the largest report on supplemental US screening in Canada.

US is the most economical and widely available supple-
mental screening modality. But it is less sensitive than the 
functional modalities and has lower specificity. It has been 
proven to increase detection of small invasive, node-negative 
cancers, and reduce interval cancers.25 Breast US is widely 
available as a targeted examination for diagnosis but has not 
been widely available for screening in Canada. Our study 
found a slightly lower ICDR for supplemental screening US 
(6.1/1000) to that previously reported (7/1000), but higher 
than reported elsewhere. This is due, in part, to the inclusion 
of women in Categories c and d with previous cancer. The 
ICDR for screening US performed either automated (ABUS) 
or hand-held (HHUS) in women with dense breasts, but with-
out previous cancer is 2.0 to 2.7 cancers per 1000 screening 
examinations, with a mean size range of invasive cancers of 7 
to 14 mm, and 88% of cancers found to be invasive.35 Weigert 
studied ICDR over 4 years of screening US, finding 4 can-
cers/1000 in the first year, 3.3 the second, 3.1 the third, and 
3.3 the fourth.36 Hooley reported 3.2 cancers/1000 screens in 
their first year.37 These 2 studies were both after annual 2D 
mammography. Our study used HHUS performed by highly 
trained technologists and should be comparable to ABUS. 
The higher ICDR in our study is likely explained by the fact 
that in our province, mammography screening in most women 
without previous cancer and without a first-degree family his-
tory is offered only biennially instead of annually and with 
2D mammography instead of DBT.

In the U.S.A, screening mammography is performed annu-
ally, and increasingly performed with DBT. DBT increases 
cancer detection compared to 2D mammography, while also 
reducing recalls. But it is not as effective as other modalities 
in detecting cancers in dense breasts.38,39 As of 1 May 2024, 
90% of facilities had DBT units and 48% of all accredited 
units were DBT in the United States.40 This may explain the 
relatively low ICDRs seen in the DBTUST trial: 1.3/1000 in 
the first year and 1.0/1000 in years 2 and 3.41 In most of the 
world, screening mammography is performed biennially with 
only 2D mammography. DBT is not used currently in any 
organized screening program in Canada. It is not surprising 
that more cancers were found with supplemental US in an 
environment with less frequent mammography screening 
with 2D. Another reason for the higher ICDR is that we 
included patients who had previous breast cancer, who are 
known to be at least intermediate risk. If these cases are elimi-
nated, the incremental cancer detection rate is 26 cancers in 
5250 screens, or 4.95 cancers per thousand.

To understand the context of our high cancer detection 
rate, there are other considerations. The first is the screening 

mammography eligibility in our province, and the rest of 
Canada. In our province, women may self-refer for screening 
mammograms starting at age 40. In 2022, 3 other jurisdic-
tions did the same, 2 started at 45, but most started at 50. 
Women with a first-degree family history could attend annu-
ally in all jurisdictions, but even then, could not begin screen-
ing until age 50. All others may attend only biennially, and all 
screening programs in Canada but one, use only full-field 
digital mammography. In only one province is digital breast 
tomosynthesis now used for screening. Although 7 Canadian 
provinces allow annual mammograms for women with 
Category D density, and this has been shown to decrease 
interval cancers,42 that is not the case in our province.

Another consideration is that the ACR guidelines for breast 
MRI after a breast cancer diagnosis are not followed in Canada. 
The ACR recommends annual MRI for women with previous 
cancer who have dense breasts, and for women of any breast 
density who were diagnosed younger than age 50.43 The supple-
mental screening modalities for these women vary by province, 
and sometimes by hospital, but in our province, only breast US is 
available, and even then is not offered in most locations.

Contrast-enhanced MRI using intravenous gadolinium is the 
most sensitive modality for detection of cancer, but also the 
most expensive. It has been shown to detect primarily invasive 
cancers and reduce interval cancers and late-stage disease.44,45 
Screening breast MRI has also been shown to increase detection 
of biologically significant cancers in women at average-risk 
including those with non-dense breasts.46

In Canada, MRI for screening is most often limited to 
women with genetic mutations, those who had chest radiation 
younger than age 30, or those at >25% lifetime risk by risk 
models.47,48 In the USA, it is recommended for women at 
greater than 20% lifetime risk, including women who’ve had 
cancer who have dense breasts, and women of any breast den-
sity who were diagnosed with breast cancer younger than age 
50.43 In Europe, MRI is recommended for women aged 50 to 
69 with breast density category d, ideally every 2 to 3 years 
but no less often than every 4 years.49 MRI is less tolerable 
than other modalities because of claustrophobia, and in 2 
large studies, over 40% of women declined MRI even though 
it was free.50,51 Use of abbreviated MRI will decrease cost, 
increase access, and increase tolerance for some women with 
claustrophobia. It has not been widely implemented yet.

Contrast-enhanced mammography has similar sensitivity 
to MRI, but with higher specificity.52 It is not yet widely 
available in Canada but has been purchased by many institu-
tions. Molecular breast imaging detects cancer because of the 
preferential uptake of intravenously injected 99mTc-sesta-
mibi in mitotically active breast tissue.53 Molecular breast 
imaging is very poorly available in Canada.

To maximize detection of as many low-stage cancers as possi-
ble, we recommend that women have their screening US examina-
tion halfway between planned mammograms. For women 
attending biennially, we see it as an advantage to alternate the 
examinations. Rather than have a screening US at the same time as 
the mammogram only every 2 years, they are being screened annu-
ally, albeit with either modality. We also recommend alternating 
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modalities for women attending for annual mammograms, to 
potentially detect rapidly growing cancers.

Of the 3 cancers found on incident screens, 2 were in 
women with previous ipsilateral breast cancer and were not 
seen on their most recent prior mammograms (less than 1 year 
before the US), and no repeat mammogram was done after the 
finding on US. The third patient had no personal or family 
history of breast cancer. Her most recent prior mammogram 
was 1 year before the US and was repeated. The cancer was 
visible on both 2D and DBT.

Seven jurisdictions in Canada currently offer annual 
screening mammograms to women in category d, and some 
plan to offer supplemental screening only to women in den-
sity Category d, ± women with a first-degree family history. 
Although those women are at highest risk, the majority of 
cancers (84%) in this study were in women in Category c and 
62% of the cancers occurred in women with no personal or 
family history of breast cancer. This is understandable, given 
that there are 4 to 5 times more women in category c as in 
category d,54,55 and 85% of breast cancers occur in women 
with no family history.56 This underscores that supplemental 
screening should be offered to all women in both density cat-
egories c and d to bring equity to women with dense breasts 
in the detection of early cancers to both reduce mortality and 
provide better quality-of-life for women with cancer.

Cost effectiveness is a consideration in our publicly funded 
health care system. But although not paid for by the patients per-
sonally, the reimbursement from the Ministry of Health in our 
province is relatively low: a core biopsy of 1 to 5 samples is reim-
bursed $94.43, and a post-biopsy marker is reimbursed $155.85.57 
Moreover, it has now been shown that because of the high cost of 
novel therapies used to treat advanced cancers, detecting cancers 
at earlier stages and reducing advanced cancers is cost-saving.58

This study has several limitations. The screening US exami-
nations were performed in a single centre, where both the radi-
ologists and technologists have extensive experience in 
diagnostic and screening US. Because a referral was required 
for patients to attend a community imaging clinic, it is possible 
that some of the recommended follow up examinations were 
not performed. This could theoretically miss a false negative 
biopsy and underestimate the sensitivity of screening US. This 
is very unlikely in this clinic, given that it has been shown that 
when radiologic-pathologic review is performed, even false 
negative histology does not result in delay of diagnosis.59

Our PPV3 was relatively low at 13.0%. Most studies were 
prevalence screens, and this should improve as more women 
attend for subsequent screening examinations. Weigert 
showed that PPV3 increased as radiologists gained experi-
ence, follow-up their biopsy recommendations, and when 
prior studies are available.36 PPV might also be improved by 
using elastography, opto-acoustic or other non-invasive vas-
cular imaging, or artificial Intelligence (DL/radiomics), none 
of which are available at our clinic.

In conclusion, these data illustrate the important role of 
screening US in the Canadian context, and in many other 
jurisdictions where screening mammography, is performed 

most often with FFDM, and biennially. This essential life-
saving examination should be available for women with 
dense breasts to give them equity in the early detection of 
breast cancer, and fee codes should be created to incentivize 
radiologists to offer the service.

Acknowledgments

The authors would like to thank Abigail Doherty for her help manag-
ing the data.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Paula B. Gordon  https://orcid.org/0000-0002-2477-1278

Jean M. Seely  https://orcid.org/0000-0003-0367-2219

References

	 1.	 Bodewes FTH, van Asselt AA, Dorrius MD, Greuter MJW, 
de Bock GH. Mammographic breast density and the risk of 
breast cancer: a systematic review and meta-analysis. Breast. 
2022;66:62-68.

	 2.	 McCormack VA, dos Santos Silva I. Breast density and paren-
chymal patterns as markers of breast cancer risk: a meta-analy-
sis. Cancer Epidemiol Biomarkers Prev. 2006;15(6):1159-1169.

	 3.	 Kerlikowske K, Cook AJ, Buist DS, et  al. Breast cancer risk 
by breast density, menopause, and postmenopausal hormone 
therapy use. J Clin Oncol. 2010;28(24):3830-3837.

	 4.	 Engmann NJ, Golmakani MK, Miglioretti DL, Sprague BL, 
Kerlikowske K; Breast Cancer Surveillance Consortium. 
Population-attributable risk proportion of clinical risk factors 
for breast cancer. JAMA Oncol. 2017;3(9):1228-1236.

	 5.	 Destounis SV, Santacroce A, Arieno A. Update on breast 
density, risk estimation, and supplemental screening. Am J 
Roentgenol. 2020;214(2):296-305.

	 6.	 Wanders JO, Holland K, Veldhuis WB, et al. Volumetric breast 
density affects performance of digital screening mammography. 
Breast Cancer Res Treat. 2017;162(1):95-103.

	 7.	 Ciatto S, Visioli C, Paci E, Zappa M. Breast density as a deter-
minant of interval cancer at mammographic screening. Br J 
Cancer. 2004;90(2):393-396.

	 8.	 Boyd NF, Guo H, Martin LJ, et al. Mammographic density and 
the risk and detection of breast cancer. N Engl J Med. 2007; 
356(3):227-236.

	 9.	 Boyd NF, Martin LJ, Yaffe MJ, Minkin S. Mammographic 
density and breast cancer risk: current understanding and future 
prospects. Breast Cancer Res. 2011;13(6):223.

	10.	 Bertrand KA, Tamimi RM, Scott CG, et  al. Mammographic 
density and risk of breast cancer by age and tumor characteris-
tics. Breast Cancer Res. 2013;15(6):R104.

	11.	 Eriksson L, Czene K, Rosenberg LU, Tornberg S, Humphreys 
K, Hall P. Mammographic density and survival in interval 
breast cancers. Breast Cancer Res. 2013;15(3):R48.

https://orcid.org/0000-0002-2477-1278
https://orcid.org/0000-0003-0367-2219


506	 Canadian Association of Radiologists Journal 76(3)

	12.	 Porter PL, El-Bastawissi AY, Mandelson MT, et  al. Breast 
tumor characteristics as predictors of mammographic detection: 
comparison of interval- and screen-detected cancers. J Natl 
Cancer Inst. 1999;91(23):2020-2028.

	13.	 Domingo L, Salas D, Zubizarreta R, et al. Tumor phenotype and 
breast density in distinct categories of interval cancer: results 
of population-based mammography screening in Spain. Breast 
Cancer Res. 2014;16(1):R3.

	14.	 Houssami N, Hunter K. The epidemiology, radiology and bio-
logical characteristics of interval breast cancers in population 
mammography screening. NPJ Breast Cancer. 2017;3:12.

	15.	 Gilliland FD, Joste N, Stauber PM, et  al. Biologic character-
istics of interval and screen-detected breast cancers. J Natl 
Cancer Inst. 2000;92(9):743-749.

	16.	 Kirsh VA, Chiarelli AM, Edwards SA, et al. Tumor character-
istics associated with mammographic detection of breast cancer 
in the Ontario breast screening program. J Natl Cancer Inst. 
2011;103(12):942-950.

	17.	 McCarthy AM, Friebel-Klingner T, Ehsan S, et al. Relationship 
of established risk factors with breast cancer subtypes. Cancer 
Med. 2021;10(18):6456-6467.

	18.	 Monticciolo DL, Malak SF, Friedewald SM, et al. Breast cancer 
screening recommendations inclusive of all women at average 
risk: update from the ACR and Society of Breast Imaging. J Am 
Coll Radiol. 2021;18(9):1280-1288.

	19.	 Tabar L, Yen AM, Wu WY, et al. Insights from the breast can-
cer screening trials: how screening affects the natural history of 
breast cancer and implications for evaluating service screening 
programs. Breast J. 2015;21(1):13-20.

	20.	 Oeffinger KC, Fontham ET, Etzioni R, et  al. Breast cancer 
screening for women at average risk: 2015 guideline update from 
the American Cancer Society. JAMA. 2015;314(15):1599-1614.

	21.	 Tabar L, Vitak B, Chen TH, et  al. Swedish two-county trial: 
impact of mammographic screening on breast cancer mortality 
during 3 decades. Radiology. 2011;260(3):658-663.

	22.	 Coldman A, Phillips N, Wilson C, et al. Pan-Canadian study of 
mammography screening and mortality from breast cancer. J 
Natl Cancer Inst. 2014;106(11):dju261.

	23.	 Broeders M, Moss S, Nystrom L, et  al. The impact of mam-
mographic screening on breast cancer mortality in Europe: a 
review of observational studies. J Med Screen. 2012;19 Suppl 
1:14-25.

	24.	 van der Waal D, Ripping TM, Verbeek AL, Broeders MJ. 
Breast cancer screening effect across breast density strata: a 
case-control study. Int J Cancer. 2017;140(1):41-49.

	25.	 Ohuchi N, Suzuki A, Sobue T, et al. Sensitivity and specificity 
of mammography and adjunctive ultrasonography to screen for 
breast cancer in the Japan Strategic Anti-cancer Randomized 
Trial (J-START): a randomised controlled trial. Lancet. 2016; 
387(10016):341-348.

	26.	 Dunn N, Youl P, Moore J, et  al. Breast-cancer mortality in 
screened versus unscreened women: long-term results from a 
population-based study in Queensland, Australia. J Med Screen. 
2021;28(2):193-199.

	27.	 Moss SM, Nystrom L, Jonsson H, et al. The impact of mam-
mographic screening on breast cancer mortality in Europe: a 
review of trend studies. J Med Screen. 2012;19 Suppl 1:26-32.

	28.	 Ahn S, Wooster M, Valente C, et al. Impact of screening mam-
mography on treatment in women diagnosed with breast cancer. 
Ann Surg Oncol. 2018;25(10):2979-2986.

	29.	 Yaffe MJ, Jong RA, Pritchard KI. Breast cancer screening: 
beyond mortality. J Breast Imaging. 2019;1(3):161-165.

	30.	 Wu T, Warren LJ. The added value of supplemental breast ultra-
sound screening for women with dense breasts: a single center 
Canadian experience. Can Assoc Radiol J. 2022;73(1):101-106.

	31.	 Berg WA, Mendelson EB. Technologist-performed handheld 
screening breast US imaging: how is it performed and what are 
the outcomes to date? Radiology. 2014;272(1):12-27.

	32.	 Berg WA. BI-RADS 3 on screening breast ultrasound: what is 
it and what is the appropriate management? J Breast Imaging. 
2021;3(5):527-538.

	33.	 Youn I, Yoon JH, Youk JH, et al. Necessity of axillary scanning 
after negative finding on both mammography and subsequent 
breast ultrasound. Ultrasound Med Biol. 2018;44(1):71-77.

	34.	 Seely JM, Peddle SE, Yang H, et al. Breast density and risk of 
interval cancers: the effect of annual versus biennial screening 
mammography policies in Canada. Can Assoc Radiol J. 2022; 
73(1):90-100.

	35.	 Berg WA, Vourtsis A. Screening breast ultrasound using hand-
held or automated technique in women with dense breasts. J 
Breast Imaging. 2019;1(4):283-296.

	36.	 Weigert JM. The Connecticut experiment; The third install-
ment: 4 years of screening women with dense breasts with bilat-
eral ultrasound. Breast J. 2017;23(1):34-39.

	37.	 Hooley RJ, Greenberg KL, Stackhouse RM, Geisel JL, Butler 
RS, Philpotts LE. Screening US in patients with mammographi-
cally dense breasts: initial experience with Connecticut Public 
Act 09-41. Radiology. 2012;265(1):59-69.

	38.	 Comstock CE, Gatsonis C, Newstead GM, et  al. Comparison 
of abbreviated breast MRI vs digital breast tomosynthesis for 
breast cancer detection among women with dense breasts under-
going screening. JAMA. 2020;323(8):746-756.

	39.	 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.

	40.	 FDA. MQSA national statistics. 2024. https://www.fda.gov/
radiation-emitting-products/mammography-information-
patients/mqsa-national-statistics Accessed May 19, 2024.

	41.	 Berg WA, Zuley ML, Chang TS, et al. Prospective multicenter 
diagnostic performance of technologist-performed screening 
breast ultrasound after tomosynthesis in women with dense 
breasts (the DBTUST). J Clin Oncol. 2023;41(13):2403-2415.

	42.	 Seely JM, Eby PR, Yaffe MJ. The fundamental flaws of the 
CNBSS trials: a scientific review. J Breast Imaging. 2022; 
4(2):108-119.

	43.	 Monticciolo DL, Newell MS, Moy L, Lee CS, Destounis SV. 
Breast cancer screening for women at higher-than-average risk: 
updated recommendations from the ACR. J Am Coll Radiol. 
2023;20(9):902-914.

	44.	 Zeng A, Brennan ME, Young S, Mathieu E, Houssami N. The 
effect of supplemental imaging on interval cancer rates in mam-
mography screening: systematic review. Clin Breast Cancer. 
2022;22(3):212-222.

	45.	 Berg WA, Rafferty EA, Friedewald SM, Hruska CB, Rahbar 
H. Screening algorithms in dense breasts: AJR Expert Panel 
Narrative Review. AJR Am J Roentgenol. 2021;216(2):275-294.

	46.	 Kuhl CK, Strobel K, Bieling H, Leutner C, Schild HH, Schrading 
S. Supplemental breast MR imaging screening of women with 
average risk of breast cancer. Radiology. 2017;283(2):361-370.

https://www.fda.gov/radiation-emitting-products/mammography-information-patients/mqsa-national-statistics
https://www.fda.gov/radiation-emitting-products/mammography-information-patients/mqsa-national-statistics
https://www.fda.gov/radiation-emitting-products/mammography-information-patients/mqsa-national-statistics


Gordon et al.	 507

	47.	 CanRisk UK v. 2024. https://www.canrisk.org/ Accessed April 
8, 2024.

	48.	 Ikonopedia IBIS: online Tyrer-Cuzick model breast cancer risk 
evaluation tool v.8.0b. 2024. Accessed May 19, 2024. https://
ibis.ikonopedia.com/

	49.	 Mann RM, Athanasiou A, Baltzer PAT, et  al. Breast cancer 
screening in women with extremely dense breasts recommen-
dations of the European Society of Breast Imaging (EUSOBI).  
Eur Radiol. 2022;32(6):4036-4045.

	50.	 Bakker MF, de Lange SV, Pijnappel RM, et al. Supplemental 
MRI screening for women with extremely dense breast tissue.  
N Engl J Med. 2019;381(22):2091-2102.

	51.	 Berg WA, Blume JD, Adams AM, et al. Reasons women at ele-
vated risk of breast cancer refuse breast MR imaging screening: 
ACRIN 6666. Radiology. 2010;254(1):79-87.

	52.	 Xiang W, Rao H, Zhou L. A meta-analysis of contrast-enhanced 
spectral mammography versus MRI in the diagnosis of breast 
cancer. Thorac Cancer. 2020;11(6):1423-1432.

	53.	 Berg WA. Nuclear breast imaging: clinical results and future 
directions. J Nucl Med. 2016;57 Suppl 1:46S-52S.

	54.	 Sprague BL, Gangnon RE, Burt V, et al. Prevalence of mam-
mographically dense breasts in the United States. J Natl Cancer 
Inst. 2014;106(10):dju255.

	55.	 NIH. Dense breasts: answers to commonly asked questions. 
https://www.cancer.gov/types/breast/breast-changes/dense- 
breasts#:~:text=with%20fatty%20breasts.-,Are%20dense%20
breasts%20a%20risk%20factor%20for%20breast%20cancer 
%3F,than%20women%20with%20fatty%20breasts Accessed 
May 19, 2024.

	56.	 Haber G, Ahmed NU, Pekovic V. Family history of cancer 
and its association with breast cancer risk perception and 
repeat mammography. Am J Public Health. 2012;102(12): 
2322-2329.

	57.	 BC Ministry of Health, Medical Services Commission Payment 
Schedule, March 31, 2024. Accessed May 19, 2024. https://
www2.gov.bc.ca/assets/gov/health/practitioner-pro/medical-
services-plan/msc_payment_schedule_-_march_31_2024.pdf, 
Section 37, pp 37-12,13 

	58.	 Wilkinson AN, Seely JM, Rushton M, et al. Capturing the true 
cost of breast cancer treatment: molecular subtype and stage-
specific per-case activity-based costing. Curr Oncol. 2023; 
30(9):7860-7873.

	59.	 Zhang C, Lewis DR, Nasute P, Hayes M, Warren LJ, Gordon PB. 
The negative predictive value of ultrasound-guided 14-gauge 
core needle biopsy of breast masses: a validation study of 339 
cases. Cancer Imaging. 2012;12(3):488-496.

https://www.canrisk.org/
https://ibis.ikonopedia.com/
https://ibis.ikonopedia.com/
https://www.cancer.gov/types/breast/breast-changes/dense-breasts#:~:text=with%20fatty%20breasts.-,Are%20dense%20breasts%20a%20risk%20factor%20for%20breast%20cancer%3F,than%20women%20with%20fatty%20breasts
https://www.cancer.gov/types/breast/breast-changes/dense-breasts#:~:text=with%20fatty%20breasts.-,Are%20dense%20breasts%20a%20risk%20factor%20for%20breast%20cancer%3F,than%20women%20with%20fatty%20breasts
https://www.cancer.gov/types/breast/breast-changes/dense-breasts#:~:text=with%20fatty%20breasts.-,Are%20dense%20breasts%20a%20risk%20factor%20for%20breast%20cancer%3F,than%20women%20with%20fatty%20breasts
https://www.cancer.gov/types/breast/breast-changes/dense-breasts#:~:text=with%20fatty%20breasts.-,Are%20dense%20breasts%20a%20risk%20factor%20for%20breast%20cancer%3F,than%20women%20with%20fatty%20breasts
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/medical-services-plan/msc_payment_schedule_-_march_31_2024.pdf
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/medical-services-plan/msc_payment_schedule_-_march_31_2024.pdf
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/medical-services-plan/msc_payment_schedule_-_march_31_2024.pdf


1 
A3(26) Part 1 of 2 

QUESTIONNAIRE 
A3(26) Part 1 of 2  

Cancers Detected on Supplemental Breast Ultrasound in Women with Dense Breasts: 
Update from a Canadian Centre 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• All questions have only ONE correct answer 

Question 1: What was the time frame for the breast 
ultrasound screenings in the study? 
 

A: January 2020 to December 2021 
B: August 2020 to December 2022 
C: July 2022 to July 2023 
D: August 1, 2021, to December 31, 2022 

 

Question 2: What breast density categories qualified 
women for supplemental ultrasound screening? 
 

A: A and B 
B: B and C 
C: C and D 
D: D and E 

 
Question 3: How many women underwent screening 
ultrasound in the study? 
 

A: 4,257 
B: 5,257  
C: 6,257 
D: 7,257 

 
Question 4: What was the incremental cancer detection rate 
(ICDR) reported? 
 

A: 6.1/1000 
B: 3.2/1000 
C: 4.5/1000 
D: 7.8/1000 

 

Question 5: What percentage of biopsied women were 
diagnosed with breast cancer? 
 

A: 13.0% 
B: 8.5% 
C: 10.3% 
D: 15.6% 

 
Question 6: What was the most common stage of ductal 
cancers found? 
 

A: Stage 0 
B: Stage 1B 
C: Stage 1° 
D: Stage 2A 

 
 

Question 7: How many cancers were found in women with 
no personal or family history of breast cancer? 
 

A: 12 
B: 16 
C: 20 
D: 24 

 
Question 8: What subtype was the adenoid cystic 
carcinoma diagnosed? 

 

A: Stage 1A 
B: Stage 1B 
C: Stage 3B 
D: Stage 2A 

 
Question 9: What proportion of cancers were found in 
category C density breasts? 
 

A: 84.4% 
B: 62.5% 
C: 70.3% 
D: 90.1% 

 
Question 10: How many cancers were found on incident 
screens? 
 

A: 1 
B: 2 
C: 4 
D: 3 

 
 
 
 

THE END 
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Cancers Detected on Supplemental Breast Ultrasound in Women with Dense Breasts: 
Update from a Canadian Centre 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• All questions have only ONE correct answer  

Question 1: What was the most common BI-RADS category 
among cancer cases? 
 

A: 4A 
B: 4C 
C: 4B 
D: 5 

 

Question 2: What imaging modality was used for follow-up 
when abnormalities were detected? 
 

A: MRI 
B: 2D mammography only 
C: Digital breast tomosynthesis (DBT) 
D: PET scan 

 
Question 3: What was the average wait time between 
screening ultrasound and biopsy? 
 

A: 11.95 weeks 
B: 6.5 weeks 
C: 9.2 weeks 
D: 14.3 weeks 

 
Question 4: What was the most common benign histology 
found in biopsies? 
 

A: Papilloma 
B: Fibroadenoma/fibro-adenomatous change 
C: PASH 
D: Radial sclerosing lesion 

 

Question 5: What type of biopsy was most commonly 
performed? 
 

A: Fine-needle aspiration 
B: Surgical excision 
C: Vacuum-assisted biopsy 
D: Core needle biopsy 

 
Question 6: What is the estimated risk increase for women 
with extremely dense breasts compared to those with fatty 
breasts? 
 

A: 13–18× for interval cancers 
B: 2–3× 
C: 4–6× 
D: 10–12× 

 

Question 7: What percentage of cancers are missed in 
women with extremely dense breasts on mammography? 
 

A: 20% 
B: 40% 
C: 30% 
D: 50% 

 
Question 8: What is the primary goal of supplemental 
screening in women with dense breasts? 

 

A: Reduce costs 
B: Increase biopsy rates 
C: Replace mammography 
D: Achieve equity in early detection 

 
Question 9: Which ONE of the following statements is 
FALSE regarding MRI? 
 

A: Contrast-enhanced MRI using intravenous 
gadolinium is the most sensitive modality for the 
detection of cancers, and the least expensive   

B: It has been shown to detect primarily invasive 
cancers and reduce interval cancers and late-stage 
disease  

C: Screening breast MRI has also been shown to 
increase detection of biologically significant 
cancers in women at average-risk, including those 
with non-dense breasts  

D: It is less tolerable than other modalities because of 
claustrophobia, and in 2 large studies, over 40% of 
women declined MRI even though it was free  

 
Question 10: How many women were diagnosed with 
invasive cancers? 
 

A: 27 
B: 37 
C: 47 
D: 67 

 
 
 
 

THE END 
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