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KEY MESSAGES
Screening for breast cancer is the process of looking for the disease before symptoms appear
so it can be treated early. Women considered at average risk for breast cancer generally have a
less than 15% chance of developing the disease over a lifetime, whereas women considered at
high risk generally have a genetic mutation or a greater than 25% (1 in 4) risk of developing the
disease. Some women have risk factors that place them at higher than average, but less than
high, risk of developing breast cancer.
In Ontario, women at less than high risk, both average and higher than average risk, are
screened with mammography (x-ray of the breast), but mammography alone may miss breast
cancer in some women. Magnetic resonance imaging (MRI) is a potential tool to look for breast
cancer that mammography may have missed.
This review intended to look at the impact of adding MRI to mammography to screen for breast
cancer in women at less than high risk (average and higher than average risk), to see if
screening with both tests catches more invasive breast cancers and saves more lives compared
with mammography alone. We also wanted to know if MRI produces more false-positives (test
results that show a woman has breast cancer when she does not), as false-positives can lead to
unnecessary follow-up testing, treatment, and anxiety.
We found no studies that evaluated using both mammography and MRI to screen average-risk
women. No studies of higher-than-average-risk women met the inclusion criteria of the review.
Given that no relevant evidence was identified, we conclude that it is uncertain whether
screening with both tests will reduce the number of deaths related to breast cancer or if it will
lead to more false-positives and potentially unnecessary diagnosis and treatment.
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ABSTRACT
Background
Screening with mammography can detect breast cancer early, before clinical symptoms appear.
Some cancers, however, are not captured with mammography screening alone. Among women
at high risk for breast cancer, magnetic resonance imaging (MRI) has been suggested as a safe
adjunct (supplemental) screening tool that can detect breast cancers missed on screening
mammography, potentially reducing the number of deaths associated with the disease.
However, the use of adjunct screening tests may also increase the number of false-positive test
results, which may lead to unnecessary follow-up testing, as well as patient stress and anxiety.
We investigated the benefits and harms of MRI as an adjunct to mammography compared with
mammography alone for screening women at less than high risk (average or higher than
average risk) for breast cancer.

Methods
We searched Ovid MEDLINE, Ovid Embase, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects
(DARE), Centre for Reviews and Dissemination (CRD) Health Technology Assessment
Database, and National Health Service (NHS) Economic Evaluation Database, from January
2002 to January 2016, for evidence of effectiveness, harms, and diagnostic accuracy. Only
studies evaluating the use of screening breast MRI as an adjunct to mammography in the
specified populations were included.

Results
No studies in women at less than high risk for breast cancer met our inclusion criteria.

Conclusions
It remains uncertain if the use of adjunct screening breast MRI in women at less than high risk
(average or higher than average risk) for breast cancer will reduce breast cancer–related
mortality without significant increases in unnecessary follow-up testing and treatment.
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BACKGROUND
Clinical Need and Target Population
Breast Cancer
Breast cancer is the most common cancer among Canadian women, with an estimated 1 in 9
women expected to develop the disease during their lifetime.1 In Ontario, an estimated 9,500
women are diagnosed with and 1,950 die from breast cancer annually.1
Most breast cancers are invasive, meaning the cancer invades the surrounding tissue of the
breast. Invasive breast cancers can metastasize (spread) to the lymph nodes and other parts of
the body, including bone, the lungs, and the brain. Some women will be diagnosed with a
noninvasive breast cancer, meaning that abnormal cells have not spread to neighbouring breast
tissue. The most common noninvasive breast cancer is ductal carcinoma in situ (abnormal cells
in the milk ducts). The natural history of ductal carcinoma in situ is poorly understood, and the
significance of these lesions as a precursor to invasive breast cancer is unclear.2,3
Treatment options for breast cancer vary depending on the stage of the disease and the cancer
pathology. Treatment often involves a combination of surgery, hormone therapy, chemotherapy,
and/or radiation therapy.

Classifying Breast Cancer Risk
The risk of developing breast cancer increases with age: More than 75% of breast cancer cases
occur in women over the age of 50 years who have no other specific risk factors for the
disease.4 Other factors can also increase the risk of developing breast cancer, including a family
history of breast or ovarian cancer, extremely dense breast tissue, endogenous estrogen
exposure, and various lifestyle factors. The strongest known risk factor for breast cancer is
hereditary, resulting from gene mutations (changes) inherited from a parent. The most common
hereditary breast cancers are due to mutations in the BRCA genes.
Numerous models with varying degrees of complexity have been developed to predict the
lifetime risk of developing breast cancer; these are based primarily on genetic assessment, age,
and family history of breast cancer. Common risk assessment tools include BRCAPRO, the Gail
model, the International Breast Cancer Intervention Study (IBIS) Breast Cancer Risk Evaluation
Tool, and the Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation
Algorithm (BOADICEA).5-8
Classifications of breast cancer risk are multifaceted and not standardized across countries or in
the literature. In Ontario, women are generally considered to be at average risk for breast
cancer if they do not have any significant risk factors for the disease relative to the general
population.9 Based on population incidence rates for breast cancer, average risk is regularly
defined as a less than 15% risk of developing the disease over a lifetime.1,10 Some women have
risk factors that place them at higher risk of developing breast cancer than an average woman
but do not meet the accepted threshold for high-risk classification. Women are typically
considered to be at higher than average, or intermediate, risk for developing the disease when
lifetime risk is between 15% and 25%, based on family risk factors such as having two or more
first-degree female relatives with breast cancer, having one first-degree relative under the age
of 50 years at the time of breast cancer diagnosis, or having a first-degree relative with ovarian
cancer.9 Extremely high breast density (defined as greater than 75% fibrous or glandular breast
tissue) has also been suggested as a factor increasing the risk of breast cancer four to five
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times compared to women with less dense breast tissue.11 Additionally, women with a personal
history of biopsy-documented high-risk lesions (areas of abnormal tissue), including lobular
carcinoma in situ, atypical ductal hyperplasia, and atypical lobular hyperplasia, are at higher
than average risk of developing subsequent invasive cancer in either breast. Women with
lobular neoplasias are estimated to have a 10% to 25% lifetime risk of developing breast
cancer; this risk is independent of breast density but greatly increases when combined with an
associated family history of disease.12-14
Women at high risk for breast cancer are commonly defined as having one or more of the
following risk factors: being a known mutation carrier, being an untested first-degree relative of a
mutation carrier, having a strong family history, or having a 25% or greater lifetime risk of getting
breast cancer.9 Women who had radiation therapy to the chest before the age of 30 years and
more than 8 years previously are also categorized as high risk.9 Women with BRCA1 or BRCA2
gene mutations are estimated to have a 40% to 80% lifetime risk of developing breast
cancer.15,16 It is estimated that less than 1% of the general population are at high risk for breast
cancer and that about 5% of all breast cancers are due to inherited genetic mutations.4 Women
at high risk for breast cancer often develop the disease at a younger age than those at less than
high risk, and their cancers tend to grow faster and be more aggressive.17,18 Women at high risk
may choose preventive options to reduce their risk of breast cancer through chemoprevention,
prophylactic mastectomy (surgical removal of all or part of the breasts), or oophorectomy
(surgical removal of the ovaries).

Breast Cancer Screening
Breast cancer screening is the regular examination of healthy, asymptomatic women. The intent
of breast cancer screening programs is to identify breast cancer early so that women can
receive timely and effective treatment. Cancers identified and treated at earlier stages tend to
have better prognoses than those that have progressed or metastasized.1 The ultimate goal of
breast cancer screening is to reduce breast cancer–related deaths, as well as the morbidity
associated with advanced stages of the disease.
A successful screening program must also aim to minimize any adverse consequences
associated with the screening itself. Screening for breast cancer can pose many challenges. All
screening tests have the potential to produce false test results, both false-negative and falsepositive. False-negative tests—tests that indicate a person does not have the disease when
they actually do—may delay necessary treatment. False-positive tests—tests that indicate a
person has the disease when they do not—will lead to additional unnecessary testing to confirm
the diagnosis. This process may include diagnostic mammography, ultrasound, and surgical
biopsy, each of which poses risks. False-positive tests can also lead to serious distress, anxiety,
and uncertainty for patients.19,20 Overdiagnosis and overtreatment are other potential risks of
breast cancer screening. Some cancers detected by screening may never cause symptoms or
become life-threatening. There is currently no definitive way of determining which screeningdetected cancers will progress, meaning that some women may undergo treatment with
surgery, radiation therapy, or chemotherapy that is not needed.
The primary method used for breast cancer screening is mammography, which uses low-dose
x-rays to image the breast, either on film or digitally. Mammography is currently the only
screening tool for breast cancer that has been shown to reduce breast cancer–related deaths
through early detection for average-risk women aged 50 to 74 years.21 However, recent reviews
have suggested that screening with mammography may not be as effective for this population
as originally understood and may result in significant overdiagnosis and overtreatment.22 For
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younger average-risk women (aged 40–49 years), several reviews have found that
mammography is not an effective tool for breast cancer screening. 21,23
Mammography is not a perfect test, and several factors, such as breast cancer risk, tumour
characteristics, younger age, and increased breast density, can decrease its diagnostic
accuracy.24,25 The sensitivity of screening mammography has been shown to be limited in
women at high risk for breast cancer due to a strong hereditary risk or known BRCA gene
mutations.26,27 A high proportion of dense breast tissue (fibrous and glandular tissue) can make
it more difficult to detect cancer on mammography, although there is considerable debate about
the potential correlation between breast density and rates of interval cancers (cancers that are
diagnosed between screening rounds).28,29 About 40% of all women are estimated to have
heterogeneously dense breasts (50–74% dense tissue), and 10% are estimated to have
extremely dense breasts (≥ 75% dense tissue).30 Increased breast density is directly related to
younger age: Approximately 53% of premenopausal and 23% of postmenopausal women have
at least 50% dense breast tissue. A review by Health Quality Ontario found that digital
mammography is more sensitive than film mammography among women with heterogeneously
or extremely dense breast tissue.26 The accuracy of mammography among women with other
specific risk factors for breast cancer has not been extensively researched. One study found
that the sensitivity of screening mammography was not significantly different in women with
lobular carcinoma in situ or atypical hyperplasia and women without high-risk lesions. However,
the specificity of screening was lower and interval cancer rates were higher for women with
high-risk lesions.31
Adjunct screening with breast magnetic resonance imaging (MRI) is thought to be an effective
approach to improving the sensitivity of screening with mammography alone (i.e., increase the
number of true-positive test results), although potentially at the risk of increasing the rate of
false-positive findings and unnecessary biopsies and treatments.

Technology
MRI is a tool that uses magnetic fields and radio waves to produce detailed cross-sectional
images of tissue structures. Contrast between tissues in the breast depends on the magnetic
environment and water content, which contribute to the signal intensity (brightness) of the breast
image. Breast MRI generally requires the use of a gadolinium-based contrast agent that is
injected intravenously to provide better detail and detection of breast cancers and lesions.
Dedicated breast MRI coils are also used to improve image quality. During the procedure,
women typically lie prone in the MRI scanner. Scanning takes approximately 30 to 45 minutes,
and the MRI images are then interpreted by a radiologist.
Some of the most common clinical indications for breast MRI are for diagnostic purposes such
as to evaluate abnormalities detected on mammography or ultrasound, assess the status of
breast implants, perform presurgical breast cancer staging, evaluate palpable breast lumps or
other breast-related symptoms, guide breast biopsies, and monitor chemotherapy.
In high-risk populations, screening with both MRI and mammography annually improves the
sensitivity of screening (sensitivity range 84–94%) but decreases specificity (specificity range
77–95%) relative to screening with mammography alone.26,27 Research in high-risk women has
indicated that MRI is limited in its ability to identify noninvasive breast cancers (e.g., ductal
carcinoma in situ) and should therefore be used as an adjunct to, rather than a replacement for,
breast mammography.26 The benefits and harms of adjunct screening breast MRI among
women at less than high risk for breast cancer, however, are unclear.
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Regulatory Information
Several MRI systems are approved by Health Canada as Class II medical devices. Most
scanners are general systems that can be used on the breast but are not specifically indicated
for breast cancer or breast cancer screening. Several licensed MRI systems are also available
that include software packages and modules specific to breast imaging, and numerous MRI
coils are approved for use specifically in breast imaging in conjunction with a general magnetic
resonance scanner.

Context
Breast Cancer Screening in Ontario
Screening for breast cancer can be done either as part of an organized program or
opportunistically (when requested by the patient or offered by a health care provider at a routine
or unrelated health care visit). The Ontario Breast Screening Program is a province-wide,
organized, publicly funded screening program for breast cancer.9 Table 1 summarizes the
program’s current recommendations for breast cancer screening.9 Average-risk women between
the ages of 50 and 74 years are offered screening with mammography every two years,
whereas women at higher than average (but not high) risk are offered screening with
mammography annually. Screening with both mammography and MRI is currently indicated for
women aged 30 to 69 years at high risk for breast cancer; this indication is supported by a 2010
Health Quality Ontario review and Ontario Health Technology Advisory Committee
recommendation in addition to several national and international agencies and organizations.26
Table 1: Summary of Ontario Breast Screening Program Guidelines
Age, Years

Risk

Screening Tests and Frequency

Women < 50

Average

Screening not recommended

Women 50–74

Average

Mammography every 2 years

Women 50–74

Higher than averagea

Annual mammography

Women 30–69

High

Annual mammography and breast MRI, or
screening breast ultrasound if MRI is contraindicatedb

Abbreviation: MRI, magnetic resonance imaging.
a
Documented pathology of high-risk lesions, including atypical ductal hyperplasia, atypical lobular hyperplasia, lobular carcinoma in situ, benign
papillary lesion, benign phyllodes tumour, and radial scar; a personal history of ovarian cancer; two or more first-degree female relatives with breast
cancer at any age; one first-degree relative with breast cancer under age 50 years; one first-degree relative with ovarian cancer at any age; one firstdegree male relative with breast cancer at any age; or breast density greater than 75% as seen on mammogram (reassessed annually by a screening
radiologist).
b
Contraindications include metallic implants (e.g., pacemakers or aneurysm clips), contrast allergies, and claustrophobia. There are also body and
weight restrictions to the MRI machines.

Approximately 1.3 million women in Ontario aged 50 to 74 years (65% of those eligible) were
screened for breast cancer with mammography between 2013 and 2014. Of these women,
more than 77% were screened through the Ontario Breast Screening Program.32

Funding of MRI for Breast Cancer Screening in Ontario
Screening breast MRI is currently funded in Ontario for women at high risk for breast cancer.
The Ontario Schedule of Benefits states that breast MRI is not an insured service for the routine
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screening of an average-risk person.33 No specifications are listed for women who are at higher
than average (but not high) risk for breast cancer.

National and International Guidelines for Technology
Several national and international guidelines and health technology assessment organizations
have provided recommendations regarding the use of adjunct screening breast MRI in women
who are at less than high risk for breast cancer (Table 2). Based on a lack of available
evidence, no guidelines recommended the use of MRI in women at average risk for breast
cancer. For women with risk factors that place them at above average, but less than high, risk
for breast cancer, three sets of guidelines state there is inadequate or insufficient evidence to
make a recommendation; one does not recommend the use of MRI; and only one states that
MRI may be considered in some of these patients.
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Table 2: Clinical Guideline and Health Technology Assessment Recommendations on the Use of
Screening Breast MRI in Women at Less Than High Risk for Breast Cancer

Guidance, Year

Recommendation

U.S. Preventive Services
Task Force, 201634,35

Average Risk:
Current evidence is insufficient to assess the additional benefits and harms of MRI vs. film
mammography as a screening modality for breast cancer
Dense Breasts:
Current evidence is insufficient to assess the balance of benefits and harms of adjunct screening
using MRI in women identified as having dense breasts on an otherwise negative screening
mammogram

International Agency for
Research on Cancer,
201536

Intermediate Risk:
Inadequate evidence that MRI as an adjunct to mammography vs. mammography alone increases
the detection rate of breast cancer or the proportion of false-positive screening outcomes in women
with LCIS or atypical proliferations

Washington State Health
Authority, 201537

Average Risk:
Supplementary screening with MRI is not covered
Dense Breasts:
Available evidence is not sufficient to support coverage for MRI for supplementary screening
following mammography

Aetna, 201538

Average Risk:
Considers breast MRI experimental and investigational…because there is insufficient scientific
evidence to support its use

National Institute for
Health and Care
Excellence, 201339

Intermediate Risk:
Do not offer MRI to women of any age at moderate risk (greater than 17% but less than 30%) of
breast cancer

Alberta Health Services,
2012,40 and American
Cancer Society, 200741

Average Risk:
Recommend against MRI screening (based on expert consensus opinion)
 Women at < 15% lifetime risk
Intermediate Risk:
Insufficient evidence to recommend for or against screening in women with the following:
 15–20% lifetime risk
 History of LCIS, ALH, or ADH
 Heterogeneously or extremely dense breast tissue on mammography
 Women with a personal history of breast cancer

American College of
Radiology, 201242

Average Risk:
Screening breast MRI is not recommended for the general population of asymptomatic, averagerisk women
Intermediate Risk:
Contrast-enhanced MRI may be indicated in some patients
Average Risk:
 Among average-risk women aged 40–74 years, the task force recommends not routinely
screening for breast cancer using MRI scans. (Weak recommendation; no evidence)

Canadian Task Force on
Preventive Health Care,
201121

National Comprehensive
Cancer Network, 200943

Average Risk:
Current evidence does not support the routine use of breast MRI as a screening procedure in
average-risk women
Intermediate Risk:
Consider annual breast MRI for LCIS as an adjunct to mammogram and clinical breast exam

Abbreviations: ADH, atypical ductal hyperplasia; ALH, atypical lobular hyperplasia; LCIS, lobular carcinoma in situ; MRI, magnetic resonance imaging.
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Research Question
What are the effectiveness, harms, and diagnostic accuracy of breast MRI as an adjunct to
mammography in comparison to mammography alone for breast cancer screening among
women at less than high risk (average and higher than average risk) for developing breast
cancer?
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CLINICAL EVIDENCE REVIEW
Objective
The objective of this clinical evidence review was to assess the effectiveness, harms, and
diagnostic accuracy of breast MRI as an adjunct to mammography in comparison to
mammography alone for breast cancer screening among women at less than high risk for
developing breast cancer.
Figure 1 displays the general screening pathway and framework for our research questions. The
overarching question was whether adjunct screening with MRI improves patient-important
outcomes relative to screening with mammography alone. Improvement in patient-important
outcomes may be associated with harms related to screening tests, diagnostic tests, or
treatment. False-positive results may lead to unnecessary testing, surgery, or treatment, and
false-negative tests may result in more aggressive and difficult-to-treat cancers.

Figure 1: Framework for Screening With MRI as an Adjunct to Mammography
Abbreviations: BI-RADS, Breast Imaging Reporting and Data System; FN, false-negative; FP, false-positive; MRI, magnetic resonance imaging;
TN, true-negative; TP, true-positive.
a
BI-RADS 1 = negative; BI-RADS 2 = benign; BI-RADS 3 = probably benign; BI-RADS 4 = suspicious abnormality; BI-RADS 5 = highly suggestive of
malignancy.
Source: Adapted from Health Quality Ontario.44
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Methods
Research questions were developed by Health Quality Ontario in consultation with experts, end
users, and/or applicants in the topic area. There is variability in the definitions used to define
breast cancer risk; for consistency, the definitions used in this review were based primarily on
the definitions used by the Ontario Breast Screening Program.

Sources
We performed a literature search on January 14, 2016, using Ovid MEDLINE, Ovid Embase,
Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews,
Database of Abstracts of Reviews of Effects (DARE), Centre for Reviews and Dissemination
(CRD) Health Technology Assessment Database, and National Health Service (NHS) Economic
Evaluation Database, for studies published from January 1, 2002, to January 14, 2016. The
year 2002 was selected as the start date as previous reviews identified no studies of MRI as an
adjunct or comparative test in less-than-high-risk women before this date.26,45
Search strategies were developed by medical librarians using medical subject headings
(MESH). See Appendix 1 for full details, including all search terms.

Literature Screening
A single reviewer reviewed the abstracts, and, for those studies meeting the eligibility criteria,
we obtained full-text articles. We also examined reference lists for any additional relevant
studies not identified through the search.

Inclusion Criteria





English-language full-text publications
Studies of asymptomatic women aged 50 years and older at average lifetime risk for
breast cancer
o Defined as a less than 15% lifetime risk of breast cancer, or studies excluding
intermediate and high-risk women as defined below, or studies of women with
dense breasts but no additional high-risk factors
Or studies of asymptomatic women at higher than average, or intermediate, lifetime risk
for breast cancer
o Defined as higher-than-average risk but not meeting the threshold of high risk,
including a 15% to 25% lifetime risk of breast cancer (based primarily on family
history models), or studies of women with a personal history of high-risk lesions
(including lobular carcinoma in situ, atypical ductal hyperplasia, atypical lobular
hyperplasia, and benign papillary lesions) but no additional high-risk factors
Or studies of asymptomatic women at less than high risk for breast cancer
o Defined as studies excluding high-risk women, where high risk is defined as
being a carrier of or having one or more first-degree relatives with a breast
cancer gene mutation (e.g., BRCA1, BRCA2), having undergone chest
radiation prior to age 30 years, a lifetime risk of breast cancer equal to or
greater than 25%, or a high lifetime risk as defined in research articles
Studies assessing screening breast MRI as an adjunct to screening mammography
(provided simultaneously or sequentially with mammography)
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Studies using pathology results from biopsy as a reference standard for true-positive
tests and a minimum of clinical follow-up for women with negative imaging results
Studies reporting on one or more outcomes of interest
o For studies reporting only on diagnostic performance (yield or accuracy)
outcomes, sufficient information to construct a two-by-two table (true-positives,
true-negatives, false-positives, false-negatives) was required for inclusion

Exclusion Criteria









Studies among symptomatic women (e.g., clinical symptoms or palpable breast mass
prior to enrollment)
Studies of diagnostic MRI (e.g., pre-operative use, to evaluate abnormalities detected on
other imaging tests, to assess the status of breast implants, for presurgical staging, to
provide image-guided percutaneous biopsies, or to monitor neoadjuvant chemotherapy)
Studies only among women with a personal history of breast cancer
Studies including women at high risk for breast cancer
Studies in which population risk for breast cancer was not specified or results were not
stratified by included population risk groups
Studies comparing MRI alone to mammography alone as a primary screening modality
Abstract, editorial, case report, or commentary

Outcomes of Interest
Effectiveness and Harms






Breast cancer mortality
All-cause mortality
Number needed to screen to prevent one additional death
Health-related quality of life
Screening-related harms

Diagnostic Performance (Diagnostic Accuracy and Yield)










Incremental diagnostic yield (incremental cancer detection rate)
o Cancer and tumour characteristics: tumour size, invasiveness, lymph node
status
Sensitivity (true-positive rate)
Specificity (true-negative rate)
False-negative rate
False-positive rate
Positive predictive value (the proportion of all positive results that were true-positives)
among women who tested positive for disease and among women who received a
follow-up biopsy
Biopsy rate and recall rate
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Study Designs


Only primary research studies were included. We used the following hierarchical
approach based on study design:
For effectiveness outcomes
1) Randomized controlled trials and prospective comparative studies
For diagnostic performance outcomes
1) Randomized controlled trials and prospective comparative studies; paired
cohort studies were considered the ideal design for observational studies46
2) Prospective noncomparative studies (including studies of MRI among women
with negative mammography) and retrospective comparative studies

We contacted authors via email where there were missing or incomplete data reported and
where clarification was needed regarding study populations or outcome definitions.

Data Extraction
We planned to extract relevant data on study characteristics, risk of bias items, population,
interventions, comparators, and outcomes using a standardized data form.

Expert Consultation
In January 2016, expert consultation was solicited on the use of breast MRI as an adjunct to
mammography in comparison to mammography alone for breast cancer screening. Members of
the consultation included clinicians and researchers in the specialty areas of oncology,
radiology, and breast cancer screening. The role of the expert advisors was to review the
clinical research plan, contextualize the evidence, and provide advice on screening for breast
cancer with MRI. However, the statements, conclusions, and views expressed in this report do
not necessarily represent the views of the consulted experts.
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Results
Literature Search
The database search yielded 3,245 citations published between January 1, 2002, and January
14, 2016. After removing duplicates, we reviewed titles and abstracts to identify potentially
relevant articles. We obtained the full texts of these articles for further assessment.
Figure 2 presents the flow diagram for the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA).

Included

Eligibility

Screening

Identification

Records identified through
database searching (n = 3,245)

Records after duplicates removed
(n = 2,341)

Records screened
(n = 2,341)

Full-text articles assessed
for eligibility (n = 168)

Records excluded
(n = 2,173)

Full-text articles excluded (n = 168)a








Not a screening study (or mixed screening and
diagnostic): n= 16
Incorrect population (high risk, mixed risk, risk
unknown): n = 51
Incorrect intervention (e.g., mammography not
required or unclear how or if mammography
used): n = 10
Incorrect comparator: n = 2
Incorrect study outcomes: n = 10
Systematic reviews or guidelines: n = 19
Study type (abstract, protocol, or not a clinical
study): n = 60

Studies included in
synthesis
(n = 0)

Figure 2: PRISMA Flow Diagram
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses.
a
Articles may have been excluded for more than one of the criteria listed.
Source: Adapted from Moher et al.47
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Included Studies
No studies were identified that met the inclusion criteria.

Characteristics of Relevant Excluded Studies
We identified several studies that focused on the use of screening breast MRI in specific groups
of women with average or intermediate risk factors for breast cancer. One study evaluated the
use of adjunct MRI among a subgroup of women at moderate risk for breast cancer due to
familial predisposition, and eight studies evaluated the use of adjunct screening breast MRI
among women with a personal history of high-risk lesions or women with dense breasts on
mammography.
Given that these excluded studies have formed the evidence base for other reviews, a
description of the reasons for exclusion from our review is provided below.
Studies of Women With Moderate Familial or Genetic Predisposition
We identified one primary study that stratified screening results for mammography and adjunct
MRI among women at moderate risk for breast cancer (defined as a 15–30% lifetime risk) based
on familial or genetic predisposition for the disease.48 This study was excluded because of
insufficient outcome reporting. The primary intervention comparison was mammography alone
versus MRI alone, with sufficient data to estimate only the additional number of cancers
identified (sensitivity) with the use of MRI as an adjunct to mammography.
Studies of Women With High-Risk Lesions
Five studies assessed the use of screening breast MRI in asymptomatic women with a previous
biopsy demonstrating lobular carcinoma in situ,49-53 two of which also included women with
atypical ductal hyperplasia and atypical lobular hyperplasia.51,52
Two studies were primarily excluded as they did not meet the defined population inclusion
criteria for this review. Schwartz et al reported a lifetime risk of breast cancer exceeding 25%
(up to 46%) in more than half of the women included,52 and Sung et al did not exclude women
with known or suspected BRCA mutations or a strong family history of the disease.53 These
studies were further excluded due to insufficient information regarding the use of mammography
and MRI (i.e., required for all women vs. a subset; screening vs. diagnostic mammography
results; MRI as a simultaneous, sequential, or replacement test).
Three studies did not provide information regarding the overall population risk for breast cancer
but were excluded predominately because of inadequate information regarding both the
included interventions and reporting of outcome measures.49-51 Friedlander et al excluded
women with an abnormality depicted on other imaging modalities but did not indicate if all
women received mammography.49 In the studies by King et al and Port et al, details regarding
the use of mammography and MRI screening were not described, and insufficient information
was provided to determine how and when MRI was performed relative to mammography
screening.50,51 All three studies reported on incremental cancer detection rates, but insufficient
data were provided to assess the sensitivity and false-positive rates for the two screening
groups.
Studies of Women With Dense Breasts
Three primary studies were identified that evaluated the use of adjunct screening breast MRI
among women with dense breasts.54-56 However, all were primarily excluded for including
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women who were known to be at high risk for breast cancer based on a personal or strong
family history of breast cancer. No studies were identified that stratified women by breast
density as the primary risk factor for breast cancer.

Ongoing Studies
One recently published study protocol was designed to assess the additional value of screening
breast MRI among women aged 50 to 75 years with extremely dense breasts and negative
screening mammography results.57 This study intends to randomize women either to MRI
screening or to a control arm with no MRI screening. The primary study outcome is the
difference in the proportion of interval cancers over two years, with secondary outcomes
including the number of MRI screening–detected cancers, proportion of false-positive imaging
results, positive predictive value, and sensitivity of screening. Among detected cancers, the
investigators plan to compare tumour size, stage, and grade distributions. Quality of life and
cost-effectiveness will also be assessed. It is unclear if the included study population is limited
to women with an otherwise less than high risk for developing breast cancer. The anticipated
completion date of the study was not provided in the protocol.57

Discussion
No studies evaluating the use of MRI as an adjunct to mammography in comparison to
mammography alone for breast cancer screening met the inclusion criteria of the review.
Our results are consistent with conclusions of other systematic reviews that evaluated the
evidence for using adjunct screening breast MRI in women at less than high risk for breast
cancer. Several older reviews and international guidelines have reported a lack of published
evidence for screening breast MRI as an adjunct test for women at average risk for breast
cancer.21,41,45 One review using similar inclusion criteria to ours reported a lack of evidence for
the effectiveness of adjunct MRI in either a population with dense breasts or in one defined as
intermediate risk (15–20% lifetime risk).58 Other systematic reviews of women with dense
breasts used more liberal selection criteria (i.e., they did not exclude high-risk women and did
not require comprehensive diagnostic performance outcome reporting). However, these reviews
consistently concluded that the effectiveness of adjunct screening MRI among women with
dense breasts was uncertain.59 Similarly, a systematic review that evaluated the use of
screening breast MRI in women with a personal history of lobular neoplasias or proliferative
lesions60 also concluded that the benefits and harms of adjunct MRI in these populations were
uncertain.
To date, only studies among women defined as high risk (those with BRCA mutations or a
strong hereditary risk of breast cancer) have shown evidence for the improved sensitivity of
cancer detection with adjunct screening breast MRI, in addition to the identification of earlierstage tumours with more favourable prognostic characteristics. However, results from these
studies cannot be directly extrapolated to a lower-risk population, as both sensitivity and
specificity have been found to differ based on risk status. Additionally, women at high risk for
breast cancer exhibit altered tumour histology (microscopic anatomy) and morphology (tissue
structure) on mammography and have a higher rate of interval cancers than those at less than
high risk. The benefit of screening breast MRI in populations other than high risk may differ
among subgroups of women with different risk factor profiles. However, given the lower yearly
incidence of breast cancer in the less-than-high-risk population, and the low specificity of MRI in
the high-risk population, additional screening breast MRI may result in unnecessary short-term
follow-up in a significant proportion of the less-than-high-risk screened population.
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Given that no evidence was identified in the clinical evidence review, the economic impact of
adjunct screening breast MRI and the lived experience of patients at less than high risk for
breast cancer were not assessed.

Study Limitations
This review used a focused definition of breast cancer risk classification that aligns with current
Ontario Breast Cancer Screening Program definitions.9 As such, all possible permutations and
combinations of breast cancer risk factors could not be thoroughly assessed. Rather, this review
provides a focused view of the literature within the context of Ontario.
No research has evaluated the specific use of adjunct screening breast MRI among women at
less than high risk for breast cancer, and the vast majority of studies excluded from this
literature review focused on women at high risk for breast cancer. While there is general
consensus as to which women are considered to be at very high risk for breast cancer (i.e.,
BRCA mutation, lifetime risk greater than 25%, having undergone chest irradiation prior to age
30 years), the definitions of average, moderate, and intermediate risk have not been
standardized. Further, women at less than high risk constitute a much larger and quite
heterogeneous group in terms of risk factors. Many high-risk studies that were excluded from
our review included women with a risk greater than 15% or women with a personal history of
lobular carcinoma in situ or atypical hyperplasia within the studies’ high-risk cohort definitions.
Similarly, studies on the evaluation of women with dense breasts or atypical breast lesions also
included women with other factors that placed them at high risk for breast cancer. A drawback
of a precise focus on women at less than high risk for breast cancer is that only a subset of the
overall literature on screening breast MRI could be included in this review. Although this precise
focus presented a challenge, including populations with other risk factors may have confounded
any benefit found with adjunct screening breast MRI.
In Ontario, the IBIS and BODICEA breast cancer risk evaluation tools are recommended to
assess a woman’s lifetime risk of breast cancer. The published literature, however, is
complicated by the use of a wide variety of other models that assess the lifetime or 10-year risk
of developing breast cancer.5 These models were developed with varying populations, and each
relies on different aspects of a woman’s personal and familial history. While all models include
genetic mutations and familial risk factors as input variables, few include factors such as breast
density or the presence of high-risk lesions. As such, different models have been shown to
result in different lifetime risk classifications.61
Lastly, this review did not look at the evidence for adjunct screening breast MRI among women
with a personal history of breast cancer. While a personal history of breast cancer alone can
place a women at higher than average risk of developing breast cancer (i.e., a second breast
cancer), evaluating this particular risk factor was considered beyond the scope of this review.
Screening and surveillance for breast cancer are important for women with a personal history of
the disease, however, and require unique considerations of various complexities, such as
concurrent treatment, mastectomy, tumour biology, the number and location of tumours, and
patient preferences. Currently, women with a personal history of breast cancer are not included
in the Ontario Breast Screening Program’s average-risk program.
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Conclusions
Currently, there is no evidence available to inform us about whether adjunct screening breast
MRI improves the detection of breast cancer without significantly increasing the rate of
associated false-positives or harms in women at less than high risk for breast cancer.
Furthermore, no studies to date have shown a reduction in mortality when comparing
mammography plus adjunct MRI to mammography alone for breast cancer screening in any
patient population. Ongoing and future studies may provide further insight into the potential
benefits and harms of adjunct screening with MRI among women at less than high risk for
breast cancer.
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ABBREVIATIONS
BOADICEA

Breast and Ovarian Analysis of Disease Incidence and
Carrier Estimation Algorithm

IBIS

International Breast Cancer Intervention Study

MRI

Magnetic resonance imaging

PRISMA

Preferred Reporting Items for Systematic Reviews and
Meta-analyses

GLOSSARY
BRCA1 and BRCA2

Diagnostic yield
False-negative
False-positive
Lesion
Neoplasia
Positive predictive value
Sensitivity

Specificity

True-negative
True-positive

BRCA1 and BRCA2 are genes that help control cell growth.
People with abnormalities in these genes are at higher risk of
certain cancers, including breast, prostate, and ovarian
cancer.
The diagnostic yield is the proportion of screens in a study
who are correctly diagnosed as having the condition tested.
A test result that indicates a person does not have the
disease or condition tested for when they actually do have it.
A test result that indicates a person has the disease or
condition tested for when they actually do not have it.
Area of abnormal tissue.
Abnormal and uncontrolled cell growth.
The proportion of people with a positive test result who
actually have the disease or characteristic.
The ability of a test to accurately identify persons with the
condition tested for (how well it returns positive results in
persons who have the condition).
The ability of a test to accurately identify persons who do not
have the condition tested for (how well it returns negative
results in persons who do not have the condition).
A test result where a person who does not have the disease
or condition tested for is correctly identified as not having it.
A test result where a person who has the disease or condition
tested for is correctly identified as having it.
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APPENDICES
Appendix 1: Literature Search Strategies
Search date: January 14, 2016
Databases searched: Ovid MEDLINE, Ovid Embase, Cochrane Central Register of Controlled
Trials, Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects
(DARE), Centre for Reviews and Dissemination (CRD) Health Technology Assessment
Database, and National Health Service (NHS) Economic Evaluation Database
Database: EBM Reviews - Cochrane Central Register of Controlled Trials <December 2015>,
EBM Reviews - Cochrane Database of Systematic Reviews <2005 to January 08, 2016>, EBM
Reviews - Database of Abstracts of Reviews of Effects <2nd Quarter 2015>, EBM Reviews Health Technology Assessment <4th Quarter 2015>, EBM Reviews - NHS Economic Evaluation
Database <2nd Quarter 2015>, Embase <1980 to 2016 Week 02>, All Ovid MEDLINE(R) <1946
to Present>
Search Strategy:
-------------------------------------------------------------------------------1 exp *Breast Neoplasms/ (467347)
2 Carcinoma, Lobular/ (23219)
3 ((breast* or mammar*) adj2 (cancer* or neoplas* or tumo?r* or carcinoma* or adenoma*)).tw.
(569839)
4 or/1-3 (676137)
5 exp Magnetic Resonance Imaging/ (977720)
6 (magnetic resonance or MRI or ((MR or NMR) adj2 (imag* or tomograph*))).tw. (835914)
7 or/5-6 (1212921)
8 4 and 7 (20606)
9 (breast* adj2 MRI*).tw. (3715)
10 or/8-9 (21218)
11 exp Mass Screening/ (285163)
12 "Early Detection of Cancer"/ (63570)
13 Early Diagnosis/ (98796)
14 (screen* or (earl* adj (diagnos* or detect*))).tw. (1457364)
15 or/11-14 (1593702)
16 10 and 15 (3997)
17 limit 16 to (english language and yr="2002 -Current") [Limit not valid in CDSR,DARE; records
were retained] (3319)
18 17 use pmoz,cctr,coch,dare,clhta,cleed (1115)
19 exp *breast tumor/ (461691)
20 ((breast* or mammar*) adj2 (cancer* or neoplas* or tumo?r* or carcinoma* or adenoma*)).tw.
(569839)
21 or/19-20 (658680)
22 exp nuclear magnetic resonance imaging/ (636853)
23 (magnetic resonance or MRI or ((MR or NMR) adj2 (imag* or tomograph*))).tw. (835914)
24 or/22-23 (1086320)
25 21 and 24 (18989)
26 (breast* adj2 MRI*).tw. (3715)
27 or/25-26 (19611)
28 mass screening/ (137980)

Ontario Health Technology Assessment Series; Vol. 16: No. 20, pp. 1–30, November 2016

23

November 2016
29 cancer screening/ (67375)
30 early diagnosis/ (98796)
31 (screen* or (earl* adj (diagnos* or detect*))).tw. (1457364)
32 or/28-31 (1551723)
33 27 and 32 (3746)
34 limit 33 to (english language and yr="2002 -Current") [Limit not valid in CDSR,DARE; records
were retained] (3124)
35 34 use emez (2130)
36 18 or 35 (3245)
37 36 use pmoz (997)
38 36 use emez (2130)
39 36 use cctr (19)
40 36 use coch (30)
41 36 use dare (31)
42 36 use clhta (20)
43 36 use cleed (18)
44 remove duplicates from 36 (2392) ®
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About Health Quality Ontario
Health Quality Ontario is the provincial advisor on the quality of health care. We are motivated
by a single-minded purpose: Better health for all Ontarians.

Who We Are.
We are a scientifically rigorous group with diverse areas of expertise. We strive for complete
objectivity, and look at things from a vantage point that allows us to see the forest and the trees.
We work in partnership with health care providers and organizations across the system, and
engage with patients themselves, to help initiate substantial and sustainable change to the
province’s complex health system.

What We Do.
We define the meaning of quality as it pertains to health care, and provide strategic advice so all
the parts of the system can improve. We also analyze virtually all aspects of Ontario’s health
care. This includes looking at the overall health of Ontarians, how well different areas of the
system are working together, and most importantly, patient experience. We then produce
comprehensive, objective reports based on data, facts and the voice of patients, caregivers and
those who work each day in the health system. As well, we make recommendations on how to
improve care using the best evidence. Finally, we support large scale quality improvements by
working with our partners to facilitate ways for health care providers to learn from each other
and share innovative approaches.

Why It Matters.
We recognize that, as a system, we have much to be proud of, but also that it often falls short of
being the best it can be. Plus certain vulnerable segments of the population are not receiving
acceptable levels of attention. Our intent at Health Quality Ontario is to continuously improve the
quality of health care in this province regardless of who you are or where you live. We are
driven by the desire to make the system better, and by the inarguable fact that better has no
limit.
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