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Preoperative Breast MRI
Evidence Summary

THE PROGRAM IN EVIDENCE-BASED CARE

The Program in Evidence-Based Care (PEBC) is an initiative of the Ontario provincial
cancer system, Ontario Health (Cancer Care Ontario) (OH (CCO)). The PEBC mandate is to
improve the lives of Ontarians affected by cancer through the development, dissemination, and
evaluation of evidence-based products designed to facilitate clinical, planning, and policy
decisions about cancer control.

The PEBC is a provincial initiative of OH (CCO) supported by the Ontario Ministry of
Health (OMH). All work produced by the PEBC is editorially independent from the OMH.

INTRODUCTION

In patients with newly diagnosed breast cancer, mammography is performed as a
standard of practice. Ultrasound may be performed for evaluation of the abnormal screening
or diagnostic mammogram as well as to facilitate image-guided biopsies necessary for a final
diagnosis. Contrast-enhanced breast MRI (CE-MRI, often referred to as MRI) is one of the most
sensitive, established, and widely used advanced imaging techniques. Its use after breast
cancer diagnosis but before surgery to detect additional breast lesions or provide additional
information on disease distribution or extent to guide surgery or systemic therapy is the topic
of this review.

Sensitivity of breast MRI in detecting breast cancer is >90%, and sometimes reported as
high as 97% to 100% (1-4) in studies of screening or for preoperative use after diagnosis. With
MRI, results may be reported on a per lesion or per patient basis. Older studies (prior to 2000)
suggested MRI had poor sensitivity for ductal carcinoma in situ (DCIS); however, with
improvement in instrumentation, interpretation, and trial design, this is no longer the case (5-
7). Specificity of MRI is generally >70%, and depends on study populations, technical methods,
and criteria for interpretation; specificity of up to 97% has been reported (1). The benchmark
for specificity in screening by MRI set in the American College of Radiology Breast Imaging
Reporting and Data System (BI-RADS) Atlas (cited in (8)) is 85% to 90%. The high sensitivity of
MRI is well established and therefore not an outcome of interest in this review. In cases of
additional suspicious lesions detected by MRI, these should be confirmed or ruled out by biopsy
unless correlation with other imaging allows definitive diagnosis, or if diagnosis of the specific
lesion will not affect treatment.

The utilization of staging MRI is variable, depending on availability, surgeon’s
preference, and the practice environment. Use in Ontario increased from 3% in 2003 to 24% of
breast cancer cases in 2012 (9). Use varied greatly among different health regions; rates for
2012 were 6-22%, while the two largest regions had rates of 43% and 64%. This study did not
distinguish the reason for MRI use and likely included high-risk individuals and others for which
there are specific indications not relevant to this review. While it is generally acknowledged
that preoperative breast MRI will detect additional lesions, there is no consensus as to whether
detecting these lesions improves patient outcomes. The Breast Cancer Advisory Committee of
OH (CCO) along with the Cancer Imaging Program of OH (CCO) sponsored this document to
provide guidance for the use of preoperative breast MRI in updating the Breast Cancer Disease
Pathway.

This systematic review has been registered on the PROSPERO website (International
prospective register of systematic reviews) with registration number CRD42019141365 (10).

Evidence Summary Page 1
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RESEARCH QUESTION

In patients with newly diagnosed breast cancer, does additional information on extent of
disease obtained by use of preoperative breast MRI after mammography and/or ultrasound (a)
change the type or extent of surgery (breast conserving surgery [BCS], unilateral or bilateral
mastectomy), type or extent of radiation therapy, or use of adjuvant therapy; (b) improve
patient outcomes such as recurrence, disease- or event-free survival (DRD, EFS), distant
metastasis-free survival (DMFS), overall survival (OS), rates of re-excision or re-operation, or
quality of life?

A secondary objective of this review was to provide technical guidance on use of MRI by
listing documents of possible relevance and summarizing some of the issues affecting imaging
selection and performance

TARGET POPULATION

Patients diagnosed with breast cancer for which additional information on disease
location or extent obtained prior to surgery may influence staging, treatment, or prognosis.
Individuals at high risk' of breast cancer who have already had MRI as part of screening are not
included in the current review.

INTENDED PURPOSE
The Breast Cancer Advisory Committee sponsored this document to provide guidance in
updating the Breast Cancer Disease Pathway.

INTENDED USERS

1. The primary users will be members of the Breast Cancer Advisory Committee, OH (CCO)
staff, and others involved in completion of the breast cancer pathway. The topic is also within
the mandate of the Cancer Imaging Program of OH (CCO).

2. This review may also be of interest to general practitioners, radiologists, medical
oncologists, surgical oncologists, and radiation oncologists.

METHODS

This evidence summary was developed by a Working Group consisting of four
radiologists, two surgical oncologists, a medical oncologist, and a health research
methodologist at the request of the Breast Cancer Advisory Committee of OH (CCO).

The Working Group was responsible for reviewing the identified evidence and drafting
the summary. Conflict of interest declarations for all authors are summarized in Appendix A,
and were managed in accordance with the PEBC Conflict of Interest Policy.

Literature Search
Embase, MEDLINE, and EBM Reviews (Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews) were searched until July 3, 2019 and updated until

' For high-risk individuals, use of MRI together with mammography is the standard of care for
screening in Ontario as part of the Ontario Breast Screening Program (see
https://www.cancercareontario.ca/en/guidelines-advice/cancer-
continuum/screening/breast-cancer-high-risk-women). They define high risk as a personal or
family history of a known gene mutation increasing the risk for breast cancer (e.g., BRCA1,
BRCA2, TP53, PTEN, CDH1), personal or family history of breast or ovarian cancer and IBIS or
BOADICEA score indicating >25% lifetime risk of breast cancer, or radiation therapy to the chest
before age 30 at least eight years ago. Other jurisdictions may used different definitions of
risk and eligibility for screening by MRI.
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January 18, 2021 as indicated in Appendix B. Articles were included with terms for both breast
cancer and MRI. The search strategy excluded case reports, comments, editorials, news,
letters, and notes. As an earlier unpublished systematic review by PEBC (2) as well as several
known reviews by others were not considered definitive, comprehensive, or of direct relevance,
a search of primary studies was required; a search for additional systematic reviews therefore
did not precede the main search. Duplicate publications were excluded. For purposes of this
review duplicates included multiple citations of the same publication, articles in press or
published as an abstract if there was a subsequent full publication, abstracts published from
more than one conference or that were updated in other abstracts, reviews or guidelines that
were subsequently updated, or reprints of a previously published article.

Guidelines and technical documents on MRI were located from the above databases,
known guideline developer websites, suggestions by co-authors, and the earlier PEBC systematic
review. For relevant guidelines identified, the organization websites were reviewed to ensure
the most recent version was included. This search was updated in March 2021 (see Appendix
B).

Study Selection Criteria and Process for Clinical Trials

Inclusion Criteria
Studies were included that met all the following criteria:

1. Included patients with newly diagnosed breast cancer evaluating use of breast MRI prior
to surgery, or patients referred for biopsy due to suspicion of cancer (but not yet
diagnosed with cancer).

2. Were either (a) a randomized controlled trial (RCT) of MRI versus no MRI (=30 patients
per group) or (b) a comparative study with >50 patients per group for the full study (=25
patients per group for any subgroup analysis by patient or disease characteristics)
comparing use of MRI versus no MRI in two or more groups with equivalent disease and
patient characteristics or using methods to control potential confounders (such as
multivariable analysis and/or propensity score matching). Within-group studies
reporting a treatment plan before and after MRI for each patient were included in the
initial screening.

3. Primary or secondary outcomes (or main outcomes in study design) included at least one
of the following: recurrence; survival outcomes such as DFS, EFS, DMFS, or OS; rates of
mastectomy, re-excision, or re-operation; adverse effects/morbidity due to surgery; or
quality of life.

Exclusion Criteria
Studies of the following were excluded:
1. MRI as the initial screening or diagnostic test, or when no index cancer was previously
identified (occult cancer).
2. MRI as a tool to monitor response to neoadjuvant treatment.
3. Studies reporting on performance characteristics of MRI (e.g., sensitivity, specificity) or
detection rates of multicentric, multifocal, or contralateral cancer, but without
outcomes listed in the inclusion criteria.

During initial screening, some non-randomized studies were retained where patient/disease
characteristics were reported (see inclusion criteria 2) but it was unclear whether to judge the
MRI and non-MRI groups as equivalent. Determination of equivalence required a thorough
assessment of the studies and inclusion of relevant factors. As a minimum, studies should have
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considered tumour size and lymph node status (stage) and patient age and/or menopausal
status. Cancer subtype/histology such as DCIS, lobular carcinoma in situ (LCIS), invasive ductal
cancer, or invasive lobular cancer (ILC) was considered important for outcomes of positive
margins/reoperations and recurrence/survival (at least in situ vs. invasive). Receptor status for
human epidermal growth factor receptor 2 (HER2), estrogen receptor (ER), and progesterone
receptor (PR), systemic therapy, and radiotherapy use were also considered important for
recurrence/survival outcomes. Breast density and high risk (hereditary) factors are known to
affect cancer incidence and detection rates but were rarely reported and therefore were not
criteria for accepting or rejecting studies.

A review of the titles and abstracts was done by one reviewer (GGF). For studies that
warranted full-text review, the same author reviewed each study. In cases of uncertainty, co-
authors were consulted.

Data Extraction, Assessment of Risk of Bias, and Trial Quality

Studies underwent data extraction by one author (GGF), with all extracted data and
information audited subsequently by an independent auditor. Ratios, including odds or hazard
ratios, were expressed with a ratio of <1.0 indicating that the experimental group (MRI use)
had more favourable outcome than the control group. Favourable outcomes were considered
to be lower mastectomy rates (more BCS); lower rates of positive margins, reoperations, or re-
excisions; higher detection of synchronous contralateral breast cancer (CBC); lower rates of
metachronous CBC; lower rates of recurrence (or specific type of recurrence), and higher
overall survival. The risk of bias for randomized studies was assessed per outcome and per study
by GGF using methods outlined in the Cochrane Handbook for Systematic Reviews of
Interventions (11). The Cochrane risk-of-bias (RoB) tool (revised version RoB 2) for RCTs and
ROBINS-I for non-RCTs are described in this handbook and other publications (12-14). Internal
and external validity were also considered in assessing quality.

Synthesizing the Evidence

When clinically homogeneous results from two or more studies were available, a meta-
analysis was conducted using Review Manager 5.4 software (RevMan) provided by the Cochrane
Collaboration (15). The generic inverse variance model with random effects was used. While
there is some debate as to whether odds ratio (OR) or relative risk is more meaningful and
easier to interpret for clinical studies, multiple logistic regression calculates adjusted ORs (16-
19). ORs and confidence intervals (Cls) were therefore the preferred statistic for meta-analysis.
For RCTs or studies with matched/propensity-score matched groups, if ORs and Cls were not
reported they were derived from event rates or p-value. For retrospective studies with
multivariate analysis to adjust for confounding, only outcomes with adjusted ORs were
reported.

Three sources of heterogeneity were explored for outcomes of mastectomy rates and
positive margins: restriction of included patients to those determined to be BCS candidates
(compared to including all patients diagnosed with breast cancer), stage/subtype of cancer,
and trial design. The first two of these were also explored for reoperation, re-excision, and
conversion mastectomy rates. For ease of presentation and to explore the effects of these
factors, forest plots include all studies, with data in subgroups according to these criteria. Each
line (study) in a forest plot has these three factors indicated. While the forest plots provide a
concise pictorial representation of the included studies and outcomes, due to heterogeneity
summary statistics (especially overall results for the full set of trials) should be interpreted
with caution. It is acknowledged that such summary statistics are sometimes suppressed for
this type of data; however, it was decided they had value in interpreting the results and
variations observed.
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Other Documents, Technical Requirements, and Other Issues

Guidelines, technical documents or practice parameters, and systematic reviews were
screened for relevance; those published prior to 2014 were excluded. A few exceptions were
made to this cut-off for key guidelines by major organizations still in use and widely cited in
recent literature. For reviews and guidelines addressing the question of whether to use MRI
prior to surgery, the same criteria as used for trials applied. In case of multiple reviews on the
same topic, the most recent and comprehensive were preferred. During screening of primary
studies, issues of particular relevance to breast imaging or MRI use were noted, with particular
attention paid to issues that could affect MRI performance. These topics are crucial to breast
imaging, but systematic reviews were not conducted for each of them as part of the current
review.

RESULTS

The search in Embase, Medline, and EBM Reviews resulted in 27,745 citations; an
additional 82 citations were added from other sources. A PRISMA diagram showing the search
results is provided in Appendix C.

Within-Patient Studies: Treatment Plan Before and After MRI

Several studies were found that compared planned rates of BCS or mastectomy prior to
MRI versus surgery planned or received in the same patients after MRI (20-124). Given the wide
variations noted below, and lack of adherence to current or optimal methodology, data on
changes in proportions of BCS versus mastectomy without long-term cancer-related outcomes
appear to be of limited value. Prior to data extraction it was decided that these studies would
be cited but no data reported and therefore only a brief description is provided. While data
have not been extracted, citations of the 105 publications are provided and may be of interest
to some readers.

Some studies used MRI in all patients seen, while others retrospectively studied a
subgroup of patients that had MRI. Inclusion criteria varied among studies: all those for which
BCS was planned or technically possible prior to MRI, all patients who had MRI, patients for
whom there was diagnostic uncertainty or suspected multifocality/multicentricity, patients of
specific stage (early, stage 0-2, locally advanced) or BI-RADS category (e.g., 1-2, 3, 3-4 4-5),
or specific subtypes (e.g., lobular, DCIS). Some included patients with family history or genetic
predisposition. Some excluded patients for whom mastectomy was planned; others included
patients for which it was unclear whether BCS was feasible and additional information was
sought. Studies that excluded patients for whom mastectomy was planned or recommended
prior to MRI by design could only find an increase in mastectomy rates as they excluded patients
for whom a downgrade from mastectomy to BCS based on MRI might occur.

Studies either used surgical plans from patient charts prior to MRI versus surgery actually
received (which includes a portion of patients who choose mastectomy even when BCS is
feasible or recommended), retrospective evaluation of traditional imaging and a decision of
appropriate treatment versus actual surgery, or retrospective evaluation of traditional imaging
and retrospective evaluation of MRI imaging with a decision of appropriate treatments before
and after MRI. Most studies did not consider patient preferences or decision factors leading to
final treatment.

How information about additional lesions detected on MRI was used also varied and may
explain the wide variation in mastectomy rates and treatment changes among studies. Some
modified treatment due to differences in apparent size of the primary lesion but only used
follow-up for other lesions. Most common was biopsy of selected lesions, generally those
detectable by second-look ultrasound, or those larger than a specified cut-off (e.g., 5 mm).
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Few studies biopsied all lesions (or at least those that could potentially change treatment).
Many studies did not mention how they assessed MRI-detected lesions, and a few indicated they
did not have MRI-directed biopsy capability. Use of MRI-guided biopsy was rare. Change in
treatment due to additional MRI-detected lesions without preoperative histological proof
occurred in several studies and thus negative findings after surgery are not unexpected.
Together, these limitations indicate changes in treatment without proof of histology, unknown
specificity, and improper way to really assess impact of the modality.

Criteria of BCS varied among studies as well. Some had explicit criteria such that lesions
had to be <3 cm or in only one quadrant to consider BCS and otherwise mastectomy was
performed. Some presented results to patients and allowed them to decide whether to have
biopsy or go straight to mastectomy. Oncoplastic surgery was not used in most studies.

Comparison of Groups of Patients with and without MRI

The second type of study design, and of primary interest for this review, consisted of
comparisons of outcomes between groups of patients who had MRI and those who did not have
MRI (9, 125-185). There are 53 included trials described in 62 publications. Studies reporting
mastectomy or BCS rates are summarized in Table 1 (9, 125-154) and Table 2 (155-163). Studies
with outcomes of positive excision margins or reoperation rates are reported in Table 3 (125-
127, 129-133, 136, 139-143, 145, 146, 148-162, 164-171), and contralateral cancer and long-
term outcomes of recurrence or survival are summarized in Table 4 (139, 148, 149, 153, 154,
157, 162, 165, 166, 170, 172-185). For ease of reading this section, the tables are included at
the end of the review.

Studies included eight RCTs, two prospective cohort studies, and forty-three
retrospective studies. Eighteen of the trials (including six of the RCTs) were limited to patients
for whom BCS was the treatment plan determined prior to randomization and MRI use. The
retrospective studies included eight with propensity-matched controls, one with matched
controls, four with historical or equivalent controls, fifteen with multivariable/multivariate
analysis of data from a single or small number of institutions, and fifteen using cancer registry
data (all or several institutions in a geographic area) and multivariable/multivariate analysis.
A series of forest plots created using RevMan (15) provide graphical summaries to aid in the
interpretation of the tabulated results. These figures are inserted into the Results section
where the corresponding outcomes are reported.

Risk of Bias and Quality of Evidence

Randomized Controlled Trials

Of the six RCTs that reported mastectomy rates, all had high risk of bias and low certainty
of evidence for this outcome (see Appendix G). As described in more detail in the next sections,
studies that restricted the patient population to only patients with a treatment plan of BCS
have a high risk of bias for mastectomy rate outcomes, leading to an overestimation of the
effect of MRI on increasing mastectomy rates. ICRIS (155), Turku University (162), BREAST-MRI
(157), and COMICE trials (158) were RCTs conducted in patients preselected for BCS. The
Alliance AO11104/ACRIN 6694 is an ongoing trial (no results reported yet) that will also only
include BCS patients (170).

Other sources of bias apply to all outcomes. IRCIS had more patients with dense breasts
and premenopausal status in the MRI arm, the BREAST-MRI trial was only reported as an abstract
and had more premenopausal patients in the MRl arm, and the COMICE trial had more patients
with multifocal and multicentric tumours in the MRl arm. The COMICE trial also had 53 patients
in the MRI group who did not receive MRl compared to 9 in the non-MRI group who received
MRI; results were not adjusted to account for this protocol violation. COMICE also categorized
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initial mastectomy due to patient choice alone as reoperation, and those lost to follow-up as
not having a primary endpoint event. The other two RCTs with mastectomy outcomes also had
high risk of bias. POMB (130) randomized some patients only after multidisciplinary team
discussion, groups had unequal baseline characteristics (prior to MRI, the suggested treatment
was BCS in 153 vs. 132 patients), 10 patients without MRI were analyzed together with the MRI
group, one out of three study sites did not perform MRI, and one site did not follow conventional
MRI procedures. The MONET trial (132) randomized 463 patients with suspicious lesions (and
conducted power calculations based on this) but only 149 had surgery and therefore the study
was greatly underpowered; there are also concerns about the MRI technique as sensitivity was
only 51% and prior to the start of the trial there were substantial problems that the investigators
thought were resolved. The B-SMART trial (171) was terminated early, reported interim results
only in an abstract, and gave no MRI details and is therefore also at high risk of bias.

Non-Randomized Studies

After review of the ROBINS-I questions (see Appendix G), it was determined that most
either did not apply (Questions 1.3, 1.7, 1.8, treatment discontinuation and time-related
confounding; Question 2.2 to 2.5, selection bias; Question 4, departure from interventions) or
uniformly resulted in low to moderate risk of bias (Question 2.1, selection based on observations
after intervention; Questions 3.2 and 3.3, classification bias; Question 6, measurement of
outcomes; Question 7, selection of results). The exceptions were questions related to selection
and appropriate adjustment for cofounders (Questions 1.4 and 1.5), details of the intervention
(i.e., whether MRI procedures were conducted adequately and consistently and reported in
sufficient detail, Question 3.1), and missing data (Question 5). As these items were among
those extracted and reported in the data tables, a separate risk of bias assessment using the
ROBINS-I tool was not conducted.

While well-conducted RCTs generally comprise the highest level of trial evidence, the
RCTs in this review have limitations in design or conduct that affect the quality and
generalizability of the evidence. Non-randomized studies may provide evidence of similar or
greater levels of evidence than low-quality RCTs. Retrospective studies that were restricted
to BCS candidates have the same bias as RCTs with this restriction and were judged as having
serious or critical risk of bias for mastectomy outcomes. The evidence for mastectomy outcomes
is of low quality in these studies. For other (non-mastectomy) outcomes the effect of restricting
inclusion to BCS candidates is less clear, and these studies were evaluated with the other non-
randomized trials.

Retrospectives studies are of variable risk of bias and quality, depending primarily on how
well the patient and disease factors were matched in the MRI and non-MRI groups, or how
adequate the correction for confounders was made in the multivariable analyses. The most
rigorous studies controlled for many disease characteristics (size or stage, subtype or histology)
and physical characteristics of patients (age, menopausal status, breast density); studies with
obvious imbalance and failure to control for key factors have been excluded. However, the
number of factors measured, reported, and corrected for varies widely; in general, those with
more factors in the matching or multivariate analysis have less risk of bias. Provided they
included the key factors, such studies have low risk of bias for confounding. Some studies
decided to only include factors with significant correlation (e.g., p<0.05) in the multivariate
analysis, and this is considered improper statistically; such studies were excluded or noted in
the data tables and have high risk of bias. Due to the large number of trials, no attempt is
made in this section to give a study-by-study evaluation, and the reader is referred to the data
tables (see subsequent sections).

Most studies did not have data available as to why patients elected mastectomy. Some
of the patient decision factors may include fear of any lesion (even if subsequently evaluated
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as benign), poor comprehension of risks, not wanting further biopsy, fear of recurrence, views
on body image and sexuality, marital/relationship status, ethnicity, availability of
reconstruction or oncoplastic procedures, attitudes and recommendations of surgeons, and
institutional practice. Only in those studies with historic controls (125, 140, 141, 143) from the
time period immediately before MRI was implemented are patient decision factors expected to
be more similar in the MRI and non-MRI groups, although change in practice might still be an
issue. One other study compared results for two surgeons in the same institution and with
similar surgical practices (143). In this trial patient and disease characteristics appeared
equivalent, although there could be unreported variations in patient or surgeon factors. . These
studies are assessed as having low to moderate risk of bias. The remaining non-randomized
trials have moderate to critical risk of bias for mastectomy outcomes.

Studies in which data were extracted from patient records in single or a small group of
institutions tended to have better reporting of MRl and subsequent biopsy procedures and
therefore generally had low risk of bias related to MRI techniques or reporting (with a few
concerns noted in the data tables). Studies using registry data had inadequate documentation
of MRI methodology and are considered to have serious risk of bias for all outcomes.

Mastectomy Rates

Trials reporting mastectomy or BCS rates in patients with or without preoperative MRI are
summarized in Table 1 (9, 125-128, 130-154) and Table 2 (129, 155-163) and illustrated in
Figures 1.1 to 1.7. Figures 1.1 to 1.4 present data on initial mastectomy rates, while Figures
1.5 to 1.7 look at final or overall mastectomy rates, including patients who had initial BCS but
reoperation resulted in mastectomy. Table 1 includes 27 trials (31 publications) in which
patients were determined prior to MRI to be suitable for surgical treatment(any type).
Additional information from MRI could potentially result in more extensive surgery in those
planning BCS or less extensive operation in those planning mastectomy. Table 2 includes five
trials (nine publications) conducted only in patients for whom BCS was the treatment plan prior
to MRI. As no patients identified as mastectomy candidates were included, it is impossible to
downgrade treatment from mastectomy to BCS. Patients could only receive the same
treatment as they would have without MRI (i.e., BCS) or more extensive treatment
(mastectomy). This is clearly illustrated in Figure 1.1 in which the OR for initial mastectomy
with versus without MRI is 5.18 in the studies of BCS patients only (as determined prior to MRI),
and 1.41 in studies that did not restrict the study to BCS. This is especially important as four
of the eight RCTs in this review (four out of six with mastectomy rate outcomes) were conducted
only in patients identified for BCS.
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Figure 1.1. Initial mastectomy rate, by type of surgery determined prior to MRI

MRl  No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Rand 95% ClI
1.1.1 BCS prior to MRI
Balleyguier 2019 (ECS - DCIS; RCT) 0.8571 0.4664 178 174 1.9% 2.36[0.94, 5.88] T
Bruck 2018 (BCS - stage |, RCT) 2.5022 1.4912 50 50 0.3% 12.21[0.66, 226.99] >
Mota 2019 (BCS - stage 0-1Il; RCT) 2.8799 1.0353 219 227 0.5% 17.81[2.34,135.51] EE—
Turnhull 2010 (BCS - BC, RCT) 1.808 0.3461 816 807 2.8% 6.10([3.09,12.02] —_—
Subtotal (95% CI) 1263 1258 5.4% 5.18[2.37, 11.29] eI
Heterogeneity: Tau®= 0.23; Chi*= 4.79, df=3 (P=019), F=37%
Testfor overall effect: Z=4.13 (P < 0.0001)
1.1.2 Surgery not specified prior to MRI
Davis, 2012 (DCIS; historic) 0.1281 0.3768 154 64 25% 1.14 [0.54, 2.38) s
Fortune-Greeley 2014 {IDC; propensity) 0.1906 00627 1557 12800 6.1% 1.21[1.07,1.37] -
Fortune-Greeley 2014 {ILC; propensity) 0.392 0.1514 396 1532 51% 1.481[1.10,1.99)] e
Fortune-Greeley 2014 {mixed IDCJ/ILC; propensity) 0.6831 01417 380 2008 52% 1.98 [1.50, 2.61) -
Gonzalez 2014 (BC, RCT) 0.2158 01983 220 220 45% 1.24[0.84,1.83) T
Grady 2012 (BC; equivalent) 0.0575 0.2983 79 105 3.2% 1.06 [0.59, 1.90] T
Ha 2018 {ILC; propensity) -0.1324 02104 196 196 4.3% 0.88[0.58,1.32] I
Kapoor 2013 {stage I-IIl; MV) 0.4447 0.2168 385 671 42% 1.56[1.02, 2.39] S
Keymeulen 2019 (DCIS; M) 0.7975 0.0532 2382 8033 6.1% 2.22[2.00, 2.46] -
Lai 2016 (BC; histaric [MY margins]) 01635 01045 735 733 57% 1.18(0.96, 1.45] ™
Lobhes 2017 (IDC; MV) 0.2624 00324 7462 21128 6.3% 1.30[1.22,1.39) -
Lobhes 2017 {(ILC; MV) -0.1508 0.0631 2774 2361 6.1% 0.86 [0.76, 0.97] .
Mann 2010 {ILC; equivalent) -0.08 0.2546 99 168 3.7% 0.92 [0.56,1.52] —
Ozanne 2017 (stage 0-1Il; M) 0.0392 00303 9055 46942 6.3% 1.04 [0.98,1.10] T
Parsyan 2016 (stage |-ll; M) 0.27 0.2088 307 458 4.3% 1.31[0.87,1.97] T
Peters 2011 {non-palpable EC, RCT) -0.0975 0.3425 78 76 2.8% 0.91[0.46,1.77] T
Yos 2015 (DCIS; Mv) 1.1569 0.2141 136 478 4.3% 3.18(2.09, 4.84] E—
Yos 2015 (IBC; MV) 0.5878 00796 1637 3164 59% 1.80[1.54,2.10] -
Vos 2015 (ILC; MV) 0 0.1968 449 231 45% 1.00[0.68,1.47] -
Yoon 2020 (DCIS; propensity) 0.1484 02774 106 106 3.5% 1.16 [0.67, 2.00] I
Subtotal (95% CI) 28597 101474 94.6% 1.32[1.13, 1.53] <&
Heterogeneity: Tau®= 0.08; Chi*= 250.23, df=19 (P < 0.00001); F=92%
Test for overall effect: Z= 3.61 (P = 0.0003)
Total (95% Cl) 29860 102732 100.0% 1.41[1.22, 1.64] L 2
Heterogeneity: Tau®= 0.09; Chi*= 281.61, df= 23 (P < 0.00001); F=92% 0}1 012 015 é é 150
Test for overall effect: Z= 4.49 (P < 0.00001) ) ) MRIlhener control (no MRI) hetter

Test for subaroup differences: Chi*=11.45, df=1 (P =0.0007), F=91.3%

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an
odds ratio of greater than one indicates an increase in mastectomy rate. Subgroup 1.1.1 consists of studies in
which prior to MRI patients were determined to be candidates for BCS; patients planning mastectomy were
excluded. Subgroup 1.1.2 consists of studies where a decision about the type of surgery (either BCS or
mastectomy) made prior to MRI did not determine inclusion in the study. Designations in parentheses after study
publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and
non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Figure 1.2. Initial mastectomy rate by subtype

MRl No MRI 0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Random, 95% CI
1.2.1In situ
Balleyguier 2019 (BCS - DCIS; RCT) 0.8571 0.4664 178 174 1.9% 2.36[0.94, 5.88] y
Davis, 2012 {DCIS; historic) 01281 0.3768 154 64 25% 1.14[0.54,2.38] I R—
Keymeulen 2019 (DCIS; M) 0.7975 0.0532 2382 8033 6.1% 2.22[2.00, 2.46) -
Yos 2015 (DCIS; M) 1.1569 0.2141 136 478 4.3% 3.18[2.09, 4.84) I
Yoon 2020 {DCIS; propensity) 0.1484 02774 106 106 3.5% 1.16 [0.67, 2.00] T
Subtotal (95% CI) 2956 8855 18.3% 1.96 [1.39, 2.77] -
Heterogeneity: Tau®= 0.089; Chi*=11.40, df=4 (P=0.02); F=65%
Test for overall effect: Z= 3.85 (P = 0.0001)
1.2.2 Stage 0-lll (not subdivided)
Gonzalez 2014 (EC, RCT) 0.2158 01983 220 220 4.5% 1.24[0.84,1.83) -,
Grady 2012 (BC; equivalent) 0.0575 0.2983 79 105 3.2% 1.06 [0.59, 1.90] I —
Lai 2016 (BC; historic [MV margins]) 01635 0.1045 735 733 5.7% 1.18[0.96, 1.45] nas
Mota 2019 (BCS - stage 0-1ll; RCT) 2.8799 1.0353 219 227 0.5% 17.81[2.34,135.51] EE—
Ozanne 2017 (stage O-1Il; MY) 0.0392 0.0303 9055 46942 63% 1.04[0.98,1.10] r
Peters 2011 (non-palpable BC; RCT) -0.0975 0.3425 78 76 2.8% 0.91[0.46,1.77) B
Turnbull 2010 (BCS - BC, RCT) 1.808 0.3461 816 807 2.8%  6.10([3.09,12.02
Subtotal (95% Cl) 11202 49110 25.7% 1.41[1.03, 1.93] S g
Heterogeneity: Tau®=0.11; Chi*= 3517, df= 6 (P <= 0.00001), = 83%
Testfor averall effect Z= 215 (P=0.03)
1.2.3 Invasive
Bruck 2018 (BCS - stage |, RCT) 25022 1.4912 50 50 0.3% 12.21[0.66, 226.99] >
Fortune-Greeley 2014 (IDC; propensity) 01906 0.0627 1557 12800 6.1% 1.21 [1.07,1.37) e
Fortune-Greeley 2014 {mixed IDC/LC; propensity) 0.6831 0.1417 390 2008 52% 1.98 [1.50, 2.61] —
Kapoor 2013 (stage |-III; Mv) 0.4447 0.2168 385 671 4.2% 1.56[1.02,2.39] —
Lohbes 2017 {IDC; M) 0.2624 00324 7462 21128 6.3% 1.30[1.22,1.39] -
Parsyan 2016 (stage I-1II; M) 0.27 0.2088 307 458 4.3% 1.31[0.87,1.97] T
Vos 2015 (IBC; M) 0.5878 0.0796 1637 3164 5.9% 1.80[1.54,2.10] —
Subtotal (95% Cl) 11788 40279 32.3% 1.49[1.27,1.75] L 2
Heterogeneity: Tau®= 0.03; Chi*= 27.41, df=6 (P = 0.0001); F=78%
Test for overall effect: Z= 4.79 (P < 0.00001)
1.24I1LC
Fortune-Greeley 2014 (ILC; propensity) 0.392 01514 396 1532 5.1% 1.48[1.10,1.99] e
Ha 2018 {ILC, propensity) -0.1324 02104 186 196 4.3% 0.88 [0.58,1.32) T
Lobhbes 2017 {ILC, MV) -0.1508 00631 2774 2361 6.1% 0.86 [0.76, 0.97] -
Mann 2010 {ILC; equivalent) -0.08 0.2546 99 168 37% 0.92[0.56,1.52] T
Vos 2015 (ILC; M) 0 0.1968 449 23 4.5% 1.00[0.68,1.47] 1T
Subtotal (95% CI) 3914 4488 23.7% 1.01[0.80, 1.27] R
Heterogeneity: Tau®= 0.04; Chi*=11.17, df=4 (P=0.02); F=64%
Test for overall effect: Z= 0.06 (P = 0.96)
Total (95% CI) 29860 102732 100.0% 1.41[1.22, 1.64] L 2
Heterogeneity: Tau®= 0.09; Chi*= 281.61, df= 23 (P < 0.00001);, = 92% D=1 052 055 t } 1'0
Testfor averall effect: Z=4.49 (P < 0.00001) ) : lv1RI.b>:~n>':r control (no MRI) hetter

Testfor subgroup differences: Chi*=12.00, df=3 (P =0.007), F=75.0%

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an
odds ratio of greater than one indicates an increase in mastectomy rate. Studies are displayed in subgroups
according to type or stage of cancer. Designations in parentheses after study publication author and year are as
follows: BCS, patients designated prior to MRI as candidates for BCS; subtype or stage of cancer (DCIS, ductal
carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal carcinoma; ILC, invasive lobular
carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled trial; historic, historic control
group without MRI; propensity, propensity score matching; equivalent, both MRI and non-MRI groups evaluated as
equivalent; MV, multivariable or multivariate analysis).
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Figure 1.3. Initial mastectomy rate by subtype + BCS candidate prior to MRI

MRI  No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE__Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.3.1 In situ
Davis, 2012 (DCIS; historic) 0.1281 0.3768 154 64 2.5% 1.14 [0.54, 2.38] —
Keymeulen 2019 (DCIS; MV) 0.7975 0.0532 2382 8033  6.1% 2.22[2.00, 2.46] -
Vos 2015 (DCIS; MV) 1.1569 0.2141 136 478 4.3% 3.18[2.09, 4.84] —
Yoon 2020 (DCIS; propensity) 0.1484 0.2774 106 106 3.5% 1.16 [0.67, 2.00] -
Subtotal (95% CI) 2778 8681 16.4% 1.90 [1.28, 2.82] ‘
Heterogeneity: Tau? = 0.11; Chi? = 11.38, df = 3 (P = 0.010); I = 74%
Test for overall effect: Z = 3.21 (P = 0.001)
1.3.2 In situ, BCS candidate
Balleyguier 2019 (BCS - DCIS; RCT) 0.8571 0.4664 178 174 1.9% 2.36 [0.94, 5.88] T
Subtotal (95% CI) 178 174 1.9% 2.36 [0.94, 5.88] ~econstRR———
Heterogeneity: Not applicable
Test for overall effect: Z = 1.84 (P = 0.07)
1.3.3 Stage 0-ll (not subdivided))
Gonzalez 2014 (BC; RCT) 0.2158 0.1983 220 220 4.5% 1.24[0.84, 1.83] T
Grady 2012 (BC; equivalent) 0.0575 0.2983 79 105 3.2% 1.06 [0.59, 1.90] R
Lai 2016 (BC; historic [MV margins]) 0.1635 0.1045 735 733 5.7% 1.18[0.96, 1.45] "_
Ozanne 2017 (stage O-Ill; MV) 0.0392 0.0303 9055 46942 6.3% 1.04[0.98, 1.10] T
Peters 2011 (non-palpable BC; RCT) -0.0975 0.3425 78 76 2.8% 0.91[0.46, 1.77] I
Subtotal (95% Cl) 10167 48076 22.5% 1.05[1.00, 1.11] ’
Heterogeneity: Tau® = 0.00; Chi? = 2.19, df =4 (P = 0.70); I = 0%
Test for overall effect: Z = 1.80 (P = 0.07)
1.3.4 Stage 0-lll, BCS candidate
Mota 2019 (BCS - stage 0-11l; RCT) 2.8799 1.0353 219 227 0.5% 17.81[2.34, 135.51] EEE—
Turnbull 2010 (BCS - BC; RCT) 1.808 0.3461 816 807  2.8% 6.10[3.09, 12.02] -
Subtotal (95% CI) 1035 1034 3.3% 6.79 [3.57, 12.92] ’
Heterogeneity: Tau? = 0.00; Chi? = 0.96, df = 1 (P = 0.33); 1= 0%
Test for overall effect: Z = 5.84 (P < 0.00001)
1.3.5 Invasive
Fortune-Greeley 2014 (IDC; propensity) 0.1906 0.0627 1557 12800 6.1% 1.21[1.07,1.37] -
Fortune-Greeley 2014 (mixed IDC/ILC; propensity) 0.6831 0.1417 390 2008  5.2% 1.98[1.50, 2.61] —
Kapoor 2013 (stage I-Ill; MV) 0.4447 0.2168 385 671 4.2% 1.56 [1.02, 2.39] I
Lobbes 2017 (IDC; MV) 0.2624 0.0324 7462 21128 6.3% 1.30[1.22, 1.39] -
Parsyan 2016 (stage I-I1l; MV) 0.27 0.2088 307 458  4.3% 1.31[0.87, 1.97] T
Vos 2015 (IBC; MV) 0.5878 0.0796 1637 3164 5.9% 1.80 [1.54, 2.10] —
Subtotal (95% Cl) 11738 40229 32.0% 1.48 [1.26, 1.73] ‘
Heterogeneity: Tau? = 0.03; Chi? = 25.23, df = 5 (P = 0.0001); I1> = 80%
Test for overall effect: Z = 4.79 (P < 0.00001)
1.3.6 Invasive, BCS candidate
Bruck 2018 (BCS - stage I; RCT) 2.5022 1.4912 50 50 0.3% 12.21[0.66, 226.99] >
Subtotal (95% Cl) 50 50 0.3% 12.21[0.66, 226.99] —-<
Heterogeneity: Not applicable
Test for overall effect: Z = 1.68 (P = 0.09)
13.7ILC
Fortune-Greeley 2014 (ILC; propensity) 0.392 0.1514 396 1532 5.1% 1.48[1.10, 1.99] -
Ha 2018 (ILC; propensity) -0.1324 02104 196 196 4.3% 0.88[0.58, 1.32] —T
Lobbes 2017 (ILC; MV) -0.1508 0.0631 2774 2361 6.1% 0.86 [0.76, 0.97] -
Mann 2010 (ILC; equivalent) -0.08 0.2546 99 168 3.7% 0.92[0.56, 1.52] I
Vos 2015 (ILC; MV) 0 0.1968 449 231 4.5% 1.00 [0.68, 1.47] -1
Subtotal (95% CI) 3914 4488  23.7% 1.01 [0.80, 1.27] ‘
Heterogeneity: Tau? = 0.04; Chi?2 = 11.17, df = 4 (P = 0.02); 1> = 64%
Test for overall effect: Z = 0.06 (P = 0.96)
Total (95% CI) 29860 102732 100.0% 1.41 [1.22, 1.64] <&
Heterogeneily Tau” =009, Ch’ =281 61, df =23 (P < 0 00001), I” = 92% oo o= 5 =

Test for overall effect: Z = 4.49 (P < 0.00001)
Test for subgroup dilferences Ch’” =39 32, dl =6 (P < 000001). " =89 9%

MRI better control (no MRI) better

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an

odds ratio of greater than one indicates an increase in mastectomy rate.

Studies are displayed in subgroups

according to type or stage of cancer. Designations in parentheses after study publication author and year are as
follows: BCS, patients designated prior to MRI as candidates for BCS; subtype or stage of cancer (DCIS, ductal
carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal carcinoma; ILC, invasive lobular
carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled trial; historic, historic control
group without MRI; propensity, propensity score matching; equivalent, both MRI and non-MRI groups evaluated as
equivalent; MV, multivariable or multivariate analysis).
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Figure 1.4. Initial mastectomy rate by trial type and BCS candidate

MRl No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Rand 95% CI
1.4.1RCT
Gonzalez 2014 (BC, RCT) 0.2158 0.1983 220 220 45% 1.24[0.84,1.83] T
Peters 2011 {(non-palpable BC, RCT) -0.0975 0.3425 78 76 2.8% 0.91 [0.46,1.77) —
Subtotal (95% CI) 298 296 7.3% 1.15[0.82, 1.61] -
Heterogeneity: Tau*= 0.00; Chi*=0.63, df=1 (P=0.43); F=0%
Test for overall effect Z=0.80(P=0.42)
1.4.2 RCT, BCS candidates before MRI
Balleyguier 2019 (ECS - DCIS; RCT) 0.8571 0.4664 178 174 1.9% 2.36[0.94, 5.88] T
Bruck 2018 (BCS - stage |; RCT) 25022 1.4912 50 50 0.3% 12.21[0.66, 226.99] >
Mota 2019 (BCS - stage 0-Ill; RCT) 2.8799 1.0353 219 227 0.5% 17.81[2.34,135.51] _—
Turnbull 2010 (BCS - BC; RCT) 1.808 0.3461 816 807 28%  6.10[3.09,12.02) _—
Subtotal (95% CI) 1263 1258 5.4% 5.18[2.37,11.29] i —
Heterogeneity: Tau*=0.23; Chi*=4.79, df=3 (P=0.19); F=37%
Test for overall effect. Z=4.13 (P <= 0.0001)
1.4.3 Multivariate analysis
Kapoor 2013 (stage I-1ll; MY) 0.4447 0.2168 385 671 4.2% 1.56[1.02,2.39] R
Keymeulen 2019 (DCIS; MV) 0.7975 0.0532 2382 8033 6.1% 2.22[2.00, 2.46] -
Lobbes 2017 (IDC; MV) 0.2624 0.0324 7462 21128 6.3% 1.30[1.22,1.39] -
Lohbes 2017 (ILC; MV) -0.1508 0.0631 2774 2361 6.1% 0.86 [0.76, 0.97] -
Ozanne 2017 (stage 0-1II; M) 0.0392 0.0303 9055 46942 6.3% 1.04[0.98,1.10] r
Parsyan 2016 (stage |-IIl; M) 0.27 02088 307 458 4.3% 1.31[0.87,1.97) T
Vos 2015 (DCIS; MY) 11569 0.2141 136 478 4.3% 3.18[2.09, 4.84] —_—
Yos 2015 (IBC; M) 0.5878 0.0796 1637 3164 59% 1.80[1.54,2.10] -
Vos 2015 (ILC; Mv) 0 01968 449 23 45% 1.00[0.68, 1.47] —
Subtotal (95% CI) 24587 83466 48.0% 1.44[1.14, 1.81] R
Heterogeneity: Tau®*=0.11; Chi*= 23219, df= 8 (P < 0.00001), F=97%
Testfor overall effect: Z=3.08 (P = 0.002)
1.4.4 Matched/propensity score matched
Fortune-Greeley 2014 {IDC; propensity) 01906 0.0627 1557 12800 6.1% 1.21[1.07,1.37] -
Fortune-Greeley 2014 (ILC; propensity) 0.392 01514 396 1532 5.1% 1.48[1.10,1.99] —_—
Fortune-Greeley 2014 (mixed IDC/LC; propensity) 06831 01417 390 2008 5.2% 1.98 [1.50, 2.61) —
Ha 2018 {ILC; propensity) -01324 0.2104 196 196 4.3% 0.88[0.58,1.32] T
Yoon 2020 (DCIS; propensity) 0.1484 02774 106 106 3.5% 1.16 [0.67, 2.00) i
Subtotal (95% CI) 2645 16642 24.2% 1.33[1.04, 1.70] <
Heterogeneity: Tau®= 0.05; Chi*=14.54, df=4 (P = 0.006); F=72%
Test for overall effect Z=2.24 (P=0.02)
1.4.5 Equivalent or historic control
Davis, 2012 (DCIS; historic) 01281 0.3768 154 64 25% 1.14[0.54, 2.38] T
Grady 2012 (BC; equivalenf) 0.0575 0.2983 79 105 3.2% 1.06 [0.59, 1.90] . —
Lai 2016 (BC, historic [MV margins]) 01635 0.1045 735 733 5.7% 1.18[0.96, 1.45] o
Mann 2010 (ILC; equivalent) -0.08 0.2546 99 168 37% 0.92 [0.56,1.52) B
Subtotal (95% CI) 1067 1070 15.2% 1.13 [0.95, 1.35] »>
Heterogeneity: Tau®= 0.00; Chi*= 0.83, df=3 (P =0.84), F=0%
Test for overall effect Z=1.37 (P=017)
Total (95% Cl) 29860 102732 100.0% 1.41[1.22, 1.64] L 2
Heterogeneity: Tau®= 0.09; Chi*= 281.61, df= 23 (P < 0.00001); F= 92% 0=1 012 0:5 é é 110
Test for overall effect: Z=4.49 (P < 0.00001) : ) lleI.l:v»':tter control (no MRI) better

Testfor subaroun differences: Chi*=15.76. df= 4 (P=0.003). F=74.6%

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an
odds ratio of greater than one indicates an increase in mastectomy rate. Designations in parentheses after study
publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and
non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Figure 1.2 groups the results according to subtype of cancer (in situ, in situ plus invasive,
invasive, ILC). MRI appears to have no overall effect on mastectomy rates in ILC but increases
rates in other subgroups. Figure 1.3 combines the analyses in Figures 1.1 and 1.2, and again
suggests patients initially scheduled for BCS have higher rate of mastectomy after MRI, and the
overall effect of MRI on ILC is neutral. Figure 1.4 looks at the effect of MRl on mastectomy
rates, subdivided by trial type and whether BCS is the initial plan prior to MRI. Of the six RCTs,
four were conducted in patients who were to have BCS, and these four trials found increased
rates of mastectomy, as would be expected based on the patient selection. Only two RCTs
involved a broader patient population; data are therefore limited but suggest MRI does not
result in increased mastectomy rates. In studies with multivariate analysis or matching to
control for confounders, the studies generally show a small increase in mastectomy rate (OR of
1.3 for studies not restricted to BCS candidates). However, due to the retrospective nature,
these trials did not have information on the reason for receipt of MRI or surgical choice, and
the increased mastectomy rate is likely due to residual confounding. In studies with equivalent
or historic controls, MRl does not appear to influence mastectomy rates; this may be due to
less selection bias and confounding than in the other retrospective studies where MRl and MRI
groups had many differences and only some of the factors could be adjusted for.

Figures 1.5 to 1.7 summarize final mastectomy rates and correspond to the initial
mastectomy rates in Figures 1.2 to 1.4. While trends are similar, the ORs are lower for final
mastectomy than for initial mastectomy for most of the subgroups analyzed, indicating that in
patients without MRI there is more conversion from BCS to mastectomy than when MRl is initially
performed. This effect is most evident in RCTs limited to patients whose treatment was
determined to be BCS prior to MRI; the OR was 5.18 for initial mastectomy (Figure 1.4) and 1.72
for final mastectomy (Figure 1.7). Similar trends were found when dividing by cancer subtype
(Figure 1.6). In trials not limited to predetermined BCS, results for initial and final mastectomy
rates are similar.
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Figure 1.5. Final (overall) mastectomy rate by subtype

MRl No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE__ Total Total Weight IV, R: 95% CI IV, R 95% ClI
1.5.1In situ
Balleyguier 2019 (BCS - DCIS; RCT) 00122 02817 178 174 2.0% 1.01 [0.58,1.76) I e—
Davis, 2012 (DCIS; historic) 0.2354 0.3455 154 64 1.5% 1.27 [0.64, 2.49] —
Keymeulen 2019 (DCIS; MY) 0.7467 0.0508 2382 8033 4.5% 2.11[1.91,2.33] -
Sorbero 2009 (stage 0; MV) 0.1989 0.3537 40 743 1.5% 1.22[0.61, 2.44] —
Yos 2015 (DCIS; M) 1.1346 02077 136 478 2.7% 3.11[2.07,4.67)
Yoon 2020 (DCIS; propensity) -0.0726 02774 106 106 2.0% 0.93 [0.54, 1.60] I E—
Subtotal (95% Cl) 2996 9604 14.1% 1.54[1.07, 2.24] -
Heterogeneity: Tau®=0.15; Chi*= 22.75, df=5 (P = 0.0004); F=78%
Testfor overall effect: Z=2.30 (P = 0.02)
1.5.2 Stage 0-lll (not subdivided)
Choi 2017 (BC; propensity) -0.2623 0107 799 799 3.9% 0.77 [0.62, 0.95] n—
Gonzalez 2014 (BC; RCT) 01121 01934 220 220 2.8% 1.12[0.77,1.63] B a—
Goodrich 2016 (BC; MV) -0.0101 01992 204 1254 2.8% 0.99 [0.67,1.46) I —
Grady 2012 (BC; equivalent) 0.0575 0.2983 79 105 1.8% 1.06 [0.59, 1.90] I h—
Heil 2013 (BC; MV) 0.3507 0.022 21743 121120 4.6% 1.42[1.36,1.48] -
Hollingswarth 2008 (BC; historic) -0.4293 01744 603 170 31% 0.65[0.46, 0.92]
Katipamula 2009 (stage 0-1I; Mv) 0.5306 0.1291 346 5237 36% 1.70[1.32,2.19] n—
Killelea 2013 {(BC - Yale study; M) 0.1943 01081 628 817 3.9% 1.21[0.98,1.50] —
Lai 2016 (BC, historic [MY margins]) 01035 0.1044 735 735 3.9% 1.11[0.90, 1.36) T
Mota 2019 (BCS - stage 0-1ll; RCT) 1.3627 04731 219 227 1.0% 3.91[1.55,9.87] EE———
Onega 2017 (stage 0-IIl; Mv) 0.2776 0.0659 2217 10880 4.3% 1.32[1.16,1.50] -
Peters 2011 {non-palpahle BC; RCT) -0.2049 0.3267 78 76 1.6% 0.81[0.43,1.55) —
Sardanelli 2017 (BCT - prospective non-RCT; M) 0.3341 01055 1224 1201 3.9% 1.40[1.14,1.72) —_—
Turnbull 2010 (BCS - BC, RCT) 0.4367 01621 816 807 3.2% 1.85[1.13,2.13] —_—
Subtotal (95% Cl) 29911 143648 44.4% 1.19[1.04, 1.36] &
Heterogeneity: Tau®= 0.04; Chi*= 70.48, df=13 (P < 0.00001); F=82%
Testfor overall effect: Z=2.48 (P =0.01)
1.5.3 Invasive
Arnaout 2015 {(IBC; M) 0.5481 00335 7824 45191 46% 1.73[1.62,1.89) -
Bruck 2018 (BCS - stage |; RCT) 1.1856 0.8427 50 50 04%  3.27[0.63,17.07] >
Feigelson 2013 (BCS - I-1Il; M) 0.892 0.2217 185 2199 2.5% 2.44[1.58,3.77) I e—
Fortune-Greeley 2014 {IDC; propensity) 01906 00627 1557 12800 4.4% 1.21[1.07,1.37] -
Fortune-Greeley 2014 {mixed IDCIILC; propensity) 0.3577 01339 380 2008 3.6% 1.43[1.10,1.86) —
Sorbero 2009 (stage -1, Mv) 03577 01247 399 2184 37% 1.43[1.12,1.83] —
Sorbero 2009 (stage I, MV) -0.2744 03149 73 161 1.7% 0.76 [0.41,1.41) N
Vos 2015 (IBC; MV) 05539 00757 1188 2933 4.2% 1.74[1.50,2.02] -
Vriens 2017 (neoadjuvant) (stage I-Ill, Mv) {IDC) -0.1393 01109 2429 477 3.8% 0.87 [0.70,1.08] T
Subtotal (95% Cl) 14095 68003 28.8% 1.41[1.16, 1.71] -
Heterogeneity: Tau®= 0.06; Chi*= 66.68, df=8 (P < 0.00001); F=88%
Testfor overall effect: Z= 3.50 (P = 0.0005)
1.54ILC
Fortune-Greeley 2014 (ILC; propensity) 0.0953 01437 396 1532 3.4% 1.10[0.83, 1.46] B
Ha 2018 {ILC; propensity) -0.2957 0.2079 186 196 2.7% 0.74[0.50,1.12) E—
Mann 2010 {ILC; equivalent) -0.4216 0.255 99 168 2.2% 0.66 [0.40,1.08] e e—
Vos 2015 (ILC; MV) -0.0513 01936 449 23 2.8% 0.95 [0.65, 1.39] .
Yriens 2017 (neoadjuvant) (stage I-ll, Mv) {ILC) 0.0296 0.3487 364 58 1.5% 1.03[0.52, 2.04] —
Subtotal (95% Cl) 1504 2185 12.6% 0.91[0.75, 1.11] L 3
Heterogeneity: Tau*=0.01; Chi*=4.48 df=4 (P=034); F=11%
Testfor overall effect: Z=0.92 (P = 0.36)
Total (95% CI) 48506 223440 100.0% 1.26 [1.14, 1.39] @
Heterogeneity: Tau®= 0.06; Chi*= 260.10, df= 33 (P <= 0.00001), F=87% [?] 3 035 é é

Testfor overall effect: Z=4.41 (P < 0.0001)

N " MRI hetter control (
Testfor subaroup differences: Chi*=12.14, df= 3 (P = 0.007), F=75.3%

=

o MRI) better

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an
odds ratio of greater than one indicates an increase in mastectomy rate. Designations in parentheses after study
publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and
non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Figure 1.6. Final (overall) mastectomy rate by subtype and BCS candidate prior to MRI

MRl No MRI Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% ClI IV, Rand 95% CI
1.6.1 In situ
Davis, 2012 (DCIS; historic) 0.2354 0.3455 154 64 1.5% 1.27 [0.64, 2.49) —
Keymeulen 2013 (DCIS; Mv) 0.7467 00508 2382 8033 45% 211 [1.91,2.33] -
Sorhero 2009 (stage 0; MV) 0.1989 0.3537 40 749 1.5% 1.22 [0.61, 2.44) —
Vos 2015 (DCIS; M) 1.1346 02077 136 478 2.7% 3.11[2.07, 4.67]
Yoon 2020 (DCIS; propensity) -0.0726 02774 106 106 2.0% 0.93 [0.54, 1.60] S E—
Subtotal (95% CI) 2818 9430 12.1% 1.68 [1.15, 2.47] i
Heterogeneity: Tau®= 0.13; Chi*= 16.56, df= 4 (P = 0.002); F=76%
Test for overall effect: Z= 2.66 (P = 0.008)
1.6.2 In situ, BCS candidate
Balleyguier 2019 (ECS - DCIS; RCT) 0.0122 02817 178 174 2.0% 1.01[0.58,1.76] 1
Subtotal (95% CI) 178 174 2.0% 1.01[0.58, 1.76] -‘
Heterogeneity: Mot applicable
Test for overall effect: Z=0.04 (P = 0.97)
1.6.3 Stage 0-ll (not subdivided)
Choi 2017 (BC; propensity) -0.2623 0107 799 799 3.9% 0.77 [0.62, 0.95] —_—
Gonzalez 2014 (BC, RCT) 01121 01934 220 220 2.8% 1.121[0.77,1.63] .
Goodrich 2016 (BC; MV) -0.0101 0.1992 204 1254 2.8% 0.99 [0.67, 1.46] I —
Grady 2012 (BC; equivalent) 0.0575 0.2983 79 105 1.8% 1.06 [0.59,1.90] I
Heil 2013 (BC; M) 0.3507 0022 21743 121120 4.6% 1.42[1.36,1.48] -
Hollingsworth 2008 (BC, histaric) -0.4293 01744 603 170 31% 0.65 [0.46, 0.92]
Katipamula 2009 {stage 0-1I; M) 0.5306 0.1291 346 5237 36% 1.70[1.32,2.19] I
Killelea 2013 {(BC - Yale study, MV) 0.1943 01081 628 817 3.9% 1.21[0.98, 1.50] —
Lai 2016 (BC, historic [MV margins]) 0.1035 01044 735 735 3.9% 1.11 [0.90, 1.36) T
Onega 2017 {stage 0-1Il; M) 02776 00653 2217 10880 4.3% 1.32[1.16,1.50] -
Peters 2011 {non-palpable BC, RCT) -0.2049 0.3267 78 76 1.6% 0.81[0.43,1.55] —
Subtotal (95% CI) 27652 141413  36.4% 1.11[0.95, 1.30] o
Heterogeneity: Tau®= 0.05; Chi*= 64.62, df=10 (P < 0.00001); = 85%
Testfor overall effect Z=1.29 (P =0.20)
1.6.4 Stage 0-lll, BCS candidate
Mata 2013 (BCS - stage 0-1l; RCT) 1.3627 04731 219 227 1.0% 3.91[1.55,9.87] e —
Sardanelli 2017 (BCT - prospective non-RCT; MV) 0.3341 01055 1224 1201 3.9% 1.40[1.14,1.72) —_—
Turnbull 2010 (BCS - BC, RCT) 0.4367 0.1621 816 807  3.2% 1.55[1.13,2.13] —_—
Subtotal (95% CI) 2259 2235 8.1% 1.62[1.17, 2.23] -
Heterogeneity: Tau®= 0.04; Chi*= 4.58, df= 2 (P = 0.10); F= 56%
Test for overall effect: Z=2.91 (P = 0.004)
1.6.5 Invasive
Arnaout 2015 (IBC, MV) 0.5481 00335 7824 4519 4.6% 1.73[1.62,1.85) -
Fortune-Greeley 2014 {IDC; propensity) 01906 00627 1557 12800 4.4% 1.21 [1.07,1.37] -
Fortune-Greeley 2014 {mixed IDC/ILC; propensity) 0.3577 01339 390 2008 3.6% 1.43[1.10,1.86] I
Sorbero 2009 (stage I-1I; MV) 0.3577 01247 399 2184 37% 1.43[1.12,1.83] —_—
Sorhero 2009 (stage |II; MY) -0.2744 03149 73 161 1.7% 0.76 [0.41,1.41] .
Vos 2015 (IBC; MV) 0.5539 00757 1188 2933 4.2% 1.74[1.50,2.02] -
Vriens 2017 (neoadjuvant) (stage I-Ill, M) (IDC) -0.1393 01109 2429 477 3.8% 0.87 [0.70,1.08] T
Subtotal (95% CI) 13860 65754 25.9% 1.32[1.08, 1.62] <
Heterogeneity: Tau®= 0.06; Chi*= 61.66, df=6 (P < 0.00001); F=90%
Test for overall effect. Z=2.72 (P=0.007)
1.6.6 Invasive, BCS candidate
Bruck 2018 (BCS - stage |; RCT) 1.1856 0.8427 50 50 0.4% 3.27[0.63,17.07] >
Feigelson 2013 (BCS - I-II; Mv) 0.892 02217 185 2193 2.5% 2.44[1.58,3.77] —_—
Subtotal (95% CI) 235 2249 2.9% 2.49[1.63,3.79] -
Heterogeneity: Tau*= 0.00; Chi*=0.11, df=1 {P=0.74); F= 0%
Test for overall effect: Z=4.25 (P < 0.0001)
1.6.7ILC
Fortune-Greeley 2014 {ILC; propensity) 0.0953 01437 396 1532 3.4% 1.10[0.83,1.46) -
Ha 2018 (ILC; propensity) -0.2957 0.2079 196 196 2.7% 0.74[0.50,1.12] ~
Mann 2010 {ILC; equivalent) -0.4216 0.255 99 168 2.2% 0.66 [0.40,1.08] I~
Yos 2015 (ILC; M) -0.0513 01936 449 231 2.8% 0.95 [0.65, 1.39] .
Vriens 2017 (neoadjuvant) (stage I-Ill, M) {(ILC) 0.0286 0.3487 364 58 1.5% 1.03[0.52, 2.04]
Subtotal (95% CI) 1504 2185 12.6% 0.91[0.75, 1.11] -
Heterogeneity: Tau*=0.01; Chi*=4.48, df=4 (P=0.34); F=11%
Test for overall effect: Z=0.92 (P = 0.36)
Total (95% Cl) 48506 223440 100.0% 1.26 [1.14, 1.39] L 2
Heterogeneity: Tau?= 0.06; Chi*= 260.10, df= 33 (P < 0.00001); F= 87% 015 t 1

Test for overall effect: Z=4.41 (P <= 0.0001)

Test for subaroun differences: Chi*= 27.71. df= 6 (P = 0.0001). F=78.3%

MRI hetter control (no MRI) better

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an
odds ratio of greater than one indicates an increase in mastectomy rate. Designations in parentheses after study
publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and

non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Figure 1.7. Final (overall) mastectomy rate by trial type and BCS candidate

MRI  No MRI 0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Rand 95% CI
1.7.1RCT
Gonzalez 2014 (BC, RCT) 01121 01934 220 220 2.8% 1.12[0.77,1.63] I I—
Peters 2011 (non-palpable BC; RCT) -0.2049 03267 78 76 1.6% 0.81[0.43, 1.55] e —
Subtotal (95% Cl) 298 296 4.5% 1.03[0.74, 1.43] ‘
Heterogeneity: Tau*= 0.00; Chi*=0.70, df=1 (P = 0.40); F= 0%
Testfor averall effect. Z=0.18 (P = 0.86)
1.7.2 RCT, BCS candidates before MRI
Balleyguier 2019 (BCS - DCIS; RCT) 0.0122 02817 178 174 20% 1.01 [0.58, 1.76] e —
Bruck 2018 (BCS - stage |; RCT) 1.1856 0.8427 50 50  04%  3.27[0.63,17.07) >
Mota 2019 (BCS - stage 0-Ill; RCT) 1.3627 04731 219 227 1.0% 3.91[1.55,9.87) _
Turnbull 2010 (BCS - BC, RCT) 0.4367 0.1621 816 807  3.2% 1.55[1.13,2.13] —
Subtotal (95% Cl) 1263 1258 6.5% 1.72[1.02, 2.87] eI
Heterogeneity: Tau*=0.14; Chi*= 6.89, df= 3 (P = 0.08); F= 56%
Testfor averall effect. Z=2.05 (P = 0.04)
1.7.3 Prospective non-RCT, BCS candidate hefore MRI
Sardanelli 2017 (BCT - prospective non-RCT, MY) 0.3341 01055 1224 1201 3.9% 1.40[1.14,1.72) —_—
Subtotal (95% CI) 1224 1201 39%  1.40[1.14,1.72] -
Heterogeneity: Not applicahle
Testfor overall effect: Z=3.17 (P=0.002)
1.7.4 Equivalent or historic control
Davis, 2012 (DCIS; historic) 0.2354 0.3455 154 64 1.5% 1.27 [0.64, 2.49] I
Grady 2012 (BC, equivalent) 0.0575 0.2983 79 105 1.8% 1.06 [0.59, 1.90] I —
Hollingsworth 2008 (BC; historic) -0.4293 01744 603 170 31% 0.65[0.46, 0.92]
Lai 2016 {(BC; historic [MY margins]) 01035 0.1044 735 735 3.9% 1.11[0.90, 1.36] T
Mann 2010 {ILC; equivalent) -0.4216 0.255 99 168 2.2% 0.66 [0.40, 1.08] B
Subtotal (95% Cl) 1670 1242 12.5% 0.90[0.67, 1.20] o
Heterogeneity: Tau*= 0.06; Chi*=9.83, df=4 (P=0.04); F=59%
Testfor averall effect. Z=0.74 (P = 0.46)
1.7.5 Matched/propensity score matched
Choi 2017 (BC; propensity) -0.2623 0107 799 799 3.9% 0.77 [0.62, 0.95] —
Fortune-Greeley 2014 (IDC; propensity) 01906 0.0627 1557 12800 4.4% 1.21 [1.07,1.37) -
Fortune-Greeley 2014 {ILC; propensity) 0.0953 0.1437 396 1532 3.4% 1.10[0.83, 1.46] - T
Fortune-Greeley 2014 {mixed IDC/ILC; propensity) 03577 01339 390 2008  3.6% 1.43[1.10,1.86] I—
Ha 2018 {ILC; propensity) -0.2957 0.2079 186 196 2.7% 0.74[0.50,1.12) ~
Yoon 2020 {DCIS; propensity) -0.0726 0.2774 106 106 2.0% 0.93 [0.54, 1.60] I p—
Subtotal (95% Cl) 3444 17441 19.9% 1.03[0.83, 1.28] -
Heterogeneity: Tau®= 0.05; Chi®*= 21.20, df=5 (P = 0.0007); F=76%
Testfor overall effect Z=0.23 (P=0.82)
1.7.6 Multivariate analysis
Arnaout 2015 (IBC; Mv) 05481 0.0335 7824 4519 46% 1.73[1.62,1.89) -
Goodrich 2016 (BC; M) -0.0101 01992 204 1254  28% 0.99 [0.67, 1.46] B E—
Heil 2013 {BC; MV) 0.3507 0.022 21743 121120 46% 1.42[1.36,1.48] -
Katipamula 2009 (stage 0-1I; MV) 0.5306 0.1291 346 5237 36% 1.70[1.32,2.19] e
Keymeulen 2019 (DCIS; M) 0.7467 0.0508 2382 8033 45% 211 [1.91,2.33] -
Killelea 2013 (BC - Yale study, MV) 0.1943 0.1081 628 817 3.9% 1.21[0.98,1.50] —
Onega 2017 {stage 0-1ll; M) 0.2776 0.0659 2217 10880 4.3% 1.32[1.16, 1.50] -
Sorbero 2009 {(stage 0; M) 0.1989 0.3537 40 743 1.5% 1.22[0.61, 2.44] —
Sorbero 2009 (stage |-1I; Mv) 03577 01247 399 2184 3.7% 1.43[1.12,1.83] e
Sorhero 2009 (stage III; MV) -0.2744 0.3149 73 161 1.7% 0.76[0.41,1.41] —
Yos 2015 (DCIS; Mv) 1.1346 02077 136 478 27% 3.11[2.07, 4.67)
Yos 2015 (IBC; M) 0.5539 0.0757 1188 2833 42% 1.74[1.50,2.02] I
Vos 2015 (ILC; M) -0.0513 01936 449 231 2.8% 0.95 [0.65, 1.39] I
Vriens 2017 (neoadjuvant) (stage |-1Il, M) (IDC) -0.1383 01109 2429 477 3.8% 0.87 [0.70,1.08] T
Vriens 2017 (neoadjuvant) (stage |-ll, MV) (ILC) 0.0286 0.3487 364 58 1.5% 1.03[0.52, 2.04] —
Subtotal (95% CI) 40422 199803 50.2% 1.42[1.25, 1.61] >
Heterogeneity: Tau®= 0.04; Chi*= 133.40, df= 14 (P < 0.00001); F=90%
Test for overall effect: Z=5.42 (P < 0.00001)
1.7.7 Multivariate analysis, BCS candidate before MRI
Feigelson 2013 (BCS - I-1ll; MV) 0.892 02217 185 2199 25% 2.441[1.588,3.77] e
Subtotal (95% CI) 185 2199 2.5% 2.44[1.58, 3.77] i
Heterogeneity: Not applicahle
Test for overall effect: Z= 4.02 (P < 0.0001)
Total (95% Cl) 48506 223440 100.0% 1.26 [1.14, 1.39] L 2
Heterogeneity: Tau®= 0.06; Chi*= 260.10, df= 33 (P < 0.00001); F=87% 0‘ 3 055 é é

Testfor overall effect: Z=4.41 (P < 0.0001)

Test for subaroup differences: Chi*= 24.28, df= 6 (P = 0.0005), F=75.3%

MRI better control (no MRI) hetter

An odds ration of less than one indicates a lower rate of mastectomy in patients with preoperative MRI, while an
odds ratio of greater than one indicates an increase in mastectomy rate. Designations in parentheses after study
publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and
non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Positive Margin and Reoperation Rates

Positive margins often result in reoperation, which may be re-excision or conversion to
mastectomy. These outcomes from 31 trials in 39 publications (125-127, 129-133, 136, 139-143,
145, 146, 148-162, 164-171) are summarized in Table 3. Many of the trials only reported initial
positive margin and reoperation rates in the patients who had BCS; a smaller portion of trials
also reported positive margins rates in initial mastectomies. Figures 2.1 to 2.3 include 10 trials
reporting positive margin rates with versus without MRI, according to various subgroups. The
number of studies is small in each subgroup, limiting conclusions that can be made; however,
MRI appears to decrease rates of positive margins (overall OR=0.84, 95% CI=0.70 to 1.01). It is
noted that definitions of close or positive margins, and when these should result in reoperation
varied among studies. Consensus guidelines for defining margins in BCS were developed by the
Society of Surgical Oncology (SSO) and the American Society of Therapeutic Radiology and
Oncology (ASTRO) for invasive cancer in 2014 (186, 187) and by SSO-ASTRO-ASCO for DCIS in
2016 (188, 189) and have been endorsed by several other groups (190). These guidelines define
“no ink on tumour” as the standard for an adequate margin for patients with invasive cancer
treated by BCS followed by whole breast radiotherapy and a 2 mm margin as the standard for
an adequate margin in DCIS treated with whole breast radiotherapy. A meta-analysis found a
decrease in reoperation rates after the publication of the SSO-ASTRO guideline (191) and more
uniformity is expected in trials that use these definitions.

Figure 3.1 summarizes reoperations rates, with subgroups by cancer type and whether
BCS was the treatment decision prior to MRI. MRI was found to reduce reoperation rates
(OR=0.73, 95% CI=0.63 to 0.85). This applied to both the patients allocated BCS prior to MRI
(OR=0.62, 95% CI=0.42 to 0.93) and in the other studies (OR=0.77, 95% CI=0.66 to 0.90). Figure
3.2 illustrates re-excision rates, according to the same subgroups as in Figure 3.1. The OR for
re-excision is 0.81 (95% CI=0.64 to 1.03), showing a smaller effect of MRI on re-excision than on
overall reoperations. Figure 3.3 indicates that MRI results in a larger and more consistent
reduction in conversion mastectomy (mastectomy after initial BCS) (OR=0.67, 95% CI=0.50 to
0.90) than the reduction in re-excisions.
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Figure 2.1. Positive margins by subtype + BCS candidate prior to MRI

MRI No MRI Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI , Rand 95% CI
2.1.1In situ
Keymeulen 2019 {DCIS; MV) -0.0101 0.0778 1249 5702 12.0% 0.99[0.85,1.15] -
Yos 2015 (DCIS; MY) 0.2469 0.3079 77 391 55% 1.28(0.70,2.34] S I —
Yoon 2020 (DCIS; propensity) -0.9416 04546 106 106 3.3% 039[0.16,095 ——————
Subtotal (95% CI) 1432 6199 20.7% 0.90 [0.56, 1.43] =il
Heterogeneity: Tau*= 0.10; Chi*= 4.88, df= 2 (P = 0.09); F= 59%
Test for overall effect: Z=0.45 (P = 0.65)
2.1.2 In situ, BCS candidate
Turnbull 2010 (BCS - DCIS; RCT) 01656 0.169 427 430 9.2% 1.18(0.85, 1.64] T
Subtotal (95% CI) 427 430 9.2% 1.18 [0.85, 1.64] -
Heterogeneity: Not applicahle
Test for overall effect: Z=0.98 (P=0.33)
2.1.3 Stage 0-lll
Choi 2017 (BC; propensity) -0.2026 0.2019 799 799 8.2% 0.82[0.55,1.21] T
Lai 2016 (BC; histaric [MY margins]) -0.8811 0.2605 348 377 66% 0.41[0.25, 0.69] —
Subtotal (95% CI) 1147 1176 14.7% 0.59 [0.31, 1.15] = E -
Heterogeneity: Tau®=0.18; Chi*= 4.24 df=1 (P = 0.04); F= 76%
Testfor overall effect Z=1.54 (P=0.12)
2.1.4 Stage 0-lll, BCS candidate
Obdeijn 2013 (BCS - historical [MY margins]) -1.1087 0.3694 95 123 4.4% 033[0.16,068) ————
Sung 2014 (BCS - stage 0-1Il; matched) 01183 0.3442 174 174 48% 1.13[0.57,2.21] — T
Subtotal (95% CI) 269 297 9.2% 0.61[0.18, 2.04] e —
Heterogeneity: Tau*= 0.63; Chi*=5.91, df=1 (P=0.02); F= 83%
Test for overall effect Z=0.80 (P=0.43)
2.1.5 Invasive
Kapoor 2013 {stage |-IlI; Mv) 0.2927 01702 242 516 9.2% 1.34[0.96,1.87] T
Turnbull 2010 (BCS - IBC; RCT) -0.1316 01512 719 688  9.8% 0.88 [0.65,1.18] I
Yos 2015 {IBC; Mv) -0.0202 011 1049 2434 11.1% 0.98[0.79,1.22] -
Subtotal (95% CI) 2010 3638 30.0% 1.03[0.83, 1.28] -
Heterogeneity: Tau*=0.02; Chi*=3.70, df= 2 (P=0.16), F= 46%
Testfor overall effect Z=0.26 (P=0.79)
21.71LC
Lobhbes 2017 (ILC; MV) -0.5276 01497 2774 2361  9.8% 0.59[0.44,0.79] B
Yos 2015 {ILC; M) -0.2231 0.2714 264 137 6.3% 0.80[0.47,1.36] e
Subtotal (95% CI) 3038 2498 16.1% 0.63 [0.49, 0.82] B
Heterogeneity: Tau*= 0.00; Chi*=0.97 df=1 (P=0.33); F=0%
Test for overall effect: Z=3.48 (P = 0.0005)
Total (95% CI) 8323 14238 100.0% 0.84 [0.70, 1.01] L
Heterogeneity: Tau®= 0.07; Chi*= 39.86, df=12 (P < 0.0001); F=70% 012 055 t %

Testfor overall effect. Z=1.84 (P=0.07)

Test for subaroun differences: Chi®=13.00. df=5 (P =0.02). F=61.6%

MRI hetter control (no MRI) better

An odds ration of less than one indicates a lower rate positive margins after the first operation in patients with
preoperative MRI, while an odds ratio of greater than one indicates a higher rate of positive margins. Designations
in parentheses after study publication author and year are as follows: BCS, patients designated prior to MRI as
candidates for BCS; subtype or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other
specification; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial
design (RCT, randomized controlled trial; historic, historic control group without MRI; propensity, propensity score
matching; equivalent, both MRl and non-MRI groups evaluated as equivalent; MV, multivariable or multivariate

analysis).
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Figure 2.2. Positive margins, all or BCS candidate

MRI No MRI 0Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 All patients
Choi 2017 (BC, propensity) -0.2026 0.2019 799 799 8.2% 0.82[0.55,1.21) —
Kapoor 2013 (stage |-1Il; M) 0.2927 01702 242 516 9.2% 1.34 [0.96, 1.87) T
Keymeulen 2019 {DCIS; MV) -0.0101 0.0778 1249 5702 12.0% 0.99[0.85,1.15) -
Lai 2016 (BC, historic [MV margins]) -0.8811 0.2605 348 377 6.6% 0.41[0.25, 0.69)
Lobbes 2017 (ILC; M) -0.5276 01497 2774 2361 9.8% 0.59 [0.44,0.79) e
Vos 2015 (DCIS; M) 0.2469 0.3079 77 391 5.5% 1.281[0.70, 2.34] —
Vos 2015 (IBC; MV) -0.0202 011 1049 2434 11.1% 0.98[0.79,1.22) e
Yos 2015 (ILC; M) -0.2231 02714 264 137 6.3% 0.80 [0.47,1.36) -
Yoon 2020 (DCIS; propensity) -0.9416 04546 106 106 3.3% 0.39[0.16, 0.95)
Subtotal (95% Cl) 6908 12823 71.8% 0.83[0.66, 1.04] -
Heterogeneity: Tau®= 0.07; Chi*= 29.50, df= 8 (P = 0.0003); F=73%
Test for overall effect. Z=1.65 (P=0.10)
2.2.2 BCS candidate prior to MRI
Obdeijn 2013 {BCS - histarical MV margins]) -1.1087 0.3694 95 123 4.4% 0.33[016,068) ——————
Sung 2014 (BCS - stage 0-1ll; matched) 01183 0.3442 174 174 4.8% 1.13[0.57,2.21) h—
Turnbull 2010 (BCS - DCIS; RCT) 01656 0169 427 430 9.2% 1.18[0.85, 1.64] T
Turnbull 2010 (BCS - IBC; RCT) -01316 01512 719 688 9.8% 0.88 [0.65,1.18] — T
Subtotal (95% CI) 1415 1415 28.2% 0.85[0.55, 1.29] i
Heterogeneity: Tau*=0.12; Chi*=10.31,df=3 {P=0.02); F=71%
Test for overall effect: Z=0.78 (P = 0.44)
Total (95% Cl) 8323 14238 100.0% 0.84[0.70, 1.01] L8
Heterogeneity: Tau®= 0.07; Chi*= 39.86, df=12 (P < 0.0001); F=70% 052 015 é t
Testfor overall effect Z=1.84 (P = 0.07) ) MRI better control (no MRI) better

Test for subaroun differences: Chi*=0.01, df=1{P =093, F=0%

An odds ration of less than one indicates a lower rate positive margins after the first operation in patients with
preoperative MRI, while an odds ratio of greater than one indicates a higher rate of positive margins. Designations
in parentheses after study publication author and year are as follows: BCS, patients designated prior to MRI as
candidates for BCS; subtype or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other
specification; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial
design (RCT, randomized controlled trial; historic, historic control group without MRI; propensity, propensity score
matching; equivalent, both MRl and non-MRI groups evaluated as equivalent; MV, multivariable or multivariate

analysis).
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Figure 2.3. Positive margins, by study type

MRI  No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1RCT
Turnbull 2010 {BCS - DCIS; RCT) 01656 0169 427 430 9.2% 1.18[0.85, 1.64] T
Turnbull 2010 (BCS - IBC; RCT) -0.1316 01512 719 638  9.8% 0.88 [0.65,1.18] T
Subtotal (95% CI) 1146 1118  19.0% 1.01[0.75, 1.35] S
Heterogeneity: Tau*=0.02, Chi*=1.72,df=1 {P=0.19); F= 42%
Test for overall effect: Z=0.05 {P = 0.96)
2.3.4 Matched/propensity score matched
Choi 2017 (BC, propensity) -0.2026 0.2019 799 799 8.2% 0.82[0.55,1.21] .
Sung 2014 (BCS - stage 0-1Il; matched) 01183 0.3442 174 174 48% 1.13[0.57,2.21] I —
Yoon 2020 (DCIS; propensity) -0.9416 0.4546 106 106 3.3% 0.39[0.16,088) —————————
Subtotal (95% CI) 1079 1079  16.2% 0.77[0.48, 1.24] ‘
Heterogeneity: Tau*= 0.08; Chi*= 349, df=2 {P=017); F= 43%
Test for overall effect: Z=1.07 (P =0.28)
2.3.5 Multivariate analysis
Kapoor 2013 (stage I-ll; Mv) 02927 01702 242 516 9.2% 1.34 [0.96, 1.87] T
Keymeulen 2019 (DCIS; MY) -0.0101 0.0778 1248 5702 12.0% 0.99 [0.85,1.15] -
Lai 2016 (BC; historic [MV margins]) -0.8811 0.2605 348 377 6.6% 0.41 [0.25, 0.69] e —
Lohbes 2017 {ILC; MV) -0.5276 01497 2774 2361 9.8% 0.59 [0.44,0.79] e
Obdeijn 2013 (BCS - historical [MY margins]) -1.1087 0.3694 95 123 44% 0.33[0.16,068 ——————
Yos 2015 (DCIS; M) 0.2469 0.3079 77 3 5.5% 1.28[0.70, 2.34] e e —
Vos 2015 (IBC; MV) -0.0202 011 1049 2434 11.1% 0.98[0.79,1.22] -
Yos 2015 (ILC; MV) -0.2231 02714 264 137 6.3% 0.80 [0.47,1.36] .
Subtotal (95% CI) 6098 12041 64.8% 0.80[0.62, 1.04] -
Heterogeneity: Tau®= 0.10; Chi*= 33.26, df= 7 {P < 0.0001); F=79%
Testfor overall effect Z=1.66 (P=0.10)
Total (95% CI) 8323 14238 100.0% 0.84[0.70, 1.01] &
Heterogeneity: Tau®= 0.07; Chi*= 39.86, df=12 (P < 0.0001); F= 70% D=2 055 é é
Testfor overall effect: Z=1.84 (P = 0.07) ) MRI better control (no MRI) better

Test for subaroup differences: Chi*=1.60, df=2 (P=0.45),F=0%

An odds ration of less than one indicates a lower rate positive margins after the first operation in patients with
preoperative MRI, while an odds ratio of greater than one indicates a higher rate of positive margins. Designations
in parentheses after study publication author and year are as follows: BCS, patients designated prior to MRI as
candidates for BCS; subtype or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other
specification; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial
design (RCT, randomized controlled trial; historic, historic control group without MRI; propensity, propensity score
matching; equivalent, both MRl and non-MRI groups evaluated as equivalent; MV, multivariable or multivariate

analysis).
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Figure 3.1. Reoperations

MRI  No MRI 0Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Rand 95% CI
3.1.1In situ
Davis, 2012 {DCIS; historic) -0.0815 0.3352 123 a1 3.0% 0.921[0.48,1.78] I —
Keymeulen 2013 (DCIS; MV) 0.157 00801 1303 6072 7.2% 1.17[1.00,1.37] =
Wang, 2013 (stage 0-1I; MV) 0.207 01372 443 8733 6.2% 1.23[0.94,1.61) T
Yoon 2020 (DCIS; propensity) -1.1087 0.5161 106 106 1.6% 033012091 ——
Subtotal (95% CI) 1975 14962 18.0% 1.06 [0.81, 1.40] B
Heterogeneity: Tau®= 0.04; Chi*= 6.57, df=3 (P = 0.09); F= 54%
Test for overall effect: Z=0.45 (P = 0.65)
3.1.2 In situ, BCS candidate
Balleyguier 2019 (BCS - DCIS; RCT) -0.5276 0.2664 178 174 39% 0.59[0.35, 0.99] —
Subtotal (95% CI) 178 174 3.9% 0.59 [0.35, 0.99] ‘
Heterogeneity: Not applicable
Test for overall effect: Z=1.98 (P = 0.05)
3.1.3 Stage 0-lll
Gonzalez 2014 (BC, RCT) -1.2098 03624 220 220 27% 0.30[0.15, 0.61]
Grady 2012 (BC; equivalent) -0.9904 0.4186 79 105 2.2% 0.37[0.16, 0.84]
Hollingsworth 2008 (BC; historic) -0.4716 03732 363 82  26% 0.62[0.30,1.30] —
Lai 2016 (BC; historic [MY margins]) -0.8811 02605 348 377 40% 0.41[0.25, 0.69] —_—
Ozanne 2017 (stage 0-ll; Mv) -0.0513 00391 5992 29212 7.7% 0.95(0.88, 1.03] -
Peters 2011 (non-palpable BC; RCT) 0.7552 0.4188 53 50 2.2% 2.13[0.94, 4.84] b
Subtotal (95% CI) 7055 30046 21.5% 0.63[0.37, 1.05] B
Heterogeneity: Tau®= 0.31; Chi*= 29.49, df=5 (P < 0.0001); F= 83%
Testfor overall effect: Z=1.78 (P = 0.08)
3.1.4 Stage 0-lll, BCS candidate
Mota 2019 (BCS - stage 0-Ill; RCT) 01042 0.362 219 227 2.7% 1.11 [0.55, 2.26] ]
Ohdeijn 2013 (BCS - historical [MV margins]) -1.2379 0.3364 95 123 3.0% 0.29[0.15, 0.56]
Sung 2014 (BCS - stage 0-1Il; matched) -0.6727 0.2258 174 174 4.5% 0.51[0.33,0.79] e —
Turnbull 2010 (BCS - BC, RCT) -0.0408 0126 816 807 6.4% 0.96 [0.75,1.23] T
Subtotal (95% CI) 1304 1331 16.6% 0.64 [0.37, 1.11] R
Heterogeneity: Tau®=0.24; Chi*=15.83, df=3 (P=0.001); F=81%
Testfor overall effect. Z=1.59{P=0.11)
3.1.5 Invasive
Chandwani 2014 (stage |-ll; MV) -0.2744 01744 304 3058 5.5% 0.76 [0.54,1.07] /T
Fortune-Greeley 2014 {IDC; propensity) -0.0202 0.0909 1157 8892 7.0% 0.981[0.82,1.17] -
Fortune-Greeley 2014 {mixed IDC/ILC; propensity) -0.0726 0.1673 271 1439 5.6% 0.93[0.67,1.29] T
Parsyan 2016 (stage |-1ll; MY) -0.1863 0.3011 307 458 3.4% 0.83 [0.46,1.50] e
Wang 2013 {(IBC, MV) 0 0.0595 2554 33723 7.5% 1.00[0.89,1.12] T
Subtotal (95% CI) 4593 44817 29.0% 0.97 [0.88, 1.06] 4
Heterogeneity: Tau®= 0.00; Chi*= 2.56, df=4 (P=0.63), F=0%
Test for overall effect: Z=0.73 (P = 0.46)
3.1.6 Invasive, BCS candidate
Bruck 2018 (BCS - stage |; RCT) -0.6626 0.5251 50 50 1.6% 0.521[0.18,1.44] —
Subtotal (95% CI) 50 50 1.6% 0.52[0.18, 1.44] e ER—
Heterogeneity: Not applicable
Test for overall effect: Z=1.26 (P=0.21)
3.1.71LC
Fortune-Greeley 2014 (ILC; propensity) -0.5276 01983 265 988  5.0% 0.59(0.40,0.87) E—
Ha 2018 (ILC; propensity) -1.9661 04496 369 234 20% 0.14[0.06,034) ——
Mann 2010 (ILC; equivalent) -1.3272 0.3901 99 168 2.5% 027[012,057) &—————
Subtotal (95% CI) 733 1390 9.5% 0.30[0.13,0.72] e —
Heterogeneity: Tau*= 0.47; Chi*=10.30, df= 2 (P = 0.006); F=81%
Test for averall effect: Z=2.71 (P = 0.007)
Total (95% CI) 15888 92770 100.0% 0.73[0.63, 0.85] L3
Heterogeneity: Tau®= 0.07; Chi*= 106.23, df= 23 (P < 0.00001); F=78% 052 055 é é
Testfor overall effect: Z= 4.18 (P < 0.0001) ' MRI better contral (no MRI) better

Testfor subaroun differences: Chi*= 16.37. df=6 (P = 0.01). F=63.4%

Reoperations consist of both re-excisions and subsequent mastectomy following initial BCS. An odds ration of less
than one indicates a lower rate reoperations in patients with preoperative MRI, while an odds ratio of greater than
one indicates a higher rate of reoperations with MRl Designations in parentheses after study publication author
and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype or stage of cancer
(DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal carcinoma; ILC,
invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled trial; historic,
historic control group without MRI; propensity, propensity score matching; equivalent, both MRl and non-MRI
groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Figure 3.2. Re-excisions after the initial operation

MRI No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Rand 95% CI
3.2.1Insitu
Davis, 2012 (DCIS; histaric) -0.2185 0.3441 123 51 49% 0.80[0.41,1.58) I E—
Vos 2015 (DCIS; MV) 0.3893 0.3144 77 391 5.2% 1.48[0.80,2.73] -
Yoon 2020 (DCIS; propensity) -0.7332 06285 106 106 26% 0.48[0.14,1.65]
Subtotal (95% CI) 306 548 12.7% 0.95[0.54, 1.70] s
Heterogeneity: Tau®*=0.10; Chi*=3.29, df=2 (P=0.19), F= 39%
Test for overall effect Z=0.16 (P = 0.88)
3.2.2 In situ, BCS candidate
Balleyguier 2019 (BCS - DCIS; RCT) -0.2343 03235 178 174 5.1% 0.79[0.42,1.49] .
Subtotal (95% CI) 178 174 5.1% 0.79[0.42, 1.49] e R
Heterogeneity: Not applicable
Test for overall effect. Z=0.72 (P=0.47)
3.2.3 Stage 0-ll
Choi 2017 (BC, propensity) -0.7098 0.3434 799 799 4.9% 0.49[0.25, 0.96] e —
Gonzalez 2014 (BC, RCT) -2.3325 0.7498 220 220 2.0% 010[0.02,042] &———
Lai 2016 (BC; historic [MV margins]) -1.1806 03877 348 377 4.4% 0.31[014,066) ————
Peters 2011 {(non-palpable EC; RCT) 1.3275 0523 53 50 3.3% 3.77[1.35,10.81] e ——
Zeng 2020 (stage 0-1ll; equal [MY recurrence]) -0.3029 03027 330 182 53% 0.74[0.41,1.34] 1
Subtotal (95% CI) 1750 1628 19.9% 0.56 [0.24, 1.34] —e——
Heterogeneity: Tau®= 0.77; Chi*= 22.04, df=4 (P =0.0002); F=82%
Test for overall effect: Z=1.29 (P =0.20)
3.2.4 Stage 0-lll, BCS candidate
Mota 2019 (BCS - stage 0-lIl; RCT) 01296 04286 219 227 4.0% 1.14[0.49, 2.64] e
Sung 2014 {BCS - stage 0-1ll; matched) -0.7581 0.2413 174 174 6.0% 0.47[0.29,0.75] e —
Turnhull 2010 (BCS - BC, RCT) -0.0765 01601 816 807 6.9% 0.93[0.68,1.27] — T
Subtotal (95% CI) 1209 1208  16.9% 0.76 [0.45, 1.28] ~l—
Heterogeneity: Tau*=0.14; Chi*=6.39, df= 2 (P = 0.04); F=69%
Test for overall effect. Z=1.04 (P =0.30)
3.2.5 Invasive
Burkhauer 2020 {IBC HER2+; inverse proh. weight.) 0.3407 03356 571 540 5.0% 1.41[0.73,2.71] I
Fortune-Greeley 2014 {IDC; propensity) 00793 0.0928 1157 8892 T.4% 1.08[0.80,1.30] T
Fortune-Greeley 2014 {mixed IDC/ILC; propensity) 04669 01681 271 1439 6.8% 1.60([1.15,2.22] I
Vos 2015 (IBC; MV) 0.239 01535 1049 2434 6.9% 1.27[0.94,1.72] T
Subtotal (95% CI) 3048 13305 26.1% 1.26 [1.04, 1.51] L 2
Heterogeneity: Tau®=0.01;, Chi*=4.44 df=3 (P=022), F=32%
Testfor overall effect Z=2.38 (P=0.02)
3.2.6 Invasive, BCS candidate
Bruck 2018 (BCS - stage |, RCT) -0.6061 0.5607 50 50 3.0% 0.55[0.18, 1.64] e
Subtotal (95% CI) 50 50 3.0% 0.55[0.18, 1.64] e ——
Heterogeneity: Not applicable
Test for overall effect: Z=1.08 (P =0.28)
3.271LC
Fortune-Greeley 2014 {ILC, propensity) 0.2678 01834 265 988 6.6% 1.31[0.91,1.87] T
Ha 2018 (ILC; propensity) -31328 0.7389 369 234 21% 0.04[0.01,0.18] +—
Mann 2010 {ILC; equivalent) -1.204 05119 99 168 3.4% 0.30[011,082 &———————
Vos 2015 (ILC; MV) -0.0305 0.4033 264 137 4.3% 0.97 [0.44,2.14] —
Subtotal (95% CI) 997 1527 16.3% 0.42[0.13, 1.35] --—
Heterogeneity: Tau®=1.19; Chi*= 25.49, df=3 (P < 0.0001), F=88%
Testfor overall effect Z=1.45{(P=0.15)
Total (95% Cl) 7538 18440 100.0% 0.81[0.64, 1.03] >
Heterogeneity: Tau®= 0.20; Chi*= 83.39, df= 20 (P < 0.00001); F=76% 0:2 055 2 5

Test for overall effect: Z=1.69 (P = 0.09)

; . MRI better control (no MRI) better
Test for subaroun differences: Chi*=11.47. df=6 (P =0.07). F= 47.7%

An odds ration of less than one indicates a lower rate re-excisions in patients with preoperative MRI, while an odds
ratio of greater than one indicates a higher rate of re-excisions with MRl Designations in parentheses after study
publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and
non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Figure 3.3. Conversion mastectomy

MRI No MRI 0Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Rand 95% CI
3.3.1In situ
Davis, 2012 (DCIS; historic) 0452 06738 123 51 3.3% 1.57[0.42, 5.89]
Keymeulen 2019 (DCIS; MV) 0.2776 01071 1303 6072 9.8% 1.32[1.07,1.63] —_—
Yoon 2020 (DCIS; propensity) -2.0048 1.0782 106 106 1.6% 013[0021M1] ¥
Subtotal (95% Cl) 1532 6229 14.6% 0.97 [0.37, 2.57] -—.—-
Heterogeneity: Tau*=0.42; Chi*=4.52 df=2 (P=0.10); F= 56%
Test for overall effect: Z=0.05 (P = 0.96)
3.3.2 In situ, BCS candidate
Balleyguier 2019 (BCS - DCIS; RCT) -0.5039 0.3506 178 174 6.5% 0.60(0.30,1.20] — 1
Subtotal (95% Cl) 178 174 6.5% 0.60 [0.30, 1.20] —ell—
Heterogeneity: Mot applicable
Test for overall effect. Z=1.44 (P=0.15)
3.3.3 Stage 0-lll
Gonzalez 2014 (BC, RCT) -0.4658 0.4383 220 220 54% 0.63[0.27,1.48] e — R
Lai 2016 (BEC; historic [MV margins]) -0.8811 02605 348 377 7.8% 0.41[0.25, 0.69] —
Peters 2011 {non-palpable BC; RCT) -0.4002 0.5803 53 50 4.0% 0.67[0.21, 2.09]
Subtotal (95% Cl) 621 647 17.2% 0.48[0.32,0.73] —eofi -
Heterogeneity: Tau®= 0.00; Chi*=1.02, df=2 (P = 0.60); F=0%
Test for overall effect: Z= 3.47 (P = 0.0005)
3.3.4 Stage 0-lll, BCS candidate
Mota 2019 (ECS - stage 0-1ll; RCT) 0.0367 06397 219 227 3.5% 1.04 [0.30, 3.63]
Sung 2014 (BCS - stage 0-Il; matched) 0 04078 174 174 58% 1.00[0.45, 2.22]
Turnbull 2010 (BCS - BC, RCT) -0.2687 0.1997 816 807  8.7% 0.76[0.52,1.13] -
Subtotal (95% Cl) 1209 1208 17.9% 0.82[0.58, 1.15] -
Heterogeneity: Tau®= 0.00; Chi*=0.50, df=2 (P=0.78); F= 0%
Test for overall effect Z=1.15{P =0.25)
3.3.5 Invasive
Fortune-Greeley 2014 {IDC; propensity) -0.1308 01303 1157 8892  9.5% 0.88[0.68,1.13] I
Fortune-Greeley 2014 {mixed IDC/LC; propensity) -0.9845 0.2957 271 1439 7.3% 0.37 [0.21, 0.67] —_—
Kapoor 2013 (stage |-1ll; M) 0.4574 02283 242 516 8.3% 1.58[1.01, 2.47] |
Subtotal (95% Cl) 1670 10847 25.1% 0.83[0.43, 1.59] -
Heterogeneity: Tau®= 0.29; Chi*=14.95, df=2 (P = 0.0006), F=87%
Test for overall effect. Z=0.57 (P=0.57)
3.3.6 Invasive, BCS candidate
Bruck 2018 (BCS - stage |; RCT) -0.7138 1.2415 50 50 1.2% 0.49[0.04,5.58] ¢
Subtotal (95% Cl) 50 50 1.2%  0.49[0.04,5.58] e —
Heterogeneity: Not applicable
Test for overall effect: Z= 0.57 (P = 0.57)
3.3.7I1LC
Fortune-Greeley 2014 (ILC; propensity) -0.8007 0.2545 265 988 7.9% 0.45[0.27,0.74] e —
Ha 2018 (ILC; propensity) -1.3245 04335 369 234 5.4% 0.27[011,062) ——————
Mann 2010 {ILC; equivalent) -1.2217 05612 99 168 4.1% 0.29[0.10,089) ————
Subtotal (95% Cl) 733 1390 17.5% 0.38 [0.25, 0.56] el
Heterogeneity: Tau®= 0.00; Chi*=1.31,df=2 (P=0.52); F=0%
Test for overall effect: Z=4.76 (P < 0.00001)
Total (95% CI) 5993 20545 100.0% 0.67 [0.50, 0.90] -
Heterogeneity: Tau®=0.21, Chi*= 62.64, df=16 (P < 0.00001); F=74% 052 055 é é
Testfor overall effect: 2= 2.68 (P = 0.007) ) MRI better  control (no MRI) better

Test for subaroun differences: Chi®=11.32, df=6 (P = 0.08), F= 47.0%

Conversion mastectomy occurs when patients had an initial BCS, but due to reasons such as positive margins or
detection of additional tumours, a subsequent mastectomy was performed. An odds ration of less than one
indicates a lower rate of conversion mastectomy in patients with preoperative MRI, while an odds ratio of greater

than one indicates a higher rate of conversion mastectomy with MRI.

Designations in parentheses after study

publication author and year are as follows: BCS, patients designated prior to MRI as candidates for BCS; subtype
or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled
trial; historic, historic control group without MRI; propensity, propensity score matching; equivalent, both MRI and
non-MRI groups evaluated as equivalent; MV, multivariable or multivariate analysis).
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Contralateral Breast Cancer, Recurrence, and Survival Outcomes

Table 4 includes 22 trials in 24 publications (139, 148, 149, 153, 154, 157, 162, 165, 166,
170, 172-185) with outcomes of contralateral breast cancer (CBC), recurrence, or survival. CBC
may be either synchronous (identified at the same time or sometimes defined as occurring
within six months of the index cancer) or metachronous. Figure 4.1 illustrates that MRI
increases detection of synchronous CBC (OR=0.37, 95% CI 0.26 to 0.53). Figure 4.2 shows that
rates of metachronous breast cancer were lower with preoperative MRI overall (OR=0.78, 95%
CI=0.56 to 1.08), although rates increased (but not significantly) in the two trials conducted in
patients predetermined to be BCS candidates.

Measures of recurrence and survival varied greatly among studies (see Table 4 and Figures
5.1 to 5.7), so that only small numbers of studies reported on each outcome. Figure 5-1
indicates that MRI improves overall recurrence (OR=0.73, 95% Cl=0.54 to 0.99). This result is
based on six non-randomized studies. The study by Wang et al. (184) analyzed patients
according to whether they received radiotherapy, and found MRI was of benefit in reducing
recurrence in patients who did not have radiotherapy (OR=0.60, 95% CI=0.37 to 0.97) but had
no effect on rates in those patients who had radiotherapy (OR=1.17, 95% Cl=0.84 to 1.63).
Other recurrence endpoints (Figures 5.2 to 5.5) together make up overall recurrence. Each of
these outcomes are numerically better in the MRI groups, although they involve a relatively low
number of trials and patients, and results are not statistically significant. ORs for distant
recurrence, locoregional recurrence, local recurrence, and ipsilateral recurrence are 0.76 (95%
Cl=0.44 to 1.33), 0.90 (95% CI=0.44 to 1.84), 0.92 (95% ClI=0.65 to 1.32), and 0.80 (95% Cl=0.57
to 1.14).

Figure 5.6 suggests that use of MRI is associated with longer recurrence-free survival
(OR=0.76, 95% Cl=0.53 to 1.09). The effect on overall survival is less clear (OR=0.91, 95%
CI=0.75 to 1.11, p=0.36). The study by van Nijnatten et al., 2020 (179) found no effect for
invasive cancer of no specific type (OR=0.96) and contributed 89.5% weight to the meta-
analysis. Omitting this result, the benefit of MRI on overall survival appears greater (OR=0.60,
95% Cl=0.33 to 1.09, p=0.10).

Figure 4.1. Synchronous Contralateral Breast Cancer

MRl No MRI Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Total  Total Weight IV, Rand 95% CI IV, Random, 95% CI

Lobbes 2017 {IBC - all; Mv) -1.2658 0.0823 10740 25310 27.6% 0.28[0.24,0.33] -

Sung 2014 (BCS - stage 0-1ll; matched) -2.3554 0.7516 174 174 51% 009002041 &

Yriens 2017 (neoadjuvant) (stage I-lll, MV) (IDC) 0174 02606 2879 554 18.5% 1.191(0.71,1.99] N R

Wang 2016 (DCIS; propensity) -1.2946 0223 1159 2156 20.6% 0.27[0.18,0.42) —

Wang 2016 (stage I-I; propensity) -1.047 00634 B377 12754 28.2% 0.35[0.31,0.40] -

Total (95% CI) 21329 40948 100.0% 0.37[0.26, 0.53] -

?etf;ﬂgenemrl:lT?ru t:ZD_1 é;;mp:fgg&)lﬂnd{: 4 (P =0.00001); F=88% 01 02 05 7 : 10
estfor overall effect: Z= 5.37 ( . ) MRI better control (no MRI) better

Synchronous CBC is detected at or around the same time as the index tumour, and therefore tumours in both
breasts may be treated at the same time. An odds ration of less than one indicates a higher rate of detection of
synchronous CBC in patients with preoperative MRI, while an odds ratio of greater than one indicates a lower rate
of synchronous CBC with MRl Designations in parentheses after study publication author and year are as follows:
BCS, patients designated prior to MRI as candidates for BCS; subtype or stage of cancer (DCIS, ductal carcinoma in
situ; BC, breast cancer, no other specification; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma;
IBC, invasive breast cancer); trial design (RCT, randomized controlled trial; historic, historic control group without
MRI; propensity, propensity score matching; equivalent, both MRl and non-MRI groups evaluated as equivalent;
MV, multivariable or multivariate analysis).
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Figure 4. 2. Metachronous Contralateral Breast Cancer

MRI  No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total  Total Weight IV, Random, 95% CI IV, R 95% ClI
Wang 2016 (stage |-Il; propensity) -0.3857 01272 6377 12754 449% 0.68 [0.53, 0.87) ——
Wang 2016 (DCIS; propensity) -0.1054 0.2799 1159 2156 22.7% 0.90[0.52, 1.56) e
Sung 2014 (BCS - stage 0-1ll; matched) 0.3491 05963 164 164 T1% 1.42[0.44, 4.56)
Kim 2013 {BC; MV) -0.9943 04607 1771 1323 11.0% 037015091 ———
Amin 2015 (BCS - DCIS or IBC; Mv) 0.1989 0.3883 526 571 14.4% 1.22[0.57, 2.61] S e —
Total (95% CI) 9997 16968 100.0% 0.78 [0.56, 1.08] ‘
Heterogeneity: Tau®= 0.05; Chi*= 6.03, df= 4 (P = 0.20); F= 34% 052 015 é é

Testfor overall effect: Z=1.50 (P=0.13) MRI better control (no MRI) better

Metachronous CBC is detected later than the index tumour, and therefore will not be treated by surgery or RT at
the same as the index tumour. It could have been present at the time of initial cancer treatment (but not detected)
or developed later. An odds ration of less than one indicates a lower rate of metachronous CBC in patients with
preoperative MRI, while an odds ratio of greater than one indicates a higher rate of metachronous CBC with MRI.
Designations in parentheses after study publication author and year are as follows: BCS, patients designated prior
to MRI as candidates for BCS; subtype or stage of cancer (DCIS, ductal carcinoma in situ; BC, breast cancer, no
other specification; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IBC, invasive breast cancer);
trial design (RCT, randomized controlled trial; historic, historic control group without MRI; propensity, propensity
score matching; equivalent, both MRI and non-MRI groups evaluated as equivalent; MV, multivariable or
multivariate analysis).

Figure 5.1. Any Recurrence

MRl No MRI Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, R 95% CI
Bae 2016 (stage -1l TN; Mv) -0.9676 0.3026 345 53 131% 0.38[0.21, 0.69]
Choi 2017 (BC; propensity) -0.1883 01706 799 799 19.7% 0.83[0.59,1.16] —
Ha 2019 (ILC, propensity) 0.0917 04051 104 104 9.4% 1.10[0.50, 2.42) -
Ko 2013 (BCS - BC; MV) -0.2877 0.3336 299 386 11.9% 0.75[0.39,1.44] I E—
Sung 2014 (BCS - stage 0-1ll; matched) -0.7257 0.3748 164 164  10.4% 0.48[0.23,1.01] —
Wang 2018 (BCS without RT, stage I-II, MV) -0.5108 0.2467 790 4957 157% 0.60[0.37,0.97] e
Wang 2018 (BCS with RT, stage I-1I, Mv) 0157 01691 3727 14508 19.8% 1.17[0.84,1.63] B e —
Total (95% CI) 6228 20971 100.0% 0.73[0.54, 0.99] ‘
Heterogeneity: Tau*=0.10; Chi*=14.94, df=6 (P =0.02); F=60% 6 3 DIS é i
Test for overall effect: Z= 2.01 (P = 0.04) ) MRI better control (no MRI) better

Figure 5.2. Distant recurrence
MRI No MRI Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, R 95% CI
Bruck 2018 (BCS - stage |; RCT) -1.1403 1.1726 50 50 5.9% 0.32[0.03,3.18] ¢
Mota 2019 (BCS - stage 0-ll; RCT) 0.3287 0.7697 219 227 13.7% 1.39[0.31,6.28] >
Sung 2014 (BCS - stage 0-ll; matched) -0.8427 06114 164 164 21.7% 0.43[0.13,1.43] ¢
Zeng 2020 (stage 0-1Il; equal [MV recurrence]) -0.1165 03711 330 182 58.8% 0.89[0.43,1.84)] ——
Total (95% CI) 763 623 100.0% 0.76 [0.44, 1.33] *
Heterogeneity: Tau®= 0.00; Chi*=2.20, df= 3 (P=0.53), F=0% 6 2 0:5 1. é f:i

Testfor overall effect: Z=0.96 (P = 0.34)
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Figure 5.3. Locoregional recurrence

MRI No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Pilewskie 2014 (BCS -- DCIS; MV) 0.1655 0.2047 596 1725 64.3% 1.18[0.79,1.76) — i
Sung 2014 (BCS - stage 0-1II; matched) -0.5988 0.4577 164 164 35.7% 0.55(0.22,1.35) &
Total (95% CI) 760 1889 100.0% 0.90 [0.44, 1.84] *
Heterogeneity: Tau= 0.17; Chi*= 2.32, df=1 (P=0.13); F= 57% uz u’s T 1 1

Testfor overall effect: Z=029(P=0.77) MRI better control (no MRI) better

Figure 5.4. Local recurrence

MRI No MRI Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total  Total Weight IV, Rand 95% CI IV, Rand 95% CI
Amin 2015 (BCS - DCIS or IBC; MV) -0.1054 02154 526 571 70.4% 0.90(0.59,1.37]
Mota 2019 (BCS - stage 0-ll; RCT) -1.0672 1.6357 219 227 1.2% 0.34[0.01,8.49] 4 >
Zeng 2020 (stage 0-1Il; equal [MV recurrence]) 00296 0333 330 182 28.4% 1.03[0.53, 2.00] B
Total (95% CI) 1075 980 100.0% 0.92[0.65, 1.32] ?
Heterogeneity: Tau®= 0.00; Chi*= 0.48, df= 2 (P = 0.79); F= 0% 62 055 ; t t

7 _ 2 5
Test for overall effect: Z= 0.44 (P = 0.66) MRI hetter control (no MRI) better

Figure 5.5. Ipsilateral recurrence

MRI No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Amin 2015 (BCS - DCIS or IBC; MV) -0.0726 0.2498 526 571 51.2% 0.93[0.57,1.52]
Hill 2017 (BCS - BC; M) -0.2614 02741 664 732 425% 0.77[0.45,1.32) ——
Hwang 2008 (BCS - IBC, MV) -0.5276 095894 127 345 3.5% 0.59[0.09,3.87] ¢
Ko 2013 (BCS - BC, MV) -1.8326 1.061 229 386 2.8% 0.16[0.02,1.29] +
Total (95% CI) 1546 2034 100.0% 0.80[0.57, 1.14] e =
Heterogeneity: Tau?= 0.00; Chi*= 2.78, df=3 (P = 0.43); F= 0% é 2 045 é é

Testfor overall effect. Z=1.22 (P = 0.22) MRI better control (no MRI) better

Figure 5.6. Recurrence-free survival (disease-free survival)

MRI  No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Rand 95% CI IV, Rand 95% CI
Bae 2016 (stage |-l TN; M) -1.3152 0328 345 53 13.3% 0.27[0.14,051] ———
Ryu 2016 (BCS - size T1-2; MV) -0.2877 0.4557 743 21 9.5% 0.75[0.31,1.83] —
Sung 2014 (BCS - stage 0-1ll; matched) -0.0977 03127 164 164 13.8% 0.91 [0.49, 1.67] —_— T
van Nijnatten 2020 {IBC [no specific type]; MY) 0.207 0.2069 534 1627 17.8% 1.23[0.82,1.89] [
van Nijnatten 2020 {ILC; MY) 0.0198 05314 163 140 7.9% 1.02[0.36, 2.89]
Wang 2018 (BCS without RT, stage -1, MY) -0.5621 0.2345 790 4957 16.7% 0.57 [0.36, 0.90] R
Wang 2018 (BCS with RT, stage -1, MV) 0 01139 3727 14508 21.0% 1.00[0.80, 1.25] .
Total (95% CI) 6466 21660 100.0% 0.76 [0.53, 1.09] ’>
Heterogeneity: Tau®= 0.15; Chi*= 20,61, df= 6 (P = 0.002); F= 71% 62 055 t }

- 01 " 2
Testfor overall effect Z=1.47 (P=0.14) MRI better control (no MRI) better

Evidence Summary Page 26



Evidence Summary 1-25

Figure 5.7. Overall survival

MRl  No MRI Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE _ Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ha 2018 {ILC; propensity) -0.7236 0.6041 104 104 2.7% 0.49[0.15,1.58) ¢
Mota 2019 (BCS - stage 0-1ll; RCT) -0.7338 1.2284 219 227 07% 0.48[0.04,5.33] ¢
Ryu 2016 (BCS - size T1-2; MV) 01714 07424 743 21 1.8% 1.19[0.28, 5.09]
van Nijnatten 2020 (IBC [ho specific type]; MY) -0.0408 01059 7386 20366 89.5% 0.96[0.78,1.18]
van Nijnatten 2020 {ILC; MV) -0.6162 0.4355 2246 1758 5.3% 0.54[0.23,1.27]
Total (95% CI) 10698 22666 100.0% 0.91[0.75, 1.11]
Heterogeneity: Tau®= 0.00; Chi*= 3.17, df= 4 (P = 0.53); F= 0% é 3 055 1 é é
Testfor overall effect 2= 0.91 (P = 0.36) . MRI better control (no MRI) better

In Figures 5.1 to 5.7, an odds ratio less than one indicates a lower rate of recurrence or higher rate of survival in
patients who had preoperative MRI. Designations in parentheses after study publication author and year are as
follows: BCS, patients designated prior to MRI as candidates for BCS; subtype or stage of cancer (DCIS, ductal
carcinoma in situ; BC, breast cancer, no other specification; IDC, invasive ductal carcinoma; ILC, invasive lobular
carcinoma; IBC, invasive breast cancer); trial design (RCT, randomized controlled trial; historic, historic control
group without MRI; propensity, propensity score matching; equivalent, both MRl and non-MRI groups evaluated as
equivalent; MV, multivariable or multivariate analysis).

Ongoing, Unpublished, or Incomplete Studies

Ongoing RCTs and prospective studies have been included in the data tables. RCTs
include the ACRIN 6664/Alliance A011104 (170) and Breast-MRI (157) trials, and the B-SMART
trial that was terminated but reported interim data (171). The MIPA trial (153, 154) is a large
pragmatic prospective non-randomized trial that is also ongoing that may provide important
long-term outcome data. The planned statistical analysis indicates that only variables
significantly different between the two groups would be used as covariates; this is considered
by the current authors to be inappropriate and suggests there may be high risk of bias.

Excluded Trials

Studies retained during the initial screening but excluded during data extraction primarily
due to inadequate control for confounding factors or lack of outcomes of interest are
summarized in Table 5 (4, 174, 192-213).

Other Systematic Reviews and Meta-Analyses

Nine systematic reviews or meta-analyses addressing MRI use in breast cancer, and four
on other advanced imaging techniques are summarized in Appendix D. Two meta-analyses by
Houssami et al. (214, 215) are frequently cited and address similar questions as the current
review but based on more limited data. The first was an individual patient data meta-analysis
for recurrence outcomes based on one RCT and three non-randomized studies (two of which
did not meet the current review inclusion factors) (214). It concluded that there was no
difference in 8-year local or distant recurrence-free survival. However, they only adjusted for
potential confounding variables associated with recurrence at p<0.01 in univariate analysis;
using such a low p value excludes many potentially relevant factors and is not a recommended
statistical practice. Further, the crude rate of local recurrence was only 2%, and therefore
much too low to expect any differences to be found. The more recent meta-analysis used
study-level data from 3 RCTs and 19 comparative studies of invasive breast cancer (215). It did
not use adjusted ORs for outcomes of interest in the current review (mastectomy, re-excision,
reoperation, or positive margins) and found no evidence of effect of MRl. An increase in
contralateral prophylactic mastectomy with MRI (based on adjusted ORs and three trials)
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suggests the MRI and non-MRI group were not well matched and important factors influencing
this outcome were not addressed.

The systematic review and meta-analysis by Di Leo et al. (216) supports the use of MRI
in patients being considered for partial breast irradiation, and found MRI excluded 11% of
patients initially eligible (range 6% to 25% in six studies of 3136 patients). The systematic
review by Helme et al. (217) suggests a role for MRI in Paget’s disease. Several guidelines
recommend use of MRI in ILC, and this conclusion is supported by the data summarized in the
Results section of the current meta-analysis. The review by Clauser et al. (218) suggests this
conclusion regarding use of MRI in ILC may also apply to patients with atypical ductal
hyperplasia and/or lobular neoplasia/LCIS as synchronous cancer rates in patients with these
pathologic lesions are similar to those in patients traditionally classified as high-risk patients
and for which MRI is routinely used.

Salmanoglu et al. (219) reviewed 143 papers on advanced imaging in breast cancer and
notes that MRI is currently the most sensitive technique, with dedicated breast computed
tomography (CT) an option when MRI is contraindicated. Use of contrast-enhanced CT is also
supported by the review of Uhlig et al (220). Diffusion weighted Imaging (DWI) MRI studies
were reviewed by Surov et al (221), and they recommended an apparent diffusion coefficient
(ADC) threshold of 1.00x10* mm?/s to distinguish malignant from benign lesions. Reviews
suggest there may also be a role for breast-specific gamma imaging (222), proton magnetic
resonance spectroscopy (223), and dedicated positron emission mammography (223). A brief
summary of these modalities is given in Appendix F.

Guidelines and Technical Documents

Guidelines making recommendations on use of MRI in breast cancer or providing technical
details or standards for imaging and are listed along with relevant recommendations in
Appendix E. Of these publications, 19 were general guidelines on diagnosis or management of
breast cancer containing one or more recommendations for MRI use (224-242), 10 were
guidelines on use of MRI in breast cancer (243-252), and one focused on imaging during breast
reconstruction (253). Twelve documents by the American College of Radiology (8, 254-264),
and four by other groups (265-268) provide technical details or standards. There is some
overlap between these groupings, as both rationale for use and technical details may be covered
in the same document. It is noted that technical standards for MRl have been set by American
College of Radiology Imaging Network (ACRIN) 6667 trial and the European Society of Breast
Imaging (EUSOBI) (269), as well as the ACRIN 6698 trial for DWI (270). As per the scope of this
review, technical documents have been listed but details were not generally extracted.

The various guidelines recommend breast MRI in several situations. Use for suspected
occult primary breast cancer, evaluation of breast implants, high-risk screening, and evaluation
of neoadjuvant chemotherapy response are standard indications but outside the scope of the
current review. The evaluation of known or suspected multifocal or multicentric disease is an
area where most guidelines agree that MRI is beneficial in deciding whether BCS is technically
feasible, and if so, in guiding the procedure. MRI is also recommended in some guidelines for
evaluation of the contralateral breast, prior to prophylactic mastectomy, Paget’s disease of
the nipple prior to BCS, discrepancy between imaging and clinical examination, indeterminant
findings on mammography plus ultrasound especially if biopsy cannot be obtained, ILC with
BCS, suspected involvement of the chest wall or pectoralis major muscle, evaluation of patients
with dense breasts, patients eligible for partial breast irradiation, and evaluation of nipple
discharge if other imaging is inconclusive or negative. CT or MRI angiography are recommended
for preoperative planning prior to breast reconstruction with deep inferior epigastric perforator
flaps or other oncoplastic surgery (253).
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Other Considerations

While this document provides a systematic review of studies comparing patient outcomes
with or without MRI, during the literature screening process it became apparent that there are
several related issues to be considered. A brief overview of these issues is provided in the
following subsections; a systematic review of these was not conducted.

Imaging

While the question asked is whether MRI should be used after diagnosis but before surgery,
a broader question is whether additional imaging (subsequent to mammography and ultrasound)
should be used, or even to replace mammography. Various advanced imaging techniques have
been reviewed by Salmanoglu et al. (219) and described in the publications (271-293)
summarized in Appendix F. It should be noted that several subtypes of MRI exist, at various
stages of development and clinical usage, and the more common of these are also indicated
(271-276). While all are within scope of this review, most studies comparing patient outcomes
with and without MRI used CE-MRI. Some of the other MRI techniques have equivalent or better
performance than CE-MRI and other advantages and need also be considered in any future
discussion of MRI implementation. In particular, DWI provides additional information without
the need for contrast agents and may be an option for patients with allergy or other
contraindications to gadolinium contrast agents. Magnetic resonance spectroscopy (MRS) can
also provide metabolic or functional information. The combination of CE-MRI, DWI, and MRS
referred to as multiparametric MRI captures information beyond that of individual techniques
and may reduce the need for biopsies. Accelerated and abbreviated MRI can shorten the image
acquisition time to a few minutes, bringing down the cost substantially.

Contrast agents in general usage for CE-MRI are gadolinium-based and are summarized in
Appendix F (154, 258, 294-309). Gadobenate dimeglumine (linear), gadobutrol (macrocyclic),
and gadoterate meglumine (macrocylic) are the most commonly used in current practice.
Gadoteridol is another macrocyclic agent used in brain and spinal MRI, but also approved for
breast and other applications. Adverse effects including allergic reactions vary with the agent
used. Nephrogenic systemic fibrosis has been observed mainly in patients with advanced renal
failure (295); this appears more common with the linear agents gadopentetate dimeglumine,
and gadodiamide, and use of these is not recommended in these patients (258, 310).
Gadolinium deposition, especially after multiple MRIs, has been reported in the brain, although
it is unknown whether this is harmful (307). The European Union has suspended use of all linear
agents (except for liver or intra-articular use) due to this concern (311), although they are still
used elsewhere. Guidelines such as The ACR Manual on Contrast Media (258) cover these topics
in more detail.

Positioning During Imaging in Surgery

Breast MRI is usually performed in the prone position to overcome motion artifacts from
respiration and provides the best position for signal, image quality, and definition, while
surgery, ultrasound, and ultrasound-guided biopsy are conducted with the patient in the supine
position (312-314). The breast tumours are deformed or displaced due to the change in patient
position. The full MRI information is not adequately translated and it is difficult to accurately
mark or determine the tumour location. This may be reflected in failure of MRI in some studies
to reduce positive margins or need for re-excision. Supine positioning simplifies registration of
images and aids BCS but appears to still be experimental. Joukainen et al. (313) found that for
27 lesions in 14 consecutive patients, compared to histology, prone MRI overestimated tumour
size by 47.1% and supine MRI by 14.5%. The mean distance from the chest wall decreased by
69.4% and the nipple by 18.2%. Aribal and Bugdayci (314) found that supplementary abbreviated
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supine MRI immediately after prone MRI detected 44 of 45 lesions initially found by prone MRI.
Sakakibara et al. (315) compared patients with DCIS >2 cm diagnosed with vacuum-assisted core
needle biopsy who had mammography plus prone MRI and conventional quadranectomy using
hooked wires to those with patients who had mammography plus supine MRI-guided
quadranectomy. The supine group had less additional intraoperative resection and lower rate
of DCIS in a surgical margin. A study of 15 patients (316, 317) determined supine intraoperative
MRI to be feasible and found changes in tumour volume and distance of the tumour from the
chest wall and nipple compared to prone MRI. Barth et al. (318) conducted a randomized trial
of 138 patients with non-palpable invasive cancers comparing preoperative supine MRI plus
intraoperative optical scanning versus wire localized lumpectomy and found positive margins in
12% versus 23% (p=0.08), while mean specimen volumes were not different (74 mL vs. 70 mL,
p=0.45). Information from supine MRI has been used to create 3-D printing surgical guides (319-
321) and 3D models (322).

Breast Density

The Canadian National Breast Screening Study found a strong correlation between breast
density and breast cancer risk (323). It is noted that the randomization process has been
criticized and the results regarding use of mammography for screening are therefore
controversial. A systematic review and meta-analysis (324) found breast density is one of the
strongest risk factors for breast cancer. In the general population the relative risk of breast
cancer on pre-diagnostic mammogram (compared to density of <5%) was 1.79 for density 5% to
24%; 2.11 for density of 25 to 49%, 2.92 for density of 50% to 74%, and 4.64 for density >75%.

Dense breasts are normal and common: 43.3% of women 40 to 74 years of age have
heterogeneously or extremely dense breasts, and the incidence decreases with age, particularly
around menopause (325). In dense breasts, mammography is not very sensitive, and ultrasound
is often used, but may also not be sensitive. In a study of digital screening mammography of
365,426 women in centres of the Breast Cancer Surveillance Consortium (USA), the sensitivity
of mammography in women aged 40 to 74 years decreases with increasing breast density (326).
Ranges for sensitivity (depending on age group) were 81% to 93% for fatty breasts, 84% to 90%
for breasts with scattered fibroglandular density, 69% to 81% for heterogeneously dense breasts
and 57% to 71% for extremely dense breasts. Except in the extremely dense breasts, sensitivity
in each group was lowest in the age subgroup aged 40 to 49 years. The Ottawa study of
preoperative breast MRI in all consecutive patients found a significant correlation in findings
affecting surgical management in women which increased with breast tissue density (327),
Bishop et al. (328) reported sensitivities of 59% for mammography, 65% for ultrasound, and 97%
for MRI. Vashi et al. (329) found no difference between the ability of MRI to detect additional
lesions in dense versus non-dense breasts and concluded to use MRI in all patients to determine
extent of disease. Gadobenate dimeglumine-enhanced MRI was significantly (p<0.02) superior
to gadopentetate dimeglumine-enhanced MRI and mammography or ultrasound for malignant
lesion detection, particularly in heterogeneously dense breasts (301). Density is greater in
women with smaller breasts, younger age, or less than two pregnancies (330).

The Supplemental MRI Screening for Women with Extremely Dense Breast Tissue (DENSE
trial, NCT01315015) (331) randomized 40,373 women with extremely dense breast tissue and
normal screening mammography to either supplemental MRI or only mammography, and found
MRI resulted in fewer interval cancers (thus, it found cancers earlier). Interval cancers were
reduced by 50% in those offered MRI, and 80% in those who agreed to have an MRI (332, 333).

The GEMMA-1 and GEMMA-2 prospective trials studied women (n=906 total) with newly
diagnosed and histologically proven breast cancer before surgery (306). They found CE-MRI
more sensitive (80% to 89%) than unenhanced MRI alone (37% to 73%) or mammography (68% to
73%). Specificity of CE-MRI was 83% to 95%. Additional analysis by breast density (334) found
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CE-MRI sensitivity was independent of breast density while sensitivity of x-ray mammography
declined for index cancers (Gemma-1 83% to 83% MRI vs. 79% to 62% mammography as density
increased; Gemma-2 91% to 91% MRI vs. 82% to 64% mammography). For additional cancers,
MRI sensitivity increased with density (Gemma-1 50% to 73% vs. 34% to 20%; Gemma-2 57% to
81% vs. 24% to 25%). Elmi et al. (335) found that MRI detected more malignancy than
mammography over all breast densities, and detected more than digital breast tomosynthesis
in women with dense breasts.

Hormonal, Menstrual, or Menopausal Status

Background parenchymal enhancement in normal breast tissue varies with age, week of
menstrual cycle, menopausal status, lactation, and use of exogenous hormones or endocrine
therapy (336-338). It is sometimes recommended that non-urgent MRI in premenopausal women
be conducted during the second week (days 7-15) of the menstrual cycle as background
parenchymal enhancement is lower during this time. Using DWI-MRI, differences in ADC during
the menstrual cycle are small and not statistically significant (339-341). ADC values are lower
in postmenopausal compared to premenopausal women (340, 342, 343).

Screening

Riedl et al. (344) reported sensitivity of 90% with MRI, 37.5% with mammography, and
37.5% with ultrasound in screening high-risk women; 45% of cancers were detected only by MRI
and there was no advantage to supplementing MRI with ultrasound or mammography. MRI is
recommended in screening women at high risk of cancer (345). There is controversy as to
whether MRI alone (without mammography or ultrasound) is sufficient for screening, and trials
are ongoing. Conventionally, DCIS manifested as calcifications on mammography (especially
BI-RADS 3) were detected more frequently with mammography than MRI and it was thought that
such disease presentations were not detectable by MRI. With modern optimized techniques
and improvements in interpretation, detection of DCIS is higher than in older studies and
exceeds that of mammography or ultrasound (5). A high-risk breast screening study in Ontario
reported on DCIS detection rates divided by periods before and after July 2001 to reflect
advances in MRl methodology and expertise (6). In the early period there were 2 cases of DCIS
(both not detected by MRI) out of 15 cases of cancer in 223 women. In the later period there
were 10 cases of DCIS out of 29 cancers in 391 women; all of the DCIS cases were detected by
MRI but only one by mammography. The largest and most often cited study was conducted Kuhl
et al. in 7319 women, of whom 167 had both preoperative mammography and MRI and a final
pathological diagnosis of DCIS (7). MRI was conducted for various reasons; 93 had an abnormal
mammogram and 74 had normal mammogram (including screening in 29 women at average risk
and 8 at increased familial risk). In patients with DCIS, sensitivity of mammography was 56%
and MRI was 92% (p<0.0001); MRI sensitivity was greater in those with high-grade DCIS (98%)
and intermediate grade DCIS (91%) than in low-grade DCIS (80%).

Occult Cancer

Occult breast cancer refers to cancer in axillary lymph nodes or metastasis to other
locations with histology consistent with breast cancer but with no identified primary or index
cancer detectable by physical examination and usual radiologic examination (breast ultrasound
and mammography). MRI is often used in patients with occult breast cancer, although positron
emission tomography (PET)-CT may also be used, especially to detect other sites of malignancy,
or when the primary type is unknown (cancer of unknown primary) (346, 347). Small studies
have found that non-treatment (observation) resulted in higher rates of local recurrence than
radiotherapy or mastectomy (348, 349). This use of MRI is outside the scope of the current
review.
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Detection of Additional Ipsilateral Lesions

The recent study by Goodman et al. (350) looked for additional ipsilateral
mammographically occult tumours that were more than 2 cm from the primary tumour and
found 150 in 129 patients out of 667 consecutive patients with preoperative breast MRI. One
additional tumour was found in 112 of 129 patients (86.8%)m, while 17 of 129 patients (13.2%)
had two or more additional tumours. In 71 of 129 patients (55.0%) tumours were in different
quadrants and in 58 of 129 patients (45%) tumours were found in the same quadrant as the
original tumour but >2 cm away. In 20 of 129 patients (15.5%), the additional tumour was larger
than the original/primary and in 26 of 129 patients (20.2%) the additional tumour was at least
1cm.

lacconi et al. (351) reported a retrospective review of 2021 patients who had biopsy after
preoperative MRI. Of these, 285 (14%) had additional cancer detected by MRI. In 73 patients
(3.6%) there were 87 cancers in different quadrants than the index cancer. In 17 of 73 patients
(23%) the MRI-detected tumour was larger than the known index lesion, and in 18 of 73 patients
(25%) the tumours were larger than 1 cm.

Contralateral Breast Cancer

Many studies have established that the rate of CBC in patients with breast cancer is
higher than baseline rates for breast cancer in the general population. MRl may detect
mammographically occult tumours in the contralateral breast that would not otherwise be
treated by surgery or radiotherapy. There may be a significant effect on rates of subsequent
operations and survival, especially for patients who do not have adjuvant therapy. A meta-
analysis of 22 studies found the incremental cancer detection rate in the contralateral breast
over conventional imaging to be 4.1% (352).

The following studies provide additional examples of utility of breast MRI in detection
of contralateral cancer. In a study of 367 women with newly diagnosed breast cancer, there
were 15 cancers (4.1%) in the contralateral breast, of which 14 (93%) were detected by MRI and
one was detected by prophylactic mastectomy (353). In a study of 425 women with newly
diagnosed cancer who underwent bilateral MRI, MRI found contralateral lesions requiring biopsy
in 72 of 425 patients (17%); of these 16 of 72 patients (22%) had pathologically confirmed
carcinoma, giving a rate of contralateral carcinoma detected by MRI of 3.8% overall, and 5.4%
in those aged 70+ years (354). In a study of 103 women with newly diagnosed cancer, MRI lead
to biopsy in 10% and found four cancers in the contralateral breast (4%), whereas mammography
detected none (355). In the ACRIN 6667 trial (356-359), MRI detected malignant lesions in the
contralateral breast in 30 of 969 patients. Patient factors and not breast MRI imaging were the
main determinants in contralateral mastectomy. The incidence rate of contralateral cancer
was 3.1%, and much higher than the 1% found by MRI in a study of high-risk patients. In 182
patients with newly diagnosed breast cancer after biopsy (360), CE-MRI detected suspicious
lesions in the contralateral breast in 15 patients (8.2%), resulting in diagnosis of malignant
results in 7 patients (3.8%). Of these there were four DCIS, two invasive ductal carcinomas with
DCIS, and one invasive ductal carcinoma. Of the others, there were four fibrocystic changes,
two atypical ductal hyperplasia, one atypical lobular hyperplasia and focal LCIS, and one ductal
hyperplasia. Lai et al. (361) found preoperative MRI detected contralateral lesions in 70 of 735
(9.5%) patients with known unilateral breast cancer, with malignancy in 21 of 44 (47.7%) of
those who had surgical interventions; of these there were 7 invasive ductal carcinoma, 1
mucinous carcinoma, and 13 DCIS. A study found MRI had a negative predictive value of 96.1%
for synchronous contralateral cancer in 51 patients with a new diagnosis of invasive breast
cancer or DCIS (362), suggesting it could be used to rule out the need for prophylactic
contralateral mastectomy. In 35 patients with ILC, MRI detected contralateral lesions in 9

Evidence Summary Page 32



Evidence Summary 1-25

patients (24%), of which three (8%) were ILC and one was DCIS (363). In patients with invasive
(ducto)lobular cancer, preoperative MRI detected clinically relevant findings (size discrepancy
>5 mm or additional lesions) in 63% of patients, which on further workup included contralateral
cancer in 9%, additional ipsilateral malignant foci in 18%, and more extensive disease in 20%
(364).

Studies suggest that CBC, whether synchronous or metachronous, is usually a new or
independent primary cancer instead of locoregional recurrence or metastasis (365, 366). A
genetic analysis found that in 49 patients, only three sets of contralateral cancers were clonally
related and consistent with metastasis, and an additional three sets had a solitary matching
mutation (365). A study of based on the Netherlands Cancer Registry found a significant
decrease from 2003 to 2008 for local recurrence (3.2% to 2.4%), regional recurrence (1.8% to
1.3%), and distant metastases (10.5% to 7.1%), but stable rates of CBC (3.1% to 2.8%, p=0.56)
(366). Chemotherapy and hormonal therapy reduced the risk of recurrence and CBC, while
tumour factors conferring risk for recurrence did not affect CBC rates.

Concordance or Correlation with Other Imaging or Biopsy

A study by Saunders et al. (367) found use of MRI avoided surgical excision in 68.9% of
patients in which there was discordance between mammogram or ultrasound and benign core
biopsy results. Lee et al. (283) found that for cases with discordance between MRI imaging and
ultrasound-directed biopsy, 26% of presumed sonographic correlates localized to a site distinct
from the MRI-detected lesion. Several studies suggest that when benign pathology is
concordant to MRI imaging the false negative rate is around 2% to 5% (368-370). Even with MRI-
guided biopsy, some lesions may be missed (369, 371).

MR/ and Radiotherapy

MRI and/or CT are often used for radiotherapy treatment planning (372), and are often a
requirement for partial breast irradiation protocols to determine patient eligibility (250). A
systematic review and meta-analysis including six studies and 3136 patients, all of which used
NSABP B-39 trial criteria, found MRI excluded 6% to 25% (pooled value 11%) of patients who had
been deemed eligible for partial breast irradiation prior to MRI assessment (216). This
represented 2% to 20% of all patients, and the authors concluded that MRI should be used in
selection of patients for partial breast irradiation. Several studies reported on secondary
cancers found by MRI that would not be removed by surgery or targeted in the radiotherapy
field of partial breast irradiation (373-379). Kowalchik et al. (378) reported that of 566 women
deemed eligible for partial breast irradiation according to NSABP B-39 inclusion criteria with
physical examination, mammogram and/or ultrasound, MRI altered the recommendation for
141 patients (25%). There were 118 (21%) with additional ipsilateral cancer including 62 (11%)
with more extensive disease, 64 (11%) with multicentric disease, and 28 (5%) contralateral
cancer. Asimilar study (379) in patients with DCIS found 23 of 117 patients (20%) were ineligible
for partial breast irradiation based on MRI results; 21 (18%) had additional ipsilateral cancer of
which 5 (13%) had more extensive disease, 6 (5%) had multicentric disease, and 4 (4%) had
cancer in the contralateral breast. MRI therefore changed treatment recommendations in 20%
of patients.

Axilla/Axillary Staging

Several systematic reviews report on the use of MRI to detect axillary lymph node
metastases, and thus possibly avoid sentinel lymph node biopsy or axillary lymph node
dissection. Six reviews reported pooled sensitivities of 77% to 89%, and specificity of 82% to
93%. Some reviews did not specify the type of MRI (380, 381), while others included only DWI
(382-384), either DWI or CE-MRI (DCE-MRI) (385, 386), or MRI + other techniques (387). DWI has

Evidence Summary Page 33



Evidence Summary 1-25

been reported to have higher sensitivity and specificity than conventional MRI (388). Dedicated
axillary MRl may be more accurate than breast MRI (389). Kuckelman et al. (390) indicated
that axillary specific protocols are not commonly used in the clinic. Superparamagnetic iron
oxide (SPIO)-enhanced 3 T MRI was reported to have 100% sensitivity, 96% specificity and 97%
accuracy for diagnosis of sentinel node metastases (391, 392), and is the basis of an ongoing
trial (393). A study with ultrasmall SPIO reported 100% sensitivity, 98% specificity, and 98%
accuracy on a node-by-node basis (394). SPIO has also been studied as a tracer for sentinel
lymph node biopsy (395). MRI is able to detect involved internal mammary nodes (396-398).
Use of MRI in radiotherapy planning can result in more precise targeting of lymph nodes (397,
399-404).

Standard versus Oncoplastic Surgery versus Mastectomy or Nipple-Sparing Mastectomy

Standard BCS may lead to fair to poor esthetic and functional results (405) and more
complex oncoplastic surgery or mastectomy may be more appropriate if the optimal tumour-
to-breast ratio for each quadrant is exceeded. Breast MRI or other advanced imaging (PET/CT)
may be a prerequisite for extreme oncoplasty (BCS using oncoplastic techniques in patients for
whom most physicians would not do so; generally >5 cm multifocal or multicentric tumours)
(406).

MRI is frequently used prior to nipple-sparing mastectomy, especially in the case of
centrally located tumours (407-411). Others suggest MRI does not improve detection of occult
nipple-areola complex involvement (412). This may be at least in part due to non-optimal MRI
technique and interpretation; Gao et al. (413) (plus commentary (414)) published a detailed
analysis of normal nipple enhancement with breast MRI and radiologic-pathologic correlation
and suggest that 2 cm is no longer the minimum tumour-to-nipple distance. Tumour-to-nipple
distance of 1-2 cm is no longer a contraindication to nipple-sparing mastectomy (413, 415-419).
Ponzone et al. found a distance of 5 mm allows optimal discrimination between positive and
negative nipple-areola complex cases (420). A single abbreviated breast MRI scan was found by
Liu et al. (421) to reduce the need for biopsy of the nipple-areolar complex in nipple-sparing
mastectomy. DWI has also been found to predict nipple-areola complex invasion (422).

MRI used to characterize blood supply and innervation for autologous tissue flaps (423,
424) and other planning of nipple-sparing mastectomy may reduce rates of post-surgical
complications including skin flap ischemia and nipple-areola complex necrosis (425-428).

Nipple Involvement or Discharge

Del Riego et al. (411) provide a pictorial review and diagnostic algorithm to evaluate
benign and malignant diseases affecting the nipple-areolar complex, and indicate that this area
has special anatomic and histologic characteristics, requires multimodal approach, and can
present a challenge to radiologists. Reviews (429, 430) indicate that MRI had sensitivity superior
to galactography for pathologic nipple discharge; while ductoscopy and MRI are both options,
MRI has superior sensitivity and provides additional information (431). A network meta-analysis
for diagnosis of pathologic nipple discharge (432) evaluates diagnostic efficacy of ultrasound,
mammography, cytology, MRI, and ductoscopy. They found that MRI is the most sensitive for
detecting malignancy (83%), followed by ductoscopy (58%), ultrasound (50%), cytology (38%),
and mammography (22%). Specificity was highest for mammogram (93%), then ductoscopy
(92%), cytology (90%), MRI (76%), and ultrasound (69%).

DISCUSSION AND CONCLUSIONS

MRI is one of the most sensitive imaging techniques in detecting breast tumours, with the
potential to be highly specific. Performance depends on the equipment and MRI techniques
used and expertise of those conducting the analysis. Guidance on performance of CE-MRI and
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biopsies by the Canadian Association of Radiologists, American College of Radiology, EUSOBI,
and others as listed in Appendix E of may be useful; however, these were not critically reviewed
or compared in this evidence summary.

This systematic review compiled a comprehensive set of data from trials comparing
patient outcomes with and without preoperative MRI. Data from RCT trials were of limited
usefulness as all had some deficiencies and evidence was considered moderate to low quality.
Non-randomized trials were determined to provide evidence of similar quality as RCTs. Due
to absence of information suggesting one type of trial provided stronger evidence, limited data,
and for ease of presentation, evidence from all trial types was combined, with data in some
forest plots subdivided according to trial type. A strength of this approach is that a much larger
number of trials informs the observations and conclusions.

The outcome of mastectomy rates (as opposed to BCS) is commonly reported but of
limited use in determining whether MRI should be used. MRI’s advantage is its greater sensitivity
than mammography and ultrasound, and thus by definition should find more lesions. In some
cases, their size, number, or position will make BCS difficult or impossible and in these patients
the rate of mastectomy would increase. However, MRI can also rule out the presence of
additional lesions or the extent of tumours and therefore confirm that BCS is technically
feasible in cases that would otherwise have had mastectomy. With the ability to perform
oncoplastic surgery and multiple lumpectomies, MRI could even decrease mastectomy rates.
Several of the trials, including the majority of RCTs that measured mastectomy rates as an
outcome, were conducted in a preselected patient population consisting only of those patients
for whom BCS was to be performed. Due to this design, these studies could only result in an
increase in mastectomy rate, and this is clearly seen in the figures in which studies are
subgrouped by whether the patient population was limited to BCS candidates. The remaining
studies found a much smaller or no effect of MRl on mastectomy rates, and trials in ILC suggest
it may even decrease mastectomy rates. Even these results are of limited value, as non-
technical factors appear to have a greater influence on the decision-making process, and
mastectomy rates vary widely according to surgeon, institution, ethnic, and socioeconomic
factors. Most of these are not collected or adjusted for in the retrospective studies. This is
also exemplified by studies in which MRI found no lesions or lesions later determined by biopsy
to be benign, yet mastectomy rates increased, and by non-zero initial mastectomy rates in
patients selected for inclusion based on being suitable for BCS.

Several publications by Hollingsworth et al. at Mercy Hospital in Oklahoma are interesting
(141, 142). This group uses MRI in all patients as part of the initial evaluation, instead of a final
or tie-breaking add-on once a treatment decision has already been made. In this way they
suggest patients and multidisciplinary teams see MRI as just one more piece of information,
results are available prior to any decisions, staff have the required expertise in MRI use, and
there was no net increase in mastectomy rates.

The second major limitation, to be expected in non-randomized studies, is that patients
were selected to undergo MRI for specific reasons related to tumour characteristics or patient
history and therefore MRI and non-MRI groups were non-equivalent. Due to the retrospective
nature of using either patient records or cancer registries, much of the information related to
decision-making was unavailable. The included studies used matching or multivariate analysis
to try to control for confounding factors such as patient age or menopausal status (but
frequently only in a dichotomous manner) and tumour characteristics such as size, stage, and
histology. While a number of other patient, disease, and institutional factors are known to
affect outcomes, such additional factors were often not reported or not used in adjusting for
confounders. Various studies adjusted for 2 to more than 20 factors. Even in studies where
data on potential confounders were available, statistical analysis was often insufficient. The
most common example of this was restricting multivariate analysis to only those factors of
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statistical significance in univariate analysis. In this way, even factors known to be important
could be excluded either because the study was too small to reach statistical significance or
factors have effect in a combined or interactive manner. A more appropriate and rigorous
approach is to use all factors that have any possible influence on the outcome of interest (i.e.,
correlation not close to 1.0). Taking into account these factors, there was a wide range in
quality of studies, and this can be observed by reviewing the information in the data tables.
Even in the best studies there was often some imbalance between groups, and non-clinical
factors that play a role in decision-making could not be accounted for.

While studies with historical controls are often considered as lower quality than those
with matched cohorts or multivariate analysis, this may only be correct if all confounders can
be accounted for in the later designs. Due to limitations mentioned, studies comparing
consecutive patients after and immediately before implementation of MRl may provide higher
quality of evidence. As illustrated in Figure 1.4, MRI had the lowest impact on mastectomy
rates in these trials.

Other outcomes such as positive surgical margins, reoperations, recurrence, and survival,
are less influenced by non-clinical (non-disease) factors, with margins and reoperations
depending more on imaging, surgeon, and disease factors such as multifocality/multicentricity.
Recurrence and survival are influenced by adjuvant treatments and disease characteristics.
These outcomes are generally considered the more important to consider than
mastectomy/BCS rates, although the relative importance is challenging to interpret, especially
in non randomized designs. With OS >95% in several studies (see Table 4), an extremely large
number of patients would be needed to measure a difference in survival due to MRI. Advances
in systemic therapy and radiotherapy, and a growing number of effective later lines of therapy
for recurrent disease make it very unlikely to be able to detect an effect of upfront MRI on
these downstream outcomes. As indicated in Figure 5.7, no difference in OS was found.
Recurrence outcomes are more sensitive, and Figure 5.1 shows a decrease in any recurrence in
patients with MRI. More specific recurrence outcomes were reported by less studies, and while
there was a trend for improvement with MRI these were not statistically significant.

The remaining outcomes, namely positive surgical margins, reoperations (including re-
excisions and conversion to mastectomy) are those for which additional information obtained
from imaging prior to surgery is likely to make the most difference. The imaging data can
directly inform the surgeon and guide surgical planning. The data indicate MRI resulted in a
reduction in positive margins for studies not restricted to BCS candidates (see Figure 2.2). Some
of the variation may be because uniform definitions of positivity were not used. Reoperation
rates were also reduced by preoperative MRI, as illustrated in Figure 3.1 (OR=0.73, 95% CI=0.63
to 0.85). While re-excisions were reduced (see Figure 3.2), there was a larger and more
consistent reduction in conversion mastectomy (see Figure 3.3, OR=0.67, 95% ClI=0.50 to 0.90).
A study using the Alberta Cancer Registry found that 19% of patients with initial BCS had re-
excision, and this varied significantly by geography and surgeon (433). Patients with or without
re-excision had similar survival (all-cause and breast-cancer-specific).

Reoperation may delay adjuvant treatment, result in poorer cosmetic outcome, cause
emotional distress, increase recovery times, and be a financial burden to the health care system
and patients (434). Initial re-excision may lead to further re-excision and eventual mastectomy,
or immediate conversion mastectomy instead of wider excision. The American Society of Breast
Surgeons indicates that “a goal of breast cancer care is to minimize the number of operations
a patient requires in order to optimize their oncologic outcomes and minimize their local
recurrence” (435). Better information upfront could allow more BCS without conversion
mastectomy, as well as mastectomy in a single operation for those patients whom BCS is
technically or aesthetically inappropriate. When mastectomy is preplanned, there may be a
wider range of reconstruction options including skin- and nipple-sparing procedures. It has
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been proposed that the goal should be a single surgery (141, 142) and more than one re-excision
should not be necessary for most patients. The United Kingdom National Health Service Breast
Screening Programme target is that the reoperation rate for incomplete excision should not be
more than 10% (158, 159). EUSOMA set a minimum standard (quality indicator) of 80% and target
of 90% for proportion of patients with invasive cancer that should receive a single breast
operation (excluding reconstruction); for DCIS standards were 70% and 90% (436). While this
was achieved in some studies in the current review, such as the one by Hollingsworth (141, 142)
in which rates dropped from 12% to 15% prior to MRl implementation to 9% afterwards, most
did not. Some studies reported reoperation rates as high as 45%.

Some of the trials that reported increased rates of mastectomy with MRI did not confirm
whether the additional lesions were benign or cancerous; it was later found that several
mastectomies were unwarranted. Best practice, as indicated by the American College of
Radiology and other guidelines (Appendix E), is that additional suspicious lesions be biopsied or
otherwise confirmed if they could alter surgical procedures. Ideally, sites performing MRI
should have the capacity for biopsy as familiarity with the complete process may result in better
expertise in reading and interpreting MRI images as well as dedication to advances in the field
(142). Some MRI facilities do not have this capacity and a compromise in many guidelines or
regulations allows MRI to be conducted elsewhere, as long as there is a partnership or referral
pattern to another facility for biopsy if needed. This can lead to delays in the diagnosis (437).

A common theme in many of the publications was the high rate of CBC detected by MRI
but not mammography. A meta-analysis of 22 studies found the incremental CBC detection
rate over conventional imaging to be 4.1% (352). This is much higher than the cancer rate of
1.4% in the High Risk Ontario Breast Screening Program (438). Some studies suggest most CBC
are second primary cancers (365, 366). The mammographically occult cancer is sometimes
larger or with worse prognosis than initial cancer detected and receiving treatment, but would
not receive radiation treatment, which is considered as standard treatment after BCS. While
chemotherapy or other systemic therapy may help with the CBC, not all patients receive
systemic therapy, and that given may not be most appropriate for both the ipsilateral and
contralateral tumours. Some have suggested that in cases where the contralateral tumour is
larger or more advanced than the index tumour, failing to detect and treat the contralateral
tumour could be considered inappropriate operation. As MRI is considered standard of care in
screening high-risk patients, and patients diagnosed with breast cancer are at high risk of CBC,
use of MRI can be considered for patients at high risk of CBC. This would allow treatment of
both cancers in a single operation, followed by reconstruction and adjuvant therapy, instead
of treating the contralateral cancer when detected symptomatically or at a subsequent
screening when it is larger.

Mammographically occult ipsilateral lesions are larger than the index lesion in about 20%
of cases (350, 351) and unless detected coincidentally during operation of the index tumour
would be untreated surgically. While whole breast irradiation would provide some treatment,
partial breast irradiation would be inadequate. The systematic review and meta-analysis by Di
Leo et al. (216) supports the use of MRI in patients being considered for partial breast
irradiation, and found MRI excluded 11% of patients initially eligible (range 6% to 25% in six
studies of 3136 patients). Several guidelines recommend MRI in this situation.

Advances in CE-MRI, as well as in complementary techniques such as DWI-MRI and growing
expertise of those interpreting output, have improved the sensitivity and specificity of MRI in
detecting lesions and reduced the proportion of lesions that require biopsy. Accelerated or
abbreviated MRI techniques may significantly reduce the acquisition time and related costs
without sacrificing performance in most cases; this is a topic of recent and ongoing clinical
trials. While MRl and mammography are generally used together, and in older studies MRI failed
to detect calcifications, based on newer trials or modified procedures some researchers have
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proposed that MRI could replace mammography altogether, eliminating radiation exposure and
reducing cost (compared to mammography followed by MRI). A number of considerations such
as positioning during MRl and how this translates to tumour position during surgery, tumour
marking for biopsy and surgery, contrast agents to use, specific applications such as oncoplastic
surgery and nipple-sparing mastectomy need to be considered. Other advanced imaging
techniques (see Appendix F) may complement MRI or mammography when adapted to breast-
specific imaging to increase sensitivity or for whole-body imaging for metastasis. Research and
clinical adaptation for magnetic resonance spectroscopy and molecular breast imaging are less
advanced than MRI and they are not widely available.
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Table 1. Mastectomy rates - Patient population not defined by type of surgery planned before MRI.

Back to Table of Contents

Back to Results Section

year, age, hospital type, DCIS
grade, multifocality

n=2,382 + 8,033
(n=1,303 + 6,072 with BCS)

Breast MRI used in pts
with high-grade DCIS
preferring BCS, unclear
tumour size, or suspicion
of microinvasion

Secondary mastectomy after BCS 11.2%
vs. 7.4%, OR=1.32, 95% CI=1.07-1.63,
p<0.05

Final mastectomy 51.4% vs. 30.0%,
OR=2.11, 95% CI=1.91-2.33, p<0.05

were similar to
that of the full
study except for
secondary
mastectomy

Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:git;ortli;re source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
In situ or DCIS
Lebanon, NH Davis, 2012 Retrospective chart review Newly diagnosed DCIS 1.5 T MRI, dedicated Initial mastectomy 20% vs. 19%, ns Pt choice resulted | R-MV DCIS
(125) comparing those with and confirmed by fine-needle | prone eight channel . . in more
2007-2011 without MRI, n=154 + 64 or core biopsy breast, gadopentetate 12/ 44Br(1:1§stec(tjgcrin1tes W;;Lm pts that mastectomy than
. . . dimeglumine (Magnevist; | WEr€ candidates; o/a4 MRI
No comparison of baseline MRI not used for DCIS in mastectomies due to additional MRI
- L . Bayer Health Care, . .
characteristics; assumed similar | 2007-2008; used in all pts Berlin, Germany) findings (4 had DCIS in contralateral
due to before/after MRI in 2009-2011 contra,st breast of pt with invasive cancer and
implementation design Excluded pts diagnosed mastectomy was due to pt choice)
due to MRI in high-risk Overall mastectomy 27.9% vs 23.4%, ns
screening
Netherlands Keymeulen, Retrospective, MRI vs. no MRI; Diagnosis of pure DCIS Not reported Mastectomy as first procedure 45.3% Differences in R-MV- DCIS
Cancer Registry | 2019 (126) multivariable logistic regression | and treated with surgery, vs. 24.4%; OR=2.22, 95% Cl=2.00-2.45, subgroups defined | Reg
2011-2015 analyses to adjust for incidence | age <75y p<0.05 by age or grade

! Only female patients unless indicated otherwise.
2 When statistical adjustments are made to account for confounders, this applies to OR and p values; numbers or rates of events of are not adjusted. For studies with multivariate analysis, only
those which adjusted for stage/size and age/menopausal status are included. Adjustment for high risk factors and lesion distribution such as multicentric or multifocal was desirable but not
generally conducted.
3 RCT, randomized controlled trial; P, Prospective non-randomized trial; R-PSM, retrospective with propensity score matching; R-MV, retrospective with multivariate analysis; R-MV-Reg,
retrospective with multivariate analysis using registry data; R-EQ, retrospective using data from equivalent groups (e.g., historical controls)
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -

Ig(:f::t;?rt‘i:e source Number of patients (n) in MRI Type Histology
period of MRI and non-MRI groups

Analyses were also stratified by | MRI used more in younger

age at diagnosis (less than 50 pts, higher grade,

versus 50-74 y) and histological multifocality

grade
University of Yoon, 2020 Retrospective, preoperative MRI | Consecutive pts with DCIS | 1.5 T MRl or 3.0 T MRI, Initial mastectomy 37.7% vs. 34.0%, Patient and R-PSM DCIS
Ulsan College of | (127) vs. no MRI; propensity score confirmed by US-guided prone position, OR=1.16, 95% CI=0.68-1.98, p=0.59 surgeon
Medicine, matching using 18 confounding CNB dedicated 18-channel Overall mastectomy 38.7% vs. 40.6% preference could
Gangneung, variates to create matched Excluded phased-array breast, R=0.93. 95% —Oy ‘ 08 '_0 '9 0 not be controlled
Korea groups (included age, family and cxclude conFurrent gadoterate meglumine OR=0.93, 95% Cl=0.54-1.58, p=0.7 for

personal history, density, grade, Invasive carcinoma, no (Magnevist; Schering,
2012-2016 tumour size, ER/PR/HER2 surgery, history of Berlin, Germany and

status) ipsilateral breast cancer Uniray; Dongkook, Seoul)

12430 + 111 contrast

n=106 + 106 after propensity

score matching
Magee-Womens | Sorbero, 2009 | See: In situ and invasive
Hospital of the | (128)
University of
Pittsburgh
Medical Center
tumour registry
and radiology
databases
Eindhoven Vos, 2015 Retrospective, multivariable IBC pT1-3 or pure DCIS Dynamic contrast- Age-adjusted OR (95% Cl) and p values | No information on | R-MV- O-1l
Cancer (129) analysis Excluded neoads ¢ enhanced MRI was DCIS multifocality or Reg (DCIS or
Registry, The . - juvan performed according to multicentricity, IBC)
Netherlands Preoperthe MRI vs- no.MF'{I, systemic therapy, stage local protocol in each e Mastectomy 43.4% vs. 18.2% indication for

multivariable binary logistic T4, distant metastasis, : Y 43.4/%VS. 10.2/%0, .
2011-2013 regressi : hospital OR=3.44, 95% CI=2.28-5.20, performing MRI,

gression analyses adjusted unknown stage or TO0, i B 0 hanges in
factors with p<0.1 in univariable | unknown surgery or No other details p<0.001; adjusted OR=3.18, 95% any chang
. . =2.09-4. X surgical plan

analysis; different set of factors | margin status reported C! 2.09-4.82, p<0.001 o )

used for each subgroup and Contralateral breast * (F)]E?; r;astecotom_y 48.5% s. 22.0%, Residual

outcome =3.35, 95_4’ Cl=2.25-5.00, confounding may

cancer was analyzed as a p<0.001; adjusted OR=3.11, 95% be present from
DCIS: n=136 + 478 (adjusted only | new pt Cl=2.07-4.66, p<0.001 factors not taken
for age) into consideration
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)it;ort‘ig:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
Subgroups of invasive cancer, MRI pts younger, more ILC See later in table for invasive cancer
high-grade DCIS, non-palpable (27.4% vs. 7.3%) results
invasive, age <40y, lobular
In situ and
invasive
POMB Gonzalez, Randomized prospective Women up to age 56 y MRI at Sites A and C but | Initial mastectomy 39.1% vs. 34.1% Goal was to have RCT BC
Breast units in 3 2014 (130) multicentre trial, preoperative with newly diagnosed IBC | not B [excluding neoadjuvant 31% vs. 27%] >10 mm margins,
Swedish Karlsson, 2019 MRI or no MRI 2;: (? en;}r(lj:g;lr\]/gsjlzreast Site A: 1.5 T MRI, prone Overall mastectomy 43.2% vs. 40.5% ?nu;ezostutr?:g?ogr
hospitals (131) n=220 * 220 [but 19 pts in MRI confirmed with cytology position, §-chanqel Additional CBC found by MRI was 2.9% invasive
2007-2011 group did not receive MRI] or biopsy breast coil, Omniscan carcinomas
Groups non-equivalent: (GE Healthcare) 13 incremental MRI findings were accepted:
sugggsted pri?nary trea.tment !)emographic and clinical | gadolinium contrast unverified as malignant or high-risk but individua[ decision
(before MRI) was 17.7% vs 23.2% g,;?g?;;g&;&l lﬁ(;tne]dpt Site C: 1.5T MR, prone | treatment plan was changed anyway for DCIS
mastet;tomy, 10.9% vs. 13.6% records; stage, size, position, fI-channel RCT authors concluded that Critique of trial by
neoadjuvant chemotherapy, 70% histology, ER/PR status, breast coil, Dotgrgm approximately 15% of pts without MRI Brenner 2015
vs 60% BCS family history not (Guerbet) gadolinium were denied adequate initial (439)
Some pts were randomized after | reported contrast treatments with impacts on prognosis
MDT discussion MRI-detected lesions
« biopsied if detectable by
At.pret,r eatment M'DT,.most US. MRI-guided biopsy
patients’ participation in introduced in 2009 at
preoperative MRI of the breast one site, only used in 4
(POMB) was known, but the ts ’
allocated treatment arm was pis.
unknown in the vast majority of
cases. It could not be ruled out
that the unblinded and
randomization design could have
influenced the unbalanced
planned treatment”
Monet Peters, 2011 Randomized before Suspicious non-palpable MRI at university Initial mastectomy: 32.1% vs. 34.2%, Commentary on RCT BC
NCT00302120 (132) biopsy/diagnosis breast lesions, BI-RADS 3- | hospital p=0.776 this article (440)
. . 5 detected on . . . indicated that
Peters, 2007 Routine care + preoperative MRI mammography or breast 3 T bilateral dynamic Conversion of BCS to mastectomy sensitivity of 51%
(133) or routine care alone US and referred for contrast enhanced (DCE) | 11.3% vs. 16.0%, p=0.489 is well below 92%
[protocol] histological analysis breast MRI prior to achievable in
biopsy of suspicious
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Study name, Author and Study design Patient characteristics’ MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)it;ortli;re source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
4 hospitals in (mammography, US, core needle | Histological analysis from | lesion, prone position, Final mastectomy rate 39.7% vs. 44.7% | some other
The biopsy) needle biopsy of in situ or | dedicated phased-array Only 47% of hv lesi studies,
Netherlands 78 + 76 invasive carcinoma to be bilateral breast coil, nty d :0 tmdammﬁg[?g6¥1§8'°ns suggesting there
2006-2008 n= included in study Gadolinium-DTPA \ll)veer:ie ne ected on ’ were may have been
207 + 211 pts initially but only Excluded palpable (Magnevist, Schering, g technical
74 + 75 pts had malignant lesions, breast surgery or Germany) contrast MRI detected 11 additional lesions of limitations with
lesions (78 + 76 breasts, 83 + 80 o . - which 2 were malignant [this is the MRI used;
. RT within 9 months Additional lesions on MRI | ™' : Sho T .
lesions) and underwent surgery investigated with indicated in text but missing in Figure reoperation rate
. o high
Note: biopsy was after MRI fn%?ir;r)l(::taf:sl?ozg/vv Zfre second-look US and 2] g
DCIS and 50% invasive sampled with US or MRI
. carcinoma for both MRI guidance
Study designed to have and control groups 3 T MRI was relatively
sufficient power if 250 cancers . ] new, and they previously
with surgery in each group 60% of lesions had had substantial problems
microcalcifications only with fat suppression;
compared to 25%
pared | ? they indicated image
described in the quality was at least
g)t(?:m(tjtijr:e’ F;?S;'Ellg due to comparable to 1.5 T in
cancers g paip other systems
Mayo Clinic, Katipamula, Retrospective study of pts in Stage O-II breast cancer Not reported Mastectomy 54% vs. 36%, p<0.001 Without MRI, R-MV 0-ll
Rochester, MN 2009 (134) database; association of MRI with definitive surgical L B mastectomy rate
with surgery type; preoperative | treatment MRI recommended for In 0rnultwarlable model, MRI (OR—1..7, was 45% in 1997,
1997-2006 biopsy-proven ILC, 95% Cl=1.3-2.2, p<0.001) and surgical
MRI vs. no MRI o 0 . : . decreased to low
17% Stage 0, 49% stage |, biopsy-proven IBC that year independently predicated of 29% in 2003
n=337 + 5,068 (346 + 5,237 34% stage I was palpable but not mastectomy and then ’
cancers) vis.iltl>le by n;an;mgg]rcam, increased again to
Logistic regression for ;)r(;sﬁgenc;eb?:a?ts 1ps)ri:rc1)ar\nry 41% in 2006.
assoqaltlon of br,fr? SttMRI a?d with negative With MRI (2003 to
surgical year on the type o mammogram and clinical 2006 only)
surgery. breast exam, and mastectomy rate
Multiple logistic to adjust for problem-solving was relatively
age, TNM stage, histology, situations in the setting constant
breast density, laterality, the of biopsy-pr'over! breast
presence of concurrent or prior cancer. This guide was
CBC, and family history of not 'fqllowed by all
breast cancer clinicians
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
Magee-Womens | Sorbero, 2009 | Retrospective, 2 time periods, Stage 0-lll Not reported CPM 9.2% vs. 4.7%, p<0.001 Histology and R-MV 0
Hospital of the (128) effect of MRl on mastectomy; . 0 o BRCA status not
University of univariate and bivariate Excluded bilateral breast Mastectomy 38.5% vs. 27.5%, p<0.001 included in I-1l
Pittsburgh statistics; multiple logistic cancer Multivariate analysis, CPM models Il
Medical Center regression controlling for stage, Significant f
tumour registry family history, age, year of Stage 0: OR=0.64, 95% CI=0.15-2.78, ;gm 1IC?In or 0 0-11I
and radiology diagnosis, p=0.55 stage I-1! overat,
databases s . OR=2.04. 95% Cl=1.32-3 but not in later
MRI uncommon during early tage I-1l: OR=2.04, 95% Cl=1.32-3.16, period
1998-2000 and period p=0.001
2003-2005 n=512 + 3,094 Staogtzéllz OR=0.81, 95% CI=0.30-2.16,
p=U.
(early 1,863 pts, late 1,743 pts) .
Stage I-l, late period only: OR=1.45,
Stage O (in situ) n=40 + 749 95% C1=0.88-2.39, p=0.15
Stage I-1l n=399 + 2184 Stage lll, late period only: OR=0.87,
Stage Il n=73 + 161 95% Cl=0.26-2.88, p=0.82
Multivariate, mastectomy
Stage 0: OR=1.22, 95% CI=0.61-2.43,
p=0.57
Stage I-1l: OR=1.43, 95% Cl=1.12-1.83,
p=0.005
Stage Ill: OR=0.76, 95% Cl=0.41-1.41,
p=0.38
Stage I-l, late period only: OR=1.14,
95% Cl=0.85-1.51, p=0.38
Stage lll, late period only, OR=1.15,
95% Cl=0.58-2.30, p=0.69
4 registries of Onega, 2017 Retrospective, registry data, Non-metastatic unilateral | Not reported Unilateral mastectomy: 27.8% vs. Cannot determine | R-MV- O-lll
BCSC (USA) (135) preoperative MRI vs. no MRI breast cancer, stage 0-lll, 24.3%; OR=1.55, 95% Cl=1.42-1.71; whether Reg
2010-2014 Multivariable logistic regression: no personal history of adjusted OR=1.32, 95% CI=1.16-1.50 assoc1at.lon.1s due
. breast cancer o to MRI findings or
adjusted for pt and tumour Mastectomy + CPM: 14.5% vs. 7.8%; to pt and/or
characteristics including age, OR=1.64, 95% Cl=1.40-1.91; adjusted provider
race, urban/rural, family OR=1.32, 95% Cl=1.05-1.65
. . - preferences
history, year of diagnosis mode
Evidence Summary: Tables Page 43




Evidence Summary 1-25

Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -

Ig(:f)it;ort‘ig:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups

of detection, stage, histology,

tumour size, grade ER/PR, nodal

status, BCSC site

n=2,217 + 10,880
SEER-Medicare Ozanne, 2017 Retrospective, preoperative MRI | Stage 0-1ll breast cancer, Not reported Mastectomy 33,8% vs. 37.8%, OR=0.84, R-MV- O-lll
database (136) vs. no MRI BCS or mastectomy within 95% CI=0.80-0.88; adjusted OR=1.04, Reg
2005-2009 Unadjusted and multivariable ggrgclrgt:s of diagnosis, 95% C1=0.98-1.11

logistic regression models =00y MRI increased over time, but not

_ Excluded prior history of associated with increase in

n=9,055 + 46,942 breast cancer or mastectomy

Adjusted for age at diagnosis, diagnosed in a nursing

race, SEER registry, marital home

status, median income,

urban/rural status, Medicaid,

previous other cancer,

comorbidity index, year of

diagnosis, histology, grade,

stage, ER and nodal status,

tumour size, teaching hospital,

NCI cooperative oncology group

member and hospital type
4 registries of Goodrich, 2016 | Retrospective, MRI vs. no MRI Age >66 y, interval cancer | Not reported Mastectomy 28.4% vs. 24.2%, adjusted R-MV- BC
BCSC (USA) (137) . . (negative screening OR=0.99, 95% CI=0.67-1.50 Reg

Logistic regression to explore mammogram and
2005-2009 association between primary subsequent breast cancer Interval cancer: 39.5% vs. 40.3%

surgical treatment type and dia L

- gnosis within 365 days) Screen-detected: 25.5% vs. 21.8%
preoperative MRI or screen-detected breast
n=204 + 1,254 cancer (positive screening
mammogram) and
e Screen-detected n=162 + months of diagnosis
1,092

Adjusted for age, breast

density, cancer type, tumour

size, stage, grade, nodal status
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
Germany (>50% | Heil, 2013 Mastectomy trends and Surgical treatment for Not reported Mastectomy 37.6% vs 31.9%, OR=1.29, R-MV- BC
of West (138) predictive factors; retrospective | breast cancer, age 18 to 95% Cl=1.25-1.33 univariate; OR=1.42, Reg
Germany multicentre unselected cohort, 80y 95% Cl=1.36-1.47 multivariate
cancer pts) univariate and multivariate Excluded distant
2006-2010 logistic regression analysis (age, xctu te 1S and. l
i stage, type [DCIS, IDC, ILC], me ?S ‘-:S]S’ medica
nodal status, grade, receptor mastectomy
status, singe/multiple lesions,
MRI, hospital type and cases)
n=21,743 + 121,120
University of Choi, 2017 Retrospective with propensity Consecutive women with 1.5 T MRI, bilateral BCS 70.2% vs. 64.5%, p=0.016; R-PSM BC
Ulsan College of | (139) score matching those with MRI newly diagnosed breast breast coil, Magnevist mastectomy 29.8% vs. 35.5%, p=0.016
Medicine, to those without based on 25 cancer and curative (Schering, Berlin,
Seoul, South covariates surgery; excluded those Germany) contrast
Korea n=828 + 1613; selected 799 with neoadjuvant ; Axial sequence for the
2009-2010 hed pai chemotherapy or distant luati f th
) matched pairs metastasis, bilateral eva ual1op ol N d
breast cancer supraclavicular an
axillary lymph nodes
Changhua Lai, 2016 (140) | Retrospective, preoperative MRl | Primary operable breast Initial mastectomy 52.7% vs. 48.6%, R-PSM BC
Christian vs. no MRI cancer, mammography p=0.13
Hospital Control group (no MRI) from Jan and sonography, surgery Final mastectomy 52.9% vs. 50.5%
breast cancer 2009-Dec 2010; MRI group Excluded neoadjuvant
database, starting Jan 2011 when coverage | chemotherapy
Taiwan for MRI cost was implemented . .
Time periods chosen to
2009-2013 Multivariate analysis minimize selection bias
(propensity-score matching) to
identify predisposing factors for f?RI (gjroup had lgss”gil,rade
margin involvement and more grade [
cancers but otherwise
n=735+733 similar
Mercy Hospital, | Hollingsworth, | Retrospective study of Consecutive pts with First 249 pts: 0.5 T 2008 results 2008 results R-EQ BC
Oklahoma City 2008 (141) consecutive pts who all had MRI | newly diagnosed breast breast-dedicated MRI o ies
. preoperatively; historical cancer, all underwent with bilateral breast Mastect.omy rate 39.8% 1mt1al' and 4.3 pts that had
2003-2006 Hollingsworth, control comparison breast MRI coil, gadolinium contrast 41.1% final compared to 52% in the bilateral
2015 (142) ’ year prior to the study (without MRI) mastectomy did so
for preventative
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)it;ort‘ig:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
Extended to n=603 with MRI (141) Excluded neoadjuvant Later pts: 1.5 T breast- reasons and
2014; controls _ . chemotherapy or those dedicated MRI, both unilateral BCS
1996-2002 n=2000 with MRI (142) without surgery after breasts, gadolinium would have
biopsy contrast sufficed;
In 2008 publication: 388 Image-guided biopsy g)égurjg;ggwt:f Zesi%
invasive ductal included radiograph, US,
carcinomas, 149 DCIS, 65 | or MRI guidance The 7.7%
invasive lobular multicentricity +
carcinoma, 1 malignant 3.7% contralateral
phyllodes tumour (11.4% combined)
Historical controls 1996- suggests MRI has
2002 without MRI major
contribution, even
if excluding role
in evaluating the
index lesion
Expected that
non-excised
multicentric
disease is
significant at least
for those
considering APBI
Single Grady, 2012 Retrospective review, after and | Operative breast cancer 1.5 T MRI, prone Mastectomy rate 48% vs. 47% R-EQ BC
institution in (143) before 2 surgeons started diagnosed using core- position, 1.5 T 8-channel
USA routinely using MRI; needle biopsy biopsy breast array coil,
2004-2008 preoperative MRI vs. no MRI One surgeon started use gadolinium (Magnevist -
- Bayer HealthCare
n=79 + 105 of MRl in late 2004, the Pharmaceuticals
Groups equivalent in age, other in late 2007 Berkeley, CA) contrast
menopausal status, histology, Anatomic information
pathologic stage, ER/PR status for the breast and axilla
Invasive
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
National Luis, 2015 Prospective cohort, factors Stage | Not reported Initial mastectomy 32% vs. 22%, OR=1.8 | Age, BMI, P |
Comprehensive | (144) associated with mastectomy o 0 (95% Cl=1.6-2.1), p<0.01 comorbidity,
Cancer Network | [abstract] Multivariable logisti . égé’ mas tigtlc)my and.787(y/; income, centre,
centres ultivariable logistic regression Convaesr tlgli lté(\) rs:ar?teeré/t,omo stage, tumour
2000-2009 n=10,249 total (number with MRI Y sgbtype, grade,
not reported) histology, and
preoperative MRI
were associated
with type of initial
surgery
McGill Parsyan, 2016 | Retrospective from tumour Stage I-1ll breast cancer, 1.5 T MRI, bilateral, 8- Adjusted for age: R-MV 1111
gz::l(:rr]sggntre (145) registry, preoperative MRI or not Eirif;r;:rt]gstsurgmal ;?raar;ngcl)ill)regz;;toﬂrrl]?j?n Initial mastectomy 20.5% vs. 17.2%,
Multivariate analysis controlling contrast ’ adjusted OR=1.31, 95% CI=0.87-1.97,
2006-2013 only for age; no difference in Excluded neoadjuvant p=0.200
tumour size, histologic type, ER | therapy, previous breast . o o
status grade, HER2 status; other | cancer in situ carcinoma, Final mastectomy 23.5% vs. 19.0%
factors not measured age < 30y, history of Contralateral surgery 11.7% vs. 5.5%,
_ Hodgkin’s lymphoma, adjusted OR=2.25, 95% Cl=1.25-4.05,
n=307 + 458 BRCA positive p=0.007
MRI group was younger
(55.3 y vs. 66.3y)
Administrative Arnaout, 2015 | Population-based retrospective Primary operable IBC and | Not reported Mastectomy: 36.8% vs. 29.8%, OR=1.37, | Surgeon R-MV- IBC
data in Ontario | (9) cohort surgery within 3 months N t f wheth 95% Cl=1.30-1.44; adjusted OR=1.73, attributes, such as | Reg
. of diagnosis, excluded 0 mention of Whether 95% Cl=1.62-1.85 less experience,
2003-2012 Patterns of preoperative MRI stage 0 or IV MRI found additional working in a
use; MRI vs. no MRI lesions, or whether CPM: OR=1.45,95% Cl=1.26-1.67; : :
th djusted OR=1.48, 95% CI=1.231.77 | -caching hospital,
n=7,824 + 45,191 chisr(;cvzg:iezed adjuste TG, AL e and performing
o . : more breast-
Multivariate analysis found MRI related surgical
associated with several procedures were
outcomes associated with
Covariates in models: age, greater use of MRI
socioeconomic status,
comorbidity, urban/non-urban,
histologic type, year of
diagnosis, stage, institution
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
type, surgeon volume and
experience
Memorial Sloan- | Kapoor, 2013 Retrospective, evaluation Stage I-11l IBC, surgical Not reported Initial mastectomy 37.1% vs. 23.1, Breast density, R-MV 1111
Kettering (146) relationship between breast treatment OR=1.86, 95% Cl=1.27-2.72, p=0.0014 young pt age,
Cancer Center, density and BCS; adjusted for Excluded di ¢ univariate; OR=1.56, 95% Cl=1.02-2.37, | mammographicall
New York, NY clinical and pathologic variables xcluded neoadjuvan p=0.0381 multivariate y occult cancers,
that were significant on chemotherapy, no and the use of
2005-2007 univariate analysis using mammogram, surgery at Subgroup with initial BCS and positive preoperative MRI
multivariate logistic regression outside hospital, surgical margins: conversion to mastectomy are interrelated
: A diagnostic biopsy 30.0% vs. 21.9%, OR=1.64, 95% CI=1.17-
(age, grade, multicentric/ focal, o factors
LV, size, subtype, density) 2.30, p=0.0039 univariate; OR=1.58,
’ ’ ’ 95% Cl=1.01-2.47, p=0.0458 Patient
n=385 + 671 Note: 24 additional pts with negative part!c1pat1op n
. surgical decision
margins also converted to mastectomy making is strongly
but MRI status not reported; statistics associated with
for final mastectomy not reported mastectomy use
SEER-Medicare Killelea, 2013 Retrospective cohort; Medicare beneficiaries Not reported Mastectomy 39.6% vs. 43.7%; OR=0.85, Does not address R-MV- I-111
database (USA) | (147) preoperative MRI vs. no MRI; age >67 y diagnosed with S tion that 95% C1=0.80-0.89, p<0.001; adjusted reason for high Reg
multivariable logistic regression | stages I-lll breast cancer uggestion that non- OR=1.21, 95% CI=1.14-1.28, p<0.001 mastectomy rate
2000-2009 d had biopsied findings on MRI :
_ and had surgery . . in both groups,
n=7,333 + 65,128 may have increased CPM | In mastectomy group: even in stage |
. . Excluded if previous . . . di
Covariates of age, race, marital ; ¢ Bilateral cancer diagnosis 9.7% vs. 1sease
: . breast cancer or if any
§tatus, year of d'é.\gnOS'S’ other cancer within 2y 3.7%, p<0.001 Article suggests
income, SEER region; stage, e Bilateral mastectomy 12.5% vs. surgeon and pt
grade, tumour size, ER/PR Majority had early-stage 4.1%, p<0.001; adjusted OR=1.98, preference may
status, number of positive lymph | disease (56.1% stage |, 95% Cl=1.72-2.29 be large factors
nodes 35.1% stage II; 60.8 % < o CPM 6.9% vs. 1.8%, adjusted
2.0 cm size); MRI used OR=2.52, 95% Cl=2.08-2.68
more in younger, white, « Bilateral mastectomy for bilateral
higher median income, cancer, 5.6% vs. 2.3%, adjusted
less comorbidity OR=2.20, 95% CI=1.81-2.68
Unilateral mastectomy for bilateral
cancer 4.1% vs. 1.4%, adjusted
OR=2.97, 95% CI=2.35-3.75
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
Eindhoven Vos, 2015 Retrospective, multivariable IBC pT1-3 or pure DCIS Dynamic contrast- OR and 95% ClI No information on | R-MV- 0-ll
Cancer (129) analysis Excluded di t enhanced MRI was | . diusted f multifocality or Reg (DCIS or
Registry, The . xcluded neoadjuvan performed according to nvasive cancer (adjusted for ase, multicentricity, IBC)
Netherlands Preoperative MRI vs. no MRI, systemic therapy, stage local protocol in each palpability, histology, tumour size, indication for
multivariable binary logistic T4, distant metastasis, hospi grade, ER/PR and HER2 status, regional .
- ; ospital performing MRI,
2011-2013 regression analyses adjusted unknown stage or TO, lymph node status): any changes in
factors with p<0.1 in univariable | unknown surgery or No other details iy . 0 surgical plan
analysis; different set of factors | margin status reported * Initial mastectomy 35.9% vs. 23.1%, P
OR=1.87, 95% CI=1.64-2.13, ;
used for each outcome ’ Residual
Contralateral breast p<0.001; adjusted OR=1.80, 95% confounding may
Invasive: n=1,637 + 3,164 cancer was analyzed as a Cl=1.54-2.09, p<0.001 be present from
(including 449 + 231 ILC) new pt e Final mastectomy 38.1% vs. 24.7%, factors not taken
Subgroups of invasive cancer, MRI pts younger, more ILC 050= 100817’ 95% Ctl=c} g§_2117i’ 95% into consideration
high-grade DCIS, non-palpable (27.4% vs. 7.3%) EI—{ 50_,2a0?]’us <eO 001_ S ISR
invasive, age <40y, lobular T U3, p<b.
ILC (adjusted for palpability, tumour
size, grade, regional lymph node
status):
e Mastectomy 41.2% s. 40.7%,
OR=1.02, 95% Cl=0.74-1.41,
p=0.898; adjusted OR=1.00, 95%
Cl=0.68-1.45, p=0.977
e Final mastectomy 44.1% vs. 44.6%,
OR=0.98, 95% ClI=0.71-1.35,
p=0.903; adjusted OR=0.95, 95%
Cl=0.65-1.39, p=0.791
DCIS - see earlier in table
Netherlands Vriens, 2017 Retrospective from registry Stage I-1ll IBC (cT1-3) and | Not reported Mastectomy as final surgical procedure | Family history R-MV- I-111
Cancer Registry | (148) Multivariable analysis ?gf’;&“va”t therapy, age « Overall OR=0.89, Cl=0.73-1.09, ::f;[;"balgon not | Reg
2011-2013 =2 879 + 554 p=0.27
I Excluded cT4 tumours e Subgroup of IDC OR=0.87, 95%
(IDC n=2,429 + 477; ILC n=364 + Cl=0.70-1.09, p=0.22
58) e Subgroup of ILC OR=1.03, 95%
. — Cl=0.52-2.06, p=0.93
Adjusted for year of incidence, « CT3 tumours OR=0.45, 95% CI=0.21-
age, tumour size, nodal status, 0.99
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
ER, PR, HER2 status, grade, e cT1-2 tumours OR=0.95, 95%
multifocality Cl=0.75-1.20
Contralateral breast cancer by MRI
prior to surgery OR=1.19, 95% Cl=0.71-
2.00, p=0.51
Netherlands Lobbes, 2017 Retrospective population-based | All Dutch pts with primary | Breast MRI protocols Multivariable analysis results Limitations: R-MV- IBC, IDC,
Cancer Registry | (149) cohort study; MRI vs. no MRI IBC (cT1-4N0-3M0) adhere to EUSOBI quality Mastect breast size and Reg ILC
2011-2013 Multivariable logisti . treated with primary criteria. No other details astectomy density, tumour
i uttivariable 10ogistic regression surgery, reported e OR=1.22, 95% Cl=1.15-1.29, p<0.001 localization within
analysis with covariates of year o5 o o7 : the breast, pt
of diagnosis, age, clinical Excluded distant e IDC OR=1.30, 95% CI=1.22-1.39, b ’ .
. <0.0001 reast cancer risk
tumour size, nodal status, ER, metastases, DCIS, p . profile, and the
PR, HER2 status, tumour grade, neoadjuvant therapy, * ILC OR=0.86, 95% CI=0.76-0.99, initial ;urgical
histological type, multifocality tjnknlpwg tumour p=0.0303 treatment plan
Analysis for full group and ocafization Secondary mastectomy basedon
subgroups of ductal and lobular | Standard practice is o OR=1.07, 95% CI=0.89-1.29, p=0.434 mammographic
cancers mammography and/or US _ o 1 and/or US
. ; ¢ IDC OR=1.23, 95% CI=1.00-1.53, -
plus tissue sampling of ~ findings) were not
n=10,740 + 25,310 o C p=0.054 ilabl
lesions; discussion in ILC OR=0.61, 95% Cl=0.42-0.88 avatiable
: n= 9 tumour board determined ¢ o I TR e0 I
Ductal: n=7,462 + 21,128 (26% p=0.0088 Motivation for MRI
MRI) whether MRI was unknown
) . performed Synchronous CBC (diagnosis at same
Lobular: n=2,774 + 2,361 (54% Pts selected from cancer time or within 3 months of first cancer
MRI) . cance diagnosis): OR=0.28, 95% CI=0.24-0.33,
registry then hospital files
. p<0.0001
reviewed
Pts with MRI generally * ID% %21:4'07’ 95% (1=3.38-4.90,
younger, ILC, multifocal p=L.
cancer ILC OR=2.50, 95% ClI=1.73-3.61,
p<0.001
SEER-Medicare Fortune- Retrospective, MRI vs. no MRI IDC (n=14,357), ILC Not reported Mastectomy as initial surgery Not able to R-PSM IDC, ILC
linked dataset Greeley, 2014 Propensity score methods (nf1’928)f mixed IDC/ILC « Overall: 27.4% vs. 30.5%; OR=1.33, balance pts on
2004-2007 (150) t d : d (n=2,398); aged 266 Y, o ; unobserved
i ( umour grade, size, node stage I-1IB (AJCC 6% 95% Cl=1.19-1.48 characteristics
positivity, ER/PR status, edition) o IDC: 25.6% vs. 30.5%, OR=1.21. 95% | ¢\,ch as reason for
comorbidity, age, marital Cl=1.07-1.38 MRI, MRI results,
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)?,t;ort‘ig:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
status, race, ethnicity, SEER MRI more frequent in ILC e ILC: 33.1% vs. 35.5%, OR=1.48, pt preference for
region, education, financial or mixed IDC/ILC cancers 95% Cl=1.10-2.00 mastectomy,
status, facility, surgical volume) Excluded neoadjuvant e Mixed: 30.5% vs. 28.3%, OR=1.98, mult1focal
95% Cl=1.50-2.62 disease, breast
n=2,471 + 17,861 total chemotherapy, tumours > density, surgeon
~ 5 ¢m, second primary Final mastectomy (only or final o)
n=1,557 + 12,800 IDC cancer within 12 months surgery) experience
n=396 + 1,532 1L « Overall: 31.8% vs. 36.0%: OR=1.20,
n=390 + 2,008 mixed IDC/ILC 95% Cl=1.08-1.33
e IDC: 30.1% vs. 35.3%, OR=1.21, 95%
Cl=1.07-1.37
o ILC: 37.9% vs. 45.0%, OR=1.10, 95%
Cl=0.83-1.47
e Mixed: 33.8% vs. 36.9%, OR=1.43,
95% CI=1.10-1.85
IDC
SEER-Medicare Fortune- See: Invasive section
linked dataset Greeley, 2014
(150)
Netherlands Lobbes, 2017 See: Invasive section
Cancer Registry | (149)
ILC
Radboud Mann, 2010 Retrospective study of pts in ILC Various MRI systems, All pts: MRI reduced re- R-EQ ILC
University (151) database, preoperative MRI vs. . various field strengths .. 0 excision and final
Nijmegen no MRI Excluded hlstcl))ry oft ranging from 1.0 to 3.0 . In_1t1al mastectomy 45% vs. 46%, mastectomy
Medical Centre N ltivariat lvsis. but cancer, prior dreas ¢ T, and various scan p.—0.753 . N
(RUNMC), The o multivariate analysis, bu surgery, neoadjuvan protocols. Prone e Final mastectomy 48% vs. 59%,
Netherlands, groups well matched except for chemothgrapy, or pther position, dedicated p=0.098
1993-2005 age (mean 56 vs. 61y) non-surgical techniques, bilateral breast coil, Gd-
n=99 + 168 treat'ed at another containing contrast
The hospital agent
Netherlands
Cancer Indications for MRI
Institute/Antoni included accepted
van clinical indications, pt
Leeuwenhoek wish, and participation
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)?,t;ort‘ig:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
Hospital 1999- in clinical studies that
2005 assessed: (1) the
radiologic pathologic
correlation of MR-visible
tumours, (2) high-risk
screening, (3)
preoperative staging,
and (4) new MRI
sequences.
Second look US or MRI-
guided (excision) biopsy
prior to adaptation of
the surgical plan, other
than for small extension
to local excision
Seoul, Korea Ha, 2018 (152) | Retrospective, propensity score | ILC diagnosed with biopsy | 1.5- or 3.0-T MRI, Initial mastectomy 33.9% vs. 37.6%, R-PSM ILC
2005-2016 Overl ith matching or surgical excision dedicated 18-channel p=0.397; after matching OR=0.876, 95%
i vertaps wi . . . phased-array breast coil, | CI=0.580-1.323, p = 0.528
pts in Ha, 2019 | n=369 + 234, of which 196 pairs Excluded neoadjuvant
. - gadopentate .
(185) were matched using 17 variables | chemotherapy, stage IV, dimeglumine (Magnevist; Final mastectomy 36.0% vs. 45.3%,
male, double primary, Schering, Berlin ’ | OR=0.744, 95% CI=0.496-1.114, p=0.151
Emssmg dﬁta or; p@ ?.r Germany) or Gadoterate
umour characteristics meglumine (Dotarem;
Guerbet, Villapinte,
France) contrast
Netherlands Lobbes, 2017 See: Invasive section
Cancer Registry | (149)
SEER-Medicare Fortune- See: Invasive section
linked dataset Greeley, 2014
(150)
Ongoing trials
MIPA (27 Sardanelli, Pragmatic observational non- Consecutive pts with The coordinating centre | Interim analysis of 2,425 pts: P- BC
centres, all 2020 (153) randomized multicentre newly diagnosed breast approved only MRI ongoing
except 2 in [protocol] international prospective study cancer amenable to protocols following
Europe) technical
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 -
Ig(:f)itgort‘i:e source Number of patients (n) in MRI Type Histology
perioc’l of MRI and non-MRI groups
ISRCTN4114317 | Sardanelli, for women offered MRI or not upfront surgery, aged 18- | recommendations issued | Mastectomy rate 21.0% vs. 16.0%,
8 2017 (154) according to local practice 80y by international adjusted OR=1.4, 95% CI=1.3-1.6,
[abstract, _ . societies such us the p<0.001
2013-2018 interim] n=1,224 + 1,201 EZZ&&T/;:PS#;?;E; fg)rr European Society of .
Enrollment Variables that will be shown to X ; Breast Cancer Specialists
S . with personal history or

complete, be significantly different cancer or with evidence (EUSOMA), the EUSOB,
follow-up to ONGOING between the two groups will be | ' ~Z o and the American
end of 2023 considered as covariates when College of Radiology.

'Fhe twlo groups will be compared 1.5 T MRI, >4 channels

1n anatyses. of dedicated coils,

Target enrollment of 7,000 gadolinium-based

reached in 2018 contrast agent

APBI, accelerated partial breast irradiation; BC, breast cancer; BCS, breast-conserving surgery; BCSC, breast cancer surveillance consortium; BI-RADS, Breast Imaging and Reporting and Data
System; BMI, body mass index; CBC, contralateral breast cancer; Cl, confidence interval; CNB, core-needle biopsy; CPM, contralateral prophylactic mastectomy; DCIS, ductal carcinoma in situ;
ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; IBC, invasive breast cancer; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LVI, lymphovascular
invasion; MDT, multidisciplinary team; MRI, magnetic resonance imaging; ns, not significant; OR, odds ratio; pt, patient; pts, patients; PR, progesterone receptor; RT, radiotherapy; SEER,
Surveillance, Epidemiology, and End Results database; US, ultrasound
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Table 2. Mastectomy rates - Patients scheduled or evaluated as suitable for BCS prior to MRI.
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tumour size

both); conversion to

Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in MRI Type® | Histology
period,of MRI and non-MRI groups
DCIS
IRCIS Balleyguier, RCT: superiority trial Age 18-80 with biopsy- Mostly 1.5 T MRI, 3 T MRl in | Mastectomy: initial surgery 9% vs. No significant RCT DCIS
10 hosbitals i 2019 (155) MR trol proven limited DCIS, 2 centres, with contrast 4%, p=0.06; second surgery 9% vs. difference in total
ospitats in Vs. controt arm unifocal agent 13%; overall 18% vs. 17%, p=0.93 cost between groups
France Kandel, 2020 (mammography and US) : e L
(156) [costs] microcalcification For enhancement suggestive
NCT01112254 n=178 + 174 cluster or mass <30 mm .
. and scheduled for BCS of a mass or multiple and
2010-2014 MRI group younger (median 56 large lesions (>3 cm from
vs 58 y) and more Exclude bilateral lesions, | the initial lesion), second-
premenopausal (32% vs 27%), history of breast cancer, | look US or additional
higher breast density high risk (BRCA1/2). mammography with
magnification views and
on.St hadBZBJ/-RADg;; biopsy, if indicated, with
esions (82% vs. 83%) mammography, US, MRI, or
computed tomography
guidance
In situ or
invasive
BREAST-MRI Mota, 2019 RCT Stage 0-lll, candidate for | 1.5T MRI system Mastectomy 5.9% vs. 0.5%; NSM 1.4% | Surgical change in RCT O-lll
ICESP, Sao S\Z'zract] Stratified for mammary BCS Surgery was modified when vs. 0 (total 7.3% vs 0.5%), p=0.001 A3A1R-I1 (/zgfptérslose with
Paulo, Brazil density MRI showed an increase of BCS 76.7% vs. 99.5%; wide BCS 16% ipsilateral; 13
NCT02798796 1=219 + 227 more than 50% of the vs. 0% contralateral, 6

! Only female patients unless indicated otherwise.
2 When statistical adjustments are made to account for confounders, this applies to OR and p values; numbers or rates of events of are not adjusted. For studies with multivariate analysis, only
those which adjusted for stage/size and age/menopausal status are included. Adjustment for high risk factors and lesion distribution such as multicentric or multifocal was desirable but not
generally conducted.
3 RCT, randomized controlled trial; P, Prospective non-randomized trial; R-PSM, retrospective with propensity score matching; R-MV, retrospective with multivariate analysis; R-MV-Reg,
retrospective with multivariate analysis using registry data; R-EQ, retrospective using data from equivalent groups (e.g., historical controls)
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.r?‘; source Number of patients (n) in MRI Type | Histology
period,of MRI and non-MRI groups
2014-2016 Subsequent mastectomy 2.3% vs. ipsilateral
2.2% mastectomy in 19 pts
Final mastectomy 9.6% vs. 2.6%
COMICE Turnbull, 2010 | RCT: Pragmatic trial Women aged >18 y with 1.5 T MRI, dedicated Primary outcome was rate of repeat | Investigators at one RCT BC
(158, 159); . . biopsy-proven primary bilateral breast-surface operation or further mastectomy trial site (161)
!557552';02 Morris, 2010 MRI Vs futrthefr 1Tag1ng, breast cancer scheduled | coils; a fewscansat 1.0 T within 6 months, or pathologically suggest that
(160); g‘:;g‘zﬂr'gc;nacaggs(:geg i)r N for WLE after triple Gd- avoidable mastectomy complicated cases,
UK (45 centres) | McMahon, 50), breast density group (1 assessment (ctinical, diethylenetriaminepenta- Initial mastectomy 7.1% vs. 1.2%. which benefited from
2013 (161) 2 13)4 radiological . d Initial WLE 92% 98%: MRI, were pre-
2002-2007 Vs ) [mammogram and US] acetic acid contrast nitia o Vs. 78k, selected out prior to
n=816 + 807 randomized and cytology/biopsy); A second publication (159) | Subsequent mastectomy: 5.9% vs. randomization;
. excluded neoadjuvant indicates 1.5 T MRI required | 7.6% mastectomy rate was
n=761 + 798 received correct | treatment or previous compromises in either the 15.6% in COMICE pts
p 3 0 [v)
test (MRI or not) surgery temporal or spatial Avoidable mastectomy 2% vs. 0.5% and 42% in pts in the
Definitions were not 77% age 50 v: 70% resolution employed or to | Overall justified mastectomy rate same time period not
standardized and varied by postmgenopat}/s,al extent of the breast 11% vs. 9% included in the tnal;
site: clear margins ranged coverage obtained. In some o Lobular type was 13%
from 0.5 to 5.0 mm for centres fat-suppression was | About %4 of mastectomies in the MR | in COMICE vs. 37%
invasive disease and 1.0 to not available. were done without pathological
10.0 mm for DCIS ) ) verification and were later
MRI-directed biopsy was not | considered inappropriate
available at the start of the
trial and many women had
mastectomy without
pathological verification of
disease (16/58, 27.6% of
mastectomies in the MRI
group) (159, 160)
Invasive
Turku Bruck, 2018 RCT Age 235y, newly 1.5 T MRI, prone position, Mastectomy: initial rate 10% vs. 0%, Change in planned RCT |
University (162) P tive MRI t diagnosed unilateral and | bilateral four-channel p=0.022; final rate12% vs. 4%, surgical management
Hospital, Turku, [?b%pesrg 15V g or not, clinically unifocal stage | | breast array coil, gadoteric | p=0.140 in 20% of pts with MRI
Finland n= (50+50) invasive ductal acid (Dotarem, Guerbet, Post-hoc power
2011-2013 Based on palpation, carcinoma, gZO mm prior Roissy CdG Cedex, France) analysis: 24.5% power
mammography. or US to MRI and with first contrast agent A
srapny, to detect difference
plan being for BCS and . .
SNB in reoperation rate
and 51.6% power for
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Study name,
location or

group, time

period of MRI

Author and
source

Study design

Number of patients (n) in MRI
and non-MRI groups

Patient characteristics’

MRI details

Outcomes?

Other

Excluded pts with breast
parenchymal pattern DY

Imaging sequences also
covered both axillary areas

Second-look US for MRI-only
lesions, US-guided core
needle biopsy taken if
possible, no MRI-guided
biopsies were required

mastectomy; need
412 and 480 pts
respectively to have
80% power

Note: all MRI-
detected lesions
were visible on
second-look US

Breast Cancer
Surgical
Outcomes
(BRCASO)
database (4
institutions in
USA)

2003-2008

Feigelson,
2013 (163)

Retrospective: multivariable
regression

Predictors of initial total
mastectomy; prospective at 1
site and retrospective at the
others; univariate analysis and
random effects multivariable
logistic regression models
using variables significant at
p<0.05 (age, ethnicity, tumour
size, grade)

n=185 + 2,199

Incident cases of IBC,
stage I-1ll, age >18 y,

Excluded pts with
clinical indications for
mastectomy, stage 0 or
IV, neoadjuvant therapy,
inflammatory breast
cancer, multifocal or
multicentric, prior
breast cancer, chest
radiation, unknow
preoperative malignant
diagnosis

Not reported

Initial mastectomy 29.7% vs. 15.6%,
OR=2.44, 95% Cl=1.58-3.77,

p<0.0001

e Subset <20 mm: 18.1% vs. 9.6%,
OR=2.59, 95% Cl=1.46-5.59,

p<0.0025

Mastectomy rate
varied by surgeon
from <5% to > 50%

Trial Stage /
Type? | Histology
R-MV- | I-lll

Reg

BCS, breast-conserving surgery; BI-RADS, Breast Imaging and Reporting and Data System; CI, confidence interval; DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2, human epidermal
growth factor receptor 2; IBC, invasive breast cancer; ILC, invasive lobular carcinoma; MRI, magnetic resonance imaging; ns, not significant; NSM, nipple-sparing mastectomy; OR, odds ratio;
pt, patient; pts, patients; PR, progesterone receptor; SNB, sentinel node biopsy; US, ultrasound; WLE, wide local excision
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Table 3. Positive margins, reoperation, re-excision, and conversion to mastectomy.
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year, age, hospital type, DCIS
grade, multifocality

n=2,382 + 8,033
BCS: n=1,303 + 6,072

Analyses were stratified by age
at diagnosis (less than 50 versus
50-74 y) and histological grade

Breast MRI in pts with
high-grade DCIS
preferring BCS, unclear
tumour size, or suspicion
of microinvasion

MRI used more in younger
pts, higher grade,
multifocality

21.5% vs. 20.5%, OR=0.99, 95% CI=0.85-
1.16

Secondary surgery after BCS 21.2% vs.
16.8%, OR=1.17, 95% CI=1.00-1.37,
p<0.05

Secondary mastectomy after BCS 11.2%
vs. 7.4%, OR=1.32, 95% CI=1.07-1.63,
p<0.05

similar to that of
the full study
except for
secondary
mastectomy

No information on
reason for MRI, or
on size of DCIS, pat
or surgeon
preference

Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.r?‘; source Number of patients (n) in MRI Type® | Histology
perio d,of MRI and non-MRI groups
In situ, DCIS
Lebanon, NH Davis, 2012 Retrospective chart review Newly diagnosed DCIS 1.5 T MRI, dedicated Re-excision rate 34.1% vs. 39.2%, Margins <1 mm R-MV | DCIS
2007-2011 (125) comparing those with and confirmed by fine-needle | prone eight channel p=0.52 were re-excised
i without MRI, n=154 + 64 or core biopsy breast, gadopentetate .
; ; .+. | Conversion to mastectomy due to
. . . dimeglumine (Magnevist; sl .
No comparison of baseline MRI not used for DCIS in positive margins 8.9% vs. 5.9%, p=1.0
- L . Bayer Health Care,
characteristics; assumed similar | 2007-2008; used in all pts Berlin, Germany)
due to before/after MRI in 2009-2011 )
: : . contrast
implementation design
Netherlands Keymeulen, Retrospective, MRI vs. no MRI; Diagnosis of pure DCIS Not reported Margin involvement in BCS: focal or Differences in R-MV- | DCIS
Cancer Registry | 2019 (126) multivariable logistic regression | and treated with surgery, more than focal (focal = 4 mm area of | subgroups by age Reg
2011-2015 analyses to adjust for incidence | age <75y positive margins) or grade were

! Only female patients unless indicated otherwise.
2 When statistical adjustments are made to account for confounders, this applies to OR and p values; numbers or rates of events of are not adjusted. For studies with multivariate analysis, only
those which adjusted for stage/size, age/menopausal status, and subtype/histology are included. Adjustment for lesion distribution such as multicentric or multifocal was desirable but not
generally conducted.
3 RCT, randomized controlled trial; P, Prospective non-randomized trial; R-PSM, retrospective with propensity score matching; R-MV, retrospective with multivariate analysis; R-MV-Reg,
retrospective with multivariate analysis using registry data; R-EQ, retrospective using data from equivalent groups (e.g., historical controls)
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in MRI Type® | Histology
perio d of MRI and non-MRI groups
University of Yoon, 2020 Retrospective, preoperative MRI | Consecutive pts with DCIS | 1.5 T MRl or 3.0 T MRI, Positive resection margin 6.6% vs. Patient and R-PSM | DCIS
Ulsan College of | (127) vs. no MRI; propensity score confirmed by US-guided prone position, 17.0%, OR=0.39, 95% CI=0.16-0.93, surgeon preference
Medicine, matching using 18 confounding CNB dedicated 18-channel p=0.03 could not be
Eangneung, variates to create matched Excluded concurrent phased-array breast', Repeat surgery (all pts) 4.7% vs. 14.2%, controlled for
orea groups - - . gadoterate meglumine .
invasive carcinoma, no M ist: Scheri OR=0.33, 95% CI=0.12-0.92, p=0.03
2012-2016 n=430 + 111 surgery, history of (Magnevist; Schering,
i silag,ral brergst cancer Berlin, Germany and
n=106 + 106 after propensity P Uniray; Dongkook, Seoul)
score matching contrast
Eindhoven Vos, 2015 See In situ or invasive
Cancer (129)
Registry, The
Netherlands
SEER-Medicare | Wang, 2013 See In situ or invasive section
database (USA) | (164)
DCIS - BCS
planned
IRCIS Balleyguier, Prospective randomized Aged 18-80 y with biopsy- | Mostly 1.5 T MRI, 3 T MRI | Additional excision in same (initial) No significant RCT DCIS
10 hosbitals i 2019 (155) superiority trial: MRI vs. control | proven limited DCIS, in 2 centres, with surgery 54% vs. 51% difference in total
ospitats n arm (mammography and US) unifocal contrast agent . . cost between
France Kandel, 2020 . e s Reintervention rate at 6 months: ITT
microcalcification cluster APy 0 groups
(156) [costs] n=178 + 174 For enhancement analysis 20% vs. 27%, OR=0.68, 95%
NCT01112254 or mass <30mm and . ;
MRI group younger (median 56 vs | scheduled for BCS suggestive of a mass or CI=0.41-1.1, p=0.13; Per protocol
2010-2014 e s dP young l multiple and large OR=0.59, 95% CI=0.35-1.0, p=0.05
X) an Tore'premenopausa Exclude bilateral lesions, | lesions (>3 cm from the
(32/)'vs 27%), higher breast history of breast cancer, initial lesion), second- Maostectomy: second surgery 9% vs.
density high risk (BRCA1/2). look US or additional 13%
mammography with
on.St hadBZBJ/-RADg;; magnification views and
esions (82% vs. 83%) biopsy, if indicated, with
mammography, US, MRI,
or computed
tomography guidance
COMICE Turnbull, 2010 | See In situ or invasive - BCS
(158, 159); section
Morris, 2010
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
gl:gslt;’o:\ir(‘:; source Number of patients (n) in MRI Type? | Histology
period of MRI and non-MRI groups
(160);
McMahon,
2013 (161)
In situ or
invasive
POMB Gonzalez, Randomized prospective Women up to age 56 y MRI at Sites A and C but | Re-operation rate 5.0% vs. 15.0%, Goal was to have RCT BC
o 2014 (130) multicentre trial, preoperative with newly diagnosed IBC | not B p<0.001 >10 mm margins,
Breas.t units in 3 MRI or no MRI or non-invasive breast . . but not touching
Swedish Karlsson, 2019 cancer; diagnosis Site A: 1.5 T MRI, prone Re-excision 0.9% vs. 8.6% inked surface for
hospitals (131) n=220 +220 confirmed with cytology E?;];;? r(]:’o]-gl-cgré:]msclan Conversion mastectomy: 4.1% vs. 6.4% | invasive
2007-2011 Prior to MRI, higher rate of BCS | or biopsy GE Health carcinomas
lanned in MRI group (70% vs. ; (GE Healthcare) accepted;
20‘7) Suggested primary gadolinium contrast individual decision
° treatment (before MRI) .
was 65% BCS. 20% Site C: 1.5T MRI, prone for DCIS
mastectomy, 12% position, 4-channel Critique of trial by
neoadjuvant, breast coil, Dotarem Brenner 2015 (439)
chemotherapy, 3% further (Guerbet) gadolinium
investigation contrast
MRI-detected lesions
biopsied if detectable by
US. MRI-guided biopsy
introduced in 2009 at
one site, only used in 3
pts
Monet Peters, 2011 Randomized before Suspicious non-palpable MRI at university Re-excision or conversion of BCS to Commentary on RCT BC
NCT00302120 (132) biopsy/diagnosis breast tumours, BI-RADS hospital mastectomy combined 45.3% vs. 28.0%, | this article (440)
4 hospitals in Peters, 2007 Routine care + preoperative MRI ?n:rgritc?gcrtae;hsnor breast 3 T bilateral dynamic p=0.069 ]Srécri]];?{c\zsytg? 21% is
The P (133) or routine care alone US at randomization. contrast enhanced (DCE) | Re-excisions in BCS 34.0% vs. 12.0%, well below 92%
Netherland [protocol] (mammography, US, core needle breast MRI prior to p=0.008 achievable in some
ethertands biopsy) Histological analysis from | biopsy of suspicious . other studies
2006-2008 needle biopsy of in situ or | lesion, prone position, Con\zerswn of PCS to mastectomy ting th
n=78 + 76 invasive carcinoma to be | dedicated phased-array 11.3% vs. 16.0%, p=0.489 ?;Jag?isayégbe:nre
207 + 211 pts initially but only included in study bilateral breast coil, technical
74 + 75 pts had malignant Gadolinium-DTPA limitations with
(Magnevist, Schering,
Germany) contrast
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggss,o:\i:‘; source Number of patients (n) in MRI Type? | Histology
period of MRI and non-MRI groups
lesions (78 + 76 breasts, 83 + 80 | Excluded palpable Additional lesions on MRI the MRI used; re-
lesions) and underwent surgery lesions, breast surgery or | investigated with operation rate high
. RT within 9 months second-look US and .
Note: biopsy was after MRI : Large proportion of
. 0 sampled with US or MRI X
Studv desiened to have Approx1mately 50% of guidance false negative MRIs
1y desig . malignant lesions were could have led to
sufficient power for primary DCIS and 50% invasive 3 T MRI was relatively too little tissue
outcome qf re-operation if 250 carcinoma for both MRI new and previously had being initially
cancers with surgery in each and control groups substantial problems removed and
group 5 . with fat suppression; therefore higher
60/’ of les!qns had authors indicated image re-excision rates
mlcrocalc1f1cat1?ns only, quality was at least
compgred 'to 25% comparable to 1.5 T in
described in the other systems
literature, possibly due to
excluding palpable
cancers
SEER-Medicare | Wang, 2013 Retrospective, preoperative MRI | Early-stage breast cancer, | Not reported Multiple surgeries (not adjusted) 25.6% | Median OR for R-MV- | O-lI
database (USA) | (164) vs. no MRI; multilevel logistic stage 0-1 vs. 20.5% overall; 25.1% vs. 20.9% IBC; receiving multiple Reg
regression models, adjusted for . 29.3% vs. 18.8% in situ surgeries between
2002-2007 pt and tumour characteristics Excluded CPM or bilateral . . . 2 randomly chosen
mastectomy, or Adjusted OR for multiple surgeries: physicians is 2.02
n=2,554 + 33,723 1BC E?Q;Zilﬁgﬁgrr@ft”hﬁrnegt IBC OR=1.00, 95% CI=0.89-1.11 for IBC and 2.11
n=443 + 8733 in situ o for in situ cancer,
months in situ OR=1.23, 95% Cl=0.94-1.59 indicating a large
Considerable geographic variation: rate | Surgeon effect and
of additional surgery varied from 10.1% | lack of evidence-
in lowa to 27.7% in San Jose based criteria for
re-excision
Mastectomy results not adjusted:
37.4% vs. 31.7%, p<0.0001
Mercy Hospital, | Hollingsworth, | Retrospective study of Consecutive pts with First 249 pts: 0.5 T 2008 results The 7.7% R-EQ | BC
Oklahoma City 2008 (141) consecutive pts who all had MRI | newly diagnosed breast breast-dedicated MRI Re-operation for positive margins 8.8% multicentricity +
2003-2006 Hollingsworth preoperatively; historical cancer, all underwent with bilateral breast P P g % | 3.7% contralateral
S > | control comparison breast MRI coil, gadolinium contrast | 2015 results (11.4% combined)
Extended to 2015 (142) . . suggests MRI has
2014 n=603 with MRI (141) Excluded neoadjuvant Latgr pts: 1.5 T breast- Re-excision rates 9% (range 8%-10%) major
n=2000 with MRI (142) chemotherapy or those dedicated MRI, both w1th. MR! vs 12% to 15% in years before contribution, even
MRI'instituted if excluding role in
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.r?‘; source Number of patients (n) in MRI Type® | Histology
perio d of MRI and non-MRI groups
Historical without surgery after breasts, gadolinium Of all pts with MRI, 91% had 1 surgical evaluating the
controls biopsy contrast procedure and the rest (9%) had 2. No | index lesion
without MRI In 2008 publication: 388 Image-guided biopsy pts required >2 operations.
1996-2002 . ; . -
invasive ductal included radiograph, US,
carcinomas, 149 DCIS, 65 | or MRI guidance
invasive lobular
carcinoma, 1 malignant
phyllodes tumour
Single Grady, 2012 Retrospective review, after and | Operative breast cancer 1.5 T MRI, prone Additional surgery to obtain clear R-EQ | BC
institution in (143) before 2 surgeons started diagnosed using core- position, 1.5 T 8-channel | margins 11% vs. 26%, p=0.04
USA routinely using MRI; needle biopsy biopsy breast array coil, . 0
preoperative MRI vs. no MRI gadolinium (Magnevist - Repeat axillary procedures 10% vs.
2004-2008 One surgeon started use 20%, p=0.05
=79 + 105 £ MRl in late 2004. th Bayer HealthCare
e other in late 2007 | Pharmaceuticals,
Groups equivalent in age, Berkeley, CA) contrast
menopausal status, histology, Anatomic information
pathologic stage, ER/PR status for the breast and axilla
University of Choi, 2017 Retrospective with propensity Consecutive women with 1.5 T MRI, bilateral Positive resection margins 6.0% vs. R-PSM | BC
Ulsan College of | (139) score matching those with MRI newly diagnosed breast breast coil, Magnevist 7.3%, p=0.322
Medicine, to those without based on 25 cancer and curative (Schering, Berlin, R .. te 1.6% 3.3%. 0=0.035
Seoul, South covariates surgery; excluded those Germany) contrast €-excision rate 1.6% vs. 3.3%, p=0.
Korea n=828 + 1613; selected 799 with neoadjuvant ; Axial sequence for the
2009-2010 hed pai chemotherapy or distant luati f th
) matched pairs metastasis, bilateral €vatuation ot the
breast cancer supraclavicular and
axillary lymph nodes
Changhua Lai, 2016 (140) | Retrospective, preoperative MRl | Primary operable breast Positive margins 5.0% vs. 9.0%, p<0.01 R-PSM | BC
Christian vs. no MRI cancer, mammography - L
: Positive margins in BCS 6.6% vs. 14.6%,
Hospital Control group (no MRI) from Jan | 2Md Sonography, surgery OR=0.42, 95% Cl=0.72-2.63, p<0.01;
Breast cancer 2009-Dec 2010; MRI group Excluded neoadjuvant multivariate OR=0.43, 95% CI=0.71-
database, starting Jan 2011 when coverage | chemotherapy 3.03, p<0.01
Taiwan for MRI cost was implemented Time periods chosen to Positive margins in mastectomy 3.6%
2009-2013 Multivariate analysis adjusted minimize selection bias vs. 3.1%, p=0.84
for biopsy method, MRI, and MRI group had less grade
Il and more grade IlI
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.r?‘; source Number of patients (n) in MRI Type | Histology
perio d of MRI and non-MRI groups
multifocal/multicentric only for | cancers, more multifocal Re-operation in BCS group 3.2% vs.
outcome of margin status in BCS | or multicentric cancer 11.7%, p<0.01
Propens!'ty-sf?gr.e n:atchingt il::‘o?;l/;t\;z CBJC.]'%/:]),(;g?Sr; Vs, R%ez(gision in BCS 2.6% vs. 8.0%,
sppears nffcentas most | 1719, mare s 58 Pe0.
Enatching q vs. 38.5%) Conversion to mastectomy 0.6% vs 3.7%
n=735+733
BCS subgroup n=348 + 377
Mastectomy subgroup n=387 +
356
SEER-Medicare Ozanne, 2017 Retrospective, preoperative MRI | Stage 0-1ll breast cancer, Not reported Re-operation after BCS: 21.3% vs. R-MV- | O-lII
database (136) vs. no MRI BCS or mastectomy within 20.5%, OR=1.05, 95% CI=0.98-1.12; Re
g
2005-2009 Unadjusted and multivariable 6 months of diagnosis, adjusted OR=0.95, 95% CI=0.88-1.02
- . age 266 y
logistic regression models
_ Excluded prior history of
n=9,055 + 46,942 breast cancer or
Adjusted for age at diagnosis, diagnosed in a nursing
race, SEER registry, marital home
status, median income,
urban/rural status, Medicaid,
previous other cancer,
comorbidity index, year of
diagnosis, histology, grade,
stage, ER and nodal status,
tumour size, teaching hospital,
NCI cooperative oncology group
member and hospital type
Eindhoven Vos, 2015 Retrospective, preoperative MRI | IBC pT1-3 or pure DCIS Dynamic contrast- Adjusted OR (95% Cl) and adjusted p No information on R-MV- | O-lII
Cancer (129) vs. no MRI, multivariable binary Excluded di ¢ enhanced MRI was values in pts with initial BCS multifocality or Reg (DCIS or
Registry, The logistic regression analyses xiu € tr;]eoa ]uvatn performed according to All ots (adiusted f d orade): multicentricity, IBC)
Netherlands adjusted factors with p<0.1 in _Sl_f‘ (ejr.nlc teragy,ts age local protocol in each pts (adjusted for age and grade): indication for
2011-2013 univariable analysis; different I,( 1stan tme as _?815’ hospital e Positive margins in BCS 18.1% vs. performing MRI,
i set of factors used for each unxnown stage or 14, . 15.1%, OR=1.20, 95% Cl=1.00-1.45 any changes in
outcome unknown surgery or No other details 20 0’52 ’ ’ surgical plan
margin status reported p=v.
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Study name,
location or

group, time

period of MRI

Author and
source

Study design

Number of patients (n) in MRI
and non-MRI groups

Patient characteristics’

MRI details

Outcomes?

Other

Trial
Type?

Stage /
Histology

Invasive: n=1,637 + 3,164
(including 449 + 231 ILC)

DCIS: n=150 + 563

Subgroups of invasive cancer,
high-grade DCIS, non-palpable
invasive, age <40y, lobular

Contralateral breast
cancer was analyzed as a
new pt

MRI pts younger, more ILC
(27.4% vs. 7.3%)

e Re-excision in BCS 9.8% vs. 7.2%,
OR=1.33, 95% Cl=1.04-1.70, p=0.026

High-grade DCIS (grade 2-3; adjusted
for age and grade):

e Positive margins in BCS 23.4% vs.
18.4%, OR=1.35, 95% CI=0.75-2.43,
p=0.314; adjusted OR=1.28, 95%
Cl=0.70-2.32, p=0.426

e Re-excision in BCS 20.8% vs. 15.1%,
OR=1.48, 95% CI-0.80-2.73, p=0.216;
adjusted OR=1.38, 95% CI=0.73-
2.59, p=0.320

Invasive cancer (adjusted for age,
palpability, histology, presence of DCIS
component, tumour size,
differentiation grade and regional
lymph node status):

e Positive margins in BCS 17.9% vs.
14.8%, OR=1.26, 95% Cl=1.04-1.53,
p=0.02; adjusted OR=0.98, 95%
Cl=0.79-1.22, p=0.882

e Re-excision in BCS 9.1% vs. 5.9%,
OR=1.58, 95% CI=1.21-2.08,
p=0.001; adjusted OR=1.27, 95%
Cl=0.94-1.72, p=0.125

ILC

e Positive margins in BCS 24.6% vs.
27.0%, OR=0.88, 95% CI=0.55-1.41,
p=0.603; adjusted OR=0.80, 95%
Cl=0.47-1.38, p=0.419

Re-excision in BCS 11.0% vs. 11.7%,
OR=0.93, 95% CI=0.49-1.79, p=0.835;

Residual
confounding may
be present from
factors not taken
into consideration
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in MRI Type | Histology
perio d,of MRI and non-MRI groups
adjusted OR=0.97, 95% Cl=0.44-2.12,
p=0.933
In situ or
invasive - BCS
only
BREAST-MRI Mota, 2019 Randomized, stratified for Stage 0-lIl, candidate for 1.5T MRI system Re-operation rate not different, 7.8% Surgical change in RCT O-lll
ICESP, Sao S\Z'gract] mammary density BCS Surgery was modified vs. 7.0%, p=0.95 A3A1R-|1 (/zgfptérslose with
Paulo, Brazil n=219 + 227 when MRI showed an Re-excision 5.5% vs. 4.8% ipsilateral; 13
increase of more than )
NCT02798796 . i Conversion to mastectomy 2.3% vs 2.2% | contralateral, 6
50% of the tumour size both); conversion
2014-2016 to ipsilateral
mastectomy in 19
pts
COMICE Turnbull, 2010 | Pragmatic trial, randomized to Women aged >18 y with 1.5 T MRI, dedicated Primary outcome was rate of repeat Investigators at RCT BC
ISRCTN (158, 159); MRI or no further imaging, biopsy-proven primary bilateral breast-surface operation or further mastectomy one trial site (161)
57474502 Morris, 2010 minimization factors were breast cancer scheduled coils; a few scans at 1.0 | within 6 months, or pathologically suggest that
(160); breast surgeon, age (<50 or > for WLE after triple T avoidable mastectomy complicated cases,
UK (45 centres) | McMahon, 50), breast density group (1 vs. assessment (clinical, ) . o 0 B which benefited
2013 (161) 2/3/4) radiological [mammogram G.d S Reoperation 16.3% vs. 18.7%, OR=0.96, from MRI, were
2002-2007 and US] and diethylenetriaminepenta | 95% CI=0.75-1.24, p=0.77 pre-selected out
n=816 + 807 randomized cytology/biopsy); -acetic acid contrast Re-excision 10.4% vs. 11.2% prior to
n=761 + 798 received correct excluded neoadjuvant A second publication . . randomization;
test (MRI or not) treatment or previous (159) indicates 1.5 T MRI Subsequent mastectomy 5.9% vs. 7.6% | mastectomy rate
i ; surgery required compromises in | Positive margins for invasive tumours | Was 15.6% in
Invasive: n=719 + 688 with :
margin status results 77% age 250 y; 70% g;i?arltrh;;leuﬂz%ral or 14.3% vs. 15.9% zct%ﬁ,\l!ﬁi{’st?na?f?e
DCIS: =427 + 430 with margin postmenopausal employed or to extent of POSiEiYe margins for DCIS: 22.0% vs. same time period
status results the breast coverage 19.3%; large amount of missing data not included in the
o obtained. In some for distance tq margins (35%) and trial. Lobular type
Dteﬁr:;tlzer \:jverednot by sit centres fat-suppression involved margins (22%) was 13% in COMICE
standardized and varied by site: was not available. vs. 37%
clear margins ranged from 0.5 to ] )
5.0 mm for invasive disease and MRI-directed biopsy was
1.0 to 10.0 mm for DCIS not available at the start
of the trial and many
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. 3 .
glggss,o:\i:‘; source Number of patients (n) in MRI Type? | Histology
period of MRI and non-MRI groups
women had mastectomy
without pathological
verification of disease
(16/58, 27.6% of
mastectomies in the MRI
group) (159, 160)
Memorial Sloan | Sung, 2014 Retrospective institutional Early stage (0-11) breast 1.5 T MRI, prone e Positive margins 11.5% vs 10.3% R-MC | O-l
Kettering (165) review, preoperative MRl vs. no | cancer undergoing BCS position, dedicated [positive margins 0% vs 1%; close
Cancer Center, MRI; MRI and control matched +RT surface breast coil, margins (<2 mm) 11% vs. 9%;
New York 1:1 by age (5 y increments), . . gadopentetate =0.29
2000-2004 histopathologic features (DCIS, R(cluded if n(;:oatdjuvant dimeglumine (Magnevist, . ER)eoper]ation 29.3% vs 44.8%,
) invasive ductal, invasive lobular, d'etrapty, mtas tec omy, Berlex) contrast p=0.02
invasive mammary carcinoma), R1I§ ant metastases, or no SuSDCi . e Re-excision 21.8% vs. 37.4%
9 } uspicious lesions o
stage, surgeon for 85% of cases; (mammography or MRI) e 1 excision 71% vs. 55%; 2
15% had broader age match and | MRI group more likely to sraphy or excisions 28% vs. 40%: 3
. . remote from the index > ) .
excluding surgeon matching have extremely dense lesion potentiall excisions 2% vs. 5%; 4 excisions
_ breasts (28% vs. 6%, pot Y 0% vs <1%
n=174 + 174 representing multifocal,
p<0.0001) and multicentric. or * Subsequent mastectomy 7.5% vs.
mammographically occult contralaterai were 7.5%
cancer (24% vs. 9%, routinely sampled by
p=0.0003) either percutaneous or
10 pt pairs had surgical biopsy
intraoperative partial
breast RT and were
excluded from long-term
outcome analysis; the
rest had whole-breast RT
with or without boost
Lynn Sage Zeng, 2020 Retrospective, preoperative MRI | Primary stage O-1ll breast | Not reported Re-excision rates 8.8% vs. 11.5%, Reasons for pt R-EQ | O-llI
Comprehensive | (166) vs. no MRI cancer, BCT, tumour-free p=0.32 acceptance of MRI
Breast Center A . margins, age <50 y were not recorded;
at Multivariable regression for most often
Northwestern recurrence outcomes only Excluded neoadjuvant declined for
Memorial n=330 + 182 therapy, RT use not . claustrophobia,
Hospital, ascertained, metastatic fear of biopsies,
Chicago, Il Two groups were well palanced Cohort was derived from cost
for age, race, tumour size, a gold-standard dataset
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gl:gslt;’o:\ir(‘:; source Number of patients (n) in MRI Type? | Histology
period of MRI and non-MRI groups
2006-2013 histology, grade, nodal and of 2045 pts; details are
hormone receptor status not provided
Rotterdam, The | Obdeijn, 2013 | Consecutive pts with Diagnosis of either IBC 1.5 T MRI, prone Positive resection margins: R-EQ | O-liI
Netherlands (167) reoperative MRI, historical (84.3%) or DCIS (15.7%) osition, dedicated 0 o . (DCIS or
(F:)ontfol group from 2005-2006 and eligible for BCS based 5ouble breast coil, * 15;8/’ vs. 29.3%, adjusted OR 0.33, IBC)
2007-2010 included all pts with BCS on clinical examination gadobutrol (Gadovist, 95% C1=0.16-0.69, p<0.01
without MRI (21.2% DCIS, 78.8% and conventional Bayer Schering Pharma) | Re-operations:
invasive) imaging; final surgical contrast
o plan included e e 18.9% vs. 37.4%, adjusted OR=0.29,
n=140 + 132 lesions; 123 + 119 preoperative MRI Additional BI-RADS 3, 4, 95% C1=0.15-0.58, p<0.01
lesions : : and 5 lesions found by
information - .
. MRI were investigated by
n=95 + 123 for margins and Mean size of both invasive | second-look US or re-
reoperation (BCS pts only) malignancies and DCIS evaluation of the
Multiregression analysis was was significantly larger in | mammographic
used to compare positive the MRI group examination. In case an
resection margins and re- additional BI-RADS 3
operations, and included group lesion could be
and size of lesions identified, fine-needle
aspiration (FNA) or
biopsy was performed,
otherwise follow-up MRI
was advised. In case of
additional BI-RADS 4 or 5
lesions, FNA or biopsy
was always performed.
This was done under
stereotactic, US, or MRI
guidance.”
Invasive
Breast Cancer Chandwani, Retrospective, preoperative MRl | African American (n=289) Re-operation 18.1% vs. 20.3%, RR=0.89, R-MV- | I-ll or
Treatment 2014 (168) vs. no MRI and white (n=320) women 95% Cl=0.64-1.23, p=0.484; adjusted Reg T3N1
Disparity Study Adi f . d with newly diagnosed RR=0.76, 95% Cl=0.54-1.08
in New Jersey justment o re-operathn an early-stage (stage |, Il, or s . o o.
State Cancer CPM outcomes for poFent'lal T3N1MO) breast cancer Posm.ve margolns 12.5/>Ovs 13.4%; close
Registry confoundf:‘rs using univariate and surgery, age <85y margins 15.5% vs. 12.1%; p=0.478, not
and multivariate binomial adjusted
2005-2010 regression
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period of MRI and non-MRI groups
Adjusted for age, race, MRI group was younger,
education, insurance, BMI, higher education, more
method of diagnosis, histology, often white race, lower
multifocality or multicentricity, | BMI, more private
and surgical facility insurance, more family
history; disease more
n=304 + 305 oftenr¥ound by pt, more
No adjustment for tumour multifocal or multicentric
grade, size, lymph node status; | disease, and more lymph
density not reported; only node positive
recorded whether tumour was
<stcmor>1cm
SEER-Medicare Fortune- Retrospective, MRI vs. no MRI aged 266 y, stage I-11B Not reported Reoperations Not able to R-PSM | I-1IB
linked dataset Greeley, 2014 Pro it thod (AJCC 6% edition) e Overall: 21.0% vs. 20.6%: adjusted balance pts on
(150) Pensty score methocs . OR=0.89, 95% CI=0.77-1.02 unobserved
2004-2007 (tumour grade, size, node MRI more frequent in ILC .
T ; e IDC: 19.2% vs. 19.1%, OR=0.98, 95% | characteristics
positivity, ER/PR status, or mixed IDC/ILC cancers C1=0.82-1.15, p=0.96 such as reason for
comorbidity, age, marital Excluded neoadjuvant o ILC: 25.3% vs. 29.1%, OR=0.59, 95% | MRI, MRI results, pt
status, race, ethnicity, SEER - f for
region, education, financial chemotherapy, Fumours > Cl=0.40-0.86 preterence
status, facility, surgical volume) 5 cm, second primary o Mixed: 25.5% vs. 25.9%, OR=0.93, mastectomy,
’ ’ cancer within 12 months 95% Cl1=0.67-1.30 multifocal disease,
n=2,471 + 17,861 breast density,
surgeon experience
IDC (n=1,557 + 12,800), ILC
(n=396 + 1,532), mixed IDC/ILC For several
(n=390 + 2008) outcomes,
adjusted and non-
adjusted data give
opposing results
McGill Parsyan, 2016 Retrospective from tumour Stage I-1l breast cancer, 1.5 T MRI, bilateral, 8- Adjusted for age: R-MV I-111
Universit 145 registry, preoperative MRI or not | definitive surgical channel breast phase . N 0
Health antre (1 s . ry.p i . . treatment : array coil gadoFl)im'um Re-excision 7.5% vs. 8.7%, OR=.0'86’
Multivariate analysis controlling contrast ’ 95% Cl=0.52-1.40, p=0.540; adjusted
2006-2013 only for age; no difference in Excluded neoadjuvant OR=0.83, 95% CI=0.46-1.49, p=0.552
tumour size, histologic type, ER | therapy, previous breast
status grade, HER2 status; other | cancer in situ carcinoma,
factors not measured age < 30y, history of
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggss,o:\i:‘; source Number of patients (n) in MRI Type? | Histology
period of MRI and non-MRI groups
n=307 + 458 Hodgkin’s lymphoma,
BRCA positive
MRI group was younger
(55.3 y vs. 66.3y)
Memorial Sloan- | Kapoor, 2013 Retrospective, evaluation Stage I-11l IBC, surgical Not reported Positive margin after BCS 57.9% vs. Breast density, R-MV | I-1lI
Kettering (146) relationship between breast treatment 47.9%, OR=1.51, 95% CI=1.18-1.93, young pt age,
Cancer Center, density and BCS; adjusted for Excluded di p=0.0010 univariate; OR=1.34, 95% mammographically
New York, NY clinical and pathologic variables xcluded neoadjuvant Cl=0.98-1.84, p=0.0703 multivariate occult cancers, and
that were significant on chemotherapy, no the use of
2005-2007 univariate analysis using mammogram, surgery at Conversion to mastectomy after preoperative MRI
multivariate logistic regression outside hospital, surgical positive margins 30.0% vs. 21.9%, are interrelated
(age, grade, multicentric/ focal, diagnostic biopsy OR=1.§4, 95% Cl=1.17-2.30, p=0.0039 factors
LVI, size, subtype, density) univariate; OR=1.58, 95% Cl=1.01-2.47, .
p=0.0458 Patient
n=385 + 671 participation in
surgical decision
making is strongly
associated with
mastectomy use
Netherlands Vriens, 2017 Retrospective from registry Stage I-1ll IBC (cT1-3) and | Not reported Surgical margin involvement in BCS Family history R-MV- | I-1ll
Cancer Registry | (148) Multivariabl lvsi neoadjuvant therapy, age (more than focally positive, defined as | information not Reg
2011-2013 uttivariable analysis 18-70 y positive over a length of >4 mm) 2.8% available
n=2,879 + 554 Excluded T4 tumours vs. 3.8%, OR=0.60, 95% CI=0.32-1.10,
Adiusted for vear of incidence p=0.10; however also states 88 vs 15
) Y ) pts (3.1% vs. 2.7% of all pts) and
age, tumour size, nodal status, therefore impossible to get
ER, PR, HERZ status, grade, percentages stated for BCS subset.
multifocality There must be errors in this paper and
data for margins are unusable
Netherlands Lobbes, 2017 Retrospective population-based | All Dutch pts with primary | Breast MRI protocols Multivariable analysis results Limitations: breast | R-MV- | IBC
Cancer Registry | (149) cohort study; MRI vs. no MRI IBC (cT1-4N0-3M0) adhere to EUSOBI quality - . size and density, Reg
A . . treated with primary criteria. No other details | Positive margins aftgr BCS (mor.e' than tumour localization
2011-2013 Multivariable logistic regression surgery reported focally positive, defined as positive at within the breast
a??jlysis with covarilates Cl)f year o ,d . inked margin over a length of >4mm) | ¢ breact cancer ’
of diagnosis, age, clinica Excluded distant : :
tumour size, nodal status, ER, metastases, DCIS, * OR=0.84, 95% CI=0.73-0.97, p=0.015 ,?hSk Prfc’.ﬁlle’ anq l
neoadjuvant therapy, ¢ IDC 3.6% vs. 3.7%, OR=0.90, 95% @ initial surgica
C1=0.77-1.06, p=0.202 treatment plan
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in MRI Type® | Histology
perio d of MRI and non-MRI groups
PR, HER2 status, tumour grade, unknown tumour e ILC 5.0% vs. 7.0%, OR=0.59, 95% based on
histological type, multifocality localization CI=0.44-0.79, p=0.0003 mammographic
Analysis for full group and Standard practice is Secondary mastectomy and/or US fm.dmgs)
were not available
subgroups of ductal and lobular | mammography and/or US
cancers plus tissue sampling of e OR=1.07, 95% CI=0.89-1.29, p=0.434 | Motivation for MRI
10.740 + 25.310 lesions; discussion in e IDC OR=1.23, 95% CI=1.00-1.53, unknown
n=10,740+ £, tumour board determined p=0.054
Ductal: n=7,462 + 21,128 (26% whether MRI was o ILC OR=061, 95% C|=042'088,
MRI) performed p=0.0088
Lobular: n=2,774 + 2,361 (54% Pts selected from cancer
MRI) registry then hospital files
reviewed
Pts with MRI generally
younger, ILC, multifocal
cancer
University of Burkbauer, Retrospective, MRI vs. no MRI Invasive HER2+ breast Not reported Re-excision after BCS: crude rate R-MV | IBC
Pennsylvania 2020 (169) . . cancer 34.73% vs. 27.45%, p=0.04; adjusted HER2+
[abstract] Inverse probability weighted p=0.31
2009-2019 analysis to control for baseline Excluded metastatic,
characteristics (age < 40y, ILC, neoadjuvant therapy,
density, family history, prior RT, | unknown stage, receptor
mutation carrier) status or surgery date
n=571 + 540 MRI group younger
n=311 + 368 with initial BCS
No significant differences in
race, socioeconomic status,
ER/PR status, pathological stage
SEER-Medicare | Wang, 2013 See in situ or invasive section
database (USA) | (164)
Invasive - BCS
Turku Bruck, 2018 Prospective randomized trial, Age 235y, newly 1.5 T MRI, prone Re-operation rate 14% vs. 24%, p=0.202 RCT |
University (162) pre-operative MRI or not, diagnosed unilateral and position, bilateral four-
_50 + 50 clinically unifocal stage | channel breast array
n=>u+ invasive ductal coil, gadoteric acid
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in MRI Type | Histology
perio d,of MRI and non-MRI groups
Hospital, Turku, Diagnosis based on palpation, carcinoma, <20 mm prior (Dotarem, Guerbet, All MRI-detected lesions were visible
Finland mammography, or US to MRI and with first plan | Roissy CdG Cedex, on second-look US, no MRI-guided
being for BCS and SNB France) contrast agent biopsies were required
2011-2013
Excluded pts with breast Imaging sequences also
parenchymal pattern DY covered both axillary
areas
COMICE Turnbull, 2010 | See: In situ or invasive - BCS
(158, 159); only
Morris, 2010
(160);
McMahon,
2013 (161)
Eindhoven Vos, 2015 See In situ or invasive
Cancer (129)
Registry, The
Netherlands
IDC
SEER-Medicare Fortune- See Invasive section
linked dataset Greeley, 2014
(150)
Netherlands Lobbes, 2017 See Invasive section
Cancer Registry | (149)
ILC
Radboud Mann, 2010 Retrospective study of pts in ILC Various MRI systems, All pts: MRI reduced re- R-EQ | ILC
University (151) database, preoperative MRI vs. Excluded hist f various field strengths .. . . o, | excision and final
Nijmegen no MRI xcluded history o ranging from1.0t0 3.0 | ® Re-EXClsolon (primary er;)\dpomt) 5.1% | mastectomy
Medical Centre o . cancer, prior breast T, and various scan vs. 14.9%, OR=0.30, 95% CI=0.11-
(RUNMC), The No multivariate analysis Sﬁrger{,hneoadjuvantth protocols. Prone 0.82, p='0.014 .
Netherlands, Groups comparable for chemo ?ralpty, %r other position, dedicated J Con\gerswn to mastectomy 4.0% vs.
1993-2005 menopausal status, family pon-surgica: tEChMques, | bilateral breast coil, Gd- 12.5%
. A treated at another taini trast L
The history, tumour size, ER/PR hospital containing contras Group with initial BCS (n=55 + 90)
Netherland status, in situ cancer agent
etheriands Indications for MRI e Re-excision 9.1% vs. 26.7%,
Cancer - % Cl= _
included accepted clinical OR=0.27, 95% CI=0.10-0.77, p=0.010
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in MRI Type | Histology
perio d,of MRI and non-MRI groups
Institute/Antoni MRI group younger (mean 56 vs. | indications, pt wish, and Second look US or MRI- ¢ Conversion to mastectomy 7.3% vs
van 61 y; median 57 vs. 60 y) participation in clinical guided (excision) biopsy 23.3%, p=0.013
Leeuwenhoek 99 + 168 studies that assessed: (1) | prior to adaptation of
Hospital 1999- n=s7+ the radiologic pathologic | the surgical plan, other
2005 correlation of MR-visible than for small extension
tumours, (2) high-risk to local excision
screening, (3)
preoperative staging, and
(4) new MRI sequences.
Seoul, Korea Ha, 2018 (152) | Retrospective, propensity score | ILC diagnosed with biopsy | 1.5- or 3.0-T MRI, Reoperation 2.7% vs. 18.8%, p<0.001; R-PSM | ILC
2005-2016 Overlaps with matching or surgical excision dedicated 18-channel after matching OR= 0.140, 95%
pts in Ha, 2019 | n=369 + 234 of which 196 pairs Excluded neoadjuvant gggzziﬁ;rfg breast coil, | CI=0.058-0.342, p <0.001
(185) were matched using 17 variables chelmo(';heﬁpy, stage v, dimeglumine (Magnevist;
male, c()jut € prmt1ary, Schering, Berlin,
missing ﬁ aon pt or Germany) or Gadoterate
tumour characteristics meglumine (Dotarem;
Guerbet, Villapinte,
France) contrast
SEER-Medicare Fortune- See Invasive section
linked dataset Greeley, 2014
(150)
Netherlands Lobbes, 2017 See Invasive section
Cancer Registry | (149)
Eindhoven Vos, 2015 See In situ or invasive
Cancer (129)
Registry, The
Netherlands
Ongoing Trials
MIPA (27 Sardanelli, Pragmatic observational non- Consecutive pts with The coordinating centre | Re-operation rate for close or positive P- BC
centres, all 2020 (153) randomized multicentre newly diagnosed breast approved only MRI margins 8.3% vs. 13.4%, p<0.001 ongoi
except 2 in [protocol] international prospective study cancer amenable to protocols following ng
Europe) sardanelli for women offered MRI or not upfront surgery, aged 18- | technical
23: 7an1eS 4]’ according to local practice 80y recommendations issued
(134) by international
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsosirﬂ; source Number of patients (n) in MRI Type® | Histology
perio d,of MRI and non-MRI groups
ISRCTN4114317 | [abstract, n=1,224 + 1,201 Excluded candidates for societies such us the
8 interim] . . neoadjuvant therapy or European Society of
2013-2018 \b/ar@blis. tha}ctl wc11l.lﬁpe sh:wn to with personal history or Breast Cancer Specialists
i bgt?/:/irgn1iﬁ2 tzvo1 riLens will pe | €ancer or with evidence (EUSOMA), the EUSOB,
Enrollment ONGOING considered as cov§riat[¢)es when of metastases and the Amerigan
;:olrlnplete, ¢ the two groups will be compared College of Radiology.
odov;';gz.f in analyses >1.5 T MRI, >4 channels
endo T m £7 000 of dedicated coils,
arget enro ment of 7, gadolinium-based
reached in 2018
contrast agent
NCT01805076; Bedrosian, Randomized to standard of care | Eligible for BCT by Not reported Primary: LRR after BCS Patients to be RCT- Il
Alliance 2011 (170) with or without MRI conventional criteria Secondary: re-operation rate followed for 5 ongoi
AO11104; [Abstract] Target n=556; actual n=317 (clinical examination, conversion to mastectomy, CBC rate, years from surgery | ng
ONGOING mammography + US) and DFS. OS
ACRIN 6694 ER- and PR- (ER-/PR- )
/HER2-or HER2+), Stage
2014-2020 plUS |A, |B, 1.
follow-up
Expected Excluded pts with
completion multicentric or multifocal
2025 disease scheduled to
undergo multiple
lumpectomies
B-SMART Rahman, 2012 | Prospective RCT, (mammogram Newly diagnosed breast Not reported Margin revision rate 15 (35%) additional | RCT BC
(171) / US) + MRI prior to surgery cancer, BCS candidate as . . - cancer by MRI;
NCT00948285 [Abstract] . . assessed by surgeon after Interim analysis: margin: .3'4 mm VS'O missed 2 (5%)
T Target n=400, Interim analysis conventional imaging 3.4 mm, p=0.99; re-excision rate 7.3%
exas with n=103 (91 analyzed) vs. 17%, p=0.21; margin volume 34 cm?
2009-2011 at Final enrolment n=194 vs. 17 cm?, p=0.03
Interim . terminated 2019 due to low
analysis; accrual
terminated
2019

ACRIN, American College of Radiology Imaging Network; BCS, breast-conserving surgery; BCT, breast-conserving therapy (BCS + RT); BI-RADS, Breast Imaging and Reporting and Data System;
CBC, contralateral breast cancer; Cl, confidence interval; CNB, core-needle biopsy; CPM, contralateral prophylactic mastectomy; DCIS, ductal carcinoma in situ; DFS, disease-free survival; ER,
estrogen receptor; HER2, human epidermal growth factor receptor 2; IBC, invasive breast cancer; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ITT, intent-to-treat; LRR,
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loco-regional recurrence; LVI, lymphovascular invasion; MRI, magnetic resonance imaging; ns, not significant; OR, odds ratio; pt, patient; pts, patients; OS, overall survival; PR, progesterone
receptor; RR, relative risk; RT, radiotherapy; SEER, Surveillance, Epidemiology, and End Results database; SLNB, sentinel lymph node biopsy; US, ultrasound; WLE, wide local excision
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Table 4. Contralateral breast cancer, recurrence, and survival.
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examined using
multivariable analysis (age,
menopausal status, family
history, mode of

breast MRI (15% before
biopsy, 66% after biopsy,
and 19% after lumpectomy
but before RT)

2.39, p=0.28

Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
DCIS - all
surgeries
SEER-Medicare | Wang, 2016 Retrospective; MRI vs. no Women aged 67-94 y Not reported After propensity score matching: Units of cases R-PSM | DCIS
dataset (172) MRI; propensity score diagnosed with DCIS 2004- o 0 per 1000 person-
2004-2009 matching to adjust for 2009 and follow-up S]E/nChrOhOL;]S C?SS(Z 6 mggt?s) 5']6’0‘65' 1.6% years makes
i baseline characteristics through 2011, and had (from graph), HR—.O ;; 95;7 885 18-0.42 comparison
(age, comorbidity, income, | surgery within 9 months of pegsc(;g;years, UL 7R SOTERS difficult
stage, grade, size, diagnosis L
histology, ER/PR status, and . . Subsequent CBC (=6 months) with median 44
other factors) gg{ Idg;;j ;?el_)gi;;:ggspf:m months follow-up 3.9% vs. 2.8% (from
Relationship between MRI date of surgery graph), 6.7 \gs' 6.8 per 1000 person-years,
and CBC occurrences HR=0.90, 95% CI=0.52-1.56, p=0.71
n=1,258 + 7,908
Matched: n=1,159 + 2,156
DCIS - BCS only
Memorial Sloan- | Pilewskie, Retrospective, pts Pure DCIS treated with Bilateral. No other 8-y LRR 14.6% vs. 10.2%, p=0.52; 5-y LRR RT and margin R-MV | DCIS
Kettering 2014 (173) identified from database BCS, with RT (61%) or details reported 8.54% vs. 7.23%, p=0.52; adjusted HR=1.18, status had
P
Cancer Center with MRI data from chart without RT (39%); all had 95% Cl=0.79-1.78, p=0.42 significant effect
(MSKCC) review; relationship mammography, 26% had on LRR
: ; ; e No RT subgroup: 5-y LRR 13.2% vs. 10%,
1997-2010 between MRI and LRR perioperative bilateral p=0.33: adjusted HR=1.36, 95% CI0.78-

! Only female patients unless indicated otherwise.
2 When statistical adjustments were made to account for confounders, this applies to OR and p values; numbers or rates of events of are not adjusted. Stage/size, age/menopausal status, in
situ/invasive proportion, HER2/ER/PR status, systemic therapy, and RT were considered to be potentially important cofounders.
3 RCT, randomized controlled trial; P, Prospective non-randomized trial; R-PSM, retrospective with propensity score matching; R-MV, retrospective with multivariate analysis; R-MV-Reg,
retrospective with multivariate analysis using registry data; R-EQ, retrospective using data from equivalent groups (e.g., historical controls)
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
presentation, margin status, | MRI group younger, more e RT subgroup: 5-y LRR 6.34% vs. 5.22%,
number of excisions, likely to be p=0.54; adjusted HR=1.14, 95% CI=0.63-
adjuvant RT, adjuvant pre/perimenopausal, more 2.09, p=0.66
endocrine therapy, year of family history of breast .
diagnosis) Py, ¥ canceyr, moreyclinical Metachronous CBC: 8-y CBC (not adjusted)
abnormalities. more 3.5% vs. 5.1%; 5-y CBC 3.5% vs. 3.5%, p=0.86
n=596 + 1,725 postoperative RT, and (p=0.87 no RT, p=0.73 RT)
adjuvant endocrine
therapy
In situ or
invasive - all
surgeries
University of Choi, 2017 Retrospective with Consecutive women with 1.5 T MRI, bilateral Recurrence 8.8% vs. 10.4%, p=0.30 R-PSM | BC
Ulsan College of | (139) propensity score matching newly diagnosed breast breast coil, Magnevist . o
Medicine, those with MRI to those cancer and curative (Schering, Berlin, D?gt29é115 first recurrence 2.6% vs. 3.3%,
Seoul, South without based on 25 surgery; excluded those Germany) contrast p=t.
Korea covariates with neoadjuvant Axial sequence for the
_ . chemotherapy or distant .
2009-2010 n—82£:] +d1 ,61' 3; selected 799 metastasis, bilateral evaluaFop o[ the .
matched pairs breast cancer supraclavicular an
axillary lymph nodes
Seoul National Kim, 2013 Retrospective, bilateral MRl | Surgery for breast cancer Bilateral breast MRI CBC at preoperative evaluation: R-MV | BC
University (174) 2007-2008 vs. unilateral MRI Excluded bilateral breast replaced unilateral MRI ultrasound/mammography 1.19% (21/1771)
College of 2004-2006 xcluded briateral breas in 2007 vs 1.36% (18/1323), p=0.62; by MRI 1.41%
Medicine, Korea cancer identified by (25/1771) vs 0%, p<0.001; total 2.60%
’ Multivariate analysis using clinical symptoms or Bilateral: 1.5 T MRI, (46/1771) vs 1 3,6‘7 (18/1,332)
2004-2008 factors from univariate mammography prior to contrast-enhanced R
analysis with p<0.2 (index MRI, metastasis, missing Detail likely th Annual examination with mammography and
tumour size, lymph node follow-up to 12 months etaris are B] N )'2012 bilateral whole-breast US
status, ER status) same as n bae, .
(178) Median follow-up 45 months vs. 65 months
?z?jz’?Jnﬁ::far?uéf{l ¥ Metachronous CBC estimated at 45 months:
’ 0.51% (9/1771) vs. 1.36% (18/1323), p=0.02;
multivariate analysis: adjusted HR=0.37, 95%
Cl=0.15-0.92, p=0.03
Metachronous CBC at 24 months 1/1771 vs.
9/1323, p-0.04
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
Invasive or in
situ - BCS only
Enterprise Data | Amin, 2015 Retrospective, preoperative | Invasive cancer or DCIS and | Not reported Mean follow-up 51.5 months vs. 59.4 months R-MV | O-lll
Warehouse of (175) MRI vs. no MRI, multivariate | BCS Events (local t>6 th (DCIS or
Northwestern [abstract] analysis; adjusted for pt vents (local recurrence a > 6 Months or IBC)
L ; MRI pts were younger, new metachronous cancer in contralateral
Medicine, age, tumour size, nodal o N -
: more palpable tumours, breast): 9.3% vs. 11.9%, adjusted HR=0.90,
Chicago, IL status, the presence of o
. . . more ILC, less DCIS, more 95% Cl=0.59-1.36, p=0.61
2004-2010 triple negative disease, and node positive disease
the use of radiotherapy and P Ipsilateral events adjusted HR=0.93, 95%
systemic therapy Cl=0.57-1.51, p=0.76
n=526 + 571 Metachronous contralateral events adjusted
HR=1.22, 95% CI=0.57-2.62, p=0.61
Samsung Ko, 2013 (176) | Retrospective, MRI vs. no Invasive or in situ breast 1.5 T MRI, prone Median follow-up 68 months; mammography R-MV | BC
Medical Center, MRI carcinoma and BCS position, bilateral, and/or US every 6 months for first 3 y and
Seoul, Korea A attempted dedicated 2-channel then yearly thereafter
Multivariate Cox breast coil, gadolinium
2005-2006 proportional hazards model | MRI indications: 75% contrast aéent Subset with unilateral early-stage cancer,
used to assess the preoperative evaluation, (Magnevist, Bayer BCS + RT:
difference of total 10% post-excisional biopsy, Schering, Berlin, Recurrence 5.7% vs. 8.3%, p=0.264; adjusted
recurrence and IBTR, 5% neoadjuvant Germany) HR= 0.75. 95% Cl=0.39-1.45. 0=0.385
adjusting for treatment and | chemotherapy y = .13, 7% LI=0. 37149, p=0.
tumour characteristics MRI-detected lesions IBTR 0.4% vs. 3.6%, p=0.013; adjusted
(grade, ER/PR status, biopsied by US or HR=0.16, 95% Cl1=0.02-1.2, p=0.076
tumour size; other factors Recurrence outcomes mammographic .
not significantly different) limited to pts with guidance; MRI-guided Metachronous CBC 2.2% vs. 1.3%, p=0.512
12310 + 475 unilateral early-stage biopsy unavailable (not adjusted)
breast cancer (TO-Il) and 5-y IBTR-free survival: 99.5% vs. 96.7%,
Subset early stage with BCS | BCS + RT p=0.020
and RT, similar
characteristics except No difference in CBC-free survival (p=0.168),
ER/PR status: n=229 + 386 regional RFS (p=0.605), or total RFS
(p=0.383) (not adjusted)
Re-excision data not
adjusted
Dartmouth Hill, 2017 Retrospective All pts undergoing BCT Not reported Median follow-up 76.7 months vs. 86.0 MRI associated R-MV | BC
Hitchcock (177) Univariate and multivariate | Excluded pts with months with decrease in
Medical Center, analysis (age, ER/PR/HER2 conversion from BCT to recurrence on
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
Lebanon, NH, status, RT, endocrine mastectomy, without IBTR at 8 y calculated using Kaplan-Meier univariate but
USA therapy for IBC) negative margins (cancer estimates: not multivariate
2000-2010 n=664 + 732 Brél'sr;k of IBC or > 1 mm for All pts (DCIS + invasive): 4.0% vs. 8.0%, analysis
RR=0.6, 95% CI=0.36-0.98, p=0.04;
Starting 2005, MRI had multivariate RR=0.77, 95% Cl=0.45-1.28,
been recommended for all p=0.32
IBC and was received by
86.8% of pts with IBC in
2006-2010
Starting 2008, MRI
recommended for all DCIS
and received by 79.9% in
2008-2010
Memorial Sloan | Sung, 2014 Retrospective institutional Early stage (0-Il) breast 1.5 T MRI, prone Contralateral cancer 6% at initial diagnosis R-MC | O-1I
Kettering (165) review, preoperative MRI cancer undergoing BCS +RT | position, dedicated (11% MRI vs. 1%)
Cancer Center, vs. no MRI; MRI and control Excluded if di t surface breast coil,
New York matched 1:1 by age 5y tr)::e:rg N rLar;ig(?t grtrj]van gadopentetate
2000-2004 increments), distanpty;netastases z’r no | dimeglumine (Magnevist, | All pts had initial BCS
histopathologic features RT ’ Berlex) contrast « Synchronous contralateral 11% (19/174)
(DCIS, invasive ductal, Suspicious lesions vs. 1% (2/174)
invasive lobular, invasive MRI group more likely to )
mammary carcinoma), have extremely dense i?;gl??%gﬁ?%eognz\zy Median follow-up 8 y:
stagei itéz/giorcwj fbor 8c51/: of breasts (28% vs. 6%, lesion potentially o LRR 5% (8/164) vs. 9% (14/164), p=0.33
(r:r?::fcsi; I e?(clucri?r? erage | p<0.0001) and representing multifocal, o New (metachronous) contralateral
sl s mammographically occult | o iticentric, or disease 4% (7/164) vs. 3% (5/164)
g g C?Bcggcg% vs. 9%, contralateral were ¢ Distant metastasis 2% (4/164) vs. 5%
n=174 + 174 p=0. ) routinely sampled by (9/164)
_ . 10 pt pairs had either percutaneous or o DFS 88.4% (145/164) vs. 82.9%
n—:i64 * 16‘{ n r(lecgrrence intraoperative partial surgical biopsy (136/164), from events table; 86.2%
and survivat anatysis breast RT and were (141/164) vs. 84.6% (139/164) from
excluded from long-term graph, p=0.73
outcome analysis; the rest
had whole-breast RT with
or without boost
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in Type® | Histology
period,of MRI MRI and non-MRI groups
Lynn Sage Zeng, 2020 Retrospective, preoperative | Primary stage 0-1ll breast Not reported Average follow-up 5.8 y vs. 6.4y Tumor size, ER R-MV | O-1lI
Comprehensive | (166) MRI vs. no MRI cancer, BCT, tumour-free Adiusted HR status, and nodal
Breast Center - . margins, age <50 y Juste S positivity were
Multivariable regression o S
at adiusting for age Excluded neoadiuvant Local recurrence 7.9% vs. 8.2%, HR=1.03, significantly
Northwestern ) g Tor age, . J 95% C1=0.53-1.99, p=0.94 associated with
Memorial race/ethnicity, tumour size, | therapy, RT use not ’ distant RFS
Hospital tumour grade, lymph node | ascertained, metastatic Distant recurrence 6.4% vs. 6.6%, HR=0.89,
. ’ status, ER status, HER2 . 95% Cl=0.43-1.84, p=0.74 Reasons for pt
Chicago, Il status, P53 status, and Cohort was derived from a acceptance of
2006-2013 systemic therapy status gold-standard dataset of Subgroup age <40 y: local recurrence MRI were not
2045 pts; details are not HR=1.82, 95% CI=0.43-7.76, p=0.42; distant | recorded: most
n=330 + 182 provided recurrence HR=0.93, 95% C1=0.26-3.34, often declined
Two groups were well p=0.91 for
balanced claustrophobia,
fear of biopsies,
cost
Invasive Cancer
Seoul National Bae, 2016 Retrospective review of Stage | or Il triple-negative | Preoperative MR imaging | Median 6.1 y follow-up Absence of MRI, R-MV | I-ll; TN
niversity atabase, Vs. No reast cancer, or in pts with biopsy- ense breast
Universi (178) datab MRI MRI b BCS i ith bi d b

Hospital, Seoul,
Korea

2003-2008

Multivariate analysis
(mammographic density, pt
age, symptoms, family
history of breast cancer,
histologic tumour
characteristics, tumour
grade, tumour size,
lymphovascular invasion,
lymph node involvement,
surgery type, margin status,
and adjuvant treatment
received). Variable in
univariate analysis with
p<0.2 were included in
multivariate model

n=345 + 53

mastectomy

Excluded if metastatic
disease, neoadjuvant
therapy, stage lll,
incomplete HER2 data

98.7% IDC

confirmed breast cancer
since 2003, and bilateral
MR imaging has replaced
unilateral MR imaging
since 2007

1.5 T MRI, prone
position, dedicated
eight-channel breast
coil,

2003-2006: unilateral,
contrast-enhanced

2007-2008: bilateral,
gadobenate
dimeglumine
(MultiHance; Bracco
Imaging, Milan, Italy)
contrast

Recurrence (LRR, contralateral cancer, or
distant metastasis): univariate analysis
13.6% vs. 30.2%, HR=0.45, 95% CI=0.25-0.79,
p=0.006; multivariate analysis: HR=0.38, 95%
Cl=0.21-0.67, p<0.001

RFS at 7 y 87% vs. 65% (from graph),
adjusted p<0.001

tissue, family
history, and LVI
were
independently
associated with
recurrence and
RFS
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
Netherlands Lobbes, 2017 Retrospective population- All Dutch pts with primary | Breast MRI protocols Synchronous CBC (diagnosis at same time or | Limitations: R-MV- | IBC
Cancer Registry | (149) based cohort study; MRI vs. | IBC (cT1-4NO-3MO) treated | adhere to EUSOBI quality | within 3 months of first cancer diagnosis) breast density, Reg
no MRI with primary surgery, criteria. No other details o 0 tumour
2011-2013 o o . reported 3.7% (399/10740) vs. 1.3% (336/25310), localization
Multivariable logistic Excluded distant OR=0.28, 95% CI=0.24-0.33, p<0.0001 within the
regression analysis with metastases, DCIS, ~ o breast. pt breast
covariates of year of neoadjuvant therapy, ® :E((Z: 8::__;503’ Z;f ((::|I—_1:J’73383‘,12?’ p<ggg11 cancer’ rFi)sk
diagnosis, age, clinical unknown tumour * =£.9U, P05 LI=1.75-3.01, p<U. profile, and the
tumour size, nodal status, localization initial ;urgical
ER, PR, HER2 status, tumour L.
. : Standard practice is treatment plan
grade, histological type, based on
multifocality mammography and/or )
ultrasound plus tissue mammographic
Analysis for full group and sampling of lesions; and/or
subgroups of ductal and discussion in tumour board u'ltra'lsound
lobular cancers determined whether MRI fmdmgs.) were
1210.740 + 25.310 was performed not available
, ’ 0 Pts selected from cancer Motivation for
IN?F?I n=7,462 + 21,128 (26% registry then hospital files MRI unknown
) reviewed
IAI/IF{:I: n=2,774 + 2,361 (54% Pts with MRI generally
) younger, ILC, multifocal
cancer
Netherlands Van Nijnatten, | Retrospective, MRI vs. no IBC of no special type or Not reported 0S, mean follow-up 5.3 y for OS Recurrence data | R-MV- | IBC
Cancer Registry | 2020 (179) MRI; stratified into ILC . 0 o. - only collected Reg
LS P — e ST e | forptsdgnoss
i (invasive of no special type, ﬁ)u el' 1stan mde. as a:es anatysis HR=U.71, 707 LI=0.74-1.11, p=0. and treated in
ILC). ?reaét‘rsr?e]:te,prlscfitm\ijatn 0S, invasive no specific subtype: 92.3% the first 3
Possible confounders surgical treatment I(-ISF?ZO/ 79’283.2’;/ SCI%%) 22’1%1 3/ _2(()) ’7326)’ months of 2012
examined using univariable MRI indications: ILC. IBC =9.76, 7o LI=0.76-1.17, p=0.
and multivariable Cox with discrepancy in tumour 0S, ILC: 92.2% (176/2,246) vs. 81.6%
proportional hazard pancy 323/1,758), HR=0.54, 95% C=0.23-1.24
assessment between ( ,758), ’ ’
regression analysis; non- hvsical inati d p=0.15
significant variables were physical examination an
excluded Enez;gmg if the pt preferred
n=9,632 + 22,124 (all, 0S) ’ DFS, mean follow-up of 4.6 y
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
¢ Invasive carcinoma no 5-y DFS overall: 93.1% vs. 93.5%;
specific type n=7,386 + multivariate analysis HR=1.16, 95% CI=0.81-
20,366 1.67, p=0.42
* ILC n=2,246 + 1,758 DFS, invasive no specific subtype: 92.7%
DFS cohort n=697 + 1,767 (39/534) vs. 93.7% (103/1,627), HR=1.23,
) ) 95% Cl=0.82-1.83, p=0.32
e Invasive carcinoma no
spec'ific type n=534 + DFS, ILC: 94.5% (9/163) vs. 92.1%
1,627 (11/140), HR=1.02, 95% CI=0.36-2.94,
p=0.96
ILC n=163 + 140
Netherlands Vriens, 2017 Retrospective from registry | Stage I-1Il IBC (cT1-3) and Not reported Multivariate analysis results: Family history R-MV- | 111l
Cancer Registry | (148) Multivariable analysis neoadjuvant therapy, age Synchronous CBC within 3 months of primary lnfqrmauon not Reg
18-70 y g . . available
2011-2013 2 879 + 554 diagnosis by use of MRI prior to
n=z, * Excluded cT4 tumours chemotherapy OR=1.19, 95% CI=0.71-2.00, No mention of
(IDC n=2,429 + 477; ILC p=0.51 method of
n=364 + 58) evaluating
. neoadjuvant
Adjusted for year of response and
incidence, age, tumour whether this led
size, nodal status, ER, PR, to detection of
HER2 status, grade, contralateral
multifocality cancer
SEER-Medicare | Wang, 2016 Retrospective; propensity Women aged 67-94 y Not reported Median follow-up 43 months vs. 46 months Units of cases R-PSM | I-1I
dataset (180) score matching to adjust for | diagnosed with stage I-II 0 per 1000 person-
baseline characteristics breast cancer 2004-2009 CBC 7.0% vs. 3.8% (from graph), 18'? vs. 9.2 years makes
2004-2009 per 1000 person-years, HR=2.01, 95% :
Relationshio bet MR and follow-up through Cl=1.81-2.23. £<0.001 comparison
ar?da(;ggsoggur?e:fs: 2011, and had surgery =1.61-£.23, p<U. difficult
thhin 9 months of Synchronous CBC 5.9% vs. 2.1%, 126.4 vs.
n=6,377 +32,594 diagnosis 42.9 per 1000 person-years, HR=0.35, 95%
Matched: n=6,377 + 12,754 | MRI had to be in the period C1=0.31-0.40, p<0.001
90 days pre-diagnosis to Subsequent CBC 1.1% vs. 1.7% (from graph),
date of surgery 3.3 vs. 4.5 per 1000 person-years, HR=0.68,
Excluded synchronous 95% C1=0.53-0.86, p=0.002
stage IV CBC
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
Invasive Cancer
- BCS only
Princess Hwang, 2009 Retrospective, MRI vs. no Initial lumpectomy (BCS) MRI details not reported | Median follow-up 54 months R-MV | IBC
ﬂgiﬁ?tﬁt (181) MRI E%rcltgﬂsgéisl?gsgimgle Crude IBTR 1.6% vs. 2.6%, actuarial 8-y IBTR
’ Gervais, 2017 | n=127 + 345 e : . 1.8% vs. 2.5%, p=0.67; adjusted HR=0.59,
Toronto (182) surgeon; final pathologic Preoperative MRI was 95% C1=0.09-4.17, p=0.60
19992005 (95% 2009: Multivariate analysis | negative margins (no initially employed for ) R )
to investigate association younger pts, those wit edian follow-up 97 months months vs.
were 2002-2005 i i jati tumour cellg at inked h ith | Median foll 97 hs (85 h
between MRI and ipsilateral | margin), adjuvant RT mammographically 106 months)
recurrence Excluded pts with gggsnegl;giaéééus;ﬁz IBTR without distant metastases at 10 y:
2017: Univariate analysis; excisional biopsy at other | " " = . pal;aable crude rate (not adjusted) 1.6% vs. 3.5%;
stratified log-rank tests to institution, multiple tumours that were not Kaplan-Meir estimate 1.6% vs. 4.2%, p=0.37,
adjust for treatment and synchronous lumpectomies well seen on HR=0.50, 95% CI=0.11-2.24
tumour features one at a on same breast, T
time (age, tumour size incomplete pathology mammography. Over | Publication indicates that there were “no
triple negative status) for | reports or with positive the trial it became quite | differences in IBTR rate after adjusting for
IBTR only margins on final specimen, | Foutine exceptin older | age, year of surgery, tumour size, adjuvant
mastectomy within 12 pts with treatment” but did not report these results
Patients with MRI were it mammographically fatty N
younger, had more palpable m?nnszztzgclt;?lif - breasts Median time to recurrence 26 months vs. 25
lumps, had less favourable ’ months
tumour characteristics, Allowed MRI that was High-risk subgroup (triple negative + HER2+):
received more adjuvant performed prior to IBTR 3.3% vs. 11.8%, p=0.3 (adjusted data
chemotherapy mammography not reported)
Re-excision data not MRI indications were High-risk vs. non-high risk: With MRI, IBTR
adjusted younger age, dense was 3.3% vs. 1.1%, p=0.44; without MRI IBTR
breasts, h:r'eihtary breast was 11.8% vs. 1.8%, p=0.0002, suggesting
;:ancer, radiotogy rc]:onceLrJr;s MRI has benefit in high-risk pts
rom mammography or
Yonsei Ryu, 2016 Retrospective, preoperative | T1-2 breast cancer and 3.0 T MRI, dedicated Median follow-up 64.5 vs. 78.5 months R-MV | I-lI
ﬂg;‘;‘?{;{t"s%ul (183) MRI vs. no MRI BCT zvr"’:;ﬁ:fcl breast Colls, | 5.y LRRFS 99.7% vs. 99.0%, HR=1.055, 95%
Korea ’ ’ Cox proportional hazard Excluded inflammatory enhanced MRI CI=0.270-4.124, p=0.938; adjusted
model was used for both breast cancer, phyllodes HR=0.814, 95% Cl=0.141-4.704, p=0.818
2007-2010 univariate and multivariate | tumour, Paget’s disease,
analyses; adjusted for age, neoadjuvant
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
stage, nodal status, ER chemotherapy, distant 5-y RFS 95.7% vs. 97.0%, HR=0.775, 95%
status, grade metastasis, no RT Cl=0.364-1.650, p=0.508; adjusted HR=0.75,
n=743 +211 95% Cl=0.307-1.832, p=0.528
5-y 0S 98.3% vs. 98.5%, HR=0.791, 95%
Cl=0.283-2.213, p=0.655; adjusted
HR=1.187, 95% CI=0.277-5.087, p=0.818
SEER-Medicare | Wang, 2018 Retrospective, preoperative | Stage I-Il breast cancer Not reported Median follow-up 5.6 y MRI improved R-MV- | I-lI
dataset, USA (184) MRI vs. no MRI; stratified and BCS, age 67-94 y; BCS Sub ¢ tect t>9 ths aft survival and Reg
groups by RT use within 9 months of cancer ubsequent mastectomy at > 7 Months atter | joraased
2004-2010 : : surgery as surrogate for recurrence:
Multivariable models were diagnosis subsequent
fitted to estimate HR for Subsequent mastectomy Treated recurrence 3.2 vs. 4.1 per'1000 mastectomy in
; - person-years, HR=0.80, p=0.08; adjusted pts who did not
MRI use, adjusted for defined as mastectomy >9 HR=0.92. 95% CI=0.70-1.19. 0=0.51 receive RT
variables found to be months after initial =0.72, 7370 LI=0./U-1.17, p=0.
associated with outcomes (p | diagnosis Breast cancer mortality 5.3 vs. 8.7 per 1000
value < 0.20) in bivariate . person-years, HR=0.62, p<0.001; adjusted
MRI group more likely to N el y P
analyses be younger, white, HR=0.89, 95% CI=0.73-1.08, p=0.23
n=4,691 + 19,688 married, higher income, Subgroup without RT:
fewer comorbidities,
No RT: n=790 + 4,957 better disability index; o Treated recurregcg 5.6 vs.09c.]§ pecq.1000d
Received RT: n=3,727 + more likely to receive RT, person-years, HR=0.65, p=0.06; adjuste
14,508 Chemotherapy, and anti- HR=O.60, 95% C|=037'0.98, p=0.04
HER2 therapy e Breast cancer mortality 5.5 vs. 14.9 per
Adjusted for age, grade, T 1000 person-years, HR=0.41, p<0.001;
tumour size, lymph node Groups similar in tumour adjusted HR=0.57, 95% Cl=0.36-0.92,
status, ER/PR status, stage p=0.02
chemotherapy, . )
trastuzumab, RT, surgeon Subgroup with RT:
volume e Treated recurrence 2.8 vs. 2.8 per 1000
No difference is stage person-years, HR=1.03, p=0.84; adjusted
distribution so not used in HR=1.17, 95% CI=0.84-1.61, p=0.35
adjustment e Breast cancer mortality 5.2 vs. 7.1 per
1000 person-years, HR=0.74, p=0.004;
adjusted HR=1.00, 95% CI=0.80-1.24,
p=0.99
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
Iocat1oq or source Number of patients (n) in Type® | Histology
group, time MRI and non-MRI
period of MRI and non groups
Invasive Ductal
Carcinoma -
BCS only
Turku Bruck, 2018 Prospective randomized Age 235y, newly 1.5 T MRI, prone Median follow-up 49 months: Note: all MRI- RCT 1 IDC
University (162) trial, pre-operative MRI or diagnosed unilateral and position, bilateral four- . ) . detected lesions
Hospital, Turku, not, n=100 (50+50) clinically unifocal stage | channel breast array * Distant recurrence 0% vs. 6% were visible on
Finland Based Ipati invasive ductal carcinoma, | coil, gadoteric acid e No local recurrence second-look US
2011-2013 ased on pa Ea ]onijs <20 mm prior to MRI and (Dotarem, Guerbet,
i mammography, or with first plan being for Roissy CdG Cedex,
BCS and SNB France) contrast agent
Excluded pts with breast Imaging sequences also
parenchymal pattern DY covered both axillary
areas
Second-look US for MRI-
only lesions, US-guided
core needle biopsy taken
if possible, no MRI-
guided biopsies were
required
Invasive Lobular
Carcinoma
Seoul, Korea Ha, 2019 (185) | Retrospective. Groups with | Newly diagnosed ILC by 1.5T or 3T MR, Matched cohort analysis Breast MRI R-PSM | ILC
. or without preoperative biopsy or surgical excision; | dedicated breast coil, 0 0 protocols were
2005-2012 Og/e.rlaﬁs Vgs?g MRI, propensity score excluded neoadjuvant Magnevist (Schering) or * Tot_al recurrence 11.5% vs. 13.5%, non-uniform
p1 ;zm a matching for 21 covariates therapy, stage IV, gadoterate meglumine HR=1 '026’ p—0.8201 during the study
( )t " (pt demographics, tumour incomplete pt or tumour (Dotarem) (Guerbet) ¢ 0596.2% vs. 91.3%, HR=0.485, p=0.231 period
;r:cai\s ectomy characteristics, clinical data contrast Inverse Probability Weighting Analysis
reoperation features) Annual follow-up by e 05 HR=0.353, p=0.078
results) Variables with a p<0.20 in mammography and US ’
the univariable analysis
were entered as input
variables for a multivariable
Cox proportional hazards
model using backward
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Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.;; source Number of patients (n) in Type | Histology
period,of MRI MRI and non-MRI groups
elimination in unmatched
data
n=120 + 167
Before matching, the MRI
group was younger,
premenopausal, denser
breast tissue, no hormone
therapy
Matched 104 pairs of pts
Ongoing trials
MIPA (27 Sardanelli, Pragmatic observational Consecutive pts with newly | The coordinating centre | Ipsilateral recurrence, CBC, distant P- BC
centres, all 2020 (153) non-randomized diagnosed breast cancer approved only MRI metastases at 5-y follow-up ongoi
except 2 in [protocol] multicentre international amenable to upfront protocols following ng
Europe) sardanelli prospective study for surgery, aged 18-80 y technical
) women offered MRI or not . recommendations issued
ISRCTN4114317 | 2017 (154) according to local practice Exclud.ed candidates for by international
8 [abstract, neoadjuvant therapy or I
interi 21201 + 1.224 ith U hist societies such us the
2013-2018 interim] n=1, +1, wi personqth is %ry or ) European Society of
Variables that will be shown ﬁ:éirt;;e:w evidence of | Breast Cancer Specialists
Enrollment to be significantly different (EUSOMA), the EUSOB,
complete, ONGOING between the two groups and the American
Lzléoyf-;gzt; will be considered as College of Radiology.
covar1atgsllv;hen the twg . >1.5 T MRI, >4 channels
grOLleS Witl be compared in of dedicated coils,
anatyses. gadolinium-based
contrast agent
NCT01805076; Bedrosian, Randomized to standard of Eligible for BCT by Not reported Primary: LRR after BCT Patients to be RCT- I-1l
Alliance 2011 (170) care with or without MRI conventional criteria Secondary: re-operation rate, conversion to followed for 5 ongoi
. [Abstract] e _ (clinical examination, s y years from ng
AO11104; ONGOING Target n=556; actual n=317 mammography + US) and mastectomy, CBC rate, DFS, OS surgery
ACRIN 6694 ER- and PR- (ER-/PR-
/HER2-or HER2+), Stage IA,
2014-2020 plus IB, II.
follow-up
Expected Excluded pts with

multicentric or multifocal
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final results
not available

e any death 0.9% vs. 0.4%

Study name, Author and Study design Patient characteristics' MRI details Outcomes? Other Trial Stage /
. 3 .
glggzsog.r?‘; source Number of patients (n) in Type® | Histology
period,of MRI MRI and non-MRI groups
completion disease scheduled to
2025 undergo multiple
lumpectomies
BREAST-MRI Mota, 2019 Randomized, stratified for Stage 0-lIl, candidate for 1.5T MRI system Follow-up 23.6 months (interim analysis; RCT 0-111
ICESP. S3o (157) mammary density BCS follow-up planned for 5 y; secondary
Paulo, Brazil [Abstract] 219 + 227 outcomes)
Interim e local recurrence 0 vs. 0.4%,
NCT02798796 analysis for e distance recurrence 1.8% vs. 1.3%
2014-2016 recurrence; e breast cancer death 0% vs. 0.4%

ACRIN, American College of Radiology Imaging Network; BCS, breast-conserving surgery; BCT, breast-conserving therapy (BCS + RT); CBC, contralateral breast cancer; Cl, confidence interval;
DCIS, ductal carcinoma in situ; DFS, disease-free survival; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; IBTR, ipsilateral breast tumour recurrence;
IBC, invasive breast cancer; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LRR, loco-regional recurrence; LRRFS, locoregional recurrence-free survival; LVI, lymphovascular
invasion; MRI, magnetic resonance imaging; ns, not significant; OR, odds ratio; OS, overall survival; pt, patient; pts, patients; PR, progesterone receptor; RFS, recurrence-free survival; RR,

relative risk; RT, radiotherapy; SEER, Surveillance, Epidemiology, and End Results database; US, ultrasound
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Table 5. Excluded studies.

Study'name, Author and Study design Patier]t . MRI details Outcomes Other Trial2
glggss,o;;; source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
Non- P
randomized

prospective

University of Xia, 2014 (192) | Prospective enrolment; univariate | Stage O-1ll who had Not reported CPM 51.5% vs. 27.9%, univariate OR=2.74, Adjusted for P
lowa Breast logistic regression and multivariate | mastectomy for index p=0.006; multivariate OR=1.27 (95% CI=0.328- recommendation
Molecular model to identify factors cancer 4.893), p=0.732 for MRI follow-up,
Epidemiology predicting CPM within 12 months age, whether the

Excluded if bilateral

Resource of definitive mastectomy . . patient’s youngest
cancer diagnosed prior child was under
n=66 + 68 to MRI the age of 6 years
Adjusted for recommendation for at diagnosis, BRCA
MRI follow-up, age, whether the testing, BRCA test
patient’s youngest child was under result for those
the age of 6 y at diagnosis, BRCA who received
testing, BRCA test result for those testing, family
who received testing, family history, nodal
history, nodal status, history of status, history of
benign biopsy findings, receptor benign biopsy
status, body mass index, findings, receptor
reconstruction performed status, body mass
index,
reconstruction
Exclude: no adjustment for size, performed
stage, histology; no data on
mastectomy rates (only CPM)
Retrospective, R-EQ

historical

! Only female patients unless indicated otherwise.
Z  RCT, randomized controlled trial; P, Prospective non-randomized trial; R-PSM, retrospective with propensity score matching; R-MV, retrospective with multivariate analysis; R-MV-Reg,
retrospective with multivariate analysis using registry data; R-EQ, retrospective using data from equivalent groups (e.g., historical controls)
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
glggzsog.;; source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
controls or
equivalent
groups
Italy (single Petrillo, 2013 Retrospective, single institution Breast cancer, age <40 | 1.5 T MRI, prone position, Mastectomy rate (unilateral or bilateral) 53% vs. | Article indicates R-EQ
institution) (193) database, consecutive pts y bilateral synchronous 37%, p=0.011 “Mastectomy was
(excluding neoadjuvant therapy); . dedicated 4-channel breast . o 0 considered
2006-2011 MRI vs. no MRI (conventional Eﬁcludiﬁ neoadjuvant coil, gadobenate Unilateral mastectomy 51% vs. 37% appropriate when
imaging = mammography and/or chemotherapy dimeglumine (MultiHance, Unilateral BCS 47% vs. 62% multicentric
us) No differences Bracco, Milan, Italy) . . . disease suspected
122+ 124 between groups in contrast gt;nlateral BCS + unilateral mastectomy 2% vs. at imaging was
age, pathologic . . ° pathologically
Bi-RADS 4 or 5 lesions had :
subtype, tumour ; : Bilateral BCS 0% vs. 1% confirmed or
needle biopsy or surgical :
. stage, receptor, nodal c when the ratio
Exclude: not equivalent stage and excision; lesions only on Planned mastectomy before MRI in the MRI group | b h
. - . status (MRI group had y group etween the
multicentric or multifocal rate ; - MRI were sampled under was 38% thological
slightly higher stage : . - pathologica
2 US guidance if possible extent of
but not significant) Multifocal, multicentric, synchronous, or ltifocal di
bilateral cancers 27% vs. 8%, p<0.001; in the MRI mul froca 'f15ealse
subgroup, MRI detected 97% of these, while or farge unifoca
o o disease exceeded
mammography detected 15% and ultrasound 45% o
the limits for a
conservative
approach
according to
surgical
guidelines”
Retrospective, R-MC
matched
cohorts
Seoul National Yi, 2015 (194) | MRI vs. no MRI, matched according | Newly diagnosed 1.5 T MRI, dedicated Unilateral period: mean follow-up 73.7 months: R-MC
University Subset of bt to age (<45 y, 245 y), histologic breast cancer, clinical | breast coil, dynamic . v
Hospital SUDSELOT PIS 1 grade (1, 11, 1), nuclear grade (I, breast examination, contrast enhanced * Mastectomy 36.7% vs. 34'204” p—0.44°1
20042009 "117KA:m, 2013 Il, 1ll), tumour size (<20 mm, >20 bilateral MRl-ouided bi i o Re-excision after BCS 13.6% vs. 105.24,, p=0.0691
- (174) mm), nodal status, stage (0 or I; Il | mammography, I-guided biopsy used for | ¢ 5.y contralateral breast DFS 97.8% vs. 96.2%
or Ill), hormone receptor status, bilateral breast lesions visible only by MRI | « Total recurrence 11.6% vs. 14.6%, HR=0.80,
Ki-67 status (>14% or <14%), ultrasonography 95% Cl=0.54-1.19, p=0.282
molecular Subtype LVI . e LRR 1.4% vs. 4.0%, HR=033, 95% Cl=0.12-
’ Excluded neoadjuvant 0.91, p=0.032
chemotherapy, past
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Study name,
location or

group, time

period of MRI

Author and
source

Study design

Number of patients (n) in MRI and
non-MRI groups

Patient
characteristics'

MRI details

Outcomes

Other

Trial
Type?

Unilateral MRI imaging 2004-2006,
bilateral MRI imaging 2007-2009

371 pairs with unilateral imaging

97 pairs with bilateral imaging

Exclude: serious concerns with
matching procedure; started with
controls and looked for cases to
match (usually the reverse), major
differences in pt characteristics
between unilateral and bilateral
period suggesting important
factors not considered; age
grouping for matching not
appropriate and didn’t consider
menopausal status

breast cancer,
metastatic disease,

3984 pts met criterial,
3440 had MRI and 544
not; 3094 previously
reported in study of
contralateral cancer
using a historical
controlled design (not
comparison of MRI vs.
no MRI)

e Contralateral metachronous breast cancer
3.2% vs. 4.6%, HR=0.75, 95% Cl=0.36-1.57,
p=0.440

e Distant recurrence 7.0% vs. 5.9%,
HR=1.21,95% CI=0.68-2.14, p=0.515

Bilateral period: mean follow-up 65.3 months:

e Mastectomy 32.0% vs. 34.0%, p=0.397
e Re-excision after BCS 15.2% vs. 17.2%, p=0.843
e 5-y contralateral breast DFS 99.0% vs. 80.4%
e Total recurrence 8.3% vs. 32.0%, HR=0.15, 95%
Cl=0.07-0.32, p<0.001
e LRR 3.1% vs. 4.1%, HR=0.26, 95% CI=0.03-
1.89, p=0.180
e Contralateral metachronous breast cancer
1.0% vs 21.7%, HR=0.03, 95% CI=0.004-
0.21, p<0.001

Distant recurrence 4.1% vs 6.2%, HR=0.40, 95%
Cl=0.11-1.51, p=0.178

Retrospective,
multiple or
multivariate
regression

R-MV

Galway
University
Hospitals

2009-2017

Moloney, 2020
(195)

Retrospective from database; MRI
vs. no MRI; adjusted for
confounding using multivariable
linear or logistic regression
[factors not stated]

n=70 + 148

Exclude: Only adjusted value for
conversion mastectomy reported

Newly diagnosed
symptomatic ILC,
histologically proven,
no prior surgery;
surgical management
anticipated as primary
management

Difference in age
(mean 56.4 vs. 65.6
y), density (64.3% vs.
43.3% with high
density); grade and

1.5 T MRI, 8-channel
breast phase array breast
coil, Gadoterate
meglumine (Gd-DOTA)
contrast

Most results were not adjusted for confounding

Initial mastectomy 28.6% vs. 27.7%, p=0.894

Re-operation 27.1% vs. 16.9%, p=0.057
Re-excision of margins 5.7% vs. 6.8%, p=0.783

Mastectomy after BCS 21.4% vs. 10.1%,
univariable analysis p=0.018, adjusted
p=0.276

Overall mastectomy 50% vs. 37.8%, p=0.089

Mammographic
breast density and
reasons for MRI
were recorded
(90% to evaluate
for multifocality/
multicentricity
and bilaterality
and assess
suitability for
BCS).

MRI was
frequently used in

R-MV
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
glggzsog.r?‘; source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
stage lower in MRI borderline BCS
group cases and posing
an initial
challenge in
surgical planning
Yale New Haven | Killelea, 2013 Retrospective chart review, MRI Newly diagnosed Not reported ¢ Unilateral mastectomy 23% vs. 26%, ns Normal MRI or MRI | R-MV
Breast Center (196) vs. no MRI breast cancer . . e Bilateral mastectomy 20% vs. 12%, p<0.005; with benign
MRI at discretion of adjusted OR=1.38, 95% CI=1.02-1.87, p=0.036 | biopsy had lower
2004-2009 Multivariable logistic regression, MRI group younger treating surgeon é ted f U t > ’ ¢/ P rate of
calculated adjusted OR only for (43% vs. 26% age < 50) . [adjusted for age, stage] mastectomyv than
bilateral mastectomy Targeted ultrasound with Ipsilateral and bilateral mastectomy rates: ; Y
Mostly stage 0 (25%), image-guided core biopsy P y : without MRI (but
n=628 + 817 stage 1 (39%) or stage | was usually attempted e No MRI (n=817) 26%, 12% ns)
2 (25%) before MRI-guided biopsy  Normal MRI (n=259) 17%, 16%
) Excluded pts without e MRI with ipsilateral lesion (n=182) 34%, 15%
Exc;lude. mastectomy resylts not definitive surgery ¢ MRI with contralateral lesion (n=73) 21%, 26%
adjusted; groups not equivalent (neoadjuvant or  MRI with contralateral + ipsilateral lesions
metastases) (n=114) 23%, 31%
e Abnormal MRI and no biopsy (n=132) 35%, 26%
e Abnormal MRI and benign biopsy (n=184) 21%,
13%
e MRI + malignant ipsilateral biopsy (n=52) 38%,
27%
e MRI + malignant contralateral biopsy (n=15)
0%, 67%
MRI + malignant contralateral and ipsilateral
biopsy (n=6) 0%, 100%
MARGINS trial Pengel, 2009 Non-randomized, MRI vs. no MRI Consecutive pts with 1.5 T MRI, prone position, Initial mastectomy in 9.2% vs 0% Multivariate R-MV
and non-study (197) Multivariat lvsis Using logisti IBC and eligible for dedicated double-breast | let - iti ins) 13.8% analysis results
control group ' ultivariate analysis using logistic | g array coil, Prohance ncoznp ete excision (positive marogms) 8% Vs. | ot shown: stated
Wintgens, regression (backward LR based on 19.4%, p=0.1 overall; 1.6% vs. 8.1%, p=0.02, 1
. - . (Bracco-Byk Gulden, . . N age, palpability,
The 2014 (198) stepwise feature selection [f-to- Excluded neoadjuvant, HR=0.18 for IDC involvement in IDC; 9.8% vs.
Konstanz, Germany) o P - 0 lymph node
Netherlands [abstract] entry: 0.05, f-to-remove: 0.10] to | DCIS 8.6% (ns) for in situ involvement in IDC; 23.1% vs.
U . contrast . . status, tumour
Cancer determine significant variables for 19.2% for ILC involvement in ILC (ns); 3.8% vs. :
; ; Control group were o s - size, grade were
Institute, incomplete surgery L2 Second-look 11.5% for in situ involvement in ILC (ns) P
those ineligible or not significantly
Amsterdam, N ultrasonography and FNA - ; ;
n=173 + 176 refused participation : ; : Re-excision 2.5% vs. 5.6% associated with
. . or biopsy if MRI lesions far ;
in MARGINS trial; MRI from index lesion: if incomplete
’ surgical excision;
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
glggzsog.r?‘; source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
The Long-term follow-up n=158 + 149 group was from the pathology proof not Median follow-up 110 months [abstract report] MRI significant
Netherlands Exclude: inadequate multivariable MARGINS trial obtgmed then B-CT was Contralateral breast tumour 3.2% vs. 7.4% only for su?group
2002-2004 analysis and results not reported MRI group younger advised along with follow- of IDC (HR=0.18,
Yy P group younger, up MRI 10-y contralateral tumour-free interval 95% CI=0.04-0.81,
more palpable - o o -
tumours, larger probability 96% vs. 91% p=0.02)
higher grade No difference in local recurrence-, local-regional
recurrence- and distant metastasis-free interval
Mastectomy after BCS 2.5% vs. 5.0%
Mayo Clinic Stucky, 2010 Retrospective Pts in sentinel lymph Not reported Unilateral mastectomy 34% vs. 17%, OR=1.654, One of the R-MV
Arizona, (199) Factors associated with CPM node database, IBC, 95% Cl=0.972-2.813 authors regularly
Phoenix, AZ BCT or unilateral o 0 _ o 1 used MRI to assess
Predictors of CPM identified by mastectomy or CPM CPM 17% vs. 4%, OR=2.358, 95% Cl=1.378-4.037 contralateral
2000-2008 . : .
multivariable regression analysis Excluded surgery breast when CPM
using variables with p<0.10 on except CPM on already decided
univariate logistic regression contralateral breast: on by pt
analysis excluded bilateral
n=324 + 1,026 cancer
Exclude: no required outcomes
University of Miller, 2012 Retrospective chart review of all Surgical treatment for | Not reported Over time, MRI use increased from 9% to 75%, Breast density, pt | R-MV
Minnesota (200) cases by a single surgeon breast cancer: biopsy- p<0.001; mastectomy rates increased 31% to age, HER2 status
_ proven DCIS or stage |, 38%, p=0.06 at the study institution (not just for | not adjusted for
2002-2009 n=219 + 195 I, or 1l pts in this study) in regression
Mg'.ltlgl%rf gr(fess1gln ?pilym Excluded stage IV, Overall (final) mastectomy 43% MRI vs. 28% no \?vr;aslfcli. Density
adjusted tor ramity history, previous breast MRI, p=0.002; OR=1.8, 95% CI=1.1-3.2, P=0.03 _
tumour size, lymph node status, cancer, positive BRCA rr)ea.sgred, age
ER status, year of surgery, status. incidental Non-adjusted results significantly
infiltrating lobular carcinoma: only | 4otection with MRI associated with
for mastectomy outcome Mastectomy rates MRI use and
. s MRI generally obtained oNo MRI 28% strong predictor
Excluqe. age significantly for younger pts, with No tive MRI 39% of mastectomy
associated with MRI use and strong M ’ eNegative 0
: family history of Positive MRl 51% but not accounted
predictor of mastectomy but not breast cancer. or ePositive 0 for
accounted for d breasts. but o No biopsy 38%
€Nse breasts, bu o Negative biopsy 31% Contribution of pt
also upon pt request o Positive biopsy (18/22) 82% choice not
or at other institutions mentioned but
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
gl:)gzlt;og :12 source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
6 contralateral cancers detected by preoperative | apparent from
MRI, 2.7%; half of these had bilateral high rate of
mastectomy and half had bilateral BCS mastectomy
Re-excisions 14% vs. 18%, p=0.34
IBTR 1.6% vs. 5.0%, p=0.13
Median follow-up 25 vs. 49 months after BCS
Geisinger Straus, 2015 Retrospective, MRI vs. no MRI Pts surgically treated Not reported Mastectomy 46.7% vs. 35.3%, p=0.0244; adjusted R-MV
Medical Center, | (201) L L for breast cancer OR=1.28, 95% CI=0.80-2.05, p=0.30
Danville. PA [abstract] Bivariate and multivariate
’ statistics MRI group younger BCS margin positivity 4% vs. 7.1%, p=0.1983;
2009-2013 (55.5vs. 70y, adjusted OR=0.36, 95% CI=0.10-1.36, p=0.13
n=150 + 252 p<0.0001)
) BCS reoperation 8.7% vs. 10.7%, p=0.5071;
adjusted OR=1.4, 95% CI=0.53-3.75, p=0.50
Exclude: no information about of
pt characteristics or confounders
used in multivariate analysis;
abstract only
Mayo Clinic McGhan, 2010 | Retrospective, preoperative MRI ILC on biopsy and final | 1.5 T MRI, prone position, BCS 52.78% vs. 66.97%, p=0.055 Values not R-MV
Arizona (202) vs. no MRI pathology dedlcgtgd breast coil, Mastectomy 31.94% vs. 23.85%, p=0.231 ad]u§ted for
. gadolinium contrast possible
2001-2008 n=70 + 108 Excluded neoadjuvant . o o ;
Bilateral mastectomy 13.89% vs. 7.34%, p=0.150 confounding
Groups similar in tumour size; MRI chemotherapy before
group younger, more positive nggfléreexﬂé}onal biopsy Local recurrence 1.39% vs. 0%, p=0.217
nodes Distant recurrence 0% vs. 4.59%, p=0.065
Exclude: ltivariat lvsi MRI at discretion of . ) . .
xclude: no multivariate analysis, the treating surgeon Re-excision of margins 4.17% vs. 9.17%, p=0.202
different age distribution and .
stage Conversion to mastectomy 2.78% vs. 7.34%,
p=0.189
Province of Cortesi, 2012 Retrospective, MRI vs. no MRI Invasive and in situ Not reported Pts treated with mastectomy: 5-y RFS 93.1% vs. R-MV
Moderna Cancer | (203) N L breast cancer, follow- 85.5%, p=0.2
Registry, Italy Univariate and multivariate up until 2011
: ’ analysis, taking into account P Quadrantectomy (BCS) 51.8% vs. 39%, p<0.017;
linked to MRI
database of tumour size, nodal status, grade, Exclude cases without 13.8% converted to BCS due to MRI results
General Ki67 surgery
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
gl:)gzlt;og :12 source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
Hospital of n=816 + 6,036 Pts treated with neoadjuvant chemotherapy and
Moderna 493 MRI were before surgery quadrantectomy: RFS 86.2% vs. 86%
2000-2010 including 112 after neoadjuvant Pts treated with neoadjuvant chemotherapy and
therapy mastectomy 5-y RFS 80% vs. 59%, p=0.018
Exclude: adjusted values not
reported; 40% of MRI pts did not
have MRI preoperatively and
cannot tell if these are included in
results numbers of pts in each
group not reported
Tianjin Cancer Zhang, 2019 Multivariate analysis of 5660 pts Planned for BCS Not reported Lower rate of positive margins, OR=0.775, R-MV
Hospital, (204) . . - p=0.001
Tianjin, China [abstract] Exclgde. abstract only, insufficient
details
2005-2018
Mayo Clinic, Carpenter, Retrospective, MRI vs. no MRI IBC treated by 1.5 T MRI, prone position, Re-excision 8% vs. 10%, p=0.2386 Longer follow-up R-MV
Phoenix, AZ 2009 (205) L . mastectomy or BCT; 8-channel breast coil, . _ for recurrence is
7003.2008 Multivariate analysis SLNB in all pts contrast agent (usually Conversion to mastectomy 7% vs. 4%, p=0.3332 required
n=232 + 582 Excluded neoadjuvant gadolinium) Local recurrence 0.8% vs. 1.0%, p=1.000
therapy, history of MRI-guided biopsy in prone | |n multivariate analysis, the type of surgery was
o . treated breast cancer | position if lesions not by associated with MRI use, p=0.0040
Exclude: multivariate analysis to seen by ultrasound or ’
look for association, not to adjust | MRI used for occult mammography
results due to confounders; primary, Raget’s
confounders used and adjusted disease, cﬁscrepancy
values not reported between imaging and
physical examination,
BRCA mutation, ILC
with unclear imaging,
hyperdense breast
tissue, suspicion of
multifocal or
multicentric disease,
positive margins after
lumpectomy
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
glggzsog.r?‘; source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
MRI group younger,
lower BMI, more
genetic counselling
and testing
Enterprise Data | Espino, 2017 Retrospective, preoperative MRI Invasive cancer or Not reported Mean follow-up 56 months vs. 57 months R-MV
Warehouse of (206) vs. no MRI, multivariate analysis DCIS and mastectomy o o
Northwestern [abstract] 1919 + 1.039 PMRT 51.8% vs. 48.2%
Mgdicine, B ’ Chest wall recurrence, 5-y rate 4.5% vs. 4.1%,
Chicago, IL Exclude: Abstract only with no p=0.041; adjusted HR=1.5, 95% Cl=0.95-2.37,
2005-2015 details of variables used p=0.08
Distant recurrence 9.2% vs. 10%, p=0.78,
adjusted HR=0.87, 95% ClI=0.63-1.19, p=0.37
Hospital of the | Vapiwala, Retrospective, preoperative breast | Unilateral DCIS or Authors cited other papers | Median 13.8 y follow-up Low event rate in | R-MV
University of 2017 (207) MRI vs. no MRI early-stage IBC (AJCC | for details, although there . 0 0 0 this group of pts
Pennsylvania Solin. 2008 =215 + 540 5th edition stage 0, I, are some differences in Iz_;cal f;l/l%jre_c1)55-39/.8£>d\./s %Ac,i LOR-Y04268vsé54(yA, >y with favourable
1992-2001 (fo';)’ n=clo+ or Il) who had BCS (+ | methodology in them. CID—SS.SZ-:’EFS); 0 ;\6Jus €d HR=0.56, 7% prognosis limits
Multivariate analysis to adjust for | ALN staging for 1.5 T MRI, prone position U0em1.8/, UL ability to detect
Weinstein, unbalance pt and tumour invasive carcinoma) + s;;ecially :jesigned breast, 15-y CBC 10% vs. 8%, 10-y CBC 7% vs 4%, 5-y CBC | any true benefit
2001 (209) characteristics (factors used were | RT (whole breast + multicoil array 6% vs. 2%, p=0.10; adjusted HR=1.36, 95% of MRI. Would
not reported) used to estimate boost); systemic ’ Cl=0.76-2.44, p=0.31 need RCT of
Orel, 2001 (4) : ;s gadopentetate .
hazard ratios therapy as clinically . . . 14,000 pts if
N 1997 indicated. dimeglumine (Magnevist; | 15-y OS 77% vs. 71%, 10-y OS 82% vs. 81%, 5-y OS | paseline 10-y
(2u1r(1)e)s, MRI at different Eoints in Mammography in all BerltEX,tw%ge, NJ) 92% vs. 92%, p=0.24 [adjusted value not recurrence risk is
min?gerr;ebqt: 274’22‘3/‘(0?‘3 b pts, correlation contrast (209) reported] 5% to detect a
gﬁtobcé%%re é?(?:?z,i,on %g‘y gfrtelogsg ultrasound as Prone position, 4-coil Freedom from distant metastases 15-y 86% vs. 20% benefit
ek indicated. Breast MRI | compression breast array, | 90%, 10-y 87% vs 92%, 5-y 92% vs. 92%, p=0.08 Only 50% of MRI
or more excisions tarted in earl " i ) ) nly 50% o
use s y gadolinium chelate [adjusted value not reported]
were performed
1990s for some pts contrast. Only one breast before initial
Exclude: only 50% of MRI was Excluded all pts with <(:2)n be imaged at a time. surgical excision
preoperative; adjustment factors | Synchronous bilateral
not reported; tumour size breast cancers b_y any | Only one breast imaged at
unknown in 40% of pts means of detection a time by MRI coil designed
S by one of the authors
MRI pts significantl . .
younpger; 540% in bgth 1(:21(31, 1magt1ngl otr re?ults
groups had unknown bor € contratateral d
clinical tumour size reast are not mentione
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 2
gl:)gzso:\i :1; source Number of patients (n) in MRI and characteristics Type
period,of MRI non-MRI groups
and may not have been
conducted
For pts who required MRI-
guided wire localization of
a suspicious lesion
identified on MRI, a
proprietary MRI needle
localization system was
used
Department of Li, 2017 (211) | MRI vs. no MRI Early non-mass breast | [in Chinese] Tumour-positive resection margins: invasive R-MV
Magnetic [Chinese, only Logisti . del carcinoma with ductal carcinoma 23.3% (n=30 with MRI) vs.
Resonance English Ogistic regression mode ultrasonographic and 40.0%, p=0.02; DCIS 21.4% (n=28 with MRI) vs.
Imaging, Air abstract used] | n=72 + 74 mammographic 26.9%, p=0.10; other breast carcinoma 14.3%
Force General . examination; 30 (n=14 with MRI) vs. 38.9%, p=0.02
Hospital of Exclude: unclear whether there is | invasive ductal
People’s multivariate analysis due to carcinoma, 28 DCIS,
Liberation language 14 other breast
Army, Beijing carcinomas
USA [single So, 2018 (212) | Single institution retrospective BCS for pure DCIS Not reported Stratified pts according to MRI status: re-excision | Surgeon factors R-MV
institution but study. MRI vs. no MRI rate 28.9% vs. 26.6%, p=0.87; adjusted OR=1.77, | including use of
not specified] Multivariate analysis adjusted for 95% Cl=0.68-4.59, p=0.24 i]g::é?falgfgrl;gsd
2010-2013 variables significant in bivariate DCIS size and surgeon (A, B, C) were significant MRI
analysis (size, surgeon specific factors, p=0.005 and p=0.04, respectively and
practices) much larger effect than MRI Size unknown in
n=97 +79 30%
Exclude: groups not equivalent in
age, race, density, grade, use of
oncoplastic technique; size
unknown in 30%
Retrospective, R-MV-
multiple or Reg
multivariate
regression,
registry data
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Study name, Author and Study design Patient MRI details Outcomes Other Trial
. e 1 2
glggzsog.r?‘; source Number of patients (n) in MRI and characteristics Type
period of MRI non-MRI groups
6 BCSC Onega, 2018 Retrospective, MRI vs. no MRI Non-metastatic breast | Not reported Median follow-up 4.6 y R-MV-
gg%ﬁ:cr)]reesd by 213) Multivariate analysis, adjusted for ;22(:; \r/:/ii;aé(ésl-gl’ age Mortality 10.9% vs. 18.1%, 24.90 vs. 38.41 per Reg

age, race, family history, density,
education, comorbidity, histology,

1000 person-years, ns

the National mastectomy within 6

f:nas:icteutce, USA BCS/BCT/ mastectomy months of d1agnf>s1.s 5-y cumulative probably of death 0.12 vs. 0.17
linked to n=917 + 3.537 MRI had to be within All-cause mortality HR=0.67, 95% Cl=0.54-0.82;
Medicare or ’ 30 days prior to 6 adjusted HR=0.91, 95% CI=0.73-1.13

electronic Exclude: Stage and size neither months after diagnosis

health records reported nor adjusted for and prior to surgery

1998-2010

Follow-up until
2014

ALN, axillary lymph node; BCS, breast-conserving surgery; BCSC, breast cancer surveillance consortium; BCT, breast-conserving therapy (BCS + RT); CBC, contralateral breast cancer; Cl,
confidence interval; CPM, contralateral prophylactic mastectomy; DCIS, ductal carcinoma in situ; DFS, disease-free survival; ER, estrogen receptor; HER2, human epidermal growth factor
receptor 2; HR, hazard ratio; IBTR, ipsilateral breast tumour recurrence; IBC, invasive breast cancer; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LRR, loco-regional
recurrence; LVI, lymphovascular invasion; MRI, magnetic resonance imaging; ns, not significant; OR, odds ratio; OS, overall survival; pt, patient; pts, patients; PMRT, post-mastectomy
radiotherapy; PR, progesterone receptor; RFS, recurrence-free survival; RT, radiotherapy; SLNB, sentinel lymph node biopsy; US, ultrasound
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Appendix B. Literature Search Strategy
Initial Search July 3, 2019
Database(s): Embase 1974 to 2019 July 03, EBM Reviews - Cochrane Central Register of
Controlled Trials June 2019, EBM Reviews - Cochrane Database of Systematic Reviews 2005 to
July 3, 2019, Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Daily and Versions(R) 1946 to July 03, 2019

Search Strategy:

[#] Searches |Results |
exp breast neoplasms/ or exp mammography/ or (breast: or ductal carcinoma or
1 |lobular carcinoma or ductolubular carcinoma or LCIS or DCIS or mammograph: or ||[1008653
mammogram: or mammary or nipple).ti.
exp magnetic resonance imaging/ or (magnetic resonance or.MR imaging or MRI 1656341
or MRI: or MRM or MR mammography or MR-mammography).ti,ab.
\(breast MRI: or breast magnetic resonance imag: or (breast adj4 MRI)).mp. H8554 \
4 (1 and 2) or 3 136891 |
4 not (case rgporFs or comment or editorial or historical article or letter or news 32799
or book or editorial or letter or note).pt.
@\limit 5 to yr=2018-current H3955 \
[7 Jtimit 5 to yr=2016-2017 5444 |
8 Jimit 5 to yr=2014-2015 [4529 |
[9 Jtimit 5 to yr=2012-2013 [4530 |
[10]timit 5 to yr=2009-2011 5169 |
[11]timit 5 to yr=2003-2008 5092 |
\5 not (bor7or8or9or10or 1) H4081 \
\remove duplicates from 6 H2945 \
\remove duplicates from 7 H4064 \
\remove duplicates from 8 3366 |
\remove duplicates from 9 3500 |
\remove duplicates from 10 3894 |
\remove duplicates from 11 3598 |
\remove duplicates from 12 2809 |
[20[or/13-19 24175 |
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June 15, 2020 search update

Database(s): Embase 1974 to 2020 June 12, OVID Medline Epub Ahead of Print, In-Process &
Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present,
EBM Reviews - Cochrane Central Register of Controlled Trials May 2020, EBM Reviews -
Cochrane Database of Systematic Reviews 2005 to June 11, 2020

Search Strategy:

@\ Searches H Results \
exp breast neoplasms/ or exp mammography/ or (breast: or ductal carcinoma or

1||lobular carcinoma or ductolubular carcinoma or LCIS or DCIS or mammograph: or ||[1068683

| ||[mammogram: or mammary or nipple).ti.

7|[€XP magnetic resonance imaging/ or (magnetic resonance or MR imaging or MRI or 1776719

|"|[MRI: or MRM or MR mammography or MR-mammography).ti,ab.

\(breast MRI: or breast magnetic resonance imag: or (breast adj4 MRI)).mp. H9343 \

[4](1 and 2) or 3 39907 |
4 not (case reports or comment or editorial or historical article or letter or news

5 o 35484

"||or book or editorial or letter or note).pt.

l6][5 and (2019: or 2020:).dd,ed,dp,em,dt,dc. 5690 |

\limit 5 to yr=2019-current H3980 \

8]l6 or 7 5784 |

@\remove duplicates from 8 H4426 \

Of these, 2335 were already in original search and 29 were duplicates. Therefore, there were
2062 new citations in the June 2020 update.

Jan 18, 2021 search updates

Database: Embase <1974 to 2021 January 15>, OVID Medline Epub Ahead of Print, In-Process &
Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present, EBM
Reviews - Cochrane Central Register of Controlled Trials <December 2020>, EBM Reviews -

Cochrane Database of Systematic Reviews <2005 to December 31, 2020>

Search Strategy:

@\ Searches H Results \
exp breast neoplasms/ or exp mammography/ or (breast: or ductal carcinoma or
1

lobular carcinoma or ductolubular carcinoma or LCIS or DCIS or mammograph: or 1111454
mammogram: or mammary or nipple).ti.

2 |[EXP magnetic resonance imaging/ or (magnetic resonance or MR imaging or MRI 1860031
or MRI: or MRM or MR mammography or MR-mammography).ti,ab.
\(breast MRI: or breast magnetic resonance imag: or (breast adj4 MRI)).mp. H9910 \
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4 (1 and 2) or 3 42118 |
4 not (case rgporFs or comment or editorial or historical article or letter or news 37515
or book or editorial or letter or note).pt.
|6 |5 and (2019: or 2020: or 2021:).dd,ed,dp,em,dt,dc. 8128 |
\limit 5 to yr=2019-current 5974 |
\Remove duplicates from 7 14368 |
9 Jl6 not 7 2298 |
\remove duplicates from 9 H1956 \
|

[11]8 or 10 l6324

1466 of these were non-duplicate citations not found in previous searches

Search for Guidelines and Technical Standards, updated March 2021

American College of Radiology (ACR): https://www.acr.org/Clinical-Resources
Canadian Association of Radiologists https://car.ca/patient-care/practice-guidelines/
Alberta Health Services
https://www.albertahealthservices.ca/info/cancerguidelines.aspx.

EUSOMA https://www.eusoma.org/recommendations/other%2dguidelines/1-149-1-.
EUSOBI https://www.eusobi.org/breast-imaging-publications-and-guidelines/

The American Society of Breast Surgeons https://www.breastsurgeons.org.

GIN https://guidelines.ebmportal.com/guidelines-international-network

Geneva Foundation for Medical Education and Research:
https://www.gfmer.ch/guidelines/breast_diseases/Breast_imaging.htm

CPAC Database: https://www.partnershipagainstcancer.ca/tools/cancer-guidelines-
database/

CMA Infobase: https://www.cma.ca/En/Pages/clinical-practice-guidelines.aspx
NICE Evidence Search: https://www.evidence.nhs.uk/

NICE (UK) - NICE Guidance https://www.nice.org.uk

SIGN (UK) - SIGN Guidelines https://www.sign.ac.uk/

ASCO (US) - ASCO Guidelines https://www.asco.org/research-guidelines/quality-
guidelines/guidelines

National Health and Medical Research Council - Australia Clinical Practice Guidelines
Portal https://www.clinicalguidelines.gov.au/portal

Cancer Council Australia - Cancer Guidelines Wiki
https://wiki.cancer.org.au/australia/Guidelines

ECRI GL Trust https://guidelines.ecri.org/
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Appendix C. PRISMA Flow Diagram

Format adapted from: Page, 2021 (441)
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Appendix D. Systematic Reviews and Meta-analyses

Citation

Title

Method or topic

Results or conclusions

Systematic reviews or meta-
analyses, MRI

Surov, 2019 (221)

Can apparent diffusion coefficient
(ADC) distinguish breast cancer
from benign breast findings? A
meta-analysis based on 13 847
lesions

Association of ADC and malignancy
using DWI-MRI; included 123
publications of 13,847 lesions

ADC threshold of 1.00x10-3 was recommended

Salmanoglu, 2019 (219)

Advanced approaches to imaging
primary breast cancer: An update

Imaging efficacy for breast cancer, 143
publications up to October 2018

Describe advantages and limitations to
conventional and new imaging
modalities

Mammography has low sensitivity in dense breasts and is often used together with US; addition of DBT
or CESM can increase sensitivity

Ultrasound is generally used to evaluate symptoms or together with other diagnostic imaging for
biopsies; contrast-enhanced US may provide results more similar to MRI

MRI has highest sensitivity; CT (especially dedicated breast CT) is an alternative when MRI is not
suitable

Other techniques are less common, and improvements are under investigation

Houssami, 2017 (215)

Meta-analysis of pre-operative
magnetic resonance imaging (MRI)
and surgical treatment for breast
cancer

Study-level pooled analysis (meta-
analysis) of 3 RCTs and 19 comparative
studies on pre-operative MRI vs. no MRI
for IBC; search up to December 2016

Did not use adjusted ORs for most analyses; used adjusted ORs for CPM analysis (3 studies)
Limitation was heterogeneity between groups and across studies, only 3 studies were RCTs
Primary analysis: increase in mastectomy, OR=1.39 (95% Cl=1.23-1.57)

Secondary analysis: increase in CPM; no statistical evidence of effect on re-excision, re-operation, or
positive margins

Subgroup analysis stratified by study-level median or mean age; subgroup analysis for ILC (3 studies)
For ILC, mastectomy OR=1.00 (p=0.988); re-excision OR=0.65 (p=0.192)

Clauser, 2016 (218)

Management of atypical lobular
hyperplasia, atypical ductal
hyperplasia, and lobular carcinoma
in situ

Atypical lobular hyperplasia and LCIS

Management, search until August 2015:
102 studies including 4 with MRI

Cancer rate with MRI in pts with atypical ductal hyperplasia and/or lobular neoplasia/ LCIS (PPV
approximately 20%) is similar to rate in high-risk pts and MRI may be useful

Helme, 2015 (217)

Breast-conserving surgery in
patients with Paget's disease

Paget’s disease, search until August
2014 found 43 publications; 6 small
studies used MRI

6 small studies used MRI and found it more sensitive than mammography. It is suggested that MRI has
a role in patients with Paget’s disease, especially if BCS is desired or being considered
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Fancellu, 2015 (442)

Meta-analysis of the effect of
preoperative breast MRI on the
surgical management of ductal
carcinoma in situ

Preoperative MRI in DCIS, search until
March 2014, 9 studies included (2 RCTs)

Most studies had small numbers of pts; no mention of using adjusted data from individual studies

Two studies with combined total of 49 pts with MRI were the only ones with excess initial mastectomy
rates with MRI; authors reported this to be significant (OR=1.72, p=0.012)

No differences found for positive margins, reoperations, overall mastectomy rate

Di Leo, 2015 (216)

MR imaging for selection of
patients  for  partial breast
irradiation: A systematic review
and meta-analysis

Eligibility for partial breast irradiation;
search until July 2014, 6 studies
included (3136 pts)

All studies applied NSABP B-39 criteria for partial breast irradiation
MRI excluded 6% to 25% of pts initially eligible (pooled value 11%); MRI excluded 2% to 20% of all pts
Analysis concludes MRI should be used to select pts for partial breast irradiation

Spick, 2014 (443)

Diagnostic utility of second-look US
for breast lesions identified at MR
imaging: Systematic review and
meta-analysis

Ultrasound after MRI; review to January
2013. 17 studies

Ultrasound detection rate 22.6% to 82.1% in various studies for general lesions (overall 57.5%)
Mass lesions and malignant lesions are more likely to show a correlate at second-look US
Missing correlate does not exclude malignancy and MRI-guided biopsy is required

Houssami, 2014 (214)

See Houssami, 2017 (215) for
more recent meta-analysis

of other outcomes

An individual person data meta-
analysis of preoperative magnetic
resonance imaging and breast
cancer recurrence

Individual person meta-analysis,
preoperative MRI vs. no MRI, search
until January 2013, 4 studies with 3180
breasts in 3169 pts

Multivariable model was fitted to estimate the HR for MRI, adjusted for potential confounding
variables found to be associated with recurrence (P <0.01) in univariable analyses

Median follow-up 2.9 y, 64 local recurrences (crude rate 1.8% vs. 2.2%) and 93 distant recurrences

8-y local recurrence-free survival did not differ, 97% vs. 95%, p=0.87 by survival curve; HR=0.90, 95%
Cl=0.52-1.54, p=0.69 univariate; HR=0.88 (95% CI=0.52-1.51), p=0.65 in multivariate after adjusting
for age, margin status, ER status, and tumour grade

8-y distant recurrence-free survival 89% vs. 93%, p=0.37 by survival curves; HR=1.28, 95% CI=0.83-
1.97, p=0.27 univariate; adjusted HR=1.18 (95% CI=0.76-2.27), p=0.48 in multivariate after adjusting
for age, pathologic tumour size, grade, nodal status, ER status, receipt of mastectomy, nonreceipt of
systemic therapy

Systematic reviews,
advanced imaging

other

Uhlig, 2019 (220)

Diagnostic accuracy of cone-beam
breast computed tomography: a
systematic review and diagnostic
meta-analysis

Cone-beam breast computed
tomography to discriminate benign vs.
malignant breast lesions; included 6
studies

Non-contrast: pooled sensitivity 0.789 (95% Cl=0.66-0.89) and pooled specificity 0.697 (95% CI=0.471-
0.851

Contrast-enhanced: pooled sensitivity 0.899 (95% Cl=0.785-0.956) and pooled specificity was 0.788
(95% Cl: 0.709-0.85)

CE results were comparable to breast MRI

Zhang, 2017 (222)

Breast-specific gamma camera
imaging with 99mTc-MIBl has
better diagnostic performance than
magnetic resonance imaging in
breast cancer patients: A meta-
analysis

BSGI vs. MRI by meta-analysis; search
until June 2016, 10 studies included

Pooled sensitivities of BSGI and MRI were 0.84 (95% Cl, 0.79-0.88) and 0.89 (95% Cl, 0.84-0.92)
respectively, and the pooled specificities of BSGI and MRI were 0.82 (95% ClI, 0.74-0.88) and 0.39 (95%
Cl, 0.30-0.49) respectively
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Tan, 2015 (223); Xu, 2015 | In vivo post-contrast 1H-MRS | Meta-analysis of in vivo postcontrast | Pooled sensitivity and specificity of post-contrast 1H-MRS were 74 % (95% Cl=70%-77%) and 78% (95%

(444) evaluation of malignant and benign | MRS, search until January 2014, 16 | CI=73%-82 %), respectively
breast lesions: A meta-analysis studies
Caldarella, 2014 (445) Diagnostic performance of | Meta-analysis of PEM in suspicious | Pooled sensitivity and specificity 85% (95% Cl=83%-88%)

dedicated positron  emission | breast lesions, search until February d 79% (95% Cl=74%-83% tivel lesion-based analysi
mammography using fluorine-18- | 2013, 8 studies included an ( ¢ ), respectively, on a per lesion-based analysis

fluorodeoxyglucose in women with
suspicious breast lesions: A meta-
analysis

ADC, apparent diffusion coefficient; BSGI, Breast-specific gamma imaging; CESM, contrast-enhanced spectral mammography; CPM, contralateral prophylactic mastectomy; CT,
computed tomography; DBT, digital breast tomosynthesis; DWI, diffusion-weighted imaging; IBC, invasive breast cancer; ILC, invasive lobular cancer; MP-MRI, multiparametric
MRI; MRI, magnetic resonance imaging; MRS, proton magnetic resonance spectroscopy; PEM, positron emission mammography; PET, positron emission tomography; US,
ultrasonography
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Appendix E. Clinical Pratice Guidelines and Technical Documents

Organization

Citation

Title

Relevant recommendations'®

MRI is the focus

Blue Shield of
California

Blue Cross Blue
Shield Association

Blue Shield of
California, 2020
(245)

Blue Cross Blue
Shield
Association, 2019
(249)

6.01.29 - Magnetic
resonance imaging
for detection and
diagnosis of breast
cancer

MRI for Detection Uses

MRI of the breast for detection may be considered medically necessary for any of the following:

I. Suspected occult breast primary tumour in patient with axillary nodal adenocarcinoma (i.e., negative mammography and physical exam)
Il. A new diagnosis of breast cancer to evaluate the contralateral breast with both of the following:

A. Clinical exam is normal

B. Mammographic findings are normal

MRI for Treatment-Related Uses
MRI of the breast for treatment-related issues may be considered medically necessary for any of the following:

I. Preoperative tumour mapping of the involved (ipsilateral) breast to evaluate the presence of multicentric disease in patient with clinically
localized breast cancer who are candidates for breast conservation therapy

1. Presurgical planning in patient with locally advanced breast cancer (before and after completion of neoadjuvant chemotherapy) to permit
tumour localization and characterization

lll. To determine the presence of pectoralis major muscle/chest wall invasion in patient with posteriorly located tumours

IV. To evaluate a documented abnormality of the breast before obtaining an MRI-guided biopsy when there is documentation that other
methods, such as palpation or US, are not able to localize the lesion for biopsy

MRI of the breast is considered investigational for any of the following indications:
I. Routine screening for an average risk patient

Il. Screening for breast cancer when the sensitivity of mammography (i.e., mammography using low-dose x-rays for imaging) is limited (i.e.,
dense breasts, breast implants, scarring after breast cancer treatment)

lll. The test is to diagnose low-suspicion findings on conventional testing that are not indicated for immediate biopsy and referral for short-
interval follow-up

IV. The test is to diagnose a suspicious breast lesion in order to avoid biopsy
V. Determining the level of response during neoadjuvant chemotherapy in patients with locally advanced breast cancer

16 Due to nuances involved in wording of recommendations, information in this column is generally copied directly from the publications cited.
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VI. Evaluating for residual tumour in patients with positive margins after initial lumpectomy or breast conservation surgery

Cited from NCCN: Considerations for Performing Magnetic Resonance Imaging

Breast magnetic resonance imaging (MRI) exams should be performed and interpreted by an expert breast imaging team working with the
multidisciplinary oncology treatment team.

Breast MRl exams require a dedicated breast coil and the use of contrast agents by radiologists familiar with the optimal timing sequences and
other technical aspects of image interpretation. The breast MRI center also should have the ability to perform MRI-guided biopsy and/or wire
localization of findings detected by MRI. Since these are standard, documentation is not needed for approval (unless something unusual is noted
that is of concern).

Considerations for Preoperative MRI

Preoperative MRI in patients with localized disease results in higher rates of mastectomy and lower rates of breast-conserving therapy. There is
uncertainty from the available evidence on whether outcomes are improved by changing to a more extensive operation. If biopsies are
performed on all MRI-identified lesions, and if shared patient decision making is used for altering the surgical approach, then the probability of
improved outcomes is increased.

Blue Cross Blue
Shield Association

Blue Cross Blue
Shield
Association, 2019
(248)

6.01.45 -
Computer-aided
evaluation as an
adjunct to
magnetic
resonance imaging
of the breast

The use of computer-aided evaluation for interpretation of magnetic resonance imaging of the breast is considered investigational.
The evidence is insufficient to determine the effects of the technology on health outcomes.

Institut national
d’excellence en
santé et en services
sociaux (INESSS),
Quebec

INESS, 2018 (243)

Main indications
for breast MRI in
the context of
investigation and
planning of breast
cancer treatment

Breast MRI is recommended:

« in case of axillary lymphadenopathy, which is most likely of breast origin, without a primary tumour detectable by clinical examination and
conventional imaging (mammography plus breast ultrasonography).

oo Level of evidence: low
« amongst women with a high risk of breast cancer who opt for a prophylactic mastectomy.
oo Level of evidence: low

The need for an MRI should be discussed in a cancer diagnosis and treatment multidisciplinary team meeting:
Preoperative breast MRl may be considered:

« in cases of Paget’s disease of the nipple when breast conserving surgery is desired and an associated tumour lesion could not be detected by
clinical examination and conventional imaging (mammography plus breast ultrasonography).

oo Level of evidence: expert opinion
« for breast cancer patients who have a discrepancy between imaging and clinical examination.
oo Level of evidence: expert opinion
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Preoperative breast MRl may be considered:

« to clarify the extent of breast cancer when conventional imaging (mammography plus breast ultrasonography) detects multifocal involvement
and breast conserving surgery is desired.

oo Level of evidence: expert opinion

« in cases of invasive lobular carcinoma when breast conserving surgery is considered.

oo Level of evidence: low

» when invasion of the pectoralis major muscle or chest wall is suspected on imaging or clinical examination.

oo Level of evidence: low

« to plan the type of surgery for patients who have achieved multifocal positive surgical margins following a lumpectomy.
oo Level of evidence: expert opinion

« for the selection of patients eligible for breast conserving surgery after neoadjuvant chemotherapy - but the systematic use is not indicated in
these cases.

oo Level of evidence: expert opinion

Eastern Health
Breast Disease Site
Group
(Newfoundland &
Labrador)

Eastern Health,
2017 (244)

Indications for use
of breast magnetic
resonance imaging

Breast MRI is indicated in the following circumstances:

1. Screening of high-risk individuals

2. Problem solving when mammographic, sonographic, or clinical findings are suspicious but inconclusive
« Inconclusive findings of breast cancer - MRI imaging may be helpful for lesion identification when findings at physical examination and
conventional imaging modalities are suggestive of breast cancer, but are inconclusive (11);
« Pre-operative MRI - may be used in the following situations where the patient desires breast conserving surgery and:
o there is a high risk for multifocal/multicentric disease;
o the extent of the disease is unclear.

3. Assessment of positive margins following breast cancer surgery

4. Differentiation of post-surgical scarring from recurrent tumour

5. Search for source of primary malignancy when the breast is normal by conventional imaging in the presence of tumour positive axillary
adenopathy

6. Assessment of response to neoadjuvant chemotherapy

7. Assessment of breast implant integrity

The American
Society of Breast
Surgeons (ASBrS)

The American
Society of Breast
Surgeons, 2017
(246)

Consensus
Guideline on
Diagnostic and
Screening Magnetic
Resonance Imaging
of the Breast

1. The ASBrS does not recommend routine diagnostic MRI in newly diagnosed breast cancer patients except as part of a scientific study.
2. The ASBrS supports the use of MRI in the following situations:

a. To search for occult breast cancer in patients with Paget’s disease of the nipple or in patients with axillary node metastasis when clinical
examination and conventional breast imaging fail to detect a primary breast cancer.

b. For determining the extent of cancer or presence of multi-focal or multi-centric tumour or the presence of contralateral cancer, in patients
with a proven breast cancer and associated clinical or conventional indeterminate imaging findings suspicious for malignancy. This may include
patients with invasive lobular carcinoma or extremely dense breast tissue (limiting mammographic sensitivity), or when there are significant
discrepancies in the estimated tumour size as measured on clinical exam, mammogram, and US.

c. To aid the assessment for eligibility and response to neoadjuvant endocrine therapy or chemotherapy before, during, or after treatment. MRI
can help identify those patients who are candidates for breast conservation, and assist in determining the extent of
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d. For the further evaluation of suspicious clinical or imaging findings that remain indeterminate after complete mammographic and sonographic
evaluations. If lesions meet the criteria for biopsy by clinical examination or conventional imaging, then it may be preferable to perform
minimally invasive needle biopsy, targeted by mammogram or US, rather than obtain an MRI.

e. For evaluation of suspected breast implant rupture, especially in patients with silicone implants, if the MRI findings will aid the decision-
making for implant removal or aid the diagnostic evaluation of indeterminate clinical or conventional imaging findings in patients with implants.
The MRI protocol for detection of silicone leak is different from the protocol for detection of breast cancer. Thus, it is important to clearly
define the purpose of the breast MRI if the concern is a silicone leak.

Canadian Association
of Radiologists

Appavoo, 2016
(247)

CAR practice
guidelines and
technical
standards for
breast imaging and
intervention

Indications
a) Breast implants: to determine presence of silicone implant rupture or other complications
b) Problem solving in the case of equivocal mammographic clinical and/or US findings. It should not replace the need for a biopsy.

c) High risk screening: to screen women at high risk for breast cancer, with estimated lifetime risk of greater than 20-25%. This includes women
who are BRCA 1 and 2 gene mutation carriers, women who received chest irradiation for treatment of another malignancy such as lymphoma
between the ages of 10-30 years of age, PTEN Li-Fraumeni syndrome, Cowden syndrome, or Bannayan-Riley- Ruvalcaba syndrome, or one of
these syndromes in first-degree relatives. Information on risk calculation is included in the Screening Mammography INDICATIONS section.

d) Neo-adjuvant chemotherapy: to assess response to chemotherapy.

e) Occult breast cancer: to determine the site of a primary carcinoma in a patient presenting with metastatic breast carcinoma such as axillary
lymphadenopathy or other site of bony or body metastases when mammograms and breast US are negative. Also for patients with suspicious
bloody or serous nipple discharge and negative mammograms and breast US.

f) Peri-operative evaluation: to assess for residual disease.

g) Pre-operative staging: to assess extent of disease in the affected breast and to screen for occult contralateral malignancy (expected in 3-6%
of patients). Although the evidence for assessing extent of disease has shown that at least 16% of additional tumours are found in the affected
breast, there is still insufficient evidence that it changes long-term patient outcome.

h) Intervention: to guide an MRI interventional procedure such as biopsy or localization

Biopsies

MRI guided intervention is required when a lesion that looks suspicious on Breast MRI (BI-RADS® 4 or 5) does not have a sonographic correlate on
MRI-directed US, or mammographic correlate. A suspicious lesion on MRI with no US or mammographic correlate requires tissue diagnosis. All
centres providing Breast MRI service are required to provide MRI-guided biopsies, or to have an established referral pattern with a centre
providing this service.

Nipple Discharge

Emerging evidence suggests that Breast MRI is a useful tool in the assessment of suspicious nipple discharge and may be performed in patients
with negative mammograms and US, often demonstrating unexpected pathology. Additionally, MRl may be more widely accessible than
galactography.

NOTE: This guideline also includes sections on technical requirements for personnel, equipment, quality control, MRI protocols, biopsy
performance
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European Society of | Mann, 2015 (251)
Breast Imaging
(EUSOBI)

Breast MRI: EUSOBI
recommendations
for women's
information

This document is written for the patients; further information is contained in the EUSOBI guideline (252)

Indications for breast MRI

Screening of women at high risk of breast cancer

Preoperative staging of newly diagnosed breast cancer (ipsilateral and contralateral)

Evaluation of the effect of neoadjuvant chemotherapy

Evaluation of women with breast implants

Occult primary breast carcinoma (search for breast cancer in patients with metastases and negative mammography and US)
Suspected local recurrence

Problem solving (equivocal findings at mammography/US)

In premenopausal women, CE MRI is preferentially performed between days 7 and 14 of the menstrual cycle, when the background enhancement
of the normal fibroglandular breast tissue is low, and hence abnormalities are better detected and false positives less frequent

When the MRI-detected lesion is not detected with US and the indication for biopsy still stands, an MR-guided biopsy is indicated. In the case
MR-guided biopsy cannot be performed (e.g., dedicated equipment not available; lesion site not accessible, such as those very close to the
thoracic wall), computed tomography-guided biopsy or MR-guided presurgical localization may be performed.

This guideline also provides technical details

European Society of | Mann, 2008 (252)
Breast Imaging
(EUSOBI)

Breast MRI:
Guidelines from
the European
Society of Breast
Imaging

The more recent version for women’s information (251) is similar but less detailed

Indications for Breast MRI
Screening of women at high risk of breast cancer
Inconclusive findings in conventional imaging

Preoperative staging. Screening of the contralateral breast in patients with proven unilateral breast cancer; evaluation of cancer in patients
with dense breasts or invasive lobular cancer

The evaluation of therapy response in the neoadjuvant chemotherapy setting

Unknown primary with diagnosed metastases in axillary lymph nodes, the supraclavicular lymph nodes, the bones, the liver, the brain, or the
lungs

Imaging of the breast after conservative therapy to evaluate residual disease, suspected recurrence, or screening
Prosthesis imaging

Before large adjustments to the surgical management are effectuated, histological analysis of MR-detected additional foci should be performed.

Any site that performs breast MR examinations should either be able to perform MR-guided interventions in the breast or should be in close
contact with a site that can perform these investigations for them.
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European Society of
Breast Cancer
Specialists (EUSOMA)

Sardanelli, 2010
(250)

Magnetic
resonance imaging
of the breast:
recommendations
from the EUSOMA
working group

A centre offering breast MRI should perform at least 150 examinations per year. If such a centre does not offer in-house breast MR-guided
procedures, it should have an agreement with another institution which offers these procedures within an acceptable time interval.

In order to reduce the risk of false positives, we recommend that premenopausal women undergo the examination ideally on day 6-13 of the
menstrual cycle, even when oral contraception is used.15 In case of hormone replacement therapy, we recommend that MRI be performed at
least 4 weeks after discontinuation of treatment.16 These schedule protocols can be waived in urgent cases

Indications to preoperative MRI
(1) Patients newly diagnosed with an invasive lobular cancer (LoE-2a, DoR-B).
(2) Patients at high-risk for breast cancer (LoE-2b, DoR-B).

(3) Patients under 60 years of age with discrepancy in size >1 cm between XRM and US with expected impact on treatment decision (LoE-2b,
DoR-B).

(4) Patients eligible for PBI on the basis of CBE and conventional imaging (LoE-3b, DoR-B).

Other recommendations are:

(5) Irrespective of whether the clinical team routinely uses preoperative MRI or not, women newly diagnosed with breast cancer should always
be informed of the potential risks and benefits of preoperative MRI if this is under consideration prior to therapy (EPO).

(6) Results of preoperative MRI should be interpreted taking into account CBE as well as XRM and US (whenever XRM and US are indicated); MRI
findings with impact on patient treatment should be verified by percutaneous biopsy whenever possible (EPO).

(7) Lesions visible on MRI alone require MR-guidance for needle biopsy with pathological assessment and, if needed, presurgical localization,
implying the availability of specialized equipment and personnel15,17,80,81 (LoE-1a, DoR-A).

(8) The total treatment delay due to preoperative MRI and possible workup should be no longer than 1 month (EPO).

(9) Possible changes in therapeutic planning resulting from the findings of preoperative MRI should be decided by a multidisciplinary team
composed by oncologists, pathologists, radiation oncologists, radiologists, and surgeons (EPO)

Recommendations in neoadjuvant therapy
(1) MRI does not have a role in the assessment of treatment options in patients with inoperable breast cancer at presentation (EPO).

(2) Pretreatment breast MRI should be performed in patients with large potentially operable breast cancer before the first course of NAC, at the
condition that performing MRI does not significantly postpone NAC initiation (LoE-1; DoR-A).

(3) Post-NAC breast MRI should preferably be performed 2 weeks after the last NAC cycle and within 2 weeks before surgery (EPO); treatment
delay due to preoperative MRI should not be larger than 1 month (as already stated at point 8 of Section 4.4, point 8).

(4) Variations between pre- and post-NAC should be based on concomitant evaluation of both pre- and post-NAC MRI examinations; even very
low enhancement located at the primary tumour site should be considered as a sign for residual disease (LoE-1, DoR-A).

(5) Measurement of residual disease after NAC should be performed according to RECIST or WHO criteria; multifocal or multicentric disease
should be evaluated by summing the largest diameter of the visible tumours165 (EPO).

(6) Caution in interpreting MRI is recommended when patients are treated with taxane or bevacizumab containing regimens (EPO).
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(7) Presurgical issues such as verification of multifocal or multicentric disease etc. should be handled as explained in the paragraph on
preoperative MRI; the ultimate surgical decision should be based on the relative volume of residual tumour compared to that of the affected
breast and decided by a multidisciplinary team (EPO).

(8) In poor responders to NAC, MRI generally confirms the results of clinical and conventional imaging evaluations and may, therefore, not be
mandatory (EPO).

Occult cancer

(1) Breast MRI is indicated in presence of localized metastatic disease (typically, axillary lymphadenopathy) and negative CBE and conventional
imaging (LoE-1b, DoR-A).

(2) Breast MRI is not indicated when extensive metastatic disease exists and/or prognosis is poor, where knowledge of the site of the primary
tumour is unlikely to influence the treatment options or the likely outcome (EPO).

Nipple discharge
(1) There is insufficient evidence of benefit to recommend the routine use of MRI in the clinical context of suspicious nipple discharge (EPO).

(2) In countries where ductography is considered the routine test for suspicious nipple discharge, non-contrast T2-weighted and contrast-
enhanced MRI can be considered if ductography fails for technical reasons or the patient refuses the procedure (LoE-3b, DoR-C).

Inflammatory breast cancer
(1) MRI should not be used for differential diagnosis of inflammatory breast cancers from acute mastitis before treatment (LoE-1b, DoR-A).

(2) If after treatment of a presumed mastitis doubts remain about the presence of an underlying breast cancer, MRI can be considered (LoE-2b,
DoR-C).

General breast
cancer guideline,
some MRI
recommendations

NCCN

Gradishar, 2021
(234)

NCCN clinical
practice guidelines
in oncology (NCCN
guidelines)®.
Breast cancer

« Breast MRI examinations are performed with IV contrast and should be performed and interpreted by an expert breast imaging team working in
concert with the multidisciplinary treatment team.

« Breast MRl examinations require a dedicated breast coil and breast imaging radiologists familiar with the optimal timing sequences and other
technical details for image interpretation. The imaging centre should have the ability to perform MRI-guided needle sampling and/ or image-
guided localization of MRI-detected findings

» May be used for staging evaluation to define extent of cancer or presence of multifocal or multicentric cancer in the ipsilateral breast, or as
screening of the contralateral breast cancer at time of initial diagnosis (category 2B). There are no high-level data to demonstrate that the use
of MRI to facilitate local therapy decision making improves local recurrence or survival.

» May be helpful for breast cancer evaluation before and after preoperative systemic therapy to define extent of disease, response to
treatment, and potential for breast-conserving therapy.
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» May be useful in identifying otherwise clinically occult disease in patients presenting with axillary nodal metastases (cTO, cN+), with Paget
disease, or with invasive lobular carcinoma poorly (or inadequately) defined on mammography, US, or physical examination.

« False-positive findings on breast MRl are common. Surgical decisions should not be based solely on the MRI findings. Additional tissue sampling
of areas of concern identified by breast MRI is recommended.

« The utility of MRI in follow-up screening of patients with prior breast cancer is undefined. It should generally be considered only in those
whose lifetime risk of a second primary breast cancer is >20% based on models largely dependent on family history, such as in those with the risk
associated with inherited susceptibility to breast cancer.

NCCN Bevers, 2020 NCCN clinical MRI (optional) for nipple discharge with no palpable mass, age <30, Bi-RADS 1-3
(233) ?;iﬁ;g?ogu'?slclgﬁs Consider MRI for skin changes suspected as inflammatory breast cancer, Bi-RADS 1-3 or Bi-RADS 4-5 and benign on core needle biopsy
guidelineg@. MRI for axillary masses that are suspicious on mammogram + US and malignant on needle biopsy but with no breast mass

Breast cancer
screening and

diagnosis
The Japanese Breast | Uematsu, 2020 The Japanese We advise using contrast-enhanced breast MRI in a diagnostic setting [SoR, 2; SoE, weak].
Cancer Society (236) Breast Cancer

Society Clinical
Practice Guidelines
for Breast Cancer
Screening and
Diagnosis, 2018

Edition
The Royal College of | The Royal Guidance on MRI is indicated for staging of breast cancer:
Radiologists, London | College of screening and 1. If breast conservation is being considered and sizing is uncertain on clinical evaluation
Radiologists, symptomatic ] ] i
2019 (227) breast imaging and conventional imaging (mammography and US)

2. If breast-conserving surgery is being considered for invasive cancer with a lobular
component (invasive lobular carcinoma or mixed carcinomas with a lobular
component)*

3. In mammographically occult tumours

4. Where there is suspicion of multifocal disease unconfirmed on conventional imaging
5. In the presence of malignant axillary node(s) with no primary tumour evident in the
breast on conventional imaging

6. In Paget’s disease of the nipple if breast conservation is being considered.

*MRI to screen the contralateral breast in women with an invasive cancer with a lobular

component is not recommended if mastectomy for the known cancer is planned (or has
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been performed).

If gadolinium administration is contra-indicated, consider the combination of T2-weighted
and diffusion-weighted imaging (DWI).

Axillary US assesses nodal disease burden; documentation of the number of

abnormal nodes demonstrated is good practice. The infraclavicular and supraclavicular
fossae should also be scanned if there is a heavy nodal burden (>four obviously abnormal
nodes). Core biopsy sampling is more sensitive than FNAC.

Monitoring of response to neoadjuvant treatment:

MRI is the most accurate imaging technique for baseline local staging and correlates best with pathological findings post-treatment. It is
recommended at baseline and end of treatment to aid surgical planning. The use of an interim scan (after two or three cycles) aids prediction of
response and will become of increasing importance in response-adapted therapy. Diffusion-weighted imaging (DWI) has the potential to be of use
if protocols are standardized.

National Health
Commission of The
People's Republic of
China

National Health
Commission of
The People's
Republic of
China, 2019 (229)

Chinese guidelines
for diagnosis and
treatment of
breast cancer 2018
(English version)

Indications:

1) Unspecific results after mammography and breast US;

2) Preoperative staging and screening for contralateral tumours;

3) Evaluation of tumour response to neoadjuvant therapy;

4) Evaluation of the primary tumour in patients with suspected occult breast cancer;
5) Differential diagnosis between postoperative scar and cancer relapse;

6) Evaluation of residual disease in patients with positive margins after lumpectomy;
7) Evaluation of breast implants;

8) Screening in high-risk women;

9) Guided biopsy.

Malaysian Health
Technology
Assessment Section
(MaHTAS)

Malaysian Health
Technology
Assessment
Section
(MaHTAS), 2019
(225)

Management of
breast cancer,
third edition

MRI may be considered in the following clinical situations in breast
cancer: level lll

« invasive lobular cancer

« LCIS

« suspicion of multicentricity

« genetic high risk

« occult disease (TO N+/M+ disease) - refer to Appendix 5 on TNM
Classification

 Paget’s disease without routine radiological evidence of underlying
tumour
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« breast implants/foreign bodies

« diagnosis of recurrence in previous breast reconstruction

« follow-up after neo-adjuvant therapy

« dense breasts

« pre-operative planning in breast-conserving surgery (BCS)

Surgical decisions should not be based solely on the MRI findings.
Additional tissue sampling of areas of concern identified by breast MRI
is recommended.

ESMO

Cardoso, 2019
(232)

Early breast
cancer: ESMO
clinical practice
guidelines for
diagnosis,
treatment and
follow-up

Imaging includes bilateral mammography and US of the breast and regional lymph nodes [8]. An MRI of the breast is not routinely recommended,
but should be considered in cases of:

« familial breast cancer associated with BRCA mutations [I, A];

« lobular cancers [I, A];

« dense breasts [ll, B];

« suspicion of multifocality/multicentricity (particularly in lobular breast cancer) [l, A];

« large discrepancies between conventional imaging and clinical examination [lll, B];

« before neoadjuvant systemic therapy, and to evaluate the response to this therapy [ll, A]; and

» when the findings of conventional imaging are inconclusive (such as a positive axillary lymph node status with an occult primary tumour in the
breast) [lll, A] [14].

« It may also be considered in case of breast implants

Management of occult breast cancer: Routine diagnosis, apart from standard breast and axillary imaging, requires breast MRl and PET/CT (to
exclude another primary tumour site).

Neoadjuvant treatment: If BCS is anticipated, marking of the tumour site must be carried
out [V, A] and pre- and post-treatment breast MRI should be carried out [ll, A].

Breast Committee of
the German
Gynecological
Oncology Group
(Arbeitsgemeinschaft
Gynakologische
Onkologie, AGO)

Ditsch, 2019
(235)

AGO
recommendations
for the diagnosis
and treatment of
patients with early
breast cancer:
Update 2019

MRI can be useful in high-risk patients and if clinical examination, mammography, US, and needle biopsy do not allow a definitive diagnosis (LoE
3b/GR B/ AGO+). Second-look US is recommended in cases of lesions detected by MRI only.

MRI should not be used in general for preoperative staging purposes in the case of BCT.

For some patients, e.g., with a reduced lesion detectability in mammography and US (detectability C-D), nipple involvement, lobular invasive
cancer, suspicion of multilocular disease, and/or high risk, MRI can be considered (LoE 1b/GR B/AGO+/-) [32, 33].

The feasibility of performing MRI-guided vacuum-assisted biopsies is mandatory if suspicious lesions are detected by MRI of the breast.
In axillary metastases of occult breast cancer, imaging should include mammography, US, and MRI.
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German Society for
Gynecology and
Obstetrics (DGGG)
and the German
Cancer Society
(DKG)

Wockel, 2018
(237)

Updated version
(German only),
2020 (228) [MRI
recommendations
unchanged]

Interdisciplinary
screening,
diagnosis, therapy
and follow-up of
breast cancer.
Guideline of the
DGGG and the DKG
(S3-Level, AWMF
REGISTRY NUMBER
032/0450L,
December 2017) -
Part 1 with
recommendations
for the screening,
diagnosis and
therapy of breast
cancer

a) In a diagnostic setting, MRI with CM should be limited to those cases where a lesion cannot be adequately identified using conventional
diagnostic methods (MG, US) or percutaneous biopsy.

b) Carrying out MRI with CM prior to treatment to examine an already diagnosed breast cancer is only justified in specific exceptional cases. The
decision that MRI with CM is indicated should be made during a multidisciplinary tumour conference.

c) MRI with CM of the breast must only be carried out if an MRI-supported intervention can be carried out in the same centre or it is possible to
access MRI-supported interventions, and the histological findings of the MRI intervention are presented to an interdisciplinary conference to
document the outcome quality.

International
conference at the
Morgan Welch
Inflammatory Breast
Cancer Research
Program of MD
Anderson Cancer
Center

Ueno, 2018 (240)

International
consensus on the
clinical
management of
inflammatory
breast cancer from
the Morgan Welch
Inflammatory
Breast Cancer
Research Program
10th Anniversary
Conference

MRI: For detecting a primary breast lesion (mass or non-mass enhancement), skin thickening, breast and chest wall edema, chest wall and nodal
involvement and contralateral breast assessment.

A proposed algorithm to be clinically validated in the future for clinical suspicion of IBC is breast MRI (to identify the primary breast lesion for
US-guided biopsy and to detect skin lesions or skin enhancement suggesting tumour emboli in skin), US after MRI (to biopsy the most likely
primary lesion detected on MRI and for locoregional nodal staging with possible nodal biopsy), PET/CT (for local and distant disease workup).

ACR

American College
of Radiology,
2018 (238)

ACR
appropriateness
criteria. Breast
imaging of
pregnant and
lactating women

Locoregional staging: It is well established that IV gadolinium chelates cross the placenta and enter the fetal circulation. Although there are no
reported adverse fetal effects due to IV gadolinium in the pregnant mother, there is the potential for the dissociation of free toxic gadolinium
ion with limited data in this patient population. Guidelines regarding gadolinium administration during pregnancy are outlined in detail in the
ACR Manual on Contrast Media (258). Because of the concerns regarding gadolinium crossing the placenta and limited data regarding its safety
in this setting, breast DCE-MRI is therefore not recommended in pregnant women. However, immediately following delivery or pregnancy
termination, breast MRI is recommended for locoregional staging.

National Institute for
Health Care
Excellence (NICE)

NICE, 2018 (224)

Early and locally
advanced breast
cancer: Diagnosis
and management.
NICE guideline
NG101

Do not routinely use MRI of the breast in the preoperative assessment of people with biopsy-proven invasive breast cancer or ductal carcinoma in
situ (DCIS). [2009]

1.1.2 Offer MRI of the breast to people with invasive breast cancer:

«if there is discrepancy regarding the extent of disease from clinical examination, mammography and US assessment for planning treatment
«if breast density precludes accurate mammographic assessment

«to assess the tumour size if breast-conserving surgery is being considered for invasive lobular cancer. [2009]
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European School of
Oncology (ESO) and
the European Society
of Medical
Oncologists (ESMO);
endorsed by the

Paluch-Shimon,
2017 (242)

ESO-ESMO 3rd
international
consensus
guidelines for
breast cancer in
young women

Diagnosis, imaging and staging in young women should follow standard algorithms consistent with older women. Additional consideration may be
given to US and breast MRI in young women particular in the setting of very dense breast tissue or consideration of a genetic predisposition or

other individuals at high risk (i.e., radiotherapy for childhood malignancy). (level of evidence IIC; Weak recommendation, low quality evidence)

Timing of the menstrual cycle should be taken into account when planning and performing MRI (and mammaography, if done) in order to optimize
accuracy of imaging with optimal timing being in the first half of the menstrual cycle (day 7-10)

European Society of (BCY3)
Breast Specialists
(EUSOMA)
ACR Expert Panel on ACR Although MRI or ductography is usually not appropriate as an initial examination, it may be useful when the initial standard imaging evaluation is
Breast Imaging, appropriateness negative.
2017 (241) crltlena: ¢ Contrast-enhanced breast MRI has high sensitivity for detecting benign papillary lesions as well as in situ and invasive carcinoma. Furthermore,
Eya Lllatclianc]) MRI allows identification of index lesions in peripheral ducts that are beyond the area normally encompassed by terminal duct excision,
nippte discharge ductogram, or targeted US
Focus on Galimberti, 2016 | Surgical resection Cites EUSOMA (250): Preoperative MRI is recommended in invasive lobular carcinoma, age <60 y with a difference in tumour size between

Controversial Areas
Working Party of the
Italian Senonetwork

(239)

margins after
breast-conserving
surgery:
Senonetwork
recommendations

mammography and US >1 cm and expected to impact treatment decision-making, or eligible for partial breast irradiation
MRI should be used in cases meeting the EUSOMA criteria, or if there is an extensive intraductal component, or suspected multifocality

ESMO

Senkus, 2015
(231)

Primary breast
cancer: ESMO
clinical practice
guidelines for
diagnosis,
treatment and
follow-up

An MRI of the breast is not routinely recommended, but should be considered in cases of familial breast cancer associated with BRCA mutations,
breast implants, lobular cancers, suspicion of multifocality/multicentricity (particularly in lobular breast cancer), or large discrepancies
between conventional imaging and clinical examination [lll, B].

MRI may also be recommended before neoadjuvant chemotherapy, when evaluating the response to primary systemic therapy or when the
findings of conventional imaging are inconclusive (such as a positive axillary lymph node status with an occult primary tumour in the breast) [lll,
Al

Recommendations cite EUSOMA guideline (250)

U. K. Inflammatory
Breast Cancer
Working group

Rea, 2015 (230)

Inflammatory
breast cancer:
Time to
standardize
diagnosis
assessment and
management, and
for the joining of
forces to facilitate
effective research

Staging and response assessment: We have recommended a combination of mammography and US as minimum requirements for radiological
imaging of the breast. MRI is also recommended, as this is the most accurate technique for characterization and diagnosis of the primary lesion.

In addition, it is accepted that in comparison with conventional imaging, MRI is the most accurate way of assessing both interim and final
responses to treatment, which can help to guide therapy (for e.g., where breast conservation may be a possibility or to demonstrate persistent
involvement of the chest wall musculature).

Assessment of response to primary systemic chemotherapy should include a combination of physical examination and radiological assessment.
MRI is recommended for baseline evaluation and response assessment

National Clinical
Effectiveness
Committee, Ireland

National Clinical
Effectiveness
Committee, 2015
(226)

Diagnosis, staging
and treatment of
patients with
breast cancer

2.2.4.1 The routine use of MRI of the breast is not recommended in the preoperative assessment of patients with biopsy-proven invasive breast
cancer or ductal carcinoma in situ. (B)
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National Clinical
Guideline No. 7

2.2.4.2 Offer MRI of the breast to patients with invasive breast cancer, if there is discrepancy regarding the extent of disease from clinical
examination, mammography and US assessment for planning treatment, or if breast density precludes accurate size assessment. (B)

2.2.4.3 In patients with invasive lobular cancer, MRI can be considered to assess tumour size, if breast conserving surgery is a treatment option.
(©)

2.2.5.1 Breast MRI is indicated in the clinical setting of occult primary breast cancer (typically, axillary lymphadenopathy) and following
negative clinical breast examination and negative conventional imaging. (B)

2.2.6.1 In the setting of negative conventional imaging, MRI can facilitate treatment planning for patients with Paget’s disease. (C)

Surgical planning:
reconstruction

ACR

Oliva, 2017 (253)

ACR
appropriateness
criteria® imaging
of deep inferior
epigastric arteries
for surgical
planning (breast

In preoperative planning before breast reconstruction using DIEP flap, CTA [CT angiography] of the abdomen and pelvis with IV contrast is the
first-line imaging modality, and MRA [MR angiography] of the abdomen and pelvis without and with IV contrast is a reasonable alternative.

CTA has effective radiation dose of 30-100 mSV, whereas MRI is 0 mSv

(262)

reconstruction
surgery)
Technical standards
and details
ACR American College | ACR manual on
of Radiology contrast media
Committee on
Drugs and
Contrast Media,
2021 (258)
ACR American College | ACR manual on MR
of Radiology safety. Version
Committee on MR | 1.0, 2020
Safety, 2020
(257)
ACR American College | Complete
of Radiology, accreditation
2020 (254) information:
Breast MRI
ACR Amurao, 2019 ACR-AAPM

technical standard
for diagnostic
medical physics
performance
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monitoring of
magnetic
resonance (MR)
imaging equipment

ACR

Covington, 2018
@)

American College
of Radiology
accreditation,
performance
metrics,
reimbursement,
and economic
considerations in
breast MR Imaging

ACR

American College
of Radiology,
2018 (260)

ACR practice
parameter for the
performance of
contrast-enhanced
magnetic
resonance imaging
(MRI) of the breast

ACR

American College
of Radiology,
2017 (255)

ACR
appropriateness
criteria®:
Monitoring
response to
neoadjuvant
systemic therapy
for breast cancer

ACR

American College
of Radiology,
2016 (259)

ACR practice
parameter for the
performance of
magnetic
resonance imaging-
guided breast
interventional
procedures

ACR Committee on
Quality Assurance in
Magnetic Resonance
Imaging

American College
of Radiology
Committee on
Quality Assurance
in Magnetic
Resonance

Magnetic
resonance imaging.
Quality control
manual, 2015
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Imaging, 2015
(256)

ACR

Edwards, 2013
(264)

Updates and
revisions to the BI-
RADS magnetic
resonance imaging
lexicon

ACR

DeMartini, 2013
(263)

Breast magnetic
resonance imaging
technique at 1.5 T
and 3 T:
requirements for
quality imaging
and American
College of
Radiology
accreditation

ACR

American College
of Radiology,
2013 (261)

ACR BI-RADS atlas.
Breast imaging
reporting and data
system. 5th ed

International Breast
DWI working group,
European Society of
Breast Imaging
(EUSOBI)

Baltzer, 2020
(266)

Diffusion-weighted
imaging of the
breast-a consensus
and mission
statement from
the EUSOBI
International
Breast Diffusion-
Weighted Imaging
working group

Diffusion-weighted imaging

The goals of the group are:

To promote the integration of DWI into clinical practice by issuing consensus statements and initiate collaborative research where
appropriate

To define standards and provide practical guidance for clinical application of DWI

To develop a standardized and translatable multisite multivendor quality assurance protocol, especially for multisite research studies
To find consensus on optimal methods for image processing/analysis, visualization, and interpretation

To work collaboratively with system vendors to improve breast DWI sequences

European Society of
Breast Imaging
(EUSOBI)

Bick, 2020 (265)

Image-guided
breast biopsy and
localization:
recommendations
for information to
women and
referring
physicians by the
European Society
of Breast Imaging

This is an update of the 2007 EUSOBI guideline (446)
Image-guided breast biopsy techniques and imaging guidance

MRI-guided VAB is a safe and accurate procedure that is mandatory when suspicious lesions are visible on MRI only
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Breast Imaging Breast Imaging Updated Recommendations describe the minimum requirements for acquiring high-quality MRI images of the breast
Working Group of Working Group of | recommendations
the German the German for MRI of the
Radiological Society | Radiological breast
Society, 2014
(268)
[European consensus | Heywang- Interdisciplinary Several consensus recommendations on MRI-guided vacuum-assisted breast biopsy
conference, Kobrunner, 2009 consensus on the
Germany, 2006] (267) uses and technique

of MR-guided
vacuum-assisted
breast biopsy
(VAB): results of a
European
consensus meeting
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Appendix F. Advanced Imaging and Contrast Agents

Types of MRI and Other Imaging

Contrast-enhanced MRI (CE-MRI), used together with unenhanced T2-weighted images, is
the most widely used type of MRI, providing primarily morphological and some functional
information about tumour perfusion and vascularity. Contrast agents, mainly gadolinium-
based, are used; there is some concern about accumulation in the brain after multiple
administrations, and allergy/sensitivity in a minority of patients. Nephrogenic systemic fibrosis
(NSF) may occur in patients with acute kidney injury or severe chronic kidney disease (258).

Diffusion-weighted imaging (DWI) is based on a difference in diffusion of water molecules,
and the apparent diffusion coefficient (ADC) is reported. Malignant tissue shows restricted
diffusion and a lower ADC (271). Contrast agents are not required, although if DWI is conducted
together with CE-MRI, the contrast agent does not negatively affect performance.

Accelerated MRI appears equivalent (not inferior) to MRI, with shorter machine time and
interpretation time. Abbreviated and accelerated MRI allow shorter acquisition and
interpretation times than standard MRI (272). The abbreviated MRI consists of a single early
dynamic contrast-enhanced series, providing morphologic evaluation but not kinetic assessment
(447). Studies have shown it comparable to the full protocol for cancer screening (273).
Accelerated MRI (ultrafast MRI) acquires DCE-MRI images in a very short time and therefore
provides kinetic assessment comparable to standard MRI. An example is time-resolved
angiography with stochastic trajectories (TWIST) developed by Mann et al. (274). Applying
accelerated MR techniques could enhance the diagnostic potential of abbreviated MRI while
maintaining the short study time.

Magnetic resonance spectroscopy (most commonly proton MR spectroscopy ['H-MRS or
MRSI] evaluating the total choline peak [tCHO] as a biomarker of malignancy) may be useful but
the field is not as advanced, and currently is not as good as MRI for small lesions (<1 cm).
Advances in data management (e.g., use of derivative fast Padé transformation) as proposed
by Belkic et al. (275) may resolve the tCHO components and discrimination of benign/malignant
lesions. 3'P-MRSI and 2’Na-MRI are emerging.

Use of CE-MRI together with other functional imaging, especially DWI-MRI or 'H-MRS is
sometimes referred to as multiparametric MRI (mpMRI). This technique visualizes and quantifies
the functional processes of cancer development and progression, improves diagnostic accuracy,
and reduces need for biopsies (276).

Contrast-enhanced spectral mammography (CESM) or contrast-enhanced digital
mammography appears an improvement on mammography, although with higher radiation
exposure. It may be useful if there are contraindications to MRI or MRI is not available, and
there may be differences in patient preferences. Test times are longer than conventional
mammography and shorter than conventional MRI. As illustrated in the 2018 systematic review
and meta-analysis by Zhu et al. (448), several studies have compared CESM to MRI.

Digital breast tomosynthesis (DBT; also referred to as tomosynthesis or 3-D
mammography) may have better ability than conventional digital mammography to detect
cancer but still has limitations. In a comparison of DBT and mammography in 300 breast cancers
(288 in dense breasts), 13.3% were detected only by DBT, 63.7% with both DBT and digital
mammography, and 23% not detected by either (277). The ASTOUND trial conducted adjunct
screening with both DBT and ultrasound after negative screening mammography in 3,231 women
with dense breasts (BI-RADS 3 or 4) (449). The supplemental screening found 24 additional
malignancies, of which 12 were detected by both DBT and ultrasound, 1 only by DBT, and 11
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only by ultrasound. The ACRIN EA1141 trial used both abbreviated breast MRI and DBT in 1444
women with dense breast undergoing screening and found MRI to be more sensitive (95.7% vs.
39.1%) based on a reference standard of biopsy and interval cancers within 13 months that
identified 17 invasive cancers and 6 DCIS (450). MRI detected 17 invasive cancers and 5 DCIS
while DBT detected 7 invasive cancers and 2 DCIS. If DBT is used in addition to 2-D
mammography the radiation dose will be higher; however, it is possible to recreate the 2-D
image from the 3-D one and then the overall radiation exposure may be the same or only slightly
higher than 2-D mammography. The retrospective screening study by Conant et al. with 96,269
women (278) found DBT associated with increased specificity and cancer detection, especially
in women aged 40-49. The randomized To-Be screening trial (n=28,749) is ongoing (279, 280)
and so far has found equivalent radiation exposure and detection rates but lower recall and
higher positive predictive value with tomosynthesis compared to digital mammography; data
on interval cancers is planned but not yet available. The Tomosynthesis Mammographic Imaging
Screening Trial (TMIST), funded by the National Cancer Institute is another randomized trial
that is underway. In blinded evaluation of cases with cancer or suspicious lesions, more cancers
were detectable with DBT than digital mammography (281, 282).

Ultrasound instead of mammogram is sometimes used in women age <40 with palpable
lumps as it is more sensitive, less costly, more comfortable, and doesn’t expose patients to
ionizing radiation (as with mammography). Ultrasound directed biopsy after MRI is routine,
however Lee et al. (283) found 26% of such biopsies were localized to a site distinct from the
one identified on MRI. Other papers suggest that if MRI and biopsy are discordant, the reason
may be that the lesion was not sampled (i.e., the wrong area was biopsied). The correlation
between prone MRI and supine ultrasound may be challenging and clip placement directed by
MRI following ultrasound biopsy should be encouraged to provide optimal MRI correlation.

PET/CT is less sensitive but more specific than MRI for detection of breast lesions.
Integrated information from PET/MR improved detection compared to either technique alone.
PET/CT can detect N3 lymph node disease and distant metastasis. A few studies with dedicated
breast PET (MAMmography with Molecular Imaging [MAMMI] dedicated breast PET [dbPET])
found better sensitivity and suggest a combination with MRl may provide the best diagnostic
performance. A comparison of PET/CT and MAMMI-PET [db-PET] (284) found prone imaging
better than supine, and db-PET with better sensitivity (96.8%) and tumour size/quadrant
diagnosis. Ribelles et al. (451) found PET/CT found more axillary and internal nodal disease
and distant metastasis than MRI, and combined PET/CT + MRI better sensitivity, positive
predictive value and negative predictive value than either alone. Dominguez et al. (285) also
found dbPET had better specificity (93% dbPET vs. 54% MRI). Pinker-Domenig et al. (286) found
dedicated PET/CT plus MRI had 100% sensitivity and 90% specificity; 90% of benign lesions did
not need biopsy. Katja et al. (287) found similar results, and improved lymph node metastasis
detection (87% vs. 70% with MRI alone). Hybrid PET-MR with dedicated breast coils allows
better staging and shorter study time than doing PET/CT and MRI separately (452).
Simultaneous PET and MRI is reviewed by Pujara et al., 2019 (288). PET-MRI has lower radiation
exposure and better contrast but has a limited field of view compared to PET/CT. PET when
performed on a dedicated breast PET machine is sometimes referred to as positron emission
mammography (PEM).

Gamma imaging (scintimammography, molecular breast imaging) may be promising (289-
293). It is not affected by breast density and can find a similar level of additional cancers as
MRI but has worse positive predictive value than MRI. Radiation exposure is of concern and
improvements to reduce this are being investigated.

Gadolinium Contrast Medium Selection and Adverse Effects
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Various gadolinium-based contrast agents are used for CE-MRI (294-296), as summarized
in the following table. Gadobenate dimeglumine has greater T1 relaxivity and provides more
pronounced contrast enhancement at the same delivered dose as compared with other agents
(295). Studies found it to have better sensitivity and specificity compared with gadopentate
dimeglumine (297-301). Gadobutrol and gadoterate meglumine are the other forms generally
used, although direct comparison is limited; a clinical trial of these two is ongoing
(https://clinicaltrials.gov/show/nct03730051). One study using 3 T MRI found gadobenate
dimeglumine better than gadoterate meglumine (302). Two small studies found gadobutrol
noninferior to gadobenate for detection and sensitivity (303) and not different in the time-
intensity curve (304). Comparison of gadobutrol and gadoterate meglumine found the former
resulted in higher relative enhancement and less washout in malignant lesions (305). CE-MRI
using gadobutrol has been evaluated in the multicentre prospective GEMMA1 and GEMMA 2 trials
and found to provide high sensitivity and specificity (306), and was also used in 70% of patients
in the MIPA trial (154).

Table F1. Gadolinium-Based Contrast Agents (258, 294-296, 311, 453-456)

Name Chemical Trademark [Type Notes
Abbreviation
Gadobutrol Gd-BT-DO3A Gadovist; Macrocyclic, | Above average relaxivity
Gadavist non-ionic
Gadoterate Gd-DOTA Dotarem; Macrocyclic,
meglumine; Clariscan ionic
Gadoteric acid
Gadoteridol Gd-HP-DO3A ProHance Macrocyclic, | Below average relaxivity
nhon-ionic
Gadobenate Gd-BOPTA MultiHance [Linear, ionic | Highest relaxivity; linear but
dimeglumine similar NSF risk as

macrocyclics; suspended in
EU in 2017 except for liver

Gadopentetate Gd-DTPA Magnevist  [Linear, ionic | Oldest agent, below average
dimeglumine relaxivity; increased risk of

NSF; use suspended in EU in

2017 except intra-articular;

discontinued in USA

Gadoxetic acid Gd-EOB-DTPA [ Primovist; [Linear, ionic | Designed for liver imaging;

disodium; Eovist not used in breast imaging
Gadoxetate
Gadodiamide; Gd-DTPA-BMA | OmniScan  [Linear, non- | Low stability and increased
Gadodiamide ionic NSF risk; use suspended in
hydrate EU
Gadofosveset Gd-DTPA- Ablavar; Linear, ionic | Production discontinued
diphenyl Vosovist 2017
cyclohexyl-
phosphate
Gadoversetamide | Gd-DTPA- OptiMARK  [Linear, non- | Production discontinued
BMEA ionic 2017; increased risk of NSF
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Two studies reported acute adverse reactions in 0.3% of patients (294, 307). Reactions
are generally allergic and may be more frequent in those with seasonal allergic rhinitis.
Patients with allergy to one gadolinium-based agent may not exhibit allergy to a different one
(294, 308, 309). NSF has been observed mainly in patients with advanced renal failure (295).
The US FDA indicates gadolinium retention is highest with linear agents (especially gadodiamide
and Gadoversetamide) and lowest with macrocyclic agents (456). The American College of
Radiology (258) groups agents according to NSF potential, with the macrocyclic agents and
gadobenate dimeglumine the lowest, gadoxetate disodium with limited data, and the other
linear agents as having the most cases of NSF (258). The Canadian Association of Radiologists
(310) refers to this in their updated guideline on use of gadolinium agents in patients with
kidney disease (310). Gadolinium deposition, especially after multiple MRIs, has been reported
in the brain, although it is unknown whether this is harmful (307). Use of linear contrast agents
(except for specific applications) was suspended in the EU due to concerns of brain deposition
(311) Guidelines such as The ACR Manual on Contrast Media (258) cover these topics in more
detail.
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Appendix G. Risk of Bias Assessment

The risk of bias for randomized studies was assessed using the Cochrane Risk-of-Bias (RoB) tool (revised version RoB 2) (11, 12). An

example of the evaluation for the outcome of mastectomy is indicate below. Assessment of other outcomes is summarized in the
Results section.

Risk of Bias for RCTs, Mastectomy Outcome

Unique ID Study ID Experimental Comparator Outcome Weight D1 D2 D3 D4 D5 Overall

1 IRCIS MRI in BCS no MRI Mastectomy rate NA ‘ ‘ . . . . . Low risk

2 Turku MRIin BCS no MRI Mastectomy rate NA ‘ . . . . . ! Some concerns

3 Breast-MRI MRI in BCS no MRI Mastectomy rate NA . . . . . . Ii High risk

4 COMICE MRI in BCS no MRI Mastectomy rate NA ‘ ! ‘ . ! . )

5 POMB MRI no MRI Mastectomy rate NA ' . ‘ . ' . D1 Randomisation process

6 Monet MRI no MRI Mastectomy rate NA . ! ! . ! . D2 Deviations from the intended interventions

D3 Missing outcome data
D4 Measurement of the outcome

D5 Selection of the reported result
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The risk of bias for non-randomized studies was assessed using ROBINS-I (13, 14). The table
below is a generic evaluation for all included studies. Data that need to be evaluated
individually are indicated and may be found in Tables 1-4.

Risk of Bias for Non-Randomized Studies.

1. Confounding
1.1 Potential for Confounding
1.2 Analysis based on splitting participants' follow-up time according
to intervention received
1.3 Treatment discontinuation or switches affect outcome
Baseline Confounding (answer if no to 1.2)
1.4 Appropriate analysis for confounding
1.5 Confounders measured validly and reliably
1.6 Controlled for post-intervention variables
Time-Related Confounding (answer if yes to 1.2 and 1.3)
1.7 Controlled for confounding domains and time-varying confounding
1.8 Confounders measured validly and reliably
ROB confounding low to serious

2. Selection Bias [applies only if participant selection based on
characteristics observed after the intervention started]

2.1 Selection of pts was based on observations after intervention
if 2.1 is yes
2.2 Post-intervention variables associated with intervention
if 2.2 is yes
2.3 Post-intervention variables influenced by outcome
If 2.1 is no
2.4 Start of intervention and follow-up coincide
2.5 Appropriate adjustment for section bias
ROB selection low

3. Classification Bias
3.1 Intervention well defined
3.2 Information on intervention recorded at start of intervention
3.3 Intervention Status unaffected by outcome risk

ROB Measurement low or moderate

4, Departure from Interventions
Effect of Assignment

4.1 Deviation in intervention is beyond usual practice

4.2 Were deviations unbalanced and likely to effect outcome
Effect of starting and adhering to intervention
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4.3 Balance in co-interventions (e.g., adjuvant therapy)

4.4 Was implementation failure minor

4.5 Low rate of switches to other interventions

4.6 Appropriate adjustment techniques to correct for issues
ROB Departure low, n/a

5. Missing Data
5.1 Outcome data for all/nearly all participants
5.2 Excluded due to missing data on intervention status
5.3 Excluded due to other missing data (confounders)
5.4 Proportions and reasons for missing data similar
5.5 Appropriate statistics for missing data

ROB missing data low to serious

6. Measurement of Outcomes
6.1 Outcome measure objective
6.2 Assessors aware of intervention
6.3 Assessment methods comparable across groups
6.4 Systematic errors in measurement of outcome
ROB Measurement low

7. Selection of results to report
7.1 Multiple outcome measurements within the outcome domain
7.2 Multiple analyses of intervention-outcome relationship
Effect likely to be reported for different subgroups

ROB Selection low

OVERALL ROB low to serious

RoB rating
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