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A B S T R A C T

Purpose
There is little consensus regarding preoperative magnetic resonance imaging (MRI) in breast
cancer (BC). We examined the association between preoperative MRI and local recurrence (LR) as
primary outcome, as well as distant recurrence (DR), in patients with BC.

Methods
An individual person data (IPD) meta-analysis, based on preoperative MRI studies that met
predefined eligibility criteria, was performed. Survival analysis (Cox proportional hazards modeling)
was used to investigate time to recurrence and to estimate the hazard ratio (HR) for MRI. We
modeled the univariable association between LR (or DR) and MRI, and covariates, and fitted
multivariable models to estimate adjusted HRs. Sensitivity analysis was based on women who had
breast conservation with radiotherapy.

Results
Four eligible studies contributed IPD on 3,180 affected breasts in 3,169 subjects (median age, 56.2
years). Eight-year LR-free survival did not differ between the MRI (97%) and no-MRI (95%) goups
(P � .87), and the multivariable model showed no significant effect of MRI on LR-free survival: HR
for MRI (versus no-MRI) was 0.88 (95% CI, 0.52 to 1.51; P � .65); age, margin status, and tumor
grade were associated with LR-free survival (all P � .05). HR for MRI was 0.96 (95% CI, 0.52 to
1.77; P � .90) in sensitivity analysis. Eight-year DR-free survival did not differ between the MRI
(89%) and no-MRI (93%) groups (P � .37), and the multivariable model showed no significant
effect of MRI on DR-free survival: HR for MRI (v no-MRI) was 1.18 (95% CI, 0.76 to 2.27; P � .48)
or 1.31 (95% CI, 0.76 to 2.27; P � .34) in sensitivity analysis.

Conclusion
Preoperative MRI for staging the cancerous breast does not reduce the risk of LR or DR.

J Clin Oncol 32. © 2014 by American Society of Clinical Oncology

INTRODUCTION

There is little consensus regarding the role of
magnetic resonance imaging (MRI) in staging the
cancerous breast in women with newly diagnosed
breast cancer (BC), and its value in the preopera-
tive setting is a relentlessly debated issue in BC
treatment.1-8 MRI has superior sensitivity to con-
ventional imaging for detecting clinically occult
cancer foci in women with BC.2,6-8 It was initially
hoped that detection of additional disease in the
affected breast by MRI would translate into im-
proved surgical treatment and improved local
control. In recent years, evidence has indicated
that the inclusion of MRI in preoperative assess-
ment does not improve surgical treatment and

may be harmful2,5,7-9 by conversion of candidates
for breast conservation to more extensive resec-
tion or to mastectomy.7,9 A meta-analysis has also
shown that preoperative MRI does not reduce
re-excisions, and that it significantly increases the
odds of receiving mastectomy for BC treatment.9

An area of uncertainty underlying the preoper-
ative MRI debate relates to its long-term effect, in
particular, its effect on in-breast recurrence. This has
been investigated in a few studies, all but one of
which found a lack of association between MRI and
recurrence.10-13 However, primary studies, taken in-
dividually, may have limited power to examine
long-term end points such as local (in-breast) recur-
rence. We report an individual patient data meta-
analysis that investigates the association between
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preoperative MRI and BC recurrence, specifically local recurrence
(LR) as primary outcome, and distant recurrence (DR) as secondary
outcome, in women treated for BC.

METHODS

We performed an individual person data (IPD) meta-analysis using data
sourced from published studies that have compared cohorts of women with
BC who received preoperative assessment with conventional imaging only
with those who had also received preoperative MRI.

Study Identification and Eligibility Criteria

Appendix Figure A1 (online only) summarizes the literature search (at
January 2013) and study identification process. Eligible studies had to have
reported comparative data on the primary outcome (LR) in cohorts of patients
with BC who had received preoperative conventional imaging only and those
who had also received MRI. Authors of eligible studies were invited to partic-
ipate in this collaborative work and were provided with the study plan and
minimum data set required for IPD meta-analysis. All eligible studies,10-12,14

but one,13 agreed to provide de-identified data (details in Appendix Fig A1,
including studies that did not meet eligibility criteria15-17). We did not restrict
eligibility on the basis of surgical treatment, to minimize selection bias and thus
allow investigation of any potential effect of MRI. Therefore, we considered
studies that included breast-conserving surgery (BCS) candidates and/or those
that included women who attempted BCS but received mastectomy as final
surgical treatment, and we addressed this issue through sensitivity analysis (see
Statistical Analysis).

Data Requested From Each Study

A minimum data set to conduct analyses of primary outcome (LR) was
sought from each study, inclusive of whether or not a patient had MRI; age;
date of surgery or start of treatment; final surgery; whether or not a patient
received whole-breast radiation; systemic therapy (receipt of any, or none);
final margins; follow-up time (time to event or to death or time to last
follow-up if no event); type of event (at minimum, any LR occurring at any
time). LR occurring simultaneously with regional recurrence was included in
analysis of LR; however, regional-only recurrence was not included. DR was
defined as distant metastases occurring at any time. Additional relevant vari-
ables (Table 1) were requested, but studies were not excluded if these variables
were unavailable. We confirmed that each eligible study complied with insti-
tutional processes for use of de-identified data in research. A consistent classi-
fication was applied across all studies for categorical variables to allow joint
modeling of the data. For surgical margins, we used a 2-mm threshold to
classify negative margins.10,18 MRI was performed before surgical treatment in
all subjects, except for approximately 10% of the MRI group in the study by
Solin et al10 (� 1% of subjects in our analysis) in whom MRI was performed
postexcision but before radiation treatment.

Follow-Up Time

We required a minimum follow-up time of 90 days from surgery date;
therefore, the number of subjects from each study in this meta-analysis slightly
differs from that in some of the original publications. Follow-up duration was
calculated from the date of surgery (or date of commencing radiation therapy
for one study10) to last date of known follow-up, or to occurrence of event or to
death from any cause.

Statistical Analysis

Preliminary analyses were used to describe the distribution of each vari-
able separately for each study and for the pooled data set. For continuous
measures, the median and interquartile range (IQR) were calculated. For
categorical outcomes, the percentage in each category was computed. A
Kaplan-Meier survival curve was generated for time to LR for each study.
Survival curves for MRI versus no MRI were computed using the pooled data
set, and differences in the survival functions were initially tested using the
log-rank test. For women who did not have LR, their censoring time was time
of death from any cause if applicable, or time of last follow-up.

Survival analysis (Cox proportional hazards modeling) was used to in-
vestigate time to LR and to estimate the hazard ratio (HR) for MRI. We
modeled 5- and 8-year LR-free survival and report models for 8-year rates
because the findings were consistent for both time frames. We examined
whether the hazard functions were proportional across time between the
studies and whether the association between MRI and LR differed between
studies. Informed by these preliminary analyses, all models allowed the base-
line hazard to differ by study. A series of models were fitted to investigate the
univariable association between LR and preoperative MRI, as well as potential
confounding variables. We also tested for interaction between MRI and the
covariates age, margins, and tumor histology. A competing risks model (that
did assume proportional hazards between studies) was fitted to assess the effect
of loss to follow-up as a result of death on estimates for MRI versus no MRI,
adjusted for study (as a fixed effect), compared with the univariable model.

A multivariable model was fitted to estimate the HR for MRI, adjusted
for potential confounding variables found to be associated with recurrence
(P � .01) in univariable analyses. A stringent criterion for statistical signifi-
cance was used because of the number of events relative to the number of
covariates and corresponding model parameters. Because progesterone recep-
tor (PR) status is correlated with estrogen receptor (ER) status, only the latter
was included in the model. Age was fitted as a continuous variable in the
multivariable model to limit the number of parameters. We used the same
methods to perform equivalent univariable and multivariable analyses for DR,
after excluding Hwang et al,11 which did not report DR as an end point.

Sensitivity analysis excluded women who had mastectomy or did not
receive radiotherapy, to estimate the HR for MRI for the majority of subjects
who had breast-conserving therapy (BCS and whole-breast radiation therapy).
All analyses were performed using SAS 9.3 and Stata 11. Statistical significance
was set at P � .05.

RESULTS

Four eligible studies10-12,14 contributed IPD on 3,180 affected breasts
in 3,169 subjects (11 with bilateral cancer) who were eligible for inclu-
sion in this meta-analysis: 1,833 (57.6%) had not received MRI, and
1,347 (42.4%) had received MRI. Additional details about eligible
studies are in Appendix Table A1 (online only) and Appendix Figure
A1. One study was a randomized controlled trial (RCT; COMICE,
Turnbull et al),12,19 and three were nonrandomized studies (Solin10;
Hwang11; Miller14) that compared BC cohorts who had received MRI
with those who had not received MRI. At a median follow-up of 2.9
years (IQR, 1.6-4.5 years), there were 64 LRs (counting any in-breast
recurrence), a crude LR rate of 2.0%: crude LR rates were 1.8% in
subjects who had MRI and 2.2% in those who did not have MRI. DR
occurred in 93 of 2,708 subjects (3.4%), excluding the study that did
not report DR as an end point.11 Median age was 56.2 years (IQR,
49.0-64.3 years); median tumor size was 15.0 mm (IQR, 10.0-21.0
mm). Appendix Table A1 shows additional descriptive results by
study, and by whether or not subjects received MRI. The overall
distribution of variables is shown in Table 1.

LR

Appendix Figure A2 (online only) shows the Kaplan-Meier LR-
free survival curves by study. Because follow-up time for the RCT was
relatively less than for the other studies, the assumption that the
survival functions are proportional over time between studies was
tested using a 5-year follow-up model. This indicated that the assump-
tion was not met, and pair-wise comparisons showed differences
between the survival function of the RCT12,19 and the other studies.
Therefore, all models allowed the baseline hazard function to differ by
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study, although supplementary analyses assuming proportional haz-
ards across time between studies did not alter the results. There were
no significant differences in the HRs for MRI versus no MRI between
studies (P � .61), and the ratio of hazards was constant across time for
the effect of MRI (test for proportional hazards, P � .22). Figure 1
shows Kaplan-Meier survival curves for MRI versus no MRI, based on
the pooled data set: 8-year LR-free survival for MRI (97%; 95% CI,
95% to 98%) versus no MRI (95%; 95% CI, 93% to 97%) did not

differ (P � .87). Appendix Table A2 (online only) reports these data at
5 and at 8 years.

Table 1 also summarizes the models of the univariable analysis of
variables and 8-year LR rates: 59 LRs had occurred at 8 years. Signifi-
cant associations were found for age (when analyzed both as a cate-
gorical and as a continuous [linear]variable), margin status, node
status, ER and PR status, and tumor grade. There was no evidence of
association between preoperative MRI and LR-free survival in uni-
variable analysis: the HR for MRI was 0.90 (95% CI, 0.52 to 1.54;
P � .69); sensitivity analysis showed that the HR for MRI was 1.01
(95% CI, 0.55 to 1.85; P � .98). There were no significant interactions
between MRI and the covariates age (P � .30), margin status
(P � .09), or tumor histology (P � .36). When competing risks due to
death from any cause were allowed for in univariable analysis, there
was no substantial change to the association between MRI and LR
(HR � 0.96; 95% CI, 0.54 to 1.71; P � .88).

Table 2 reports the multivariable model for 8-year LR-free sur-
vival: adjusted HR for MRI (versus no MRI) was 0.88 (95% CI, 0.52 to
1.51; P � .65); and age, margin status, and tumor grade were signifi-
cantly associated with LR-free survival (all P� .05). Sensitivity analysis
showed that the HR for MRI was 0.96 (95% CI, 0.52 to 1.77; P � .90).

DR

Figure 2 shows Kaplan-Meier DR-free survival curves, based on
three studies reporting DR data (2,707 subjects): 8-year DR-free sur-
vival for MRI (89%; 95% CI, 83% to 93%) versus no MRI (93%; 95%
CI, 90% to 95%) did not significantly differ (P � .37). Appendix Table
A2 reports these data at 5 and at 8 years. Table 3 reports the univariable
and multivariable models for 8-year DR-free survival. MRI was not
significantly associated with risk of DR in univariable analysis: HR for
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Fig 1. Kaplan-Meier local recurrence–free survival curves for magnetic reso-
nance imaging (MRI) versus no MRI. P value is based on the log-rank test for
equality of survival function curves.

Table 2. Multivariable Model of the Association Between MRI, Variables Associated With Local Recurrence (in univariable analysis), and 8-Year Local
Recurrence Rates

Variable

Model (n � 3,179)� Sensitivity Analysis (n � 2,606)†

HR 95% CI P HR 95% CI P

Receipt of preoperative MRI .65 .901
No 1.00 (Ref) 1.00 (Ref)
Yes 0.88 0.52 to 1.51 0.96 0.52 to 1.77

Age, years‡ 0.97 0.95 to 0.99 .0086 0.96 0.94 to 0.99 .0058
Tumor grade .0097 .0078

I 1.00 (Ref) 1.00 (Ref)
II 3.38 0.77 to 14.89 2.63 0.57 to 12.04
III 5.54 1.26 to 24.30 4.67 1.05 to 20.80
NR 8.29 1.75 to 39.23 10.20 2.05 to 50.74

Final margin status .0395 .107
Negative 1.00 (Ref) 1.00 (Ref)
Close 1.89 1.03 to 3.46 1.94 1.01 to 3.73
Positive 2.70 1.20 to 6.09 2.68 1.00 to 7.19
NR 2.57 0.86 to 7.67 2.18 0.49 to 9.71

ER status .112
Negative 1.00 (Ref) .028 1.00 (Ref)
Positive 0.43 0.23 to 0.80 0.53 0.27 to 1.04
NR 0.55 0.21 to 1.42 0.39 0.12 to 1.23

Abbreviations: ER, estrogen receptor; HR, hazard ratio; MRI, magnetic resonance imaging; NR, not reported; Ref, referent.
�Multivariable model excludes one subject missing age data.
†Sensitivity analysis is based on subjects that received breast-conserving therapy.
‡Age, analyzed as increasing (continuous) variable, was associated with reduced risk of local recurrence (HR shown for each year of increasing age); results did

not differ whether age was analyzed as a continuous or as a categorical variable in the model.
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MRI was 1.28 (95% CI, 0.83 to 1.97; P � .27). When competing risks
due to death were allowed for in the univariable model, there was no
change in the association between MRI and DR (HR � 1.28; 95% CI,
0.83 to 1.97; P � .27).

To fit the multivariable model, subjects missing data for node
status, pathologic tumor size, or systemic therapy were excluded;
therefore, the model included 2,230 subjects (83 DRs). In the multi-
variable model, the adjusted HR for MRI was 1.18 (95% CI, 0.76 to
2.27; P � .48), or 1.31 (95% CI, 0.76 to 2.27; P � .34) in sensitivity
analysis. In the multivariable model, pathologic tumor size, tumor
grade, node status, ER status, receipt of mastectomy, and nonreceipt
of systemic therapy were significantly associated with DR.

DISCUSSION

MRI for staging the breast in newly diagnosed BC has been integrated
into practice because it detects additional disease that is occult on
conventional imaging, with the assumption that this leads to im-
proved treatment and hence improved outcomes.1,2,4-6,8,20,21 This has
occurred despite little to no evidence that preoperative MRI confers
benefit.1-5,8-10,12,16,21-24 The lack of consensus and uncertainty about
the effect of preoperative MRI, in particular the limited evidence on
long-term outcomes, is highlighted in divergent opinions and
recommendations.1,3,20,24-27 Our IPD meta-analysis addresses a major
gap in the evidence on this issue, and shows that preoperative MRI is
not associated with reduced risk of LR or DR, evidenced by the ad-
justed HRs for MRI for 8-year recurrence-free survival, as well as in
sensitivity analysis.

In an era of evidence-based practice, the absence of consensus on
preoperative breast MRI1,2,4-8,20,21 should be placed in context. There
is consistent evidence that MRI does not improve surgical outcomes in
BC,1,4,9,12,15,16 and MRI increases the odds of receiving mastectomy
for BC treatment.1,9 Other disadvantages of preoperative MRI include
false-positive detection, increased time to treatment, increase in con-
tralateral mastectomy, and increased costs.1,2,4,8,28,29 However, the
possibility that MRI, by identifying additional disease and guiding

more extensive surgery, could be beneficial in reducing in-breast re-
currence is one reason for its use, as reflected in reports that MRI
contributes to local control13,17 and in recommendations for preop-
erative MRI to assess disease extent.24-26 Therefore, this IPD meta-
analysis represents the best available evidence to inform clinicians and
to underpin evidence-based recommendations, and should facilitate
consensus that routine preoperative MRI in BC does not significantly
reduce the risk of recurrence. Our findings also suggest that additional
disease detected only by MRI is either biologically inconsequential or,
a more likely explanation, that it is adequately treated through con-
temporary breast surgery and pathology evaluation and through ad-
juvant systemic therapies, including radiotherapy. Although we
explored the latter possibility using subgroup analysis (Appendix),
this was limited by few data in subjects who did not receive radiation.

This study is the only meta-analysis to our knowledge to investi-
gate the potential association between preoperative MRI and BC re-
currence; however, both the strengths and limitations of our work
should be considered. First, this is the largest analysis to date of breast
MRI and LR. Second, it uses IPD for meta-analysis and includes a
relatively large number of events. Third, by using IPD, we adjusted for
covariates found to be associated with outcomes, therefore our find-
ings have allowed for potential confounding, which is particularly
relevant given that three of the included studies were nonrandom-
ized.Thus our statistical adjustments reduce the effect of possible
selection of higher risk patients to MRI in the nonrandomized studies.
Fourth, because a main effect of MRI is conversion from BCS to
mastectomy2,5,7-9 (also evident in our data, Table 1), we conducted
our analyses with and without mastectomy patients to ensure that any
potential effect from MRI is elucidated. Although surgical treatment
and radiation therapy were not statistically associated with LR in our
data, this is because the vast majority of subjects had BCS and radia-
tion (Table 1).

Research using SEER-Medicare data has shown increasing use of
preoperative MRI in BC, and that MRI was more frequently used in
younger patients. Preoperative MRI has been broadly recommended
for staging the breast in some guidelines,25,26 and others20,25,30,31 de-
scribe various criteria for its use, with the common theme of young
age, invasive lobular histology, or dense breasts. Notwithstanding that
these MRI criteria are largely based on expert opinion,32 and that our
meta-analysis was not designed to investigate specific selection crite-
ria, we found no evidence of an interaction between MRI and histol-
ogy or age, indicating that the effect of MRI on LR did not differ by
histology type or age in our analysis.

Potential limitations of this analysis are that it included only four
studies, with relatively modest follow-up duration, and that one study
could not be included (Appendix Fig A1). The latter is the study from
Fischer, the smallest of the preoperative MRI studies that reported on
LR, which showed that MRI reduced LR rates.13 As outlined by other
authors1,22 the results from that study are difficult to interpret because
of differences between the MRI and no-MRI groups and because
results were not adjusted for covariates. Furthermore, supplementary
pooled analysis incorporating study-level data from Fischer13 (Appen-
dix) suggests that inclusion of that study would be unlikely to substan-
tially alter our findings. Regarding follow-up, although we found no
effect from MRI based on 8-year proportional hazards, we cannot
exclude the possibility that longer follow-up could show an MRI-
related benefit. Some might argue that our meta-analysis included
studies using older MRI technology; this does not limit our work
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Fig 2. Kaplan-Meier distant recurrence–free survival curves for magnetic
resonance imaging (MRI) versus no MRI. P value is based on the log-rank test for
equality of survival function curves.
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because any study examining long-term end points must include
cohorts evaluated with MRI years earlier than the most current tech-
nology. Importantly, there was no significant effect of time frame in
our results.

This meta-analysis has focused on preoperative MRI in routine
staging of patients with BC; its findings do not apply to specific clinical
situations in which MRI may be used, such as for investigating women
with axillary node metastases and unknown primary cancer,1 or in
monitoring response to neoadjuvant therapy.1,33,34 Screening the con-
tralateral breast has also been suggested as an MRI indication8,25,35,36;
however, we were unable to investigate this because most of the studies
in our analysis did not report on contralateral events. Although MRI
detects clinically occult contralateral BC,8 only two retrospective stud-
ies have reported that this reduces contralateral cancer rates at follow-
up,13,36 but neither study used methods to determine the prognostic
effect of contralateral screening for patients with BC. One of these
studies was that by Fischer et al13 (its limitations have been discussed
earlier), whereas the other, from Kim et al,36 compared nonconcur-
rent cohorts and reported that MRI reduced contralateral BC inci-
dence. In contrast, Solin et al10 did not find a reduction in contralateral
BC rates from MRI. We cannot make definitive conclusions about
MRI screening of the contralateral breast in patients with BC on the
basis of our analysis or the conflicting information in the literature.

Our work addresses a gap in the evidence on preoperative MRI by
reporting the largest analysis to date of preoperative MRI and LR. In
the absence of RCTs investigating the effect of MRI on LR as primary

end point, and given that LR rates after BCT have decreased over
time18,37,38 and are particularly low in contemporary BC cohorts who
receive adjuvant therapy,39 IPD meta-analysis provides a reliable ap-
proach to examine this issue. Our adjusted estimates for MRI repre-
sent the best available evidence on the association of MRI and LR (or
DR) and should be used to guide or change clinical practice. Clinicians
using or recommending preoperative breast MRI should take into
account that MRI does not reduce the risk of LR or DR during clinical
decision making and discussions with patients newly diagnosed
with BC.
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Appendix

Exploratory Analysis

Our individual person data (IPD) meta-analysis was based on four studies that provided data.10-12,14 We performed a simple exploratory
analysis to assess whether including data from Fischer et al13 (the study that did not contribute to our meta-analysis) might be expected to
substantially alter the findings of the IPD meta-analysis. We pooled data from the four included studies and added study-level data from
Fischer et al to calculate crude (unadjusted) local recurrence (LR) proportions (LR%). The difference in the crude LR% between cohorts
of patients with breast cancer who received preoperative conventional imaging only (no MRI) and those who had also received MRI was
compared by using a �2 test.

Because the Fischer et al13 study reported crude LR data for women who had breast-conserving therapy, with a mean follow-up of 40
months, we calculated the proportions for the IPD studies at 3 years to approximate the follow-up from that study, and based the analysis
on women who had breast-conserving therapy. The results, shown in Appendix Table A3, suggest that the inclusion of the data from
Fischer et al13 would be unlikely to alter the findings of the IPD meta-analysis.

Subgroup Analysis in Subjects Who Did Not Receive Radiation Therapy

A post hoc analysis was performed based on the subgroup of women who did not receive radiation therapy, in an attempt to gain insights
into the potential effect of preoperative MRI in this subgroup. It should be emphasized that this post hoc analysis was based on a limited
amount of data, and the data are shown in Appendix Table A4.
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Table A2. Estimated Recurrence-Free Survival at 5 and 8 Years

Measure

Did Not Have MRI Had MRI

P� P for Stratified Model% 95% CI % 95% CI

Local recurrence-free survival, years
5 97 96 to 98 97 95 to 98 .68 .94
8 95 93 to 97 97 95 to 98 .87 .69

Distant recurrence-free survival, years
5 95 93 to 96 94 91 to 96 .56 .43
8 93 90 to 95 89 83 to 93 .37 .27

�P value based on the log-rank test for equality of survival function curves �P for stratified model is based on the same test allowing for stratification by study�.

Table A3. Supplementary Analyses

Cohorts With Breast-Conserving Therapy
No. of Subjects,

IPD Studies

LR, IPD
Studies

No. of Subjects,
Fischer

LR, Fischer
Total Proportion

With LR (%) P�No. % No. %

No MRI 1,702 21 1.2 138 9 6.5 1.6 .71
MRI 1,146 17 1.5 86 1 1.2 1.5

Abbreviations: IPD, individual person data; MRI, magnetic resonance imaging.
�P for difference in proportions in total data.

Table A4. Univariable Models of the Association of Preoperative MRI and 8-Year LR Rates

Variable No. of Subjects No. of LR HR 95% CI P

Subgroup who did not receive radiation,
including those who had mastectomy

.40

No MRI 152 5 1.00 (Ref)
MRI 171 3 0.55 0.13 to 2.30

Subgroup who did not receive radiation and had
breast-conserving surgery

.50

No MRI 78 3 1.00 (Ref)
MRI 60 3 1.82 0.31 to 10.55

Abbreviations: HR, hazard ratio; LR, local recurrence; MRI, magnetic resonance imaging; Ref, referent.
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Potentially relevant publications were identified by searching MEDLINE (1999 to week 1 January 2013*),
by combining the following searches: (a) explode subject heading “breast neoplasms” (all subheadings);
and (b) title search for “magnetic resonance” or “MRI” ; and (c) title search for “preoperative” or “pre.”

Abstracts identified on the basis of above search strategy

All citations screened for potential eligibility on the basis of
predefined eligibility criteria

Full-text articles of potentially eligible publications
evaluated against eligibility criteria

(n = 8)

Primary studies (n = 4) contributing to evidence synthesis using individual person data, sourced through
five publications10-12,14,19

Literature searching was performed annually (from 2011) in planning this meta-analysis and was
last performed at January 2013

Papers excluded if not eligible on 
the basis of screening of abstract

(n = 93)

Publications excluded on the basis 
   of eligibility criteria

      Did not report recurrence data15,16

      Did not have a comparison group17

(n = 3)

(n = 101)

Corresponding authors of all potentially eligible studies contacted (repeated e-mail contact if 
no initial response). One study group did not reply despite multiple attempts over 18 months, 
therefore one study did not contribute data (Fisher).13

Fig A1. Flow diagram summarizing the literature search and study identification strategy. (*) Literature searching was performed annually (from 2011) in planning this
meta-analysis, and was last performed at January 2013.
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Fig A2. Study-specific Kaplan-Meier local recurrence-free survival curves for magnetic resonance imaging (MRI) versus no MRI.
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