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IMPORTANCE Contrary to practice guidelines, breast magnetic resonance imaging (MRI) is
commonly used in the preoperative evaluation of women with breast cancer. While existing
literature has found little benefit to MRI in most patients, potential downstream
consequences associated with breast MRI are not well described.

OBJECTIVE To describe patterns of preoperative breast MRI utilization in a health care system
with universal insurance and its association with downstream investigations and clinical
outcomes.

DESIGN, SETTING, AND PARTICIPANTS This was a population-based retrospective cohort study
using administrative heath care databases in Ontario, Canada (2012 population, 13.5 million)
over 14 geographic regions were evaluated within the data set. Participants comprised 53 015
patients with primary operable breast cancer treated from 2003 to 2012.

MAIN OUTCOMES AND MEASURES Use of preoperative breast MRI by year, geographic region,
and breast cancer stage. Postdiagnosis imaging, biopsy, and short-term surgical outcomes
were also evaluated between those who did and did not receive MRI.

RESULTS Overall, 14.8% of patients (7824 of 53 015) had a preoperative MRI. During the
10-year study period, MRI use increased across all stages by 8-fold (from 3% to 24%; P < .001
for trend). Factors associated with MRI use were younger age, higher socioeconomic status,
higher Charlson comorbidity score, surgery performed in a teaching hospital, and fewer years
of surgeon experience. Multivariate analyses showed that preoperative breast MRI was
associated with higher likelihood of the following: postdiagnosis breast imaging (odds ratio
[OR], 2.09; 95% CI, 1.92-2.28), postdiagnosis breast biopsies (OR, 1.74; 95% CI, 1.57-1.93),
postdiagnosis imaging to assess for distant metastatic disease (OR, 1.51; 95% CI, 1.42-1.61),
mastectomy (OR, 1.73; 95% CI, 1.62-1.85), contralateral prophylactic mastectomy (OR, 1.48;
95% CI, 1.23-1.77), and a greater than 30-day wait to surgery (OR, 2.52; 95% CI, 2.36-2.70)
(all ORs are adjusted).

CONCLUSIONS AND RELEVANCE Preoperative breast MRI use has increased substantially in
routine clinical practice and is associated with a significant increase in ancillary investigations,
wait time to surgery, mastectomies, and contralateral prophylactic mastectomies.
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P reoperative imaging of patients with breast cancer is
used to determine the extent of disease, assist in sur-
gical planning, and assess the need for neoadjuvant

systemic therapy.1-8 Current guidelines recommend bilateral
mammography as the primary imaging modality and, if nec-
essary, preoperative ultrasonography.1-3 In recent years,
there has been growing use of preoperative breast magnetic
resonance imaging (pMRI), based on its potential to detect
occult disease that might not have been seen with tradi-
tional breast imaging.4-6 However, compared with mam-
mography, breast MRI has a modest specificity that leads to
higher false-positive rates, is more expensive, and requires
the use of intravenous contrast medium.4-10 In addition,
randomized clinical trials, systematic reviews, and meta-
analyses consistently show that pMRI fails to improve surgi-
cal outcomes, breast cancer recurrence rates, or survival.9-17

Moreover, pMRI has been associated with higher mastec-
tomy rates.11-15

Population-based studies can provide insight into pat-
terns of care and outcomes among patients treated in rou-
tine clinical practice.18 Recently, several reports have
described rapid expansion of breast pMRI use in the United
States,4,5,19-21 ranging from a 3-4 to 20-fold5 increase in the
past 10 years. To our knowledge, there are no large-scale
studies demonstrating the potential associated downstream
negative consequences associated with pMRI in routine
clinical practice. Our study objectives were to (1) evaluate
patterns of pMRI use in newly diagnosed breast cancer in
the general population, (2) examine factors associated with
pMRI, and (3) identify potential secondary outcomes associ-
ated with pMRI.

Methods
Study Design and Population
This was a population-based retrospective cohort study to de-
scribe use of pMRI in women with a new diagnosis of primary
operable breast cancer between 2003 and 2012 in the Cana-
dian province of Ontario. Ontario has a population of approxi-
mately 13.5 million people and a single-payer universal health
insurance program.22 All female patients with breast cancer
older than 19 years and diagnosed between January 1, 2003,
and December 31, 2012, were eligible. The study population
was restricted to female patients with a primary diagnosis of
breast cancer who had breast-related surgery within 3 months
of their tissue diagnosis date. This window was selected in an
effort to exclude patients who may have received preopera-
tive therapy for locally advanced disease. Patients with stage
0 or IV disease were excluded because the purpose of this study
was to assess pMRI use on primary operable invasive breast
cancer. Identification of the study population is shown in the
eFigure in the Supplement. This study was approved by the
University of Ottawa research ethics board.

Data Sources and Linkage
All incident cases of breast cancer in Ontario were identified
using the Ontario Cancer Registry (OCR), a passive,

population-based cancer registry that captures diagnostic
and demographic information on at least 98% of all incident
cases of cancer in the province of Ontario.23 A variety of
electronic administrative health databases were linked
to the OCR to create the study cohort, identify relevant
pMRI, and obtain information regarding secondary imaging
procedures and short-term surgical outcomes. Records of
hospitalization from the Canadian Institute for Health Infor-
mation’s Discharge Abstract Database (DAD) provided
information about diagnostic, procedural, and treatment
information for all acute care hospitalizations in Canada.24,25

From the DAD, we identified all patients who received any of
the following surgical interventions: breast-conserving sur-
gery, mastectomy, axillary lymph node dissection, or senti-
nel lymph node biopsy.

Ontario physicians submit billing codes for imaging pro-
cedures to the Ontario Health Insurance Plan (OHIP) for
remuneration. Physician billing codes for imaging proce-
dures were linked to the study database, allowing identifi-
cation of which patients received imaging prior to their sur-
gery and the date the imaging test was performed. To
quantify all breast MRI, the cohort of patients with primary
operable breast cancer was linked with the OHIP database to
identify MRI-related fee codes during the study period.

We performed an external validation of this approach by
comparing the pMRI rates from a medical chart review (per-
formed by A.A., primary author and surgical oncologist) at
The Ottawa Hospital with those obtained using the OHIP fee
code case definition. Using the same cohort creation logic
described herein (see the eFigure in the Supplement) we cre-
ated a validation cohort that included only those patients with
primary operable cancer having their breast cancer–related
intervention at our local hospital between January 2010 and
December 2012. We identified that a 3-month interval be-
tween diagnosis and surgery captured more than 93% of the
patients identified in our validation medical chart review at
our local hospital. This preoperative time period was there-
fore chosen to describe pMRI usage in patients newly diag-
nosed as having primary operable breast cancer within the ad-
ministrative data sets used in this study.

Identifying Covariates
We considered the following patient-, disease-, and system
and clinician–related covariates in the multivariable models.

At a Glance

• From 2003 to 2012, preoperative magnetic resonance imaging
(pMRI) use for breast cancer increased by 8-fold (all stages) in
Ontario, Canada.

• Receipt of pMRI was associated with higher likelihood of
postdiagnosis breast imaging and biopsies, staging imaging,
mastectomy, contralateral prophylactic mastectomy, and a
greater than 30-day wait to surgery.

• Even within a single-payer universal health insurance system,
there exists significant provincial variability in pMRI use.

• This study has potential implications to assist policy makers in
their efforts in enforcing the Choosing Wisely Canada campaign.
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Patient-related factors included age at diagnosis and
socioeconomic status (SES); the SES of each patient was
based on community median household income reported in
the Canadian census.22,26 Quintiles of the median house-
hold income were based on the household income distribu-
tion for the full province of Ontario. Level 1 represents the
communities where the poorest 20% of the Ontario popula-
tion resided. Comorbidity was determined using the Deyo
modification27 of the Charlson comorbidity index.28

Patients’ status at diagnosis was classified as urban if
they were living in an area with a population concentration
of 1000 or more and a population density of 400 or more
per square kilometer based on previous Canadian census
data.

Disease-related factors included histologic type, diagno-
sis year, and breast cancer stage. Staging information was
based on the OCR “best stage” variable, which is deter-
mined algorithmically based on resolution between the
clinical and pathological stages29 in that the OCR deter-
mines patient stage by pulling from the electronic medical
records after all the patient’s evaluations have been
received. As such, this stage is considered the “best” avail-
able stage. Staging was categorized as I, II, III, or null, where
null indicates that the patient was seen at a Regional Cancer
Centre, but staging information was not sent to OCR.

System-related data included institution type (teaching
vs small community hospitals)30 and the Local Health Inte-
gration Network (LHIN)31,32 of the hospital performing the
breast cancer–related surgery. Ontario is divided geographi-
cally into 14 LHINs that administer and coordinate local
health systems, and each patient belongs to an LHIN. For
each patient, we extracted the clinician billing number asso-
ciated with the breast-related surgery and calculated the
total number of breast-related surgical procedures per-
formed over the study period divided into quintiles; this
was used as an estimate of surgeon volume. Surgeon experi-
ence was measured as years since graduation from medical
school and divided into quintiles.

Identifying Associated (Secondary) Outcomes
To examine the association between receiving pMRI and sec-
ondary outcomes that have been previously associated with
pMRI use, we used OHIP fee codes to identify all patients hav-
ing ancillary investigations in the period between diagnosis and
surgery, including breast needle biopsy, breast imaging (mam-
mogram and breast ultrasonography), and staging imaging
(chest or skeletal radiography; computed tomography of the
chest, abdomen, and brain; bone scan; pMRI of the abdo-
men, pelvis, and bone).

Associated short-term surgical outcomes of interest
included whether (1) the patient received a mastectomy
(compared with less invasive breast-conserving surgery);
(2) the patient received a concurrent contralateral prophy-
lactic mastectomy (CPM), defined as receiving a bilateral
mastectomy as the initial surgery in patients without
a diagnosis of bilateral breast cancer and without bilateral
axillary procedures; and (3) wait time from diagnosis
to surgery.

Statistical Analysis
The proportion of patients having pMRI from 2003 to 2012 was
calculated for the entire time period, by stage, individual year,
and by LHIN. Trends were evaluated with the Cochran-
Armitage test. The associations between patient, disease, and
system and clinician–related factors with pMRI were evalu-
ated by multivariate logistic regression. Multivariate logistic
regression was also performed to examine the relationship be-
tween pMRI use and short-term surgical outcomes (mastec-
tomy, CPM, and surgery wait time) and postdiagnosis ancil-
lary investigations (breast biopsies, breast imaging, and staging
imaging). All multivariate models were fully adjusted for all
patient-, disease-, system-, and clinician-related covariates.
Predictors were included as categorical variables and results
were reported as odds ratios (ORs). Results were considered
statistically significant at P < .05. All P values are 2-sided. All
analyses were performed using SAS statistical software (ver-
sion 9.3; SAS Institute).

Results
Patient Population and Trends in pMRI Use
From 2003 to 2012, 53 015 patients in Ontario underwent sur-
gery for early-stage breast cancer. Characteristics of the study
population are shown in Table 1. Among the total study popu-
lation, pMRI was performed in 7824 patients (15%); most pa-
tients (65%) underwent breast-conserving surgery. Over the
10-year period, pMRI use increased across all stages by 8-fold
(P < .001 for trend), from 3% of patients newly diagnosed as
having breast cancer in 2003 to 24% in 2012; with the most
rapid increase from 2005 to 2008 (Figure 1). An increase in
pMRI use was evident across all geographic LHINS over the 10-
year study period (P < .001 for trend), although there were
marked regional variations between overall pMRI rate by LHIN.
The range in pMRI use varies from 5% in one LHIN to approach-
ing 70% in another.

Factors Associated With Breast pMRI
Table 1 includes factors associated with the use of pMRI; the
multivariate model was adjusted for all characteristics
shown in Table 1. Patient-related factors associated with
higher pMRI use on adjusted analyses included younger
age, higher socioeconomic status, and higher Charlson
comorbidity score. Disease-related factors associated with
higher pMRI use included higher stage, lobular histologic
type, and later year of diagnosis. System and clinician–
related factors associated with increased pMRI use included
having surgery in a teaching hospital, getting treatment in
certain LHINs, and being patients of surgeons who had
higher patient volumes and who were more recent medical
school graduates.

Downstream (Secondary) Outcomes
Figure 2 shows that patients who had pMRI were more
likely to experience all of the secondary outcomes of inter-
est; this was also shown with multivariate analysis after
adjusting for all patient-, disease-, system-, clinician-related
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Table 1. Characteristics of 53 015 Patients With Early-Stage Breast Cancer Treated With Surgery in Ontario, Canada, 2003 to 2012a

Characteristic

No. (%) Multivariate
Analysis,
OR (95% CI)b

No Breast pMRI
(n = 45 191)

Breast pMRI
(n = 7824)

Patient-related

Age at diagnosis, y

<40 1783 (73) 649 (27) 1 [Reference]

40-49 7354 (78) 2123 (22) 0.68 (0.60-0.77)

50-59 11 542 (83) 2346 (17) 0.41 (0.36-0.46)

60-69 11 761 (87) 1778 (13) 0.28 (0.25-0.32)

70-79 8542 (92) 751 (8) 0.16 (0.14-0.19)

≥80 4209 (96) 177 (4) 0.07 (0.06-0.09)

SES status by quintilec

Level 1 7896 (88) 1125 (12) 1 [Reference]

Level 2 8921 (87) 1291 (13) 1.05 (0.94-1.16)

Level 3 8911 (86) 1421 (14) 1.18 (1.07-1.31)

Level 4 9670 (85) 1670 (15) 1.16 (1.05-1.28)

Level 5 9665 (81) 2296 (19) 1.48 (1.35-1.63)

Charlson comorbidity score

0 31 614 (86) 4992 (14) 1 [Reference]

1-2 2997 (86) 470 (14) 1.16 (1.02-1.31)

≥3 10 580 (82) 2362 (18) 1.17 (1.08-1.26)

Patient ruralityd

Urban 39087 (85) 7054 (15) 1 [Reference]

Rural 6085 (89) 765 (11) 1.07 (0.96-1.18)

Disease-related

Stagee

I 15 993 (85) 2861 (15) 1 [Reference]

II 13 791 (82) 3026 (18) 1.19 (1.10-1.28)

III 3783 (82) 850 (18) 1.15 (1.03-1.30)

Nullf 7216 (88) 948 (12) 1.10 (0.99-1.23)

Missing 4408 (97) 139 (3) NA

Histologic type

Ductal 33 247 (87) 4900 (13) 1 [Reference]

Lobular 2647 (77) 784 (23) 2.85 (2.55-3.17)

Mixed/other 9297 (81) 2140 (19) 1.39 (1.30-1.50)

Surgery type

Mastectomy 13 456 (82) 2877 (18) NA

BCS 29 753 (86) 4763 (14) NA

ALND/SLNB 1982 (92) 184 (8) NA

Diagnosis year

2003e 4384 (97) 139 (3) NA

2004 4468 (96) 179 (4) 1 [Reference]

2005 4723 (94) 298 (6) 1.65 (1.34-2.04)

2006 4667 (91) 473 (9) 2.84 (2.33-3.46)

2007 4648 (87) 687 (13) 4.57 (3.78-5.52)

2008 4419 (82) 966 (18) 7.32 (6.08-8.81)

2009 4515 (80) 1129 (20) 8.65 (7.20-10.40)

2010 4645 (78) 1280 (22) 9.95 (8.28-11.95)

2011 4605 (77) 1372 (23) 10.89 (9.07-13.08)

2012 4117 (76) 1301 (24) 12.78 (10.61-15.39)

(continued)
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characteristics (Table 2 and Table 3). For short-term surgical
outcomes, Table 2 shows that patients undergoing pMRI
had more than a 2-fold increase in the odds of waiting more
than 30 days between diagnosis and surgery (OR, 2.52; 95%
CI, 2.36-2.70). The mean number of days to surgery was
higher in the pMRI group by 12 days (P < .001). In addition,

patients undergoing pMRI had significantly higher odds of
having a mastectomy (OR, 1.73; 95% CI, 1.62-1.85) and CPM
(OR, 1.48; 95% CI, 1.23-1.77). For additional ancillary
investigations, Table 3 shows that compared with those
patients who did not receive a pMRI, those undergoing
pMRI had significantly higher odds of receiving postdiagno-

Table 1. Characteristics of 53 015 Patients With Early-Stage Breast Cancer Treated With Surgery in Ontario, Canada, 2003 to 2012a (continued)

Characteristic

No. (%) Multivariate
Analysis,
OR (95% CI)b

No Breast pMRI
(n = 45 191)

Breast pMRI
(n = 7824)

System- and clinician-related

Hospital type where surgery was performedg

Community 31 592 (93) 2500 (7) 1 [Reference]

Teaching 13 177 (71) 5283 (29) 2.85 (2.56-3.16)

Ontario LHIN where surgery performedg

A 2822 (97) 74 (3) 1 [Reference]

B 3928 (89) 506 (11) 3.29 (2.49-4.34)

C 2470 (97) 73 (3) 1.11 (0.79-1.56)

D 4944 (89) 621 (11) 2.60 (1.99-3.39)

E 1747 (93) 132 (7) 2.91 (2.14-3.96)

F 3475 (94) 226 (6) 1.92 (1.45-2.55)

G 4448 (62) 2693 (38) 8.58 (6.58-11.20)

H 5376 (89) 661 (11) 4.10 (3.17-5.30)

I 4834 (92) 427 (8) 3.51 (2.70-4.56)

J 1936 (92) 162 (8) 1.83 (1.34-2.50)

K 3471 (64) 1918 (36) 10.64 (8.16-13.88)

L 1701 (91) 172 (9) 4.15 (3.09-5.58)

M 2441 (97) 77 (3) 0.59 (0.41-0.83)

N 1176 (97) 41 (3) 0.58 (0.38-0.87)

Breast-related surgical procedures performed over study
period by surgeon performing breast surgery by quintile, No.

1-79 9588 (91) 1001 (9) 1 [Reference]

80-160 9536 (90) 1031 (10) 0.96 (0.86-1.07)

161-270 9181 (86) 1551 (14) 1.23 (1.11-1.37)

273-444 8604 (81) 1955 (19) 1.52 (1.38-1.69)

453-964 8282 (78) 2286 (22) 1.50 (1.36-1.66)

Years since undergraduate medical graduation of surgeon
performing breast-related surgery by quintileh

6-14 7816 (86) 2376 (23) 1 [Reference]

15-19 9005 (78) 1463 (14) 0.76 (0.69-0.83)

20-25 7804 (92) 2159 (22) 1.03 (0.94-1.12)

26-33 9522 (93) 853 (8) 0.40 (0.36-0.44)

34-61 9466 (85) 723 (7) 0.38 (0.34-0.42)

Abbreviations: ALND, axillary lymph node dissection; BCS, breast-conserving
surgery; LHIN, Local Health Integration Network; NA, data not available;
pMRI, preoperative magnetic resonance imaging; SES, socioeconomic status;
SLNB, sentinel lymph node biopsy.
a Stratified by receipt of pMRI and multivariate analysis of variables associated

with receipt of pMRI. Percentages may not add to 100% because of rounding.
Multivariate model is fully adjusted for all characteristics shown herein.

b P <.001 for all comparisons, except patient rurality (P = .24).
c Quintile 1 includes patients who reside in neighborhoods with the lowest SES;

SES data are missing for 149 patients.
d Based on census data (Post Code Conversion File Plus from Statistics Canada).

Rurality data are missing for 24 patients.

e Stage data were not available for 2003, and stage was missing for 4547
patients. We used 2004 as the reference in multivariate analyses. Owing to
changes in staging criteria from the American Joint Commission on Cancer
(AJCC), Sixth (2002) edition to AJCC, Seventh (2010) edition, it is estimated
that in 10% of the patients after 2010 tumors may have been downstaged
from stage IIA to stage IB (equates to 419 patients).

f Null indicates that the patient was seen at a Regional Cancer Centre, but
staging information was not sent to the Ontario Cancer Registry.

g Hospital type and LHIN were missing for 463 patients.
h Years since graduation from medical school were missing for 1828 surgeons

performing breast-related surgical procedures.
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sis confirmatory breast imaging (OR, 2.09; 95% CI, 1.92-
2.28), postdiagnosis breast needle biopsies (OR, 1.74; 95%
CI, 1.57-1.93), and staging imaging for the purposes of iden-
tifying distant metastatic disease (OR, 1.51; 95% CI, 1.42-
1.61).

Discussion
Breast cancer, the most commonly diagnosed malignant neo-
plasm among women in North America, is associated with high
initial and ongoing costs compared with other tumor types, and
the use of advanced medical imaging is a major contributing
component to these costs.33,34 In parallel to the United States,
the Choosing Wisely Canada35 and Imaging Wisely36 cam-
paigns were launched in 2014 in an effort to encourage phy-
sicians and patients to engage in conversations about unnec-
essary tests, treatments, and procedures while helping both
groups make informed and effective choices to ensure that pa-

tients receive the highest quality care. Currently, there are no
recommendations supporting the routine use of pMRI in the
preoperative assessment of breast cancer.3,16,17,37-40 The Na-
tional Comprehensive Cancer Network describes pMRI test-
ing as an optional procedure for perioperative planning.1 Other
guidelines worldwide recommend extreme caution when using
pMRI for perioperative treatment planning16,17,37-40 or sup-
port its use only in specific clinical situations,2,7,12,33,40,41 such
as in the neoadjuvant setting or situations in which there is an
unidentified breast primary tumor. Our data demonstrate sub-
stantial utilization of pMRI among patients with early-stage
breast cancer treated in routine clinical practice. Previously
published studies4,5 demonstrate similar trends in the United
States. This increase in use has occurred without strong evi-
dence of benefit for initial or long-term surgical or oncologic
outcomes.7,8,11-15,32

There are several potential explanations for the
increased use of pMRI. As with most medical technologies,
“indication creep,” in which indications for a test are

Figure 1. Temporal Trends in Magnetic Resonance Imaging (MRI) Use
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expanded into areas beyond what has been evidence
proven, is likely inevitable.4,26,42 Other influences that may
have contributed to this growth in pMRI use include the
increased availability of MRI scanners, rising patient
demand, institutional pressure to use expensive capital
equipment, and potential radiologists’ self-referral for diag-
nostic imaging services.33,42-44 Consistent with findings of
other studies,3-5,33 our data demonstrate that pMRI use is
greater among younger patients and those with higher
socioeconomic status. This finding may relate to higher
patient demand, increased access to breast pMRI in more
affluent communities, and/or decreased sensitivity of tradi-
tional imaging, such as mammography and ultrasonogra-
phy, in younger patients. In addition, our study demon-
strates that surgeon attributes, such as less experience (in
years), working in a teaching hospital, and performing more
breast-related surgical procedures were associated with
greater use of pMRI. Younger surgeons with less experience
may desire or be more reliant on additional preoperative
tests such as pMRI. Two of the LHINS stand out as having
the highest pMRI use, and, interestingly, they are the 2
LHINS with the highest volume of patients with breast can-
cer, are urban areas, and contain the highest proportion of
academic hospitals. Perhaps issues of timing and ease of
access to pMRI and patient profile may explain some of the
differences between community and academic hospitals.
Finally, as shown in Figure 1, it is interesting to note that
there seems to be a reduction in the rate of increase in pMRI
in the later years, across all LHINS and stages of breast can-
cer, a finding that has also been reported in some other
studies.4,5 This suggests that perhaps there has been an
improvement in clinical alignment with clinical evidence
and greater efforts at limiting resource use in an increas-
ingly cost-conscious health care system. Indeed, the Com-
parative Effectiveness of MRI in Breast Cancer (COMICE)

trial,17 the first and largest randomized clinical trial ever
published (1623 patients) demonstrating the lack of correla-
tion between pMRI use and improved oncologic outcomes,
was first published in abstract form in 200913 and then as a
report in 2010.10 This and other smaller trials15 may have
contributed to the reduction in the increase in pMRI use in
patients with breast cancer during the later years evaluated
in our study.

Irrespective of the reasons for increased pMRI use,
in an era of ever-increasing focus on cost containment in
health care, consideration must also be given to the unin-
tended consequences of those who undergo pMRI. The
increased sensitivity of breast MRI is achieved at the cost of
lower specificity; in practice, this translates into more con-
firmatory imaging and biopsies needed to rule out a diagno-
sis of cancer.6-10 Implications of this include increased asso-
ciated resource use and cost, as well as potential harm to
women through the cascade of additional imaging and
invasive procedures for diagnostic resolution that are asso-
ciated with increased anxiety and medical visits for the
patient.4,6,10,44 This was clearly demonstrated in our study,
with the results showing a higher proportion of patients
who underwent pMRI having additional, postdiagnosis,
breast-related imaging tests and needle biopsies. It should
be noted that despite the increased sensitivity of breast
pMRI at detecting the extent of the disease compared with
traditional breast imaging, such as mammography and
ultrasonography, this has not been shown to translate to
lower positive margin rates and reexcisions for margins in
the literature.15,17

To our knowledge, the relationship between the addi-
tional associated staging tests and pMRI has not been previ-
ously reported and could be explained by the fact that breast
pMRI can also include findings in the lung, bone, upper ab-
domen, and the neck that may need additional, higher-
resolution confirmatory imaging to rule out distant meta-
static disease. In addition, breast pMRI could upstage the
tumors of patients by virtue of demonstrating a greater ex-
tent of disease, and a higher clinical breast cancer stage can
lead to the physician requesting additional imaging to rule out
distant metastasis.

In this study, use of pMRI was associated with longer
wait times for surgery, a quality metric that is currently used
by the Cancer Care Ontario in allocating cancer-related
funds to hospitals.30 While the observed difference may
not be clinically significant, the increase in wait time
may result in increased patient anxiety and treatment
dissatisfaction.45,46

The association between increased mastectomy rates
and breast pMRI is well known and is also demonstrated in
our cohort (OR, 1.73; 95% CI, 1.62-1.85). Although mastec-
tomy is a valid option for certain patients (eg, those who
would like to avoid radiation or high-risk patients), the
increased overall mastectomy rates associated with pMRI
are consistent w ith those of a recently published
meta-analysis15 containing 2 randomized clinical trials and 7
comparative cohort studies (OR, 1.51; 95% CI, 1.21-1.89).
Recent data also show a significant increasing worldwide

Figure 2. Postdiagnosis Investigations and Surgical Outcomes in Patients
Who Received Preoperative MRI (pMRI) vs Those Who Did Not
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Table 2. Multivariable Logistic Regression for Odds of Short-term Surgical Outcomesa

Characteristic

OR (95% CI)
Surgery Wait Time
≤30 Days vs
>30 Days

Mastectomy vs
No Mastectomy

CPM vs
No CPM

Unadjusted model

Primary breast MRI

No 1 [Reference] 1 [Reference] 1 [Reference]

Yes 3.38 (3.19-3.58) 1.37 (1.30-1.44) 1.45 (1.26-1.67)

Adjusted model

Primary breast MRI

No 1 [Reference] 1 [Reference] 1 [Reference]

Yes 2.52 (2.36-2.70) 1.73 (1.62-1.85) 1.48 (1.23-1.77)

Patient related

Age at diagnosis, y

<40 (n = 2432) 1 [Reference] 1 [Reference] 1 [Reference]

40-49 (n = 9477) 1.40 (1.26-1.55) 0.91 (0.82-1.01) 0.65 (0.49-0.85)

50-59 (n = 13 888) 1.80 (1.63-2.00) 0.72 (0.64-0.8) 0.53 (0.40-0.69)

60-69 (n = 13 539) 2.04 (1.84-2.25) 0.79 (0.71-0.88) 0.56 (0.43-0.73)

70-79 (n = 9293) 2.39 (2.15-2.65) 1.11 (0.99-1.23) 0.59 (0.44-0.78)

≥80 (n = 4386) 2.72 (2.42-3.05) 1.56 (1.38-1.76) 0.75 (0.55-1.02)

Socioeconomic status by quintileb

Level 1 (n = 9021) 1 [Reference] 1 [Reference] 1 [Reference]

Level 2 (n = 10 212) 0.95 (0.89-1.02) 1.01 (0.94-1.08) 1.10 (0.90-1.35)

Level 3 (n = 10 332) 0.97 (0.91-1.04) 0.96 (0.89-1.02) 1.00 (0.81-1.23)

Level 4 (n = 11 340) 0.90 (0.85-0.96) 0.96 (0.90-1.03) 0.96 (0.78-1.18)

Level 5 (n = 11 961) 0.87 (0.81-0.92) 0.92 (0.86-0.98) 1.11 (0.91-1.36)

Charlson comorbidity score

0 (n = 36 606) 1 [Reference] 1 [Reference] 1 [Reference]

1-2 (n = 3467) 1.12 (1.04-1.22) 1.86 (1.71-2.02) 1.59 (1.27-1.99)

≥3 (n = 12 942) 0.92 (0.88-0.97) 1.27 (1.21-1.34) 1.18 (1.01-1.39)

Patient rurality

Urban (n = 46 141) 1 [Reference] 1 [Reference] 1 [Reference]

Rural (n = 6850) 1.02 (0.96-1.09) 1.16 (1.08-1.24) 1.20 (1.01-1.44)

Disease-related

Stage

I (n = 18 854) 1 [Reference] 1 [Reference] 1 [Reference]

II (n = 16 817) 0.87 (0.83-0.92) 2.23 (2.11-2.36) 1.53 (1.29-1.80)

III (n = 4633) 0.78 (0.72-0.85) 6.67 (6.14-7.24) 2.35 (1.89-2.93)

Null (n = 8164)c 0.97 (0.91-1.04) 2.58 (2.40-2.78) 1.36 (1.09-1.71)

Histologic type

Ductal (n = 38 147) 1 [Reference] 1 [Reference] 1 [Reference]

Lobular (n = 2647) 1.19 (1.09-1.29) 1.56 (1.43-1.69) 1.63 (1.31-2.02)

Mixed/other (n = 11 437) 1.22 (1.17-1.28) 1.17 (1.11-1.23) 1.23 (1.06-1.42)

Diagnosis yeard

2004 (n = 4647) 1 [Reference] 1 [Reference] 1 [Reference]

2005 (n = 5021) 1.00 (0.92-1.09) 1.00 (0.91-1.10) 0.89 (0.66-1.20)

2006 (n = 5140) 1.03 (0.94-1.12) 0.88 (0.80-0.97) 1.10 (0.82-1.46)

2007 (n = 5335) 1.19 (1.09-1.29) 0.95 (0.86-1.04) 1.08 (0.82-1.44)

2008 (n = 5385) 1.28 (1.18-1.39) 0.89 (0.81-0.98) 1.33 (1.01-1.74)

2009 (n = 5644) 1.25 (1.15-1.36) 0.82 (0.75-0.90) 1.15 (0.87-1.52)

2010 (n = 5925) 1.52 (1.39-1.65) 0.76 (0.69-0.83) 0.90 (0.67-1.20)

2011 (n = 5977) 1.63 (1.50-1.78) 0.74 (0.67-0.81) 1.03 (0.78-1.37)

2012 (n = 5418) 1.41 (1.29-1.54) 0.56 (0.51-0.62) 0.94 (0.70-1.27)

(continued)

Use of Preoperative MRI in Breast Cancer Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology December 2015 Volume 1, Number 9 1245

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.3018


Copyright 2015 American Medical Association. All rights reserved.

trend in removal of the contralateral healthy breast, even
though this provides minimal or no survival benefits.46-49

Few studies have looked at the association between breast
pMRI and contralateral prophylactic mastectomy, and the
results are conflicting because not all studies are adjusted
for confounding factors such as socioeconomic and demo-
graphic variables.3,50-53 The current study demonstrated
that after adjusting for other factors associated with pMRI
use, we found a 1.48 increased odds in the incidence of con-
tralateral prophylactic mastectomy. It is possible that these
patients proactively ask for breast pMRI and/or the treating
surgeon or oncologist prefers to do more extensive workups
in these patients.

This study has some potential limitations. Our study
used claims-based registry data, which do not include docu-
mented clinical indications for the pMRI or any of the out-
comes associated with pMRI use in this study. As such, we
could not address patients’ lifetime or baseline risk of can-
cer, such as that associated with a gene mutation, which
would have led to higher rates of mastectomies and contra-
lateral prophylactic mastectomies and the use of pMRI for
screening purposes. In addition, it is conceivable that the
associated increase in ancillary investigations may be a
result of general overtreatment rather than in response to
pMRI results. Second, administrative billing data do not
provide details regarding whether actual treatment deci-
sions were changed based on test results. For example, we

were unable to evaluate whether the decision to undergo
contralateral prophylactic mastectomy was based on find-
ings of pMRI. Some patients who initially considered breast-
conserving surgery may have opted for mastectomy after
pMRI, and vice versa, depending on test results, personal
preference, or physician input. Third, if patients had preop-
erative imaging or surgery performed outside of Ontario, or
outside of the 3-month preoperative window, it was not
included in the analysis. As described in our validation
study, the 3-month preoperative window between diagnosis
and surgery was chosen to ensure that our patient popula-
tion was representative of those with operable breast cancer
who were undergoing primary surgical treatment. However,
this could potentially exclude patients whose disease was
upstaged based on the pMRI results and received neoadju-
vant systemic therapy. In addition, although we were
unable to provide long-term outcomes in this data set for
recurrence and survival, it is our hope to be able to do so in
a future study. Finally, the optimal utilization rate for pMRI
is not known, and our data are not able to address this
important issue.

A strength of our study is that it provides, to our knowl-
edge, the only multifacility evaluation of pMRI use patterns
across Canadian practice. The data set is a large cohort rep-
resenting all of the province of Ontario; Ontario is unique in
that it has a comprehensive collection of linked health
administrative databases allowing linkage of patient data

Table 2. Multivariable Logistic Regression for Odds of Short-term Surgical Outcomesa (continued)

Characteristic

OR (95% CI)
Surgery Wait Time
≤30 Days vs
>30 Days

Mastectomy vs
No Mastectomy

CPM vs
No CPM

System- and clinician-related

Hospital type where surgery was performed

Community (n = 34 092) 1 [Reference] 1 [Reference] 1 [Reference]

Teaching (n = 18 460) 1.67 (1.57-1.79) 0.85 (0.80-0.91) 0.92 (0.76-1.12)

Breast-related surgical procedures performed
over study period by surgeon performing
breast-related surgery, by quintile, No.

1-79 (n = 10 589) 1 [Reference] 1 [Reference] 1 [Reference]

80-160 (n = 10 567) 1.09 (1.02-1.16) 0.75 (0.70-0.81) 0.60 (0.49-0.74)

161-270 (n = 10 732) 1.07 (1.01-1.14) 0.76 (0.71-0.82) 0.82 (0.68-0.99)

273-444 (n = 10 559) 0.94 (0.88-1.01) 0.71 (0.66-0.76) 0.58 (0.46-0.71)

453-964 (n = 10 568) 1.10 (1.02-1.17) 0.85 (0.79-0.91) 0.66 (0.54-0.81)

Years since undergraduate medical graduation
of surgeon performing breast-related surgery
by quintile

6-14 (n = 10 192) 1 [Reference] 1 [Reference] 1 [Reference]

15-19 (n = 10 468) 1.02 (0.95-1.08) 1.04 (0.97-1.11) 0.78 (0.64-0.95)

20-25 (n = 9963) 0.97 (0.91-1.03) 1.07 (1.00-1.15) 0.89 (0.73-1.07)

26-33 (n = 10 375) 0.98 (0.92-1.05) 1.03 (0.96-1.10) 0.73 (0.59-0.89)

34-61 (n = 10 189) 1.00 (0.94-1.06) 1.06 (0.99-1.14) 0.89 (0.73-1.08)

Abbreviations: CPM, contralateral prophylactic mastectomy; MRI, magnetic
resonance imaging.
a Multivariate models are fully adjusted for all characteristics shown here as well

as for Ontario Local Health Integration Network (LHIN) where surgery was
performed (not shown). The unadjusted models are presented first.

b Quintile 1 includes patients who reside in neighborhoods with the lowest

socioeconomic status.
c Null indicates that the patient was seen at a Regional Cancer Centre, but

staging information was not sent to the Ontario Cancer Registry.
d Diagnosis year 2003 does not have staging information so was not used as the

reference.
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Table 3. Multivariable Logistic Regression for Odds of Receiving Postdiagnosis Ancillary Investigationsa

Characteristic

OR (95% CI)

Breast Imaging vs
No Breast Imaging

Needle Biopsy vs
No Needle Biopsy

Staging Imaging vs
No Staging Imaging

Unadjusted model

Primary breast MRI

No 1 [Reference] 1 [Reference] 1 [Reference]

Yes 3.19 (2.99-3.41) 2.64 (2.43-2.86) 1.30 (1.24-1.37)

Adjusted model

Primary breast MRI

No 1 [Reference] 1 [Reference] 1 [Reference]

Yes 2.09 (1.92-2.28) 1.74 (1.57-1.93) 1.51 (1.42-1.61)

Patient-related

Age at diagnosis, y

<40 (n = 2432) 1 [Reference] 1 [Reference] 1 [Reference]

40-49 (n = 9477) 0.69 (0.60-0.79) 0.76 (0.64-0.90) 0.97 (0.87-1.07)

50-59 (n = 13 888) 0.60 (0.52-0.69) 0.73 (0.62-0.87) 1.04 (0.94-1.15)

60-69 (n = 13 539) 0.58 (0.50-0.67) 0.72 (0.61-0.86) 1.18 (1.06-1.30)

70-79 (n = 9293) 0.55 (0.47-0.64) 0.70 (0.58-0.84) 1.19 (1.08-1.33)

≥80 (n = 4386) 0.53 (0.44-0.63) 0.64 (0.51-0.80) 1.23 (1.09-1.38)

Socioeconomic status by quintileb

Level 1 (n = 9021) 1 [Reference] 1 [Reference] 1 [Reference]

Level 2 (n = 10 212) 0.94 (0.84-1.05) 0.85 (0.74-0.97) 1.00 (0.94-1.07)

Level 3 (n = 10 332) 1.05 (0.94-1.17) 1.01 (0.89-1.15) 0.98 (0.92-1.04)

Level 4 (n = 11 340) 0.96 (0.86-1.07) 0.95 (0.83-1.08) 0.97 (0.91-1.03)

Level 5 (n = 11 961) 1.04 (0.94-1.15) 1.04 (0.92-1.18) 0.95 (0.89-1.01)

Charlson comorbidity score

0 (n = 36 606) 1 [Reference] 1 [Reference] 1 [Reference]

1-2 (n = 3467) 1.25 (1.09-1.42) 1.34 (1.15-1.56) 1.25 (1.15-1.36)

≥3 (n = 12 942) 1.08 (0.99-1.18) 1.21 (1.09-1.34) 1.19 (1.13-1.25)

Patient rurality

Urban (n = 46 141) 1 [Reference] 1 [Reference] 1 [Reference]

Rural (n = 6850) 1.03 (0.92-1.16) 1.10 (0.95-1.27) 0.97 (0.91-1.04)

Disease-related

Stage

I (n = 18 854) 1 [Reference] 1 [Reference] 1 [Reference]

II (n = 16 817) 1.05 (0.97-1.14) 1.16 (1.05-1.28) 1.23 (1.17-1.29)

III (n = 4633) 1.11 (0.98-1.26) 1.29 (1.11-1.50) 1.54 (1.42-1.67)

Null (n = 8164)c 0.99 (0.88-1.11) 1.01 (0.88-1.16) 1.08 (1.01-1.15)

Histologic type

Ductal (n = 38 147) 1 [Reference] 1 [Reference] 1 [Reference]

Lobular (n = 2647) 0.95 (0.83-1.09) 0.90 (0.76-1.07) 1.05 (0.96-1.14)

Mixed/other (n = 11 437) 1.03 (0.95-1.12) 1.01 (0.91-1.11) 0.90 (0.86-0.95)

Diagnosis yeard

2004 (n = 4647) 1 [Reference] 1 [Reference] 1 [Reference]

2005 (n = 5021) 1.06 (0.91-1.23) 0.81 (0.68-0.98) 0.92 (0.85-1.01)

2006 (n = 5140) 0.87 (0.75-1.02) 0.89 (0.75-1.06) 0.97 (0.89-1.06)

2007 (n = 5335) 0.90 (0.77-1.04) 0.87 (0.73-1.04) 0.98 (0.90-1.07)

2008 (n = 5385) 0.91 (0.79-1.06) 0.87 (0.73-1.04) 0.88 (0.81-0.96)

2009 (n = 5644) 0.95 (0.82-1.10) 0.81 (0.68-0.97) 0.90 (0.82-0.98)

2010 (n = 5925) 0.96 (0.83-1.11) 0.77 (0.64-0.92) 0.85 (0.78-0.92)

2011 (n = 5977) 0.92 (0.80-1.07) 0.92 (0.77-1.10) 0.84 (0.77-0.92)

2012 (n = 5418) 1.03 (0.88-1.19) 0.81 (0.68-0.98) 0.68 (0.62-0.74)
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from diagnosis to postsurgery. Our cohort is representative
of the Ontario population because all costs of imaging are
covered by the provincial health care plan. It is interesting
to note that even within a single-payer universal health
insurance program, there exists geographic variability in
pMRI use. Similarly illustrated by studies by Makarov et al53

and Swisher-McClure and Bekelman,54 regional culture
and infrastructure within the geographic regions may
account for varying health care utilization patterns. We also
expect variability among other provinces across Canada;
and further research should be conducted to determine

causes of regional and provincial variability to assist policy
makers in their efforts in enforcing the Choosing Wisely
campaign.

Conclusions
Preoperative breast MRI use has increased substantially in rou-
tine clinical practice and is associated with a significant in-
crease in ancillary investigations, wait time to surgery, mas-
tectomies and contralateral prophylactic mastectomies.
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Table 3. Multivariable Logistic Regression for Odds of Receiving Postdiagnosis Ancillary Investigationsa (continued)

Characteristic

OR (95% CI)

Breast Imaging vs
No Breast Imaging

Needle Biopsy vs
No Needle Biopsy

Staging Imaging vs
No Staging Imaging

System- and clinician-related

Hospital type where surgery was performed

Community (n = 34 092) 1 [Reference] 1 [Reference] 1 [Reference]

Teaching (n = 18 460) 1.46 (1.30-1.65) 1.77 (1.51-2.07) 0.61 (0.57-0.65)

Breast-related surgical procedures
performed over study period by surgeon
performing breast-related surgery by
quintile, No.

1-79 (n = 10 589) 1 [Reference] 1 [Reference] 1 [Reference]

80-160 (n = 10 567) 0.81 (0.72-0.91) 0.92 (0.80-1.07) 1.09 (1.03-1.17)

161-270 (n = 10 732) 1.06 (0.95-1.18) 1.12 (0.98-1.29) 0.97 (0.91-1.03)

273-444 (n = 10 559) 0.88 (0.79-0.98) 0.95 (0.83-1.10) 0.83 (0.78-0.88)

453-964 (n = 10 568) 1.16 (1.04-1.30) 1.26 (1.10-1.44) 0.87 (0.82-0.93)

Years since undergraduate medical
graduation of surgeon performing
breast-related surgery, by quintile

6-14 (n = 10 192) 1 [Reference] 1 [Reference] 1 [Reference]

15-19 (n = 10 468) 1.00 (0.90-1.11) 0.98 (0.86-1.11) 0.92 (0.87-0.98)

20-25 (n = 9963) 0.99 (0.90-1.10) 1.00 (0.88-1.13) 0.93 (0.87-0.99)

26-33 (n = 10 375) 0.89 (0.80-0.99) 0.91 (0.79-1.03) 0.95 (0.89-1.01)

34-61 (n = 10 189) 1.09 (0.98-1.21) 1.00 (0.88-1.14) 0.86 (0.81-0.91)

Abbreviation: OR, odds ratio.
a Multivariate models are fully adjusted for all characteristics shown herein as

well as for Ontario Local health Integration Network where surgery was
performed (not shown). The unadjusted models are presented first.

b Quintile 1 includes patients who reside in neighborhoods with the lowest

socioeconomic status.
c Null indicates that the patient was seen at a Regional Cancer Centre, but

staging information was not sent to the Ontario Cancer Registry.
d Diagnosis year 2003 does not have staging information so was not used as the

reference.
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POETRY AND ONCOLOGY

I Hope
Jill D. Kremer, MD

I hope you will never have to hear you have cancer,
when your unknowingly perfect life will be standstill,
as you look over a great precipice—falling into a dark abyss;
if it happens,
when despair closes your eyes and fear envelops you,
I hope you can feel my arms holding you,
never letting go.
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