
Association of Magnetic Resonance Imaging
and a 12-Gene Expression Assay With
Breast Ductal Carcinoma In Situ Treatment
Constance D. Lehman, MD, PhD; Constantine Gatsonis, PhD; Justin Romanoff, MA; Seema A. Khan, MD; Ruth Carlos, MD;
Lawrence J. Solin, MD; Sunil Badve, MD; Worta McCaskill-Stevens, MD; Ralph L. Corsetti, MD; Habib Rahbar, MD; Derrick W. Spell, MD;
Kenneth B. Blankstein, MD; Linda K. Han, MD; Jennifer L. Sabol, MD; John R. Bumberry, MD; Ilana Gareen, PhD; Bradley S. Snyder, MS;
Lynne I. Wagner, PhD; Kathy D. Miller, MD; Joseph A. Sparano, MD; Christopher Comstock, MD

IMPORTANCE Advanced diagnostics, such as magnetic resonance imaging (MRI) and gene
expression profiles, are potentially useful to guide targeted treatment in patients with
ductal carcinoma in situ (DCIS).

OBJECTIVES To examine the proportion of patients who converted to mastectomy after MRI
and the reasons for those conversions and to measure patient adherence to radiotherapy
guided by the 12-gene DCIS score.

DESIGN, SETTING, AND PARTICIPANTS Analysis of a prospective, cohort, nonrandomized
clinical trial that enrolled women with DCIS on core biopsy who were candidates for wide
local excision (WLE) from 75 institutions from March 25, 2015, to April 27, 2016, through
the Eastern Cooperative Oncology Group–American College of Radiology Imaging Network
trial E4112.

INTERVENTIONS Participants underwent breast MRI before surgery, and subsequent
management incorporated MRI findings for choice of surgery. The DCIS score was used to
guide radiotherapy recommendations among women with DCIS who had WLE as the final
procedure and had tumor-free excision margins of 2 mm or greater.

MAIN OUTCOMES AND MEASURES The primary end point was to estimate the conversion rate
to mastectomy and the reason for conversion.

RESULTS Of 339 evaluable women (mean [SD] age, 59.1 [10.1] years; 262 [77.3%] of European
descent) eligible for WLE before MRI, 65 (19.2%; 95% CI, 15.3%-23.7%) converted to
mastectomy. Of these 65 patients, conversion was based on MRI findings in 25 (38.5%),
patient preference in 25 (38.5%), positive margins after attempted WLE in 10 (15.4%),
positive genetic test results in 3 (4.6%), and contraindication to radiotherapy in 2 (3.1%).
Among the 285 who had WLE performed after MRI as the first surgical procedure, 274
(96.1%) achieved successful breast conservation. Of 171 women eligible for radiotherapy
guided by DCIS score (clear margins, absence of invasive disease, and score obtained), the
score was low (<39) in 82 (48.0%; 95% CI, 40.6%-55.4%) and intermediate-high (�39)
in 89 (52.0%; 95% CI, 44.6%-59.4%). Of these 171 patients, 159 (93.0%) were adherent
with recommendations.

CONCLUSIONS AND RELEVANCE Among women with DCIS who were WLE candidates based
on conventional imaging, multiple factors were associated with conversion to mastectomy.
This study may provide useful preliminary information required for designing a planned
randomized clinical trial to determine the effect of MRI and DCIS score on surgical
management, radiotherapy, overall resource use, and clinical outcomes, with the ultimate
goal of achieving greater therapeutic precision.
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D uctal carcinoma in situ (DCIS) of the breast is a clonal pro-
liferation of cells within the ductal lumen that does not
invade the basement membrane into the adjacent breast

stroma but is a nonobligate precursor to invasive carcinoma.1 The
incidence of DCIS has increased 7-fold since widespread mam-
mographicscreeningbegan2 andaccountsforapproximately22%
of all new breast carcinomas diagnosed in the United States.3 Al-
though these findings may be viewed as evidence of the benefit
of screening because of the low mortality rates associated with
DCIS, another view is that DCIS detection may be harmful be-
cause of overdiagnosis and aggressive treatment of disease that
would not progress.4 Currently, treatment of DCIS is complex and
variable. Approximately 70% of women diagnosed with DCIS in
the United States are treated with wide local excision (WLE), 28%
with mastectomy,5-7 and 2% with no surgical intervention.7,8 Af-
ter WLE is complete, 38% do not receive radiotherapy,6 although
randomizedclinicaltrialshavefoundthatradiotherapyafterWLE
reduces local recurrence rates by approximately 50%.9 The 20-
yearbreastcancermortalityriskofapproximately3%islow,how-
ever, and not affected by radiotherapy.10 Similarly, Surveillance,
Epidemiology, and End Results data from 1991 to 2010 show that
the adjusted 10-year disease-specific survival was roughly simi-
lar for patients undergoing WLE with radiotherapy (99%), mas-
tectomy (99%), and WLE without radiotherapy (98%).6

In the context of a nonlethal disease for which current stan-
dards of care entail significant morbidity and cost, the National
Institutes of Health convened a State of the Science Conference
in 2009 that recommended studies of advanced diagnostic tests
andimagingtoimproveriskstratificationandmanagement.11 Ad-
vanced imaging techniques, such as breast magnetic resonance
imaging (MRI), may more accurately define the extent of disease,
offeringthepotentialtobetterinformsurgicalplanning.Teststhat
involve gene expression profiling may better determine recur-
rencerisksothatradiotherapycanbetailoredtothosemorelikely
to benefit.

On the basis of these considerations, we undertook a mul-
ticenter,nonrandomized,prospectivecohortclinicaltrialofbreast
MRI and the 12-gene DCIS score12,13 in patients with DCIS who
were candidates for breast conservation surgery based on con-
ventional imaging to determine their association with manage-
ment. Our objectives were to examine the proportion who con-
verted to mastectomy after MRI and the reasons for those con-
versions and to evaluate adherence to radiotherapy use guided
by the 12-gene DCIS score.

Methods
Data Source and Study Population
Patients newly diagnosed with pure DCIS were enrolled from 75
institutions from March 25, 2015, to April 27, 2016, through the
Eastern Cooperative Oncology Group–American College of Ra-
diology Imaging Network trial E4112. Key eligibility criteria for
enrollment included (1) WLE candidate based on clinical exami-
nation and mammography findings (and ultrasonography find-
ings if performed), (2) pathologically confirmed diagnosis of
unilateralDCISwithnoevidenceofmicroinvasiveorinvasivedis-
ease obtained by core needle biopsy within 4 months of regis-

tration,(3)diagnosticmammographyoftheaffectedbreastwithin
3 months before registration and no prior breast MRI within 6
months, (4) no prior ipsilateral invasive breast cancer or DCIS,
(5) no known deleterious mutations in breast cancer genes,
(6) no prior antiestrogen therapy for prevention of breast cancer
within 3 months of the biopsy documenting DCIS, and (7) no con-
traindications to contrast-enhanced MRI (eg, claustrophobia, re-
nal dysfunction). Written informed consent was obtained from
all patients. The study was approved by the National Cancer
Institute, Division of Cancer Prevention, and by the local insti-
tutional review board at each participating site. The trial proto-
col is given in Supplement 1.

Study Registration and Surgical Management
Eligible patients were registered and underwent MRI; additional
imaging and/or biopsies based on MRI findings were performed
before the first surgery (eFigure in Supplement 2). After comple-
tion of post-MRI workup, the surgical plan was recorded, includ-
ing specific reason for mastectomy vs WLE. For patients who
achieved successful WLE as the final procedure (final tumor-free
surgical margin of ≥2 mm, no invasive or microinvasive carcino-
ma identified), tissue samples were submitted for DCIS score
analysis (Figure).

Breast MRI Technique and Interpretation
All participating sites underwent prequalification of MRI scan-
nersandmetstandardsforimagequalityasdirectedbytheAmeri-
can College of Radiology (ACR) requirements for accreditation.14

Bilateral breast MRI was performed with a dedicated breast coil
andincludedT1-weightedprecontrastandpostcontrast(earlyand
delayed)andT2-weightedseries.TheACRBreastImagingReport-
ing and Data System (BI-RADS)15 was used to report findings by
the original interpreting radiologists at the site.

DCIS Score and Assignment to Radiotherapy
Patients who had WLE as their final surgical procedure, with
negative (≥2 mm) final margins and absence of invasive disease,
had their index tumor specimens submitted for DCIS score evalu-
ation (Genomic Health Inc). Patients with a low DCIS score (<39)

Key Points
Question What is the association of breast magnetic resonance
imaging and a 12-gene expression assay with the treatment of
women with ductal carcinoma in situ of the breast who are
candidates for breast conservation surgery and radiotherapy?

Findings In this nonrandomized clinical trial of a prespecified
primary outcome among 339 women with pure ductal carcinoma
in situ, after magnetic resonance imaging, 19% of patients eligible
for wide local excision converted to mastectomy; 38% of
conversions were based on magnetic resonance imaging findings
and 62% on other reasons. Wide local excision was the final
surgical procedure in 96% of women who received it as the first
procedure after magnetic resonance imaging, and adherence to
radiotherapy use guided by a 12-gene assay exceeded 90%.

Meaning Breast magnetic resonance imaging and a 12-gene assay
may be used to tailor primary surgical treatment and radiotherapy,
respectively, and inform patient and physician decision-making to
support more targeted therapy.
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were recommended to receive no breast radiotherapy, and those
with an intermediate-high DCIS score (≥39) were recommended
to receive radiotherapy.

Patient Surgical Preference Before MRI
and Reason for Mastectomy After MRI
Patient preference for surgery was collected before and after
MRI using a patient-completed questionnaire with 3 categori-
cal responses: lumpectomy, mastectomy, and “I don’t know.”
After MRI, documentation of surgery planned was recorded
by the surgeon, as well as the reason for mastectomy as first
or subsequent surgery using the following categories: MRI find-
ings, patient preference, positive margins, and other (eg, posi-
tive genetic test results, contraindications to radiotherapy).

Study Objectives and Statistical Analysis Plan
Our objectives were to estimate the proportion of patients eli-
gible for WLE based on conventional assessment who converted
to mastectomy and the reasons for conversion and to assess ad-
herence with radiotherapy assignment based on DCIS score. Pro-
portions were estimated, with 95% Wilson CIs. A sample size

of 350 patients ensured that the expected length of the CI for
the mastectomy conversion proportion was no larger than 0.08,
assuming the proportion of conversion at the final surgical pro-
cedure would be as high as 0.16 and that up to 5% of cases would
not provide complete information for the primary end point as-
sessment. We used χ2 tests to compare binomial or multinomial
outcomes and Wilcoxon rank sum tests to compare continuous
outcomes across groups defined by final surgery status and
DCIS score.

Results
Patient Characteristics
A total of 368 patients were enrolled, of whom 339 (92.1%) (mean
[SD] age, 59.1 [10.1] years; 262 [77.3%] of European descent) were
evaluable for the primary analysis (Figure). Reasons for exclusion
included ineligibility (n = 5), patient withdrawal (n = 8), MRI
intolerance (n = 2), MRI completed more than 30 days after
registration (n = 2), no documented surgical plan after MRI
(n = 6), or no documented surgery (n = 6).

Figure. Flow Diagram of a Nonrandomized Clinical Trial

339 Women with pure DCIS who were candidates
for WLE and had preoperative MRI and known
final surgery

54 Excluded (mastectomy as first surgery)
25 Based on MRI findings
24 Patient preference
5 Other

11 Excluded (mastectomy as final surgery
after WLE)
10 With <2 mm margin(s)

1 Patient preference (2 WLEs)

7 With 1 WLE
3 With 2 WLEs

285 WLE performed as first surgery based
on MRI and/or biopsy findings

103 Excluded (ineligible for DCIS score-based
radiotherapy recommendation)
38 Invasive disease
34 With <2 mm margin(s)
21 No DCIS score
2 Patients refused
8 Unknown

171 Received radiotherapy recommendation
and allocated based on DCIS score

274 WLE as final surgery
215 With 1 WLE
56 With 2 WLEs
3 With 3 WLEs

89 Intermediate-high DCIS score (≥39),
radiotherapy recommended
84 Received radiotherapy
5 Did not receive radiotherapy (4 patient

preference, 1 no residual DCIS at surgery)

82 Low DCIS score (<39), no radiotherapy
recommended
7 Received radiotherapy

(2 patient preference, 5 unknown)
75 Did not receive radiotherapy

DCIS indicates ductal carcinoma in
situ; MRI, magnetic resonance
imaging; and WLE, wide local
excision.
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Demographic, radiographic, and pathologic characteristics
are given in the eTable in Supplement 2. Among the 339 evalu-
able patients, nuclear grade of the index DCIS lesion was classi-
fied as low (54 [15.9%]), intermediate (136 [40.1%]), high (137
[40.4%]), or unknown or not assessable (12 [3.5%]). Estrogen re-
ceptor status was reported as positive in 258 (76.1%), negative
in 47 (13.9%), and unknown in 34 (10.0%). Progesterone recep-
tor status was positive in 202 (59.6%), negative in 79 (23.3%), and
unknown in 58 (17.1%). The median mammographic lesion size
was 11 mm (interquartile range, 6-19.5 mm); 281 (79.4%) mani-
fested as microcalcifications, 24 (6.8%) as masses, 19 (5.4%) as
asymmetry or focal asymmetry, 6 (1.7%) as distortion, and 24
(6.8%) as other or unknown. Fifty-five patients (16.2%; 95% CI,
12.7%-20.5%) had invasive breast cancer diagnosed after enroll-
ing: 49 (89.1%) from surgery of the index lesion and 6 (10.9%)
from biopsy of the lesion identified on the MRI examination.

Patient Surgical Preference Before MRI
and Reason for Mastectomy After MRI
Before MRI, 315 evaluable women completed the baseline ques-
tionnaire asking the patient’s surgical preference: 254 (80.6%)
preferred WLE, 11 (3.5%) preferred mastectomy, and 50 (15.9%)
were undecided. After MRI, 275 evaluable women answered
the same question: 239 (86.9%) preferred WLE, 22 (8.0%)
preferred mastectomy, and 14 (5.1%) were undecided.

A total of 65 of 339 evaluable patients (19.2%; 95% CI,
15.3%-23.7%) underwent mastectomy, with reasons reported
by the surgeon as MRI findings in 25 (38.5%), patient prefer-
ence in 25 (38.5%), positive margins after attempted WLE in
10 (15.4%), positive genetic test results in 3 (4.6%), and con-
traindication to radiotherapy in 2 (3.1%) (Table 1).

MRI and Additional Biopsy Results
Both MRI BI-RADS assessments and recommendations as well
as additional biopsies after MRI are detailed in Table 2. Of 339
evaluable patients with MRI, 260 (76.7%) were assessed as hav-
ingBI-RADSscoresof1,2(negativeorbenign),or6(knownbiopsy-
proven malignant tumor); 63 (18.6%) as having BI-RADS scores
of 4 or 5 (suspicious or highly suspicious); 12 (3.5%) as having
BI-RADS score of 0 (needs additional imaging); 1 (0.3%) as hav-
ing a BI-RADS score of 3 (probably benign); and 3 (0.9%) having

scores that were not reported or unknown. Of 333 patients with
information regarding subsequent biopsies, 66 (19.8%) had an
additional biopsy after MRI and before first surgery: 39 (59.1%)
in the ipsilateral breast, 16 (24.2%) in the contralateral breast, and
11 (16.7%) in both breasts. All biopsies were needle biopsies (63
[95.5%] by core needle and 3 [4.5%] by fine needle aspiration);
37 (56.1%) were performed under MRI guidance, 21 (31.8%) un-
der ultrasonography, and 8 (12.1%) under mammography guid-
ance. The most severe histologic findings were benign in 28
(42.4%), high-risk lesions in 17 (25.8%), and malignant in 21
(31.8%). Thus, 21 of 333 women (6.3%) had additional malignant
tumorsdetectedbyMRI;15(71.4%)wereDCIS,and6(28.6%)were
invasive cancers. The location of these additional malignant
tumors was ipsilateral to the index DCIS in 14 patients (66.7%),
contralateral in 4 (19.0%), and bilateral in 3 (14.3%) (Table 2).

Table 1. Reasons for Mastectomy as First or Final Surgery

Reason

Patients Receiving
Mastectomy, No. (%)
(n = 65)

Mastectomy as first surgery 54 (83.1)

Based on MRI findings 25 (38.5)

Lesion size too large for breast conservation 15 (23.1)

Multicentricity 7 (10.8)

Contralateral findings 3 (4.6)

Patient preference 24 (36.9)

Genetic history 3 (4.6)

Contraindications to radiotherapy 2 (3.1)

Mastectomy after attempted WLE 11 (16.9)

<2-mm margin(s) 10 (15.4)

Patient preference 1 (1.5)

Abbreviations: MRI, magnetic resonance imaging; WLE, wide local excision.

Table 2. MRI BI-RADS Assessments and Recommendations
and Post-MRI Biopsies Performed

Variable No. (%) of Patients
Pure DCIS Preoperative MRI Final Surgery Known (n = 339)

MRI BI-RADS assessment category

0 12 (3.5)

1 or 2 6 (1.8)

3 1 (0.3)

4 or 5 63 (18.6)

6 254 (74.9)

Not reported or unknown 3 (0.9)

MRI BI-RADS recommendation

Surgical excision or routine follow-up 222 (65.5)

Tissue diagnosis 77 (22.7)

Targeted ultrasonography 27 (8.0)

Short-interval (6-mo) follow-up 7 (2.1)

Not reported or unknown 6 (1.8)

Additional Biopsy Performed After MRI (n = 66)

No. of lesions biopsied

1 48 (72.7)

2 16 (24.2)

3 2 (3.0)

Biopsy side

Ipsilateral 39 (59.1)

Contralateral 16 (24.2)

Both 11 (16.7)

Post-MRI biopsy guidancea

MRI 37 (56.1)

Ultrasonography 21 (31.8)

Mammography 8 (12.1)

Most severe histologic findingsb

Benign 28 (42.4)

High risk 17 (25.8)

Malignant 21 (31.8)

DCIS 15 (22.7)

Invasive 6 (9.1)

Abbreviations: BI-RADS, Breast Imaging Reporting and Data System;
DCIS, ductal carcinoma in situ; MRI, magnetic resonance imaging.
a For instances of multiple lesions biopsied, guidance is reported at the patient

level using the following highest-order ranking: MRI greater than
ultrasonography greater than mammography.

b For instances of multiple lesions biopsied, histologic findings are reported at
the patient level using the following highest-order ranking: invasive greater
than DCIS greater than high risk greater than benign.
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Initial Surgical Management After MRI
The treatment of the 339 evaluable patients is summarized in the
Figure and Table 1. Fifty-four patients (15.9%) proceeded directly
to mastectomy, of whom 25 (46.3%) did so because of MRI find-
ings, including lesion size too large for breast conservation in
15 patients (60.0%), multicentric disease in 7 patients (28.0%),
and contralateral breast cancer in 3 patients (12.0%). Twenty-four
patients (44.4%) proceeded directly to mastectomy based on
personal preference and 5 (9.3%) for other reasons (contraindi-
cation to radiotherapy, genetic mutation).

Surgical Management After First WLE
Of the 339 evaluable patients, 285 (84.1%) had WLE as the first
surgicalprocedureafterMRI;274ofthesewomen(96.1%)hadsuc-
cessful WLE as their final surgical procedure, and 11 (3.9%) had
mastectomy as their final surgical procedure, largely because of
positivesurgicalmargins.Ofthe285patientswhohadinitialWLE,
63 (22.1%) required 1 (n = 60) or 2 (n = 3) additional excisions
(Figure).

DCIS Score and Radiotherapy After WLE
Of the 274 patients who had WLE as the final surgical procedure,
72 patients (26.3%) did not have radiotherapy recommendations
based on DCIS score because they did not meet the criteria
(Figure), including 38 patients (52.8%) with invasive cancer and
34patients(47.2%)withtumorslessthan2mmfromthefinalsur-
gical margin. Of the remaining 202 patients eligible for DCIS score
to guide radiotherapy, the test was performed for 171 patients
(84.7%). The DCIS score was low (<39) in 82 patients (48.0%; 95%
CI, 40.6%-55.4%) and intermediate-high (≥39) in 89 patients
(52.0%; 95% CI, 44.6%-59.4%). Patients with an intermediate-
highDCISscoreweresignificantlymorelikelytohavehighnuclear
gradeandestrogenreceptor–andprogesteronereceptor–negative
disease by immunohistochemical analysis (Table 3). A total of 84

of the 89 patients (94.4%) with intermediate-high DCIS scores
accepted recommended radiotherapy, and 75 of 82 patients
(91.5%) with low DCIS scores accepted a recommendation for
no radiotherapy.

Discussion
We report results from, to our knowledge, the first prospective,
multicentertrialexaminingtheassociationofpreoperativebreast
MRI with surgical treatment and measuring patient acceptance
of radiotherapy guided by DCIS score in women diagnosed with
pure DCIS by core needle biopsy who were candidates for breast
conservation surgery. We found that approximately 6 in 7 wom-
en underwent initial WLE after MRI, and of those, only 3.9% re-
quired mastectomy as the final procedure. Of importance, 78.5%
achieved successful breast conservation with a single operation.
Mastectomy was the first surgery in 15.9% of women and was
prompted equally by MRI findings and patient preference. In
women with pure DCIS who achieved WLE with 2-mm margins
or larger and who had available DCIS scores, nearly half had low
scores and were advised that radiotherapy could be avoided.
Among patients who had radiotherapy recommendations guided
by DCIS score, 93.0% agreed to the recommendation.

Although breast MRI use has increased during the past 2 de-
cades, its use in the preoperative context for patients with DCIS
remainscontroversial.Historically,MRIwasconsideredtobesub-
optimal for DCIS evaluation because it could not detect calcifi-
cations visible on mammography. However, a multiple subse-
quent study16 found that, compared with mammography, MRI
is more sensitive for detection and more accurate for determina-
tionoftheextentofdisease.Thesebenefitsnotwithstanding,sev-
eralstudies17,18 havesuggestedthatMRIhasdisadvantages.Some
hypothesize that MRI use is not only correlated with increasing

Table 3. Clinical Characteristics, DCIS Lesion Features, and Therapy Received
Among Patients With Radiotherapy Based on the DCIS Scorea

Variable

Radiotherapy
Recommendation
Based on DCIS
Score (n = 171)

Low
DCIS Score (<39)
(n = 82)

Intermediate-High
DCIS Score (≥39)
(n = 89) P Valueb

Age, median (range), y 60 (36-87) 59 (40-80) 61 (36-87) .98

Longest diameter, median (IQR), mm 11 (6-19) 10 (6-15.5) 11 (6-20) .29

DCIS gradec

Low nuclear 16 (9.4) 14 (17.1) 2 (2.2)

<.001
Intermediate nuclear 65 (38.0) 46 (56.1) 19 (21.3)

High nuclear 89 (52.0) 21 (25.6) 68 (76.4)

Not reported or unknown 1 (0.6) 1 (1.2) 0

ER or PR status

ER positive or PR positive 138 (80.7) 72 (87.8) 66 (74.2)

.006ER negative and PR negative 17 (9.9) 2 (2.4) 15 (16.9)

Unknown 16 (9.4) 8 (9.8) 8 (9.0)

Radiotherapy course based on DCIS score

Yes 91 (53.2) 7 (8.5) 84 (94.4)
<.001

No 80 (46.8) 75 (91.5) 5 (5.6)

Endocrine treatment

Yes 110 (64.3) 61 (74.4) 49 (55.1)

.02No 46 (26.9) 16 (19.5) 30 (33.7)

Not reported 15 (8.8) 5 (6.1) 10 (11.2)

Abbreviations: DCIS, ductal
carcinoma in situ; ER, estrogen
receptor; IQR, interquartile range;
PR, progesterone receptor.
a Data are presented as number

(percentage) of patients unless
otherwise indicated.

b P values are from the nonparametric
Wilcoxon rank sum test for
continuous variables and the exact
Pearson χ2 test for categorical
variables. For the comparison of
DCIS grade, the category not
reported or unknown is excluded;
for the comparison of endocrine
treatment, the category not
reported is excluded.

c Reported DCIS grade corresponds
to the highest-order DCIS grade
identified at the patient level from
the initial diagnostic core needle
biopsy through the final surgical
procedure.
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mastectomy rates but may be causal.18 Although retrospective
studies7,8 reporting higher rates of mastectomy in women under-
going preoperative breast MRI have acknowledged that decisions
for mastectomy are at least partially driven by patient preference,
the authors were unable to quantify this component of a complex
treatment decision-making process. Our study is the first, to our
knowledge, to prospectively quantify the association of patient
preferences with surgeons’ opinions on the decision for surgery.
Our findings that more than half of decisions to undergo mastec-
tomy were attributable to factors other than MRI findings high-
light the complexity in the shared decision-making process
between patients and physicians in this context.

We found that 19.2% of women eligible for breast conser-
vation based on clinical and conventional imaging criteria un-
derwent mastectomy as the final surgical procedure after pre-
operative MRI and 15.9% as the first surgical procedure. In
contrast, among unselected populations of women with DCIS
reported from large national data sets from 1998 to 2011, rates
of mastectomy as the final surgical procedure ranged from 27%
to 32%.5,18 Magnetic resonance imaging was associated with
additional biopsies in 19.8% of patients in our study. Prior ret-
rospective studies19-21 have reported higher additional bi-
opsy rates ranging from 25% to 40%. This finding suggests that
MRI accuracy may have improved since inception, likely be-
cause of improved techniques and increasing radiologist ex-
perience. The cancer yield in this study was in line with prior
preoperative breast MRI studies.20-22 Of the 66 women who
underwent additional biopsies based on MRI findings, 21 pa-
tients (31.8%) were found to have DCIS (n = 15) or invasive can-
cer (n = 6), and MRI identified otherwise occult cancers in 6.2%
of patients presenting with unifocal DCIS.

One goal of preoperative MRI is to improve breast conser-
vation success rate and decrease the number of reexcisions
through better delineation of DCIS extent. However, a
meta-analysis22 of 9 retrospective studies of MRI in women
with DCIS found no significant differences in positive margin
or reexcision rates in women undergoing WLE as their first
surgery. In our study, WLE was performed as the first surgical
procedure in 84.1% of patients, 96.1% of whom ultimately
had successful breast conservation. Furthermore, 78.5%
of patients in the study who underwent successful WLE
achieved breast conservation with a single surgery, whereas
21.5% of patients required at least 1 reexcision. This reexci-
sion rate is substantially lower than prior US reports of
reexcision rates, which range from 48% to 59% in patients
with DCIS without preoperative MRI.23-26

Radiotherapy is typically recommended after WLE for DCIS
to reduce the risk of local recurrence of invasive and in situ
cancer.3 Even in patients selected to receive WLE without
radiotherapy because of favorable characteristics, such as
smaller tumor size or low-intermediate grade disease, ipsilat-
eral recurrence rates are approximately 1% to 1.5% annually,4,5

resulting in 10-year recurrence rates of 15% or higher.5 Two
prospective retrospective validation studies found that the
12-gene DCIS score may be used to risk stratify women with
DCIS treated with WLE alone and tumor-free margins, includ-
ing a clinical trial of 327 women with low-risk disease6 and a
population-based cohort study of 571 women.7 Combining

results from both reports, approximately 60% to 70% had
low-risk DCIS scores associated with a 10-year recurrence
risk of 11% to 13% compared with recurrence rates of 25% to
30% in the 30% to 40% with intermediate-high risk DCIS scores.
Although we currently do not have long-term outcome data,
our prospective study showed at least 90% acceptance be-
tween DCIS score and tailored use of radiotherapy based
on the DCIS score. Another study8 found similar results with
regard to distribution of DCIS score and potential association
with radiotherapy.

Our study was the first, to our knowledge, to prospec-
tively recommend radiotherapy based on DCIS score without
restricting eligibility by lesion size, nuclear grade, patient age,
or other prognostic factors. For the DCIS score to be applied,
patients needed to have pure DCIS verified on final surgical ex-
cision with 2 mm or greater of clear surgical margins; as a re-
sult, a small subpopulation of the study (n = 171) had radio-
therapy recommendations based on DCIS score. Of these 171
patients, 82 (48.0%) were at low risk, of whom 75 (91.5%) were
adherent with recommendations. These findings suggest that
DCIS score can identify a significant fraction of patients who
may avoid radiotherapy, with high patient acceptance, which
could help address concerns related to overtreatment.

Strengths and Limitations
Thistrialhasseveralstrengthsandlimitations.Strengthsincluded
the prospective nature of the trial and the inclusion of multiple
sites, including community practices and academic centers, with
the only MRI requirement being that centers meet national
accreditation standards as defined by the ACR. Unlike other
studies9,12,13 designed to reduce overtreatment, this study did
not restrict entry by DCIS features, such as nuclear grade, com-
edonecrosis,orestrogenreceptorstatus.Anotheruniquestrength
was the evaluation of patient and surgeon values when assess-
ing reasons for selecting mastectomy or breast conservation.

Limitations include the nonrandomized nature of
the trial and the lack of information on recurrence rates
at the time of this analysis. The former limitation is relevant
to the precise association of MRI with surgical management,
and the latter is relevant to assumptions that the recom-
mended radiotherapy based on the DCIS score was the cor-
rect choice. In addition, our patient population did not
include all patients with DCIS but rather patients with DCIS
eligible for WLE. At entry, 80.6% of patients enrolled listed
WLE as their preference for treatment and represent a
patient group motivated to pursue WLE.

Conclusions
Among women with DCIS who were WLE candidates based on
conventional imaging, multiple factors were associated with
conversion to mastectomy. This trial may provide useful pre-
liminary information required for designing a planned ran-
domized clinical trial to determine the effect of MRI and DCIS
score on surgical management, radiotherapy, overall re-
source utilization, and clinical outcomes, with the ultimate goal
of achieving greater therapeutic precision.
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