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Abstract

Rationale and Objectives: Use of preoperative breast MRI (pMRI) to evaluate ductal
carcinoma in situ (DCIS) extent is controversial due to limited data on its impact on surgical
management. We sought to evaluate the effect of pMRI on surgical management of women with
core needle biopsy (CNB)-diagnosed pure DCIS at a multidisciplinary academic institution.

Materials and Methods: This retrospective study included all women with CNB-diagnosed
DCIS (1/2004—12/2013) without prior ipsilateral breast cancer and who underwent surgery
within 180 days of diagnosis. Patient features, number of CNBs and surgeries, and single
successful breast conserving surgery (BCS) rate were compared between pMRI and no-pMRI
cohorts. Number of surgeries and single BCS success rates were also compared to published US
(SEER) and Danish National Registry data.

Results: Among the 373 women included, no clinical differences were identified between the
pMRI (n=332) and no-pMRI (n= 41) cohorts (p>0.05). The pMRI group experienced a higher
additional CNB rate (30% vs. 7%, p=0.002) but fewer total surgeries (mean=1.2 vs. 1.5, p<0.001)
than the no-pMRI group. Among the 245 women for whom BCS was attempted, the pMRI cohort
underwent fewer mean surgeries (1.3 vs. 1.7, p<0.001) with a greater single successful BCS rate
(77% vs. 43%, p<0.001). Compared to published data, women with pMRI who underwent BCS
experienced fewer surgeries (difference(A)=—-0.22 vs. —0.17, p<0.001) with a higher single
successful BCS rate (A=+20% vs. +14%, p<0.001).
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Conclusion: pMRI may improve surgical management of DCIS at multidisciplinary centers with
breast cancer specialists.
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Preoperative breast MRI; ductal carcinoma in situ (DCIS); core needle biopsy; surgical
management; surgical outcomes

Introduction

Ductal carcinoma in situ (DCIS) diagnosis rates have increased dramatically with screening
mammography utilization, accounting for an estimated 20% of new breast cancer cases in
2017(1). Central to its management is surgical excision of the entire span of DCIS, either by
breast conserving surgery (BCS) or mastectomy, with only 4% of patients undergoing non-
surgical management(2-4). The decision to pursue BCS versus mastectomy is multi-faceted
and based on extent of DCIS as well as patient and surgeon preferences(5). Because over
90% of DCIS lesions are clinically asymptomatic, appropriate management options are
reliant on accurate determination of DCIS extent on imaging.

Preoperative breast MRI (pMRI) can provide more sensitive and accurate assessments of
DCIS disease extent compared to mammaography alone, which theoretically could assist with
determining the optimal surgical approach and allow for improved BCS outcomes(6-10). On
dynamic contrast-enhanced (DCE) MRI, most DCIS lesions exhibit suspicious
enhancement, which is proposed to better reflect biology and extent than mammographic
depiction of calcifications(11, 12). However, the practical clinical benefit of using pMRI to
determine DCIS extent is unclear, with several studies reporting that pMRI contributes to
increases in false-positive core needle biopsies (CNBs), delays in surgical treatment, and a
rise in mastectomy rates without lower re-operation rates(13-18).

One challenge of many studies examining the impact of pMRI on DCIS surgeries is the wide
variability in MRI technique, radiologist experience, and how information from an MRI
informs surgical approach(19, 20). Furthermore, the few randomized controlled trials on pre-
operative MRI included generally low numbers of subjects, in particular those with
DCIS(20-22). Finally, the lack of observed pMRI benefit in patients diagnosed with DCIS in
the prior studies may in part be due to differences in important patient factors between
women who underwent pMRI and those who did not(16, 23). Accordingly, we sought to
determine the impact of pMRI on the number and type of surgeries as well as BCS success
rates for DCIS treatment at a center where pMRI is routinely obtained and interpreted by
breast imaging fellowship-trained radiologists. Furthermore, we compared the number of
surgeries and BCS success rates to published Surveillance, Epidemiology, and End Results
(SEER) and Danish National Registry data to better assess the impact of pMRI at our
institution versus benchmarks reported in other US cities and in Europe.

Patients and Methods

This was a retrospective review of a prospectively collected clinical database, which was
approved by our institutional review board for which the requirement for informed consent
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was waived. Our study cohort was obtained by querying a solid tumor clinical research
database [BLINDEDY]. This database uses data sources including our institutional pathology
database, prospectively recorded breast MRI data forms, and a [BLINDED-regional tumor
registry]. All women =18 years old without a personal history of ipsilateral breast cancer
diagnosed with pure DCIS (no associated invasive disease) on CNB between January 1,
2004 and December 31, 2013 and underwent surgical management at our institution within
180 days of CNB date were identified. The first instance of DCIS histology from CNB was
considered the index event. All included patients underwent pre-treatment evaluation at our
institution with a multidisciplinary approach, including imaging reviewed by breast imaging
fellowship-trained radiologists and pathology evaluated by sub-specialized breast
pathologists. Surgeries were performed by surgeons (7 total) specialized in breast surgical
oncology with initial approach (e.g. BCS vs. mastectomy) determined through shared
decision-making with the patient and in consultation with sub-specialized radiation
oncologists and medical oncologists.

Patient characteristics, including use of pMRI, age, menopausal status, family history, breast
density, and DCIS pathology subtype (hormone receptor status, presence of comedonecrosis
and grade) were extracted from the electronic medical record. Use of pMRI was defined as
either an internally performed MRI at our institution or an MRI performed at an outside
facility but reviewed by an internal radiologist for the multidisciplinary conference. MRI
utilization rate comparison was performed between the first and second half of the study
period (2004-2008 and 2009-2013). All MRIs were performed with the patients in prone
position, with imaging sequences including one non-contrast enhanced and at least two
contrast-enhanced T1-weighted fat-suppressed 3D fast spoiled gradient recall acquisitions in
accordance with the American College of Radiology (ACR) Breast MRI Accreditation
Program(24). Mammographic breast density was defined using the ACR Breast Imaging
Reporting and Data System (BI-RADS), and patients with heterogeneously or extremely
dense assessments were categorized as having “dense breasts”(25). The total number of
CNB:s after initial CNB but before initial surgery, surgeon performing the DCIS treatment
operation(s), total number and type of surgeries, reason for additional surgeries, and time
from CNB diagnosis to first surgery were obtained from the electronic medical record.
Additional surgeries were included in the study if they were within 180 days of the initial
surgery. A successful BCS was defined as no mastectomy performed, regardless of whether
the patient required re-excisions after primary BCS attempt.

Biopsy data after index CNB was categorized as benign or malignant (DCIS and invasive
breast cancer). Biopsy events were counted per breast, per day, with multiple CNBs
performed in the same breast in a single day counted as a single biopsy event. In cases of
multiple CNBs in a single breast, the worst outcome was selected for that biopsy event as
follows: invasive malignancy > DCIS > benign pathology.

To further assess the value of pMRI for BCS for treating pure DCIS, outcomes from our
institution were also compared to published outcomes from two previous large studies, using
the U.S. Surveillance, Epidemiology, and End Results (SEER) database for Los Angeles,
CA and Detroit, MI(26) and the Danish National Registry(27), respectively. The first study
included BCSs performed between 2005 and 2007 and the second included BCSs performed
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between 2010 and 2013. The use of pMRI was not part of the published protocols of these
studies. For both studies, the number of surgeries (BCSs and subsequent mastectomy if
performed), rate of successful BCS, and rate of single operation for successful BCS were
extracted from the published manuscripts.

Clinical characteristics and surgical outcomes were compared between the pMRI and no-
pMRI groups using the Wilcoxon rank-sum test and Fisher’s exact test, as appropriate. The
mean and median times to initial surgery from the index CNB were compared between
groups using the t-test and a median test(28) respectively. The positive predictive value of all
biopsies performed as a result of a pMRI finding (PPV3) was calculated at the examination
level. Uncertainty in the differences of mean and median time to initial surgery between the
pMRI and no-pMRI groups was assessed using 95% confidence intervals (Cls). The number
of surgeries from the present pMRI group in the BCS-attempted cohort was compared to the
published number of surgeries reported from the SEER database and Danish National
Reqgistry using the Wilcoxon rank-sum test. The rates of successful BCS and single
operation for successful BCS (“single successful BCS”) were compared between the present
and previously published studies using Fisher’s exact test. All statistical calculations were
conducted with the statistical computing language R (version 3.1.1; R Foundation for
Statistical Computing, Vienna, Austria). Throughout, two-sided tests were used, with
statistical significance defined as p<0.05.

Patient Characteristics

A total of 373 women (332 with pMRI, 41 without pMRI) diagnosed with DCIS on CNB
were included in the study. Two-hundred ninety-five of the 332 pMRIs (89%) were
performed at our institution, with the remaining 37 pMRIs performed at outside facilities
with images reviewed by our internal breast radiologists. The mean age of all patients was
55.5+11.3 years, and the clinical and surgeon characteristics of the pMRI and no-pMRI
cohorts are shown in Table 1. There were no significant differences in the clinical (age,
menopausal status, family history, or breast density) or DCIS pathology features (hormone
receptor status, presence of comedonecrosis or grade) between the pMRI and no-pMRI
groups (p>0.05 for all comparisons). Reasons documented in clinical notes for no-pMRI
included contraindication or inability to undergo an MRI (e.g. claustrophobia, body habitus,
contrast allergy) (N=6), advanced age (generally over 75 years old) with other comorbidities
(N=4), planned mastectomy (N=13), and not documented (N=18). Overall there were no
significant differences in the proportion of patients who underwent pMRI between the seven
surgeons (85-92% across all surgeons, p=0.53, Table 1). There was also no significant
difference in the utilization of pMRI between the first and second halves of the study period
(159/176 [90%] vs. 173/197 [88%], p=0.51, Table 1).

Number and Pathology of Additional Core Needle Biopsies

Women who received pMRI were more likely to have additional CNBs than the no-pMRI
cohort (100/332 [30%] vs. 3/41 [7%], p=0.002). Within the pMRI group, a total of 128
additional CNBs in 101 women were performed. CNBs revealing malignant pathology were
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seen in 43 CNBs in 40 of these 101 women (positive predictive value 3 [PPV3]=40%). Of
the malignant pathologies, 14/128 [11%] were unsuspected contralateral disease and 29/128
[23%] were unsuspected ipsilateral disease. Contralateral invasive disease was seen in 7
additional biopsies in 6 patients (6/101 [2%] of patients), and additional DCIS was found in
36 CNBs in 34 women [34%)] (7 contralateral and 29 ipsilateral). In these 34 women, there
were 3 who were originally diagnosed with low grade DCIS on CNB, with the additional
biopsy prompted by MRI revealing high grade DCIS in 1 woman. High-risk lesions,
including atypical ductal hyperplasia, atypical lobular hyperplasia, LCIS, and flat epithelial
atypia, were found in 37 additional CNB in 33 women (18 contralateral, 18 ipsilateral). The
three additional CNBs in the no-pMRI patients were performed for unresolved suspicious
findings seen either on the contralateral (n=2) or ipsilateral (n=I) breast on mammography
prior to initial surgery, with all yielding malignancy.

Timing of Surgery

Of the 332 women who underwent pMRI, 42 (13%) received MRI for high-risk screening or
problem solving indications, which resulted in the detection of the index DCIS lesion. As a
result, the subjects’ pMRIs were performed prior to the index CNB and were excluded from
surgical timing analysis since MRI could not have caused a surgical delay. Of the remaining
290 pMRI patients, the mean time to surgery from index CNB was 54.8+28.2 days, which
was not significantly different than the no-pMRI group (48.3+27.3 days, difference(A)=6.8
days, 95% Cl: —-2.4 to 16.0 days, p=0.14). The median times to surgery were also similar at
48 days for both groups (A=0 days, 95% CI: —13.9 to 13.9, p>0.99), as was the proportion of
women who underwent surgery >90 days after the index CNB (28/332[9.7%] vs.
4/41[9.8%)], p>0.99).

Type and Number of Surgeries

Patient distribution stratified by pMRI and no-pMRI is shown in Figure 1. The total number
of surgeries per woman was significantly lower in the pMRI group than the no-pMRI group
(mean=1.2 vs. 1.5, p<0.001), with 15% having more than one surgery in the pMRI group
compared with 39% in the no-pMRI group (p<0.001, Table 2). All additional surgeries were
performed because of close or positive margins, defined as <2 mm from inked surface. There
were no significant differences between the pMRI vs. no-pMRI groups in rates of
mastectomy as the initial (115/332[35%] vs. 13/42[31%], p=0.86) or final (138/332[42%)]
vs. 20/41[49%], p=0.41) surgery.

Of the 245 women who underwent BCS as their initial surgery, 217 had pMRI and 28 did
not. Among these women who underwent BCS first, there was a trend towards more
successful BCS in the pMRI group than the no-pMRI group, though not statistically
significant (194/217[89%)] vs. 21/28[75%], p=0.058). Those in the pMRI group had
significantly fewer surgeries overall than those in the no-pMRI group (mean=1.3 vs. 1.7,
p<0.001), with the pMRI group having a higher rate of a single successful BCS than the no-
pPMRI group (167/217[77%] vs. 12/28[43%], p<0.001). Case examples of women without
and with pMRI are shown in Figures 2-3.
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Comparison of BCS Metrics in pMRI Cohort vs. Published Registry Data

Within the pMRI cohort, rate of successful BCS, rate of single successful BCS, and number
of surgeries in women for whom BCS was attempted were compared to two prior studies by
Morrow and colleagues (SEER data) and Langhans and colleagues (Danish National
Reqgistry data) (Table 3).(26, 27) No significant difference was identified in successful BCS
rate between our cohort and DCIS cohorts from Morrow et al (1% difference, p=0.72) or
Langhans et al (0% difference, p>0.99). However, patients in our pMRI cohort had a
significantly higher rate of single successful BCS than that reported in Morrow et al (A=
+20%, p<0.001) and Langhans et al (A=+14%, p<0.001). Our pMRI cohort also experienced
a lower mean number of surgeries compared to Morrow et al (mean A=-0.22, p<0.001) and
Langhans et al (mean A=-0.17, p<0.001).

Discussion

In this single-site retrospective study of women diagnosed with pure DCIS on CNB, we
found that women who underwent pMRI had fewer total surgeries on average than women
without pMRI. In the group of women whose initial surgery was lumpectomy, there was a
higher rate of single successful BCS compared to women without pMRI. pMRI was
associated little to no delay in surgery after DCIS diagnosis and there was no significant
difference in the initial mastectomy rate. We found additional contralateral invasive disease
in 2% of our patients and additional sites of DCIS in 34% of our patients with pMRI.
Finally, we found higher rates of single successful BCS and lower number of total surgeries
in the subset of our pMRI cohort for whom BCS was attempted when compared to published
data using SEER and Danish National Registry data. Our single successful BCS rate is of
77.0% is also similar to the 78.5% rate reported in a recently published multi-centered trial
which evaluated the use of pMRI in women with newly diagnosed DCIS who initially
qualified for BCS on conventional imaging (mammography and ultrasound).(29) These
results support our current use of pMRI for surgical management of DCIS at an academic
center with a specialized multidisciplinary approach to breast cancer care.

Our results are in contrast to previous reports of no differences in total number of operations
and increased mastectomy rates in patients newly diagnosed with DCIS with and without
pMRI(16, 30). A recent meta-analysis of nine studies comparing pMRI and no-pMRI in the
setting of DCIS concluded that pMRI had no impact on the number of operations while
increasing the initial mastectomy rate, though final mastectomy rates were not significantly
different(31). Limitations of this meta-analysis included limited outcomes data, lack of
consistency in the quality of imaging or radiologist breast MRI experience, no prescribed
requirement of image-guided CNB of additional findings on pMRI prior to surgical
treatment, and lack of information on differences in patient and DCIS characteristics that
may have impacted surgical approach.

At our institution, pMRI has been obtained routinely in patients newly diagnosed with DCIS
or invasive breast cancer, and any pMRI-finding that would potentially impact surgical
approach typically undergoes image-guided CNB. Accordingly, it is not surprising that
women with pMRI were more likely to have an additional biopsy, in service of the primary
goal of single successful breast cancer surgery without prompting overly extensive surgeries.
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The likelihood of such a CNB revealing malignancy was similar to that reported as a
benchmark at the exam level for diagnostic breast MRI (PPV3 in this study was 40% vs.
published MRI performance of 38%)(32). It is likely that pMRI has greater benefit when
pMRI results are incorporated into a multidisciplinary approach to breast cancer treatment.

It has been suggested that a substantial drawback of pMRI is that it can lead to delays in
surgery(14, 34). We estimated a mean delay of 6.8 days between index CNB and initial
surgery for patients with pMRI relative with no-pMRI. However, this difference was not
statistically significant and the upper bound of the 95% CI was approximately 2 weeks.
Furthermore, the observed difference in median time to surgery between the two groups was
zero days, and both groups had a similar proportion of women whose initial surgery was >90
days after the index CNB. Taken together, this suggests that if there was a delay in surgery
due to pMRI in this study, it was relatively small. At our institution, MRI guided biopsy is
readily available and there is a 48-72 hour turnaround time from CNB to pathology
assessment, suggesting access to this advanced biopsy technique is an important
consideration for a pMRI program. Our findings are similar to those of Pogathnik et a/., who
also demonstrated no delay in time from CNB to surgery between pMRI and no-pMRI
groups at a single academic university hospital(35).

Additional strengths of our study include the similarity between pMRI and no-pMRI groups,
with no statistically significant differences in patient or DCIS characteristics. Multiple prior
studies have shown that younger, premenopausal women with dense breasts were more
likely to receive pMRI and elect for more aggressive surgical approaches(20). We observed
little difference between surgeons in their referral patterns for pMRI, suggesting that
potential surgeon bias was not a confounder in our analysis. Finally, we found a lower
number of surgeries for BCS and higher rate of single successful BCS in our pMRI patient
cohort when compared to both U.S. and Danish National Registries.

Our study also has several important limitations. This was a retrospective audit of surgical
outcomes in patients diagnosed with DCIS at an academic center with highly specialized
breast cancer clinicians. Furthermore, pMRI is routinely obtained at our institution for most
patients with a new diagnosis of either DCIS, resulting in a disproportionate number of
patients in the pMRI group relative to the no-pMRI group. Consequently the no-pMRI group
had a relatively small sample size limiting our ability to perform meaningful multivariate
analysis. While this was mitigated in part by a lack of statistically significant differences in
important clinical and pathologic features, there may have been selection bias as to which
patients were in the no-pMRI group that was not detectable by our study. We also were only
able to measure the number and types of surgeries and not the reasons behind initial surgical
approach. Given the many factors known to impact shared decision-making between
surgeons and patients when determining optimal DCIS treatment, it would be ideal to
control for these factors between the pMRI and no-pMRI groups when assessing MRI’s
impact on DCIS surgical treatment. Neither of the two prior publications used as references
to confirm the clinical benefit of pMRI in our cohort reported pMRI rates, although pMRI
utilization for the two SEER sites surveyed in the Morrow et al. study for newly diagnosed
DCIS was about 24% in Los Angeles and 9% in Detroit (35) - much less than in our cohort.
The mixture of women who did and did not have a pMRI in these two publications could
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also partially explain why our no-pMRI group had a lower single successful BCS compared
to the reported numbers for Morrow et al. and Langhans et a/. In addition, it is also possible
that given the higher pMRI utilization at our site when compared to other sites, our surgeons
plan and approach BCS differently when pMRI was obtained when compared to it was not
obtained.

As our center also receives a number of referrals from outside institutions for second
opinions, 37 of our 332 women with pMRI were from outside institutions. Although these
were internally reviewed by our breast radiologists and all pMRIs were in accordance to the
ACR Breast MRI accreditation program there may have been differences in original
interpretation confounding patient and surgeon preference for initial surgery. Furthermore,
patients were more likely to receive pMRI for DCIS if they were younger, have a larger size
(>2cm) of known disease, and have no known comorbidities recently diagnosed(35). Finally,
we were unable to assess whether pMRI is associated with longer-term benefits of improved
disease-free survival given the relatively recent use of breast MRI.

Conclusion

pMRI may improve the surgical management of DCIS at an academic institution that
routinely performs pMRI for new breast cancer diagnoses, leading to higher success rates of
first BCS and lower re-excision rates, without causing a rise in mastectomies or delays in
surgical treatment. Further studies are needed to understand the impact of pMRI on both
short and long-term outcomes across a variety of practice types.
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Figure 1. Distribution of surgeries in women stratified by pMRI versus no pMRI

CNB = core needle biopsy
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Figure 2. Case example of patient with no pMRI
(a-c) Patient with biopsy proven intermediate grade DCIS with a 10 mm group of linear

calcifications (circles) seen on cropped CC (a) and MLO (b) mammographic views. No
pMRI was obtained and a wire-guided lumpectomy was performed with the surgical
specimen (c) showing the targeted clip and wire. Pathology revealed DCIS spanning at least
22 mm with positive margins. The patient then underwent a skin-sparing mastectomy.
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Figure 3. Case examples of patients with pMRI
(a-c) Patient with biopsy proven intermediate grade DCIS with a focal asymmetry associated

with amorphous calcifications on cropped CC (a) and MLO (b) views (circles) in the
subareolar position. Preoperative MRI with post-contrast subtraction image (c) showed
unifocal disease with non-mass enhancement (arrow) spanning 21 mm. The patient had a
lumpectomy with negative margins.

(d-f) Patient with biopsy proven intermediate grade DCIS with grouped coarse
heterogeneous calcifications in the upper outer quadrant on CC (d) and ML (e) spot-
magnification views spanning 18 mm. A preoperative MRI with a maximum intensity
projection image (f) showed non-mass enhancement spanning 54 mm in AP dimension, with
the biopsy marker clip at the posterior (*) aspect of the non-mass enhancement. In addition,
there was a separate mass at 6 o’clock (arrow). This was biopsied under MRI guidance and
revealed an additional area of intermediate grade DCIS. A mastectomy was performed due
to the patient’s multicentric disease which showed at least 52 mm of DCIS in the 9-12
o’clock region and at least 10 mm of DCIS at the 6 o’clock position.
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Clinical and Surgeon Characteristics in pMRI and no pMRI Cohorts

Table 1:

Preoperative Breast MR 1"

Yes No
Variable (N=332) (N=41) P-value
Age (Mean) 55.7+11.2 53.8+11.8 | 0.29
Pre-Menopausal 116 (34.9%) | 20 (48.8%) | 0.088
Family history” 144 (44.2%) | 15(38.5%) | 0.61
Dense breasts 227 (68.6%) | 25 (62.5%) | 0.47
DCIS ER positive 264 (83.8%) | 20 (85.3%) | >0.99
DCIS Necrosis present 273 (83.2%) | 32(88.9%) | 0.48
DCIS Grade” Low 37 (11.1%) | 4(20.0%) | 0.79
Intermediate | 125 (37.7% 13 (32.5%)
High 170 (51.2%) | 23 (57.5%)
Year of index CNB 2004-2008 159 (47.9%) | 17 (41.5%) | 0.51
2009-2013 173 (52.1%) | 24 (58.5%)
Surgeon Surgeon 1 97 (29.2%) 9 (22.0%) 0.53
Surgeon 2 71 (21.4%) 10 (24.4%)
Surgeon 3 85 (25.6%) 8 (19.5%)
Surgeon 4 62 (18.7%) 11 (26.8%)
Others” 17(51%) | 3(7.3%)

CNB = core needle biopsy

*
Values are mean + SD or no. (%);

Page 14

7‘Subjects were excluded from the summary due to missing values: family history (n=8), breast density (n=2), DCIS ER status (n=24), DCIS
necrosis (n=9), and DCIS grade (n=1);

iThree surgeons treated 20 patients total, so these three surgeons were grouped together to facilitate the statistical comparison between pMRI and

no-pMRI groups.
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Table 2.

Outcomes of women who had pMRI or no pMRI

Preoperative Breast MRI*

: Yes No P-
Variable (N=332) (N=41) value
Number of Additional Core Needle Biopsies?

Total number 0 231 (69.6%) 38(90.5%) 0.002
1 79 (23.8%) 3 (7.3%)
2 18 (5.4%) 0 (0.0%)
3 3(0.9%) 0 (0.0%)
4 1 (0.3%) 0 (0.0%)
Number with additional malignant findings 0 266 (80.1) 38 (92.7) 0.096
1 55 (16.6) 3(7.3)
2 9(2.7) 0(0.0)
3 2(0.6) 0(0.0)
. s
Timing of Surgery
Days between CNB and initial surgery Median 48 48 >0.99
g"Dea” * 548%282 480+273 014
>90 days between CNB and initial surgery 28 (9.7%) 4 (9.8%) 0.77
Type and Number of Surgeries
Total number of surgeries g/l;an t 12404 1.5+0.7 <0.001
More than 1 surgery 50 (15.1%) 16 (39.0%) <0.001
Initial surgery was a mastectomy 115 (34.6%) 13(31.0%) 0.86
Final surgery was a mastectomy 138 (41.6%) 20(48.8%) 0.41
Successful BCS (no mastectomy)¢ 194 (89.4%) 21(75.0%) 0.058
Single BCS” 167 (77.0%) 12 (42.9%)  <0.001
Mean +
Total number of surgeries” sD 1305 1L7£07 <0001

BCS = breast conserving surgery; CNB = core needle biopsy;

*
Values are mean + SD, median, or n (%);

fBased on a total of 331 women after excluding 42 women from the pMRI group who underwent MRI prior to the index CNB;

’tBased on a total of 245 women (217 with pMRI and 28 without) who underwent BCS as their first surgery
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