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Abstract

Purpose—To determine whether readout-segmented echo-planar diffusion imaging (RESOLVE)

improves separation of malignant versus benign lesions compared to standard single-shot echo-

planar imaging (ss-EPI) on BI-RADS 4/5 lesions detected on breast MRI.

Materials and Methods—Consecutive 3T breast MRI studies with BI-RADS 4/5 designation

and subsequent biopsy or benign mastectomy were retrospectively identified. Freehand ROI’s

were drawn on lesions and also on normal background fibroglandular tissue for comparison.

Lesion-to-background contrast was evaluated by normalizing signal intensity of the lesion ROI by

the normal background tissue ROI at b=800. Statistical analysis used the Mann-Whitney/

Wilcoxon rank-sum test for unpaired and Wilcoxon signed-rank for paired comparisons.

Results—Of 38 lesions in 32 patients,10 were malignant. Lesion-to-background contrast was

higher on RESOLVE than ss-EPI (1.80±0.71 vs. 1.62±0.63, p=0.03). Mean ADC was the same or

lower on RESOLVE than ss-EPI, and this effect was largest in malignant lesions (RESOLVE

0.90±0.13; ss-EPI 1.00±0.13; median difference −0.10 (95%CI: −0.17,−0.02) ×10−3mm2/sec;

p=0.014). By either diffusion method, there was a statistically significant difference between

benign and malignant mean ADC (p<0.001).

Conclusion—Increased lesion-to-background contrast and improved separation of benign from

malignant lesions by RESOLVE compared to standard diffusion, suggest that RESOLVE may

show promise as an adjunct to clinical breast MRI.
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INTRODUCTION

Many studies have now shown MRI to be highly sensitive to various forms of breast

cancers, although false positive rates remain high due to average specificity (1–3).

Diffusion-weighted imaging (DWI) can help to discriminate malignant from benign lesions

on breast MRI, potentially increasing the specificity of the breast MRI exam (4–6). Higher

field strength can improve diffusion measurement by increasing visibility of lesions (7),

however, associated greater field inhomogeneity aggravates the problem of image distortion

inherent to single-shot echo planar imaging (ss-EPI) diffusion imaging.

A readout-segmented diffusion imaging technique (RESOLVE) (8) permits the use of

shortened echo spacing, reducing image distortion. RESOLVE is also designed to acquire

data from a 2D navigator to perform nonlinear phase correction and control reacquisition of

uncorrectable data in real-time. The read-out segmented technique has been shown to

decrease image distortion in adult brain and pediatric brain and spine (8–10). Recently,

RESOLVE has been applied in the breast (11), demonstrating increased lesion conspicuity

and higher diagnostic accuracy by RESOLVE for differentiation of benign from malignant

lesions in patients with previously detected suspicious clinical findings or abnormalities on

mammography or ultrasound. The current study seeks to evaluate RESOLVE for suspicious

lesions that have been newly detected by standard clinical breast MRI. This population

contains lesions that have escaped clinical and mammographic detection, and is therefore

enriched with smaller masses/foci and with non-mass enhancement. This population is

therefore not only clinical relevant, but more challenging to characterize by standard

diffusion methods.

The purpose of this study is to determine whether RESOLVE improves separation of

malignant versus benign lesions compared to single-shot EPI diffusion imaging on BI-

RADS 4 and 5 lesions detected on breast MRI, using the pathology from subsequent biopsy

as the reference standard.

MATERIALS AND METHODS

Case selection

The study was approved by our institutional review board and is compliant with the Health

Insurance Portability and Accountability Act. A retrospective search identified all

consecutive 3T breast MRI studies with a BI-RADS 4 or 5 designation performed over a ten

month period, August 2011 through May 2012. Only exams that had both RESOLVE and

standard single-shot, spin-echo EPI (ss-EPI) diffusion imaging were retained. Exams in

which BI-RADS 4 or 5 was given for known non-breast findings (notably axillary

lymphadenopathy) were excluded. In addition, cases in which the BI-RADS 4/5 was given

for biopsy-proven high-risk lesion (such as known atypical ductal hyperplasia) were
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excluded, as these cases already had a pathology result but required surgical excision for

complete management. Finally, known biopsy-proven cancers (BI-RADS 6 lesions) were

excluded. Such cancers tend to be larger and are more often palpable, and hence are less

representative of the study population of interest, namely, new suspicious lesions identified

by breast MRI.

Of this initial data set, only lesions with a subsequent image-directed biopsy procedure were

retained unless the case went to prophylactic mastectomy and the mastectomy specimen was

entirely benign, as otherwise the suspicious MRI lesion could not be reliably tracked. Such

cases are uncommon as our standard of care is to obtain a percutaneous biopsy for

pathologic confirmation prior to mastectomy. Any benign but high-risk pathology, such as

atypia, lobular carcinoma in situ, radial scars, or papillary lesions were classified as benign

unless a subsequent surgical excision demonstrated malignancy. Malignancy was defined as

any invasive carcinoma or ductal carcinoma in situ (DCIS).

MRI

All examinations were performed on a 3.0 Tesla MRI wide-bore scanner (MAGNETOM

Verio, Siemens Medical, USA) using a dedicated 8- or 16- channel bilateral breast coil using

prone positioning (Sentinelle Medical, Toronto, Canada). The clinical breast MRI protocol

consisted of a fat-suppressed T2-weighted fast spin echo sequence and a dynamic contrast-

enhanced series. The latter consisted of a three dimensional fat-suppressed T1-weighted fast

gradient recalled echo sequence obtained before and twice after a bolus intravenous

injection of 0.1 mmol/kg gadopentetate dimeglumine at an injection rate of 1.2 mL/second

(Magnevist; Bayer HealthCare Pharmaceuticals, Wayne, New Jersey), using 180-second

acquisition time. Diffusion sequences were obtained following the dynamic post contrast

acquisition, at least 8 minutes post-injection, varying the order of the ss-EPI and RESOLVE

sequence. Both the ss-EPI and RESOLVE were designed with an in-plane resolution of 1.8

× 1.8 mm2, slice thickness 2.4 mm with no gap, and enough slices to cover both breasts (47–

50) in the axial dimension. The RESOLVE sequence used 5 readout segments. Echo-spacing

was 0.32 ms for RESOLVE and 0.76 ms for ss-EPI. In order to match acquisition time

between sequences at approximately 5 minutes, ss-EPI contained 8 averages and RESOLVE

had 1. The remainder of the imaging parameters were as follows: TR/TE = 7500–10000/60

ms (ss-EPI) and 8000–12000/64 ms (RESOLVE), matrix 192×184 (ss-EPI) and 192×86

(RESOLVE), FOV 35.0×15.3 cm (ss-EPI) and 35.0 × 15.7 cm (RESOLVE), acceleration

factor of 2 using GRAPPA (k domain processing) for both sequences, and b-values 0 and

800 s/mm2. Spectrally selective fat suppression was used for both diffusion sequences.

Data processing and statistics

Using post-contrast T1-weighted images for reference, a single board-certified radiologist

fellowship trained in breast imaging with 6 years of experience (DJW) drew a single

freehand ROI’s within the borders of each suspicious lesion based on the b800 maps using

in-house designed software on the IDL platform (IDL, Exelis Visual Information Solutions,

Boulder, CO). Cystic/necrotic areas were avoided by avoiding areas of T2-shine through

(bright on both diffusion and ADC maps), referring to T2-weighted and post-contrast images

when necessary. The freehand ROI was carefully matched to the lesion shape as visible on
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each diffusion sequence. Both diffusion sequences were viewed at the same time so that

ROIs would have similar areas. Within each b800 map, the ROI shape was copied and then

placed centrally on normal contralateral fibroglandular tissue as a measurement of

background normal tissue. A similar method has been described by Ei Khouli, et al(6). If no

contralateral breast tissue was available (in cases of mastectomy) the ROI shape was copied

onto normal ipsilateral breast tissue. These ROI’s were applied to both b800 maps and to

corresponding ADC maps. Cases were assessed visually, and those with complete fat

saturation failure in the area of interest were excluded.

ADC and b800 signal characteristics were recorded for each lesion and corresponding

normal fibroglandular tissue ROI using both RESOLVE and ss-EPI diffusion sequences.

Statistical analysis was performed using the Mann-Whitney/Wilcoxon rank-sum test for

unpaired data comparing ADC values between benign and malignant lesions, and the

Wilcoxon sign-rank test for paired RESOLVE and ss-EPI diffusion measurements within

each patient. Statistical significance was considered at the level of α=5% throughout. We

treated all lesions as independent observations for analysis purpose even though six of the

32 patients had two lesions. We made the within-subject independence assumption because

a) statistical modeling of the within-subject correlation when there are so few subjects with

multiple lesions is barely feasible and b) we preferred to use a non-parametric approach in

order to avoid making assumptions about normality.

RESULTS

Between August 1, 2012 and May 1, 2013, 103 diagnostic breast 3T breast MRI exams were

successfully acquired. Of these, 26 were excluded as normal or benign exams and 5 were

excluded because the only finding was a known (BI-RADS 6) breast cancer. Per the

established practice of the institution, there were no breast MRI exams with a BI-RADS 0 or

3 assessment. Of the remaining 72 MRI exams with a BI-RADS 4 or 5 assessment category,

6 were excluded because the assessment was given for a known high-risk lesion or for

axillary lymphadenopathy, and 9 were excluded because one or the other diffusion sequence

was not acquired. An additional 21 exams were excluded because a subsequent pathologic

result was not clearly established for the lesion by either a (a) image-directed biopsy

procedure or (b) prophylactic mastectomy with proven benign pathology. This produced a

total of 43 BI-RADS 4 or 5 lesions identified on 36 breast MRI exams.

Of these 43 MRI lesions, 3 lesions on 2 exams were excluded due to fat-saturation failure on

either the standard DWI (1 exam) or the RESOLVE DWI (1 exam). Finally, 2 cystic lesions

on two MRI exams were excluded because of lack of an appreciable solid component that

could be measured separate from the cystic portion. The final cohort consisted of 38 lesions

in 32 patients. Average patient age was 50 years (range: 35–83). Mean time to biopsy was

17 days (range: 12–22).

Lesion Pathology

At biopsy, 10 lesions proved to be malignant (26%; Table 1). Malignant pathology included

invasive lobular carcinoma, invasive ductal carcinoma, ductal carcinoma in situ (DCIS), and

adenocarcinoma not otherwise defined. The latter result was obtained from ultrasound-
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guided fine needle aspiration with no further pathology available at our institution. Among

the benign cases, there were 5 cases of atypia without subsequent demonstration of

malignancy, and one case of LCIS. In addition, 2 lesions were no longer present at time of

biopsy and were hence deemed benign. Both of these cases had a negative or benign follow-

up breast MRI dated 6 months or later from the date of attempted biopsy.

There were 6 patients that had two lesions each. Of these, 5 patients had lesions located in

contralateral breasts. The remaining patient had 2 lesions located in the same breast; these

lesions had opposite outcome (one lesion was benign and the other malignant).

Lesion Characteristics on Dynamic Contrast Enhanced MRI

Half of the lesions presented as masses (19/38), whereas a quarter presented as foci (9/38),

and a quarter as non-mass enhancement (10/38) (Table 2). When documented, maximum

lesion diameter ranged from 4–64 mm, averaging 13 mm for all lesions and 11 mm for

masses. The larger diameters encountered in the study were from non-mass areas of

enhancement. There was no significant difference between the documented maximum

diameter of benign and malignant lesions (mean ± standard deviation: benign 12 ± 14 mm;

malignant 14 ± 8 mm; p=0.7). Of the lesions that eventually returned malignant pathology,

most presented as masses (8/10), although a 4-mm focus and an 8-mm area of non-mass

enhancement also proved to be malignant. Kinetics of the malignant lesions varied widely,

and were as likely to exhibit persistent delayed enhancement (3/10) as to exhibit washout

(3/10).

Comparison of Lesion-to-Background Contrast

On diffusion images, the lesion-to-background contrast ratio was used to quantify the

relative contrast of the lesion on b800 maps compared to background fibroglandular tissue.

Using this method, RESOLVE had a higher mean lesion-to-background contrast ratio than

ss-EPI, (ratio of 1.80±0.71 for RESOLVE, 1.62±0.63 for ss-EPI, Table 3). To test for a

statistically significant difference between sequences, the difference between paired

diffusion measurements was tracked. Subtraction was performed such that the ss-EPI

measurement was always subtracted from the RESOLVE measurement. The median

difference (assuming symmetry of the distribution) between paired RESOLVE and ss-EPI

lesion-to-background contrast ratios revealed a significant difference between paired

contrast ratios of the two sequences, favoring higher contrast ratios using RESOLVE

(median difference 0.11 (95%CI: 0.01, 0.22); p=0.031).

Comparison of ADC Values: Benign versus Malignant

Using either ss-EPI or RESOLVE, the mean ADC of malignant lesions was significantly

lower than that of benign lesions (RESOLVE: malignant 0.90 ± 0.13 ×10−3 mm2/s,

RESOLVE benign: 1.37 ± 0.29 ×10−3 mm2/s, p<0.001; ss-EPI malignant: 1.00 ± 0.13 ×

10−3 mm2/s, ss-EPI benign: 1.43 ± 0.25 × 10−3 mm2/s, p<0.001; Table 3). As shown both in

Table 3 and Figure 1, malignant lesions demonstrated the lowest mean ADC values

(RESOLVE: 0.90 ± 0.13 ×10−3 mm2/s; ss-EPI: 1.00 ± 0.13 × 10−3 mm2/s), benign lesions

had intermediate mean ADC values (RESOLVE: 1.37 ± 0.29 ×10−3 mm2/s; ss-EPI: 1.43 ±

0.25 × 10−3 mm2/s), and ROI’s drawn in normal tissue demonstrated higher mean ADC than
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either benign or malignant lesions (RESOLVE: 1.76 ± 0.05 × 10−3 mm2/s; ss-EPI 1.78 ±

0.05 × 10−3 mm2/s). Average ROI area was well matched between RESOLVE and ss-EPI

sequences for benign lesions (mean ± standard deviation: 0.6 ± 1.0 cm2 for both), malignant

lesions (0.5 ± 0.5 cm2 for both), and normal tissue (0.6 ± 0.1 cm2 for both).

Comparison of ADC Values: RESOLVE versus ss-EPI

The distribution of ADC values obtained by RESOLVE versus ss-EPI is shown by box plot

in Figure 1. Within benign lesion, malignant lesion, and normal tissue categories, the mean

ADC measurements were lower by RESOLVE than by ss-EPI. The greatest difference

between the RESOLVE and ss-EPI-derived mean ADC was in the malignant lesion category

(RESOLVE 0.90 ± 0.13 × 10−3 mm2/s, ss-EPI 1.00 ± 0.13 × 10−3 mm2/s, Table 3). To test

for statistically significant differences between the sequences, the differences between

paired diffusion measurements was again tracked, subtracting the ss-EPI ADC measurement

from the RESOLVE ADC measurement for each pair. The median difference between these

paired ADC measurements in the malignant category demonstrated a significant difference

in ADC values obtained by the two different diffusion methods, favoring lower ADC

measurements by RESOLVE (−0.10 (95%CI: −0.17, −0.02) × 10−3 mm2/sec; p=0.01). In

contrast, normal tissue demonstrated much smaller median differences between paired

RESOLVE and ss-EPI measurements (−0.04 (95%CI:−0.08, 0.00) × 10−3 mm2/sec; p=0.04).

To further investigate the differences in the distribution of ADC values for RESOLVE and

ss-EPI, the 5th, 95th, and 50th percentiles were compared between diffusion sequences. In all

three percentiles, the RESOLVE ADC values were the same or lower than ss-EPI ADC

values (Table 3). Within each of the 5th, 95th, and 50th percentile groups, the malignant

category consistently demonstrated the largest median difference between sequences,

although only the 50% percentile group had a significant p value (p=0.04). Of note, all three

percentile groups demonstrated a significant difference between malignant and benign

lesions similar to that seen for the mean ADC, regardless of diffusion method.

Two examples are presented of suspicious lesions detected on post-contrast T1 MRI (Figure

2a and 3a), however one revealed subsequent malignant and the other benign pathology.

RESOLVE generally demonstrated higher lesion-to-background contrast on b800 maps,

although the degree of improvement varied (Figure 2b and 3b). For Figure 2, both diffusion

methods demonstrated suspicious mean ADC values, although RESOLVE yielded a lower

ADC value (0.861 × 10−3 mm2/sec by RESOLVE and 1.038 × 10−3 mm2/sec by ss-EPI) and

better lesion-to-background contrast. This case ultimately proved to be malignant. For

Figure 3, the lesion is visible on b800 of both diffusion sequences, however the resulting

ADC maps revealed intermediate mean ADC values of 1.241 × 10−3 mm2/sec by RESOLVE

and 1.413 × 10−3 mm2/sec by ss-EPI; this case ultimately proved to be benign.

DISCUSSION

This study found that mean ADC obtained by RESOLVE had increased separation of

malignant from benign lesions among suspicious lesions detected on breast MRI, when

compared with conventional ss-EPI diffusion. This increased separation was due to a

significantly lower ADC value measured by RESOLVE within malignant lesions. ADC
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values measured in benign lesions and normal breast tissue were more similar to those

obtained by standard diffusion. Despite these differences, the ADC values obtained for

normal background tissue, benign lesions, and malignant lesions in this study are in keeping

with the ranges seen in current literature (6,11,12).

In our study, RESOLVE demonstrated greater lesion contrast compared to normal tissue

than ss-EPI diffusion, similar to observations reported in another recent study (11). We were

particularly interested in testing RESOLVE in a population of lesions that we would

normally detect during the course of clinical breast MRI. For this reason, we only included

new MRI-detected BI-RADS 4/5 lesions. Having escaped detection by physical exam and

screening mammography, MRI-detected cancers are often small, or consist of non-mass

enhancement that does not have a clear correlate at mammography (such as suspicious

calcifications). Indeed, the mean lesion size of the current study was very small (13 mm).

Since small lesions and non-mass enhancement are especially prone to volume-averaging

effects, they are often challenging for breast diffusion imaging, which often uses larger

voxel sizes than the dynamic contrast enhanced portion of the exam. For diffusion imaging

to have a measurable impact on the clinical exam, it must reliably visualize and characterize

these challenging lesions. Hence, it is valuable to test diffusion sequences directly on this

population, which would benefit most from robust diffusion data that could potentially

change management decisions.

It has been previously reported that RESOLVE tends to preserve anatomic detail better than

ss-EPI because T2* blurring is reduced. This feature of RESOLVE has been reported in

pediatric brain (8), and recently in breast (11). We speculate that in the case of malignant

lesions near normal fibroglandular tissue, this decreased blurring effectively preserves the

lower ADC values in the cancer by decreasing averaging with adjacent normal tissues. The

effect would be similar in benign lesions, although less pronounced given the higher ADC

values in benign lesions, and the wider range of ADC values corresponding to the great

assortment of ‘benign’ pathology. We found this to be the case in our study, which found

that benign lesions had lower ADC values on RESOLVE than ss-EPI. However, the effect

was most pronounced among the malignant lesions, presumably because of the lower ‘true’

ADC at their core.

Our diffusion images were obtained after the acquisition of the dynamic contrast enhanced

portion of the exam, raising the question of how contrast affects diffusion imaging in the

breast. The effect of contrast on the current study was minimized by obtaining the diffusion

sequences in the very late post contrast phase (more than 8 minutes after injection), and

varying the order of the diffusion sequences. Studies on the effect of gadolinium-DTPA on

brain lesions have shown near-normalization of the ADC in the late post-contrast period,

obtained at a mean time of 6.75 minutes (5–10 min range) after the first post-contrast scan

(13). Although the use of DWI in the post-contrast setting has not been widely studied in

breast, it has been shown by some to have a negligible effect on ADC (14) and by others to

further decrease the ADC value of malignant lesions (15), potentially improving the

separation of benign from malignant lesions. Multiple studies have found DWI in the post-

contrast setting to discriminate successfully between benign and malignant lesions (5,14,16–

18). In practice, many groups choose to place the diffusion at the end of the exam because of
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the critical importance of the dynamic contrast enhanced images, hence the effect of contrast

on breast diffusion deserves further study.

Because we were primarily interested in small lesions, we found slice thickness to be a

limiting factor for visualizing these smaller lesions, even when in-plane resolution was

optimized. Early in our experience with RESOLVE, we found that lesions would often

volume-average with tissue above and below the lesion at a higher slice thickness (5-mm),

often completely obscuring smaller lesions. Decreasing our slice thickness to 2.4-mm

greatly improved this issue.

This study was limited to a small, retrospective study at a single institution. Findings should

be confirmed in a larger, prospective study. Within our series of 10 cancers, only 1 was

DCIS, hence the question of whether RESOLVE would perform as well for in situ

carcinomas remains open and will require more study. Finally, statistical analysis was

performed without explicitly modeling within-subject correlation for the 6 patients that each

had two lesions; the main rationale for making this assumption is given in the methods

section. We also observed that most of these patients had lesions in different breasts (5

patients), and that the remaining patient had opposite outcome for the two lesions located in

a single breast. This heterogeneity in location and outcome across lesions indicates that the

within-subject correlation was not particularly strong and therefore the independent lesion

assumption might be reasonable. We will address these limitations in future studies with

larger patient numbers.

In conclusion, our results suggest increased separation of benign from malignant lesions

using ADC values obtained by RESOLVE compared to standard diffusion. It is expected

that additional data will further support RESOLVE as a robust, high-resolution diffusion-

weighted imaging technique at 3T. The improved detail and decreased image distortion

available with this method has potential clinical utility as an adjunct to dynamic-contrast-

enhanced breast MRI.
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Figure 1. Comparison of ADC values obtained by standard (ss-EPI) versus RESOLVE
Box plot demonstrating mean ADC distribution for normal, benign, and malignant breast

tissue using the ss-EPI and RESOLVE diffusion methods. The whiskers extend to the most

extreme values inside the range defined as 1.5 times the interquartile range. All data points

outside this range are plotted as outliers, but were included in the standard deviation

calculations of Table 3. For both ss-EPI and RESOLVE diffusion, normal breast tissue

demonstrates the highest ADC values. Benign lesions had intermediate ADC values.

Malignant lesions had the lowest ADC values, and demonstrated the largest paired

differences between RESOLVE and ss-EPI.
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Figure 2. Example of suspicious lesion, found to be malignant
Malignant lesion as identified on the axial post-contrast T1 images (a), and on b800 maps

using RESOLVE (b) and standard diffusion (ss-EPI) (d). T2 images (not shown) did not

demonstrate evidence of T2 shine-through. Window-leveling between RESOLVE and ss-

EPI images is equalized on both b800 and ADC images. The lesion-to-background contrast

is higher on RESOLVE than ss-EPI b800. Resulting ADC maps reveal a mean ADC of

0.861 × 10−3 mm2/sec by RESOLVE (c) and 1.038 × 10−3 mm2/sec by ss-EPI (e). Pathology

demonstrated 6-mm grade 2 invasive ductal carcinoma.
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Figure 3. Example of suspicious lesion, found to be benign
Benign lesion as identified on the axial post-contrast T1 images (a), and on b800 maps using

RESOLVE (b) and standard diffusion (ss-EPI) (d). T2 images (not shown) did not

demonstrate evidence of T2 shine-through. Window-leveling between RESOLVE and ss-

EPI images is equalized on both b800 and ADC images. RESOLVE demonstrates slightly

less banding at fibroglandular-fat interfaces. Resulting ADC maps reveal a mean ADC of

1.241 × 10−3 mm2/sec by RESOLVE (c) and 1.413 × 10−3 mm2/sec by ss-EPI (e). Pathology

demonstrated usual ductal hyperplasia.
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Table 1

Final pathology of included BI-RADS 4 and 5 lesions.

Pathology Number (Percentage)

Benign 28 (74%)

 Lesion resolved at time of biopsy 2

 Atypia (ALH, ADH, FEA) 5

 LCIS 1

 Fibrocystic change or fibroadenoma 7

 Usual ductal hyperplasia 4

 Chronic inflammation 1

 Apocrine metaplasia 1

 Lactational change 1

 PASH 2

 Lymph node 1

 Benign breast tissue, NOS 3

Malignant 10 (26%)

 Invasive ductal carcinoma 4

 Invasive lobular carcinoma 3

 DCIS 1

 Adenocarcinoma, NOS 2

Total 38 (100%)

DCIS ductal carcinoma in situ; LCIS lobular carcinoma in situ; ADH atypical ductal hyperplasia; ALH atypical lobular hyperplasia; FEA flat
epithelial atypia; PASH pseudoangiomatous stromal hyperplasia
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Table 2

Lesion characteristics of included BI-RADS 4 and 5 lesions.

Demographic variable Total Benign Malignant

Lesion type, number of lesions

 Focus 9 8 1

 Mass 19 11 8

 Non-mass 10 9 1

Lesion maximum diameter, mean (range) in mm

 Focus 4.5 (4–6) 4.6 (4–6) 4

 Mass 11 (5–27) 8 (5–13) 16 (6–27)

 Non-mass 26 (8–64) 29.5 (10–64) 8

Lesion Kinetics*, number of lesions

 Persistent 18 15 3

 Plateau 1 -- 1

 Washout 6 3 3

 Not described 13 10 3

Biopsy method, number of lesions

 MRI Core 26 21 5

 MRI Wire Localization 2 2 --

 Stereotactic Core 1 1 --

 Ultrasound Core 4 1 3

 Ultrasound Fine Needle Aspiration 4 2 2

 Benign (prophylactic) mastectomy 1 1 --

*
Using ‘worst’ curve analysis.
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