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Abstract

Purpose: To investigate the diagnostic value of multiparametric MRI (mpMRI) including 

dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) and diffusion-weighted 

imaging (DWI) in non-mass enhancing breast tumors.
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Method: Patients who underwent mpMRI, who were diagnosed with a suspicious non-mass 

enhancement (NME) on DCE-MRI (BI-RADS 4/5), and who subsequently underwent image-

guided biopsy were retrospectively included. Two radiologists independently evaluated all NMEs, 

on both DCE-MR images and high-b-value DW images. Different mpMRI reading approaches 

were evaluated: 1) with a fixed apparent diffusion coefficient (ADC) threshold (< 1.3 malignant, ≥ 

1.3 benign) based on the recommendation by the European Society of Breast Imaging (EUSOBI); 

2) with a fixed ADC threshold (< 1.5 malignant, ≥ 1.5 benign) based on recently published trial 

data; 3) with an ADC threshold adapted to the assigned BI-RADS classification using a previously 

published reading method; and 4) with individually determined best thresholds for each reader.

Results: The final study sample consisted of 66 lesions in 66 patients. DCE-MRI alone had 

the highest sensitivity for breast cancer detection (94.8–100%), outperforming all mpMRI reading 

approaches (R1 74.4–87.1%, R2 71.7–94.8%) and DWI alone (R1 74.4%, R2 79.4%). The adapted 

approach achieved the best specificity for both readers (85.1%), resulting in the best diagnostic 

accuracy for R1 (86.5%) but a moderate diagnostic accuracy for R2 (77.2%).

Conclusion: mpMRI has limited added diagnostic value to DCE-MRI in the assessment of 

NME.
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Introduction

Among current imaging techniques, dynamic contrast-enhanced magnetic resonance 

imaging (DCE-MRI) of the breast has the highest sensitivity to detect breast cancer [1–

5]. However, the high sensitivity of DCE-MRI leads also to the detection of enhancing 

lesions that are benign rather than malignant, resulting in unnecessary biopsies and follow-

up examinations [6,7]. This is especially true for non-mass enhancement (NME) lesions 

compared with masses, wherein up to 63% of NME lesions are classified as suspicious or 

highly suspicious for malignancy [8,9].

According to the Breast Imaging Report and Data System (BI-RADS), an NME is defined 

as an area of enhancement on DCE-MRI that is neither a mass nor a focus and may have 

areas or spots of normal fibroglandular tissue (FGT) or fat interspersed in the enhancing 

abnormality [10]. NME may be limited to a small area within one quadrant or extend over 

small or large regions. Compared to masses, the internal enhancement characteristics of 

an NME is less informative for malignancy. While the frequency of NME lesions is much 

lower than that of masses on DCE-MRI (13% versus 76%), it is important to note that NME 

is the most common presentation for ductal carcinoma in situ (DCIS) and non-palpable 

invasive cancers [11,12]. NME may also be associated with high-risk lesions and benign 

conditions such as fibrocystic disease and hormonal changes [13,14]. Therefore, NME poses 

a challenge to breast DCE-MRI [15–17].

To improve specificity, several functional techniques have been explored, from which 

diffusion-weighted imaging (DWI) has emerged as being the most clinically useful [18–21]. 
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DWI with apparent diffusion coefficient (ADC) mapping consistently improves specificity 

for the differentiation of benign and malignant breast tumors [22,23], thus obviating 

unnecessary breast biopsies [24–26], and is now a recommended technique along with 

DCE-MRI within a clinical multiparametric MRI (mpMRI) approach [18,27]. However, the 

literature is scarce on the diagnostic value of mpMRI incorporating DWI in the clinical 

setting for NME. Findings from a recent study suggested that DWI has limited diagnostic 

accuracy for lesions presenting as NME on DCE-MRI [28]. In addition, it remains unclear 

whether recommended ADC thresholds for masses can be translated to NME lesions and 

used within a multiparametric framework. Therefore, more data about the use of mpMRI to 

differentiate benign from malignant NME lesions is warranted [8].

The aim of this study was to investigate the diagnostic value of mpMRI including DCE-MRI 

and DWI in NME lesions.

Material and Methods

Study Sample

This retrospective single-center study was approved by the institutional review board. Some 

patients were previously analyzed and reported in a different context [28].

We included consecutive patients who met the following inclusion criteria: 1) underwent 

mpMRI including DCE and DWI as a result of a suspicious abnormality on conventional 

imaging, 2) were diagnosed with suspicious NME on DCE-MRI (BI-RADS 4/5), and 3) 

subsequently underwent image-guided breast biopsy between September 2007 and July 

2013. Of 95 patients who met the inclusion criteria, 29 patients were excluded due to 

non-visibility of their NME lesions on DWI and ADC maps (n = 24; 12 benign and 

12 malignant) or non-diagnostic quality of DWI (n = 5; 1 benign and 4 malignant) as 

determined by the study supervisor (**). Among the non-visible NME lesions on DWI, there 

were 8 DCIS lesions, 3 invasive lobular carcinomas, and 1 invasive ductal carcinoma.

Patient electronic medical records were reviewed for histopathology results; for malignant 

lesions, these included tumor grade, subtype, and receptor status.

Multiparametric MRI Technique

All patients underwent 3T MRI (Tim Trio, Siemens Erlangen, Germany) using a 4-channel 

breast coil (in Vivo, Orlando, FL, USA) while lying in the prone position. The mpMRI 

protocol is summarized in Table 1. [26,29–31]. According to literature [31] , the DCE-

MRI sequences were isotropic and subsequently reformatted in axial and sagittal plane. 

Gadoteratemeglumine (Gd-DOTA;Dotarem®, Guerbet, France) was injected intravenously 

as a bolus (0.1 mmol/kg body weight) using a power injector (Spectris Solaris EP, Medrad, 

Pittsburgh, PA, USA) at a rate of 4 ml/s, followed by a 20-ml saline flush. The contrast agent 

was injected 75 s after starting the first coronal T1-weighted VIBE. The total examination 

time of the mpMRI imaging protocol was 18:40 min.
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Imaging Assessment

All NME lesions were independently assessed by two breast imaging radiologists (**, 

**), with 6 and 4 years of experience on Breast MRI, respectively, who were blinded 

to BI-RADS assignment on conventional imaging, BI-RADS assignment on DCE-MRI, 

as well as the final histopathological diagnosis but were aware that each patient had an 

NME that was classified as suspicious (BI-RADS 4/5) on clinical interpretation. There 

was a wash-out period between readings for each reader of at least three weeks. Each 

reader independently assessed the following lesion characteristics on DCE-MRI according to 

BI-RADS: a) distribution, b) internal enhancement patterns, and c) symmetry. Each reader 

also assigned a BI-RADS category to each NME lesion on DCE-MRI after evaluating the 

semi-quantitative kinetics of NME in the initial and delayed phase according to BI-RADS, 

by region of interest (ROI) placement.

Subsequently, each reader assessed high-b-value (i.e., 850 s/mm2) DW axial images for 

hyperintense regions corresponding to enhancing lesions on DCE-MRI. The mean ADC of 

each lesion was determined by manually placing a circular 10 mm focused 2D ROI selecting 

the lowest ADC value within the enhancing lesion, i.e., the most suspicious area, avoiding 

vessels and necrosis areas. To account for possible inter-reader variability, the readers were 

instructed to repeat all measurements twice and the lowest ADC value was recorded.

Four different mpMRI reading approaches were evaluated:

1. The European Society of Breast Imaging (EUSOBI) mpMRI: using a fixed ADC 

mean threshold (< 1.3 malignant, ≥1.3 benign) as proposed by the European 

Society of Breast Imaging International Breast Diffusion-Weighted Imaging 

working group [18]

2. 1.5 mpMRI: using a fixed ADC mean threshold (< 1.5 malignant, ≥ 1.5 benign) 

as proposed and validated recently [19,32]

3. Adapted mpMRI: using an ADC mean threshold adapted to the assigned BI-

RADS classification based on a previously developed method to efficiently 

combine the parameters gathered from both DCE-MRI and DWI [29]

4. mpMRI individual threshold: using the best threshold of ADC mean for each 

reader in differentiating between benign and malignant NME was determined

Histopathology

Histopathological diagnosis served as the reference standard. In the case of a benign 

diagnosis at image-guided needle biopsy, the final diagnosis was benign. In the case of a 

high-risk lesion with uncertain potential for malignancy, the final diagnosis was established 

by surgery. All malignant lesions underwent surgical excision before or after neoadjuvant 

treatment per the treating physician’s preference. In the case of upfront surgical excision, the 

final histopathological diagnosis was obtained from the surgical specimen, whereas in the 

case of surgical excision after neoadjuvant treatment, the final histopathological diagnosis 

was obtained from the biopsy specimen.
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Statistical Analysis

All statistical analyses were performed using R 3.6.3. The best individual ADC mean 

threshold for each reader in differentiating between benign and malignant NME lesions was 

calculated using Youden’s index. Sensitivity, specificity, positive predictive value (PPV), 

negative predictive value (NPV), and accuracy were determined for DCE-MRI alone, 

DWI using the best individual ADC mean thresholds, and all different mpMRI reading 

approaches, with corresponding 95% exact confidence intervals (CIs). Comparisons of 

sensitivity, specificity, and accuracy between DCE-MRI, EUSOBI mpMRI, 1.5 mpMRI, 

adapted mpMRI, and mpMRI individual threshold approaches were performed using 

the McNemar’s test. Multiple comparison correction was performed using Bonferroni 

procedure. Inter-rater agreement was estimated using the κ statistic. Type I error for all 

statistical tests was set to 0.05 (α).

Results

Patient and Lesion Characteristics

The final study sample consisted of 66 patients (65 women, 1 man; mean age = 51.8 ± 10.8 

years, range 26–76 years).

Histopathological characteristics of the study sample are summarized in Table 2. Of the 66 

NME lesions (mean size 40 ± 25 mm, range 5–98 mm) detected on DCE-MRI, 39/66 (59%) 

were malignant (mean size 48.4 ± 26 mm, range, 5–98 mm) and 27/66 (41%) were benign 

(mean size 27.8 ± 18.3, range 5–80 mm). The lesions were measured considering the largest 

diameter in axial plane on DCE-MRI sequences.

On DCE-MRI, among benign lesions, the most frequent enhancement distribution was focal 

(13/27, 48%) and the majority had a homogenous pattern of internal enhancement (15/27, 

56%).

The majority of benign NME lesions demonstrated slow or medium enhancement in the 

early phase (20/27, 74%) and persistent or plateau enhancement in the delayed phase 

(26/27, 97%) , while only 7/27 (26%) showed a fast-early enhancement with only sclerosing 

adenosis 1/27 (3%) demonstrating wash-out in the delayed phase. Among malignant 

lesions, most NME lesions had homogenous internal enhancement (17/39, 44%) with 

even distribution between regional and focal enhancement (both 9/39, 23%). Most of 

the malignant lesions presented with a fast-early enhancement (26/39,67%) and plateau 

(18/39,46%) in the delayed enhancing phase. In Table 3, frequencies of NME features on 

DCE-MRI according to the BI-RADS lexicon are presented.

On DWI, benign lesions presented with a mean ADC value > 1.4 mm2/s for both readers 

while malignant lesions with a mean ADC value < 1.2 × 10−3 mm2/s. The lowest value for 

a benign lesion was 0.71 (R1) corresponding to adenosis and 1.13 (R2) corresponding to fat 

necrosis. For malignant lesions, the highest value acquired was 1.71 (R1) corresponding to 

invasive ductal carcinoma (IDC) and 1.65 (R2) corresponding to invasive lobular carcinoma. 

Means and ranges of ADC for benign and malignant lesions are listed in Table 4.
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Diagnostic Metrics

Sensitivity, specificity, PPV, NPV, diagnostic accuracy, and area under the curve (AUC) 

for DCE, DWI using the determined best cut-off for each reader, and each mpMRI 

reading approach (EUSOBI mpMRI, 1.5 mpMRI, adapted mpMRI, and mpMRI individual 

threshold) for both readers are summarized in Table 5. All significant findings are before 

multiple comparison adjustments.

For DWI using the determined best cut-off for each reader, the best ADC mean threshold 

for R1 was 1.215, at which sensitivity was 74.36%, specificity 66.66%, PPV 76.34%, NPV 

64.24%, diagnostic accuracy 71.28%, and AUC 0.753 (Figure 1). The best ADC mean 

threshold for R2 was 1.305, at which sensitivity was 79.42%, specificity 81.40%, PPV 

86.02%, NPV 73.26%, diagnostic accuracy 80.3%, and AUC 0.873.

DCE-MRI was the most sensitive technique for breast cancer detection, with sensitivities 

of 94.82% (R1) and 100% (R2), outperforming all mpMRI approaches with sensitivities 

ranging from 74.36−87.12% (R1) and 71.72−94.82% (R2) as well as DWI with sensitivities 

of 74.36% (R1) and 79.42% (R2). The sensitivities of mpMRI using the individual readers’ 

thresholds were significantly different from that of DCE-MRI. DCE-MRI had limited 

specificities of 66.66% (R1) and 77.88% (R2), albeit resulting in good diagnostic accuracies 

of 83.38 (R1) and 90.86 (R2) and the lowest number of false negatives (2 for R1; 0 for R2), 

compared with all mpMRI approaches and DWI. The adapted mpMRI reading approach 

achieved the best specificity for both readers (85.14% for both R1 and R2) resulting in 

the best diagnostic accuracy of 86.46% for R1 but a moderate diagnostic accuracy of 

77.22% for R2 (Figure 2). While there was an increase in specificity with all mpMRI 

reading approaches for R2 except 1.5 mpMRI, compared with DCE-MRI, the specificity 

only increased with adapted mpMRI for R1. For both readers, the least valuable mpMRI 

reading approach was that of 1.5 mpMRI, with specificities ranging from 29.7–40.7%, 

which were significantly different from the specificities of DCE-MRI as well as that of 

all other mpMRI approaches. Except for the adapted mpMRI approach for R1, diagnostic 

accuracies for all mpMRI approaches and DWI were inferior to diagnostic accuracies of 

DCE-MRI, with significant differences for (R1) EUSOBI and 1.5 mpMRI and for (R2) 

EUSOBI, 1.5 mpMRI, and adapted mpMRI.

False positive and false negative results for DCE-MRI, DWI using the determined best cut-

off of each reader, EUSOBI mpMRI, 1.5 mpMRI, adapted mpMRI, and mpMRI individual 

threshold for each reader are listed in Table 6.

There was almost perfect inter-reader agreement for DCE-MRI readings with κ = 1, and 

there was moderate inter-rater agreement for the adapted mpMRI assessment, with κ = 0.51. 

The agreement was poor (κ < 0.4) for EUSOBI mpMRI, 1.5 mpMRI, and mpMRI individual 

threshold approaches.

The readers achieved almost perfect agreement when classifying the NME lesions using the 

BI-RADS descriptors with k ranging between 0.91 and 1.
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Discussion

In this study, we investigated the diagnostic value of mpMRI including DCE-MRI and DWI 

in NME breast lesions, comparing different mpMRI reading approaches as well as between 

different mpMRI approaches, DCE-MRI alone, and DWI alone. We demonstrated that while 

mpMRI may improve the specificity of breast cancer detection in NME lesions, with the 

adapted mpMRI reading approach being the most valuable approach, this comes at the 

expense of sensitivity and overall diagnostic accuracy. DCE-MRI remains the most sensitive 

and accurate modality for NME breast cancer detection.

Breast lesions presenting as NME on DCE-MRI are a diagnostic dilemma for breast 

radiologists, especially in terms of the sensitivity and specificity of DCE-MRI for these 

lesions. Previous studies investigating DWI with ADC mapping for the assessment of breast 

lesions, which included mainly masses and fewer NME lesions, reported sensitivities of up 

to 96% and specificities of up to 100% [25,29,33]. While it is clear in enhancing masses 

that mpMRI improves specificity and diagnostic accuracy for breast cancer detection and 

can reduce the number of unnecessary biopsy recommendations [19,22,25,29,34–44], there 

is suspicion that mpMRI is not as useful for the differentiation of benign and malignant 

NME lesions. The results of our study confirm that the diagnostic value of mpMRI in NME 

lesions is limited, which is conclusive since prior data that have investigated the value of 

DWI alone in NME lesions yielded similar results. It must also be noted that in a significant 

number of both benign and malignant lesions, the NME lesions visible on DCE-MRI cannot 

be distinguished on DWI and are thus not amendable to any diagnostic mpMRI approach.

The accuracy of DWI with ADC mapping is limited in breast tumors presenting as NME 

lesions with best results being achieved on invasive cancers. Up to a third of NMEs cannot 

be evaluated with DWI, and therefore DWI with ADM mapping seems at present not 

sufficient for early detection of DCIS.

We aimed to fully elucidate the potential of mpMRI for the assessment of NME lesions. For 

DWI, we employed the previously recommended ROI measurement approach, using a 10-

mm focused 2D ROI selecting the lowest ADC value within the enhancing lesion, i.e., the 

most suspicious area, and ADC mean for lesion assessment; subsequently, we investigated 

different proposed mpMRI approaches [28]. An ADC mean threshold < 1.3, which is 

considered a suspicious diffusion hindrance level according to the EUSOBI DWI working 

group consensus paper [18]; an ADC threshold of 1.5 based on multicenter studies [19,32]; 

a threshold specifically for NME lesions adapted to the assigned BI-RADS classification 

[29]; and the best individual threshold of ADC mean for the differentiation of benign and 

malignant NME lesions determined for each reader were evaluated.

Our results indicate that for the assessment of NME, DCE is superior and the diagnostic 

value of mpMRI across reading approaches is limited; moreover, previously recommended 

ADC thresholds for masses cannot seamlessly be extrapolated to NME lesions. In particular, 

in agreement with Clauser et al. [19,32], the recent conservative ADC threshold of 1.5, 

which aimed at maximizing sensitivity while maintaining good specificity to obviate 

unnecessary breast biopsies in benign breast lesions, did not deliver in NME lesions. While 
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the 1.5 mpMRI approach achieved a sensitivity that was lower but that was not significantly 

different from that of DCE-MRI, results for specificity were insufficient, ranging as low as 

29.7–40.7%. When the 1.5 mpMRI approach was compared with DCE-MRI, false-positive 

findings increased from 9 to 19 for R1 and from 6 to 16 for R2, corresponding to a 

rate of unnecessary breast biopsies that is not appropriate in clinical practice. While this 

increase was less pronounced for the other mpMRI approaches for R1, and a reduction of 

false-positive results was even shown for R2, the added specificity came at the expense of 

sensitivity, resulting in overall lower diagnostic accuracy.

The adapted mpMRI reading approach, where the threshold is adapted to the assigned BI-

RADS classification, was the most useful mpMRI reading approach to improve specificity 

to obviate unnecessary biopsies. The application of a flexible “traffic light” threshold was 

first proposed by Baltzer et al., showing that the integration of quantitative ADC values 

by the means of a simple sum score into the clinical reading of DCE-MRI of the breast 

improves specificity in depicting malignancies, achieving a sensitivity of 100% and a 

specificity up to 92.4% [30]. Pinker et al. then developed a BI-RADS-adapted reading 

approach for mpMRI of the breast using DCE-MRI and DWI that adapted ADC thresholds 

to the assigned BI-RADS classification. The developed BI-RADS-adapted reading approach 

maintained excellent sensitivity (96.2%) while significantly increasing the specificity from 

70.6% to 89.4%, equaling that of DWI [29]. It has to be noted that in both these studies, 

which achieved better results than our study, the majority of breast tumors were masses 

and no subgroup analysis for NME lesions was performed. While there is clear evidence 

that mpMRI improves diagnostic accuracy, for NME lesions, the afforded benefit in the 

increase in specificity is not as high and may even negatively impact sensitivity. This finding 

highlights the importance of the necessity to consciously combine the morphologic and 

functional information afforded by DCE-MRI with DWI. Moreover, our results indicate that 

when DCE-MRI is suggestive of breast cancer, this should take precedence over DWI and 

biopsy should be recommended.

Since the role of MRI for the detection and management of breast cancer continues to 

evolve, with a growing number of studies indicating that it could be an important method 

for screening in an expanded population of women [45–49], along with the fact that DWI is 

nowadays an essential part of the multiparametric breast MRI protocol [18], it is important 

to be aware of its current limitations. The sensitivity of DWI and subsequently of mpMRI 

including DCE and DWI is limited in lesions ≤ 12 mm or lesions presenting as diffuse NME 

[33]. However, research to improve the spatial resolution of DWI is ongoing. Hence, it can 

be expected that further advances are possible to overcome its current limitations.

In our study, we found almost perfect inter-reader agreement for DCE-MRI (κ = 1) while 

it was only moderate for the adapted mpMRI reading approach (κ = 0.5) and poorer for all 

other mpMRI approaches. The results of the study are in good agreement with prior work 

[28] and shows that differences between readers exist and that readers benefit differently 

from mpMRI, which is most likely due to different ROI selections for the measurement of 

ADC values.
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Some potential limitations of our study merit consideration. First, we included patients who 

underwent MRI examination of the breast and subsequently biopsy as part of their clinical 

care (BI-RADS 4/5). In doing so, we might have encountered a pre-selection criteria bias. 

Other limitations of our study are the single-institution and retrospective study design as 

well as the small number of cases; thus, our findings need to be verified in larger-scale 

studies. However, this is one of the largest cohorts of NME breast lesions so far presented in 

the literature.

Novel methods such as radiomics and neural networks have been used recently in different 

breast diagnostic scenarios, with interesting results. Li et al. assessed the additional value of 

a radiomics-based signature to distinguish between benign and malignant NME lesions on 

breast DCE-MRI. Their radiomic model with six features was significantly correlated with 

malignancy (p < 0.001). The model combining radiomic signatures and time-intensity curve 

type achieved a sensitivity of 82% and a specificity of 86.4% in the validation cohort [50]. 

Wang et al. developed an artificial intelligence (AI) system to classify benign and malignant 

NME lesions using maximum intensity projection (MIP) images of early post-contrast 

subtracted breast MRI. The AI system yielded an AUC of 0.859 and 0.816 in test sets A and 

B, respectively, showing comparable performance to the senior radiologist (p = 0.558 and 

0.041) and outperforming the junior radiologist (p < 0.001 and 0.009) in both test sets. With 

the aid of the AI system, the AUC of the junior radiologist increased in both test sets A and 

B, from 0.740 to 0.862 (p < 0.001) and from 0.732 to 0.843 (p < 0.001), respectively [51].

Conclusions

In conclusion, the diagnostic value of mpMRI in the assessment of NME lesions is limited. 

While mpMRI may improve the specificity of breast cancer detection in NME lesions, with 

an mpMRI BI-RADS adapted reading approach as the most valuable reading approach, this 

comes at the expense of sensitivity and overall diagnostic accuracy. In NME lesions, DCE 

remains the most sensitive and most accurate modality for breast cancer detection.
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CI confidence interval

DCE-MRI dynamic contrast-enhanced magnetic resonance imaging

DCIS ductal carcinoma in situ

DWI diffusion-weighted imaging

EUSOBI European Society of Breast Imaging

FGT fibroglandular tissue

FOV field of view

MIP maximum intensity projection

mpMRI multiparametric magnetic resonance imaging
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Highlights

• mpMRI shows limited diagnostic value in NME lesions

• Across four mpMRI approaches, adapted mpMRI has the highest specificity

• Increases in specificity are at the expense of sensitivity and overall diagnostic 

accuracy

• DCE-MRI remains the most sensitive and accurate modality for NME breast 

cancer detection (94.8–100%)
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Figure 1. 
Receiver operating characteristic curve of ADC for Reader 1 and for Reader 2.
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Figure 2. 
47-year-old woman who presented on DCE-MRI (A) with a regional heterogenous NME 

in the right breast that was classified as BI-RADS 3 (R1) and BI-RADS 4 (R2) with 

high signal intensity on DW images (B) and ADC mean value of 1.241 × 10−3mm2/s (C). 

Histopathology from image-guided breast biopsy demonstrated columnar cell changes with 

atypia which remained benign on excisional breast biopsy. Except adapted mpMRI, which 

correctly classified this lesion as benign, all other approaches incorrectly classified the lesion 

as malignant.
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Table 2.

Histopathological characteristics of the non-mass enhancement lesions included in our investigation.

HISTOPATHOLOGY n %

Malignant 39/66 59

Ductal carcinoma in situ 4 10

Invasive Ductal Carcinoma 24 62

Invasive Lobular Carcinoma 9 23

IDC+DCIS 1 2.5

IDC+LCIS 1 2.5

Benign 27/66 41

FA/FAH 5 19

Adenosis, Sclerosing Adenosis, Focal Fibrosis, Apocrine metaplasia, Breast parenchyma, Fibrocystic changes 12 44

Papilloma 1 4

High-Risk (CCC with atypia, papilloma with atypia) 2 7

Other (chronic abscess, gynecomastia, fat necrosis, scar tissue) 7 26

1
IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; DCIS = ductal carcinoma in situ; FA = fibroadenoma; FAH = 

fibroadenomatoid hyperplasia; CCC = columnar cell changes.
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Table 3.

Distribution and frequency of non-mass lesions according to the Breast Imaging Report and Data System (BI-

RADS) descriptors.

BENIGN
n = 27 (41%)

MALIGNANT
n = 39 (59%)

Distribution

Focal 13 (48%) 9 (23%)

Linear 2 (7%) 4 (10%)

Regional 9 (34%) 9 (23%)

Segmental 2 (7%) 6 (15%)

Multiple Regions 1 (4%) 8 (21%)

Diffuse - 3 (8%)

Pattern of Enhancement

Homogeneous 15 (56%) 17 (44%)

Heterogenous 9 (33%) 14 (36%)

Clumped 3 (11%) 6 (15%)

Clustered Ring - 2 (5%)

Kinetic Curve (Early Phase)
Slow 10 (37%) 6 (15%)

Medium 10 (37%) 7 (18%)

Kinetic Curve (Delayed Phase)

Fast 7 (26%) 26 (67%)

Persistent 15 (56%) 12 (31%)

Plateau 11 (41%) 18 (46%)

Wash-out 1 (3%) 9 (23%)
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Table 4.

Mean ADC values for each reader and ADC values for the assigned BI-RADS category stratified by benign 

and malignant lesions

Characteristic Benign, n = 27a Malignant, n = 39a p-valueb

Reader1_ADC 1.40 (0.71, 2.46) 1.07 (0.59, 1.71) < 0.001

Reader2_ADC 1.54 (1.13, 2.28) 1.06 (0.4, 1.65) < 0.001

Reader1_ADC DCE BI-RADS 2 1.39 (0.72, 2.36) n/a

Reader1_ADC DCE BI-RADS 3 1.15 1.1 (0.66, 1.58)

Reader1_ADC DCE BI-RADS 4 1.44 (1.06, 2.16) 1.18 (0.59, 1.71)

Reader1_ADC DCE BI-RADS 5 n/a 1.03 (0.62, 1.69)

Reader2_ADC DCE BI-RADS 2 1.77 (1.36, 2.28) n/a

Reader2_ADC DCE BI-RADS 3 1.43 (1.13, 1.94) n/a

Reader2_ADC DCE BI-RADS 4 1.25 (1.14, 1.43) 1.2 (0.55, 1.65)

Reader2_ADC DCE BI-RADS 5 n/a 0.87 (0.4, 1.2)

a
Statistics presented: mean (minimum, maximum)

b
Statistical tests performed: Wilcoxon rank-sum test
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Table 5.

Sensitivity, specificity, PPV, NPV, diagnostic accuracy, and AUC for DCE, DWI using the determined best cut-

off for each reader, and each mpMRI reading approach (EUSOBI mpMRI, 1.5 mpMRI, adapted mpMRI, and 

mpMRI individual threshold) for both readers. Significant differences before adjusting for multiple 

comparison are indicated.

READER Modality Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Accuracy
(95% CI)

Reader 1

DCE 94.82
(82.72–99.44)

66.66
(45.98–83.38)

80.52
(66–90.64)

89.98
(68.2–98.78)

83.38
(72.16–91.3)

DWI individual best 
threshold 1.215

74.36

(57.86–86.9)†
66.66
(45.98–83.38)

76.34
(59.84–88.66)

64.24
(44–81.4)

71.28
(58.74–81.62)

EUSOBI mpMRI
84.7
(69.52–94.16)

55.66

(35.42–74.58)‡
73.26
(58.08–85.36)

71.5
(47.74–88.66)

72.82

(60.28–82.94)‡

1.5 mpMRI
87.12
(72.6–95.7)

29.7

(13.86–50.16)†‡*☩⟐
64.24
(49.72–76.78)

61.6
(31.68–86.24)

63.58

(50.82–75.24)†

adapted mpMRI
87.12
(72.6–95.7)

85.14

(66.22–95.92)☩
89.54
(75.24–97.02)

82.06
(63.14–93.94)

86.46
(50.82–75.24)

mpMRI individual best 
threshold 1.215

74.36

(57.86–86.9)†
66.66
(45.98–83.38)

76.34
(59.84–88.66)

64.24
(44–81.4)

71.28
(58.74–81.62)

Reader 2

DCE 100
(..−..)

77.88
(57.64–91.3)

86.68
(73.26–95.04)

100
(..−..)

90.86
(81.18–96.58)

DWI individual best 
threshold 1.305

79.42
(63.58–90.64)

81.4
(61.82–93.72)

86.02
(70.4–95.26)

73.26
(54.12–87.78)

80.3
(68.64–89.1)

EUSOBI mpMRI
77
(60.72–88.88)

81.4
(61.82–93.72)

85.8
(69.74–95.26)

71.06
(51.92–85.8)

78.76

(66.88–87.78)†

1.5 MRI
94.82

(82.72–99.44)‡*☩⟐
40.7

(22.44–61.16)†‡*☩⟐
69.74
(55.66–81.62)

84.7
(54.56–98.12)

72.82

(60.28–82.94)†

adapted mpMRI
71.72
(55.22–84.92)

85.14
(66.22–95.92)

87.56
(71.06–96.58)

67.54
(49.5–82.72)

77.22

(65.34–86.68)†

mpMRI individual best 
threshold 1.305

79.42
(63.58–90.64)

81.4
(61.82–93.72)

86.02
(70.4–95.26)

73.26
(54.12–87.78)

80.3
(68.64–89.1)

†
Significantly different from DCE-MRI (p < 0.05)

‡
Significantly different from adapted mpMRI (p < 0.05)

*
Significantly different from DWI individual best threshold (p < 0.05)

☩
Significantly different from EUSOBI mpMRI (p < 0.05)

⟐
Significantly different from mpMRI individual best threshold (p < 0.05)
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Table 6.

False positive and false negative results for DCE, DWI using the determined best cut-off of each reader, 

EUSOBI mpMRI, 1.5 mpMRI, adapted mpMRI, and mpMRI individual threshold for each reader.

DCE DWI individual best 
threshold

EUSOBI 
mpMRI 1.5 mpMRI Adapted 

mpMRI
mpMRI individual 
best threshold

Reader 1
False Negative 2 10 6 5 5 10

False Positive 9 9 12 19 4 9

Reader 2
False Negative 0 8 9 2 11 8

False Positive 6 5 5 16 4 5
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