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Abstract

Objectives: To assess the potential of non-contrast Magnetic Resonances imaging (NC-MRI) 

with diffusion weighted imaging in characterization of breast lesions in comparison to dynamic 

contrast-enhanced MRI (DCE-MRI) at 3 Tesla.

Materials and Methods: Consecutive patients with conventional imaging (MG, US) BI-RADS 

4/5 findings were included in this IRB-approved single-center study. All underwent 3T breast MRI 

including readout-segmented DWI (rsDWI), Dynamic-Contrast-Enhanced (DCE) and T2w 

sequences. Final diagnosis was defined by histopathology or follow-up (>24 months). Two 

experienced radiologists (R1, R2) independently assigned lesion conspicuity (0=minimal to 

3=excellent) and BI-RADS scores to NC-MRI (rsDWI including ADC maps) and DCE-MRI 

(DCE and T2w). Receiver Operating Characteristics (ROC), kappa statistics and Visual Grading 

Characteristics (VGC) analysis were applied.

Results: 67 malignant and 56 benign lesions were identified in 113 patients (mean age 54+/

−14y). Areas under the ROC curves were similar: DCE-MRI: 0.901 (R1), 0.905 (R2); NC-MRI: 

0.882 (R1), 0.854 (R2); P>0.05, respectively. Kappa agreement was 0.968 (DCE-MRI) and 0.893 

(NC-MRI). VGC analysis revealed superior lesion conspicuity by DCE-MRI (0.661, P<0.001).

Conclusions: Diagnostic performance and inter-reader agreement of both NC-MRI and DCE-

MRI is high, indicating a potential use of NC-MRI as an alternative to DCE-MRI. However, 

inferior lesion conspicuity and lower inter-reader agreement of NC-MRI need to be considered.
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Introduction

Dynamic contrast-enhanced breast MRI (DCE-MRI) is the most sensitive method for 

detection of breast cancer 1–5. A standard breast MRI protocol comprises a T2-weighted 

sequence followed by the repetitive acquisition of T1-weighted gradient echo sequences 

after contrast medium (CM) application.

However, a limitation is the necessity of for intravenous CM injection. With the recent 

controversy about gadolinium containing contrast agents and current recommendations to 

use gadolinium based contrast agents only when essential diagnostic information cannot be 

obtained with unenhanced scans, there is an urgent need for non-contrast imaging methods 

for breast lesion detection and characterization 6–8.

An alternative rapid approach obviating the need for CM administration is diffusion 

weighted imaging (DWI). Measurement of water diffusion by this technique provides 

quantitative information about tissue microstructure that is useful to distinguish between 

benign and malignant breast lesions 9. In clinical practice, DWI is usually interpreted in 

combination with DCE-MRI to increase the specificity 10–12. Although DWI images can 

also be used to detect breast cancer 13,14, subsequent research on the use of DWI to detect 

and characterize breast cancer yielded heterogeneous results. Early studies were mainly 

performed at 1.5T and used basic Echo Planar Imaging (EPI) techniques with differences in 

sensitivity and specificity exceeding 50% and 30%, respectively 14–22. Besides variable and 

often non-consecutive study populations, these variations in diagnostic performance may be 

explained by the inherent disadvantages of the most commonly used single-shot EPI 

technique: low spatial resolution, spatial distortions and high susceptibility to artifacts 14,23. 

In addition, due to the inherent low spatial resolution an anatomical guidance was necessary 

and therefore additional T2-weighted (T2w) imaging had to be performed. With the 

implementation of improved scanning technology such as the development of readout-

segmented DWI (rsDWI) sequences, these limitations have been overcome 24,25.

Therefore, the purpose of this lesion characterization study was to intra-individually 

compare diagnostic performance, inter-reader agreement and lesion conspicuity of non-

contrast Magnetic Resonances imaging (NC-MRI) with rsDWI in breast lesions in 

comparison to dynamic contrast-enhanced MRI (DCE-MRI) at 3 Tesla.

Methods

The institutional review board approved this prospective, single-institution study and 

retrospective data analysis and all patients gave written, informed consent.

Patients:

Within a seven months period, 119 consecutive patients fulfilling the following inclusion 

criteria were included: 18 years or older, not pregnant, not breastfeeding, an indication for 

breast MR imaging due to clinical abnormality or suspicious findings at mammography or 

breast ultrasound (asymmetric density, n=49; architectural distortion, n=24; or breast mass, 
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n=46; BI-RADS category 4/5), no previous treatment (such as breast surgery up to 12 

months before MRI, neoadjuvant chemotherapy, etc.) and no contraindications to MRI or 

contrast agents. No patients with suspicious microcalcifications only were included as this 

was not considered a standard indication for MRI at the time of data acquisition. No high-

risk patients were part of the study population as all high-risk screening examinations were 

conducted on a separate magnet.

If the final imaging assessment was BI-RADS 4 or 5, histopathological diagnosis was 

obtained by means of image-guided biopsy or surgery. In patients downgraded to BI-RADS 

3 after negative MRI results and in patients with a benign histopathological result, imaging 

follow-up demonstrating a stable lesion diameter over at least 24 months was required. A 

total of six patients were excluded due to incomplete follow-up. Consequently, the final 

patient population included 113 patients (mean age 53.8 ± 15 standard deviation years, 

median 53 years, range 16 – 85 years).

Magnetic Resonance Imaging protocol

All patients underwent 3T MRI (Siemens Tim Trio) using a dedicated 4-channel breast coil 

(InVivo, Orlando, FL, USA). The sequence protocol consisted of a readout-segmented Echo 

Planar Imaging Diffusion weighted sequence (RESOLVE, repetition time (TR) 8000 ms, 

effective echo time (TE): 59 ms, echo spacing 0.32 ms, field of view 360×202 mm, matrix 

172×92 pixels, slice thickness 5 mm, inversion recovery fatsat with inversion time (TI) of 

210 ms, b-values 0, 850 s/mm2, diffusion acquisition: three-scan trace, 5 readout segments, 

one average, acquisition time: 2:56 min.), a T2-weighted sequence with fat-saturation (TR: 

4800 ms, TE: 61 ms, TI: 230ms., field of view 340mm, matrix 314×320 pixels, 34 slices 

with 4 mm slice thickness, acquisition time 2:26 min and a dynamic contrast-enhanced high 

temporal and spatial resolution 3D T1-weighted sequence (time-resolved angiography with 

stochastic trajectories (TWIST), temporal resolution 13.2s, isotropic voxel size of 1.1 mm, 

TR 4.75 ms and TE 2.5 ms including baseline and dynamic contrast enhanced scans over an 

acquisition time of 9 min. 144 slices at a field of view of 330 mm were covered). Gd-DOTA 

was used as contrast agent (Dotarem®, Guerbet, France), injected intravenously as a bolus 

(0.1 mmol/kg body weight) at 4 ml/s (power injector: Spectris Solaris EP, Medrad, 

Pittsburgh, PA, USA), and followed by a 20 ml flush of saline solution.

Data analysis

Two experienced readers (board certified breast radiologists doing >1000 breast MRI 

including DWI per year, respectively) trained in different institutions (R1, R2) independently 

read NC-MRI (comprising low and high b-value DWI images and the ADC maps) and DCE-

MRI (comprising dynamic contrast enhanced images and T2w images) and assigned a BI-

RADS category per examination 26, see Figure 1. Both readers were blinded to all additional 

conventional and prior MR imaging, clinical, follow-up and histopathological data. 

Diagnostic criteria for malignancy in NC-MRI were low ADC values (≤1.25 *10−3 mm2/s 
23) as measured by small (3–6 mm2) Regions of Interest within the darkest part of the 

lesiońs ADC map correlate 27, heterogeneous internal structure and non-circumscribed 

margins on DWI images (see Table 1, Figure 2). DCE-MRI criteria were used in accordance 

with the MRI BI-RADS lexicon (see Table 1, Figure 2). For both readings, unambiguous 
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suspicious or non-suspicious findings lead to a BI-RADS 5 or 2 category, respectively. A 

combination of suspicious and non-suspicious findings was assigned BI-RADS 4 if more 

than one suspicious criterion was fulfilled while BI-RADS 3 was assigned if only one 

suspicious criterion was present. However, no formal clinical decision rule was used and the 

readers were free to choose the BI-RADs category they deemed appropriate. E.g. for NC-

MRI, a circumscribed lesion with homogeneous internal structure would be assigned BI-

RADS 4 or even 5 if the ADC value was very low. Enhancement curve type analysis was 

done visually using standardized window-center presets of the DICOM viewer. In case of 

doubt, a small Region of Interest between 3–6 mm2 was drawn in the most enhancing part of 

the lesion on early subtractions. No CAD software was used for DCE-MRI analysis. The 

equivalence of both approaches with each other and CAD methods has been demonstrated 

previously28. Lesion size (maximum diameter), localization and laterality were assessed 

both on NC-MRI and DCE-MRI datasets. Lesion conspicuity was rated on a 4-point 

confidence scale (0=minimal, 1=sufficient, 2=good, 3=excellent). Further, BI-RADS lesion 

type (mass, non-mass) was assessed.

Statistical analysis

Categorical data were compared using chi-square and kappa statistics. After testing for 

normal distribution by the Kolmogorov-Smirnoff test, scaled data was analyzed using paired 

and unpaired t-tests as appropriate. Patient-level diagnostic BI-RADS ratings were analyzed 

by Receiver Operating Characteristics (ROC) analysis and inter-reader variability (kappa 

statistics) were calculated for both readers. Reference standard was the final diagnosis as 

described in the “patients” subsection. Lesion conspicuity was compared between NC-MRI 

and DCE-MRI using Visual Grading Characteristics (VGC) analysis. In short, VGC plots 

predefined image criterion ratings (lesion conspicuity in this research) against the method 

they were obtained by (NC-MRI and CE-MRI in this paper) in a manner analogue to ROC 

analysis. The resulting image area under the VGC curve is then a single non-parametric and 

rank-invariant statistical measure of the difference in image quality between the two 

compared methods 29. Bland-Altman plot analysis was used to investigate differences 

between NC-MRI and DCE-MRI lesion size measurements. A significance level of 5% was 

defined. Results were interpreted considering alpha error accumulation but uncorrected P-

values are given in text. Statistical analyses were performed using Medcalc 13.2.2, SPSS 20 

and Stata 13.

Results

Final diagnoses in the included 113 patients were benign in 56 (40.7%) and malignant in 67 

(59.3%). Malignant lesions were distributed in as follows: 49 invasive ductal cancer, 5 

invasive lobular cancers, 9 ductal carcinoma in situ (DCIS), 3 invasive mucinous carcinoma 

and one sarcoma). All malignant lesions but 3 who underwent 9G MR-guided vacuum 

assisted breast biopsy were diagnosed by 14 G US-guided core needle biopsy and 

subsequent clip marking. All breast cancers were subsequently operated after wire 

localization. The benign lesions verified by histopathology (n=35, 32 by of 14 G US-guided 

core needle biopsy, 2 by 9G MR-guided vacuum assisted breast biopsy) comprised of 21 

proliferative fibrocystic changes, 7 fibroadenoma or fibroadenomatoid hyperplasia, 3 
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papilloma, 2 periductal mastitis, 1 phyllodes tumor, 1 radial scar. The latter two, all 

papillomas and 2 fibroadenomas were afterwards surgically resected. The remaining 21 

benign lesions showed stable sizes during imaging follow up over 24 months.

Mean lesion size of benign lesions was 27.9+/−17.3 (SD) mm, median 24 mm, range 6–76 

mm. Malignant lesions presented a mean size of 25.3+/−18.7 (SD) mm, median 20 mm, 

range 5–87 mm. Lesions were classified as mass in 78 (mean size 22.7+/−15.5 (SD) mm, 

median 19.5 mm, range 5–87 mm) and non-mass like in 35 (men size 40.9+/−19.8 (SD) mm, 

median 35 mm, range 14–85 mm) cases. The size differences between benign and malignant 

lesions were not statistically significant (P=0.488) whereas mass lesions were significantly 

smaller than non-mass like lesions (P=0.0002). The limits of agreement estimated by Bland-

Altman analysis for size measurements between both methods were −8.7 to 7.8 mm with a 

mean difference of 0.4 mm, thus excluding a systematic difference between both methods. 

The limits of agreement were broader in non-mass lesions (−17.6 to 16.1 mm, mean 

difference −0.8 mm) as compared to mass lesions (−3.1 to 2.6 mm, mean difference −0.3 

mm). Both readers assigned an average higher lesion conspicuity score to the DCE-MRI 

compared to the NC-MRI dataset (area under the VGC curve 0.661, P<0.001, see Figure 3, 

Table 2). There was no difference regarding lesion conspicuity of small (≤20 mm) and large 

(>20 mm) lesions, P=0.461.

ROC analysis (Figure 4) revealed an DCE-MRI area under the curve (AUC) of 0.901 

(standard error (SE) 0.030, 95% confidence interval (CI) 0.834 to 0.948) for R1 and 0.905 

(SE 0.030, 95% CI 0.839 to 0.951). The AUC of NC-MRI was 0.882 (SE 0.031, 95% CI 

0.812 to 0.933) for R1 and 0.854 (SE 0.035, 95% CI 0.778 to 0.911) for R2. The AUĆs of 

all methods and readers did not differ (P>0.05, respectively). AUĆs stratified by lesion size 

as dichotomized into ≤20 mm (NC-MRI R1: 0.877, NC-MRI R2: 0.854, DCE-MRI R1: 

0.912, DCE-MRI R2: 0.928) and >20 mm (NC-MRI R1: 0.898, NC-MRI R2: 0.872, DCE-

MRI R1: 0.875, DCE-MRI R2: 0.875) did not differ (P>0.05, respectively). Resulting 

sensitivity and specificity values as well as positive and negative likelihood ratios for both 

methods and readers are given in table 3. Inter-reader kappa agreement was 0.968 (DCE-

MRI) and 0.893 (NC-MRI).

False positive findings on NC-MRI comprised 6 (R1)/7 (R2) proliferative fibrocystic 

changes, one (R1, R2) fibroadenoma, three (R1, R2) papilloma, one (R1, R2) phyllodes 

tumor and one (R1, R2) inflammation and two (R1)/three (R2) cases with confirmed long-

term stability upon follow-up. Of these lesions, both readers recalled 3 less on DCE-MRI (2 

(R1)/3 (R2) with long term stability, one fibroadenoma (R1).

False negative findings on both DCE-MRI and NC-MRI comprised of 3 DCIS 

(histopathological sizes 57, 30 and 15 mm, two G2, one G1) and one invasive ductal cancer 

G2 of 10 mm. These lesions were rated as benign/probably benign by both readers on 

contrast-enhanced MRI while both readers did not identify one of the lesions at all. 

Additionally, on NC-MRI, two mucinous carcinoma lesions (G2) were false negative and not 

visualized as lesions at all on DWI images and ADC map.
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Discussion

In this intra-individual comparison study, we demonstrated that unenhanced NC-MRI with 

rsDWI at 3T can be used for breast cancer detection with a comparable performance to 

DCE-MRI and almost perfect inter-reader agreement. Although there was a tendency 

towards lower sensitivity and specificity in NC-MRI, these differences were not significant. 

Therefore, though DCE-MRI was superior in lesion conspicuity, NC-MRI may be 

considered as a valid alternative to DCE-MRI in patients unsuitable for contrast agent 

application.

Though arguably contrast-enhanced breast MRI is the most sensitive method for detection of 

breast cancer, recent years have uncovered several potential dangers associated in particular 

with linear gadolinium based contrast agents. Nephrogenic systemic fibrosis associated with 

gadolinium exposition is a potentially lethal disease, however, it is limited to patients with 

terminal renal insufficiency in particular in combination with organ (e.g. liver) 

transplantation. More recently, gadolinium depositions in the brain after gadolinium 

containing contrast media exposition have been described. While the clinical relevance of 

these findings is yet unknown 30,31, this highlights the requirement to reduce or even avoid 

contrast media where not ultimately necessary. This is already reflected by 

recommendations of official bodies such as the European medicines Agency (EMA) 32.

In the light of the increasing awareness of the potential dangers associated with gadolinium 

based contrast agents, our study adds to the question whether DWI-based imaging might 

replace DCE-MRI or at least be an alternative in in patients unsuitable for contrast agent 

application. Currently, all international recommendations still consider the use of 

gadolinium based contrast agents in the breast as mandatory 33–35. The most useful 

application for a fast and unenhanced MRI protocol would be screening in dense breasts, as 

a screening test should be as simple as possible. Long examination times and the need for 

contrast agent administration have always precluded the use of breast MRI for screening 

which is solely recommended for this purpose in a population with a lifetime risk for breast 

cancer >20% 34,36. Shortened and less expensive examinations could open the way for MRI 

as a screening tool in women with dense breasts or an intermediate risk for developing breast 

cancer, an indication currently under investigation 37.

Literature on unenhanced breast MRI protocols relying on DWI shows variable results. Prior 

work showed the diagnostic capability of DWI for diagnosis of breast lesions identified by 

dynamic contrast-enhanced imaging: a meta-analysis by Dorrius et al. demonstrated pooled 

sensitivity and specificity values of ADC measurements in lesions localized using DCE-MRI 

of 89% and 84%, respectively 9. Our diagnostic accuracy is superior to these reported 

diagnostic parameters, probably because we used an improved DWI technique and did 

furthermore assess morphological parameters on DWI images as described in a pilot study 

of unenhanced MRI in mass lesions only 38. In contrast to this prior work, we investigated 

consecutive patients with a defined clinical indication and did not perform lesion selection. 

Several studies with varying indications, cancer prevalence, field strengths’ and technical 

approaches on NC-MRI have been published recently (15–22,38 see table 4). Sensitivities 

showed wide variations between 41.7 and 94% while specificity ranged between 58.4% and 
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96.9%. We explain these variations by both the heterogeneity of techniques used as well as a 

lack of standardization regarding image combinations and diagnostic criteria applied to NC-

MRI. Study populations were highly heterogeneous and designs varied from case control to 

non-consecutive cases or the inclusion of specific subgroups such as masses or lesions 

≤2cm, leading to variable rates of cancer prevalence (see Table 4). Of note, the improved 

sequence design applied in our study demonstrated high diagnostic accuracy although we 

omitted any additional T2w or STIR imaging in image interpretation but solely relied on raw 

DWI images for morphological information. Furthermore, inter-reader agreement was 

excellent and underscores the clinical applicability of NC-MRI. The minor inferiority of 

NC-MRI as compared to DCE-MRI in this respect may be connected to the higher 

experience in the established technique, DCE-MRI. The better lesion visualization on 

contrast enhanced T1w gradient echo images is expected due its inherent higher spatial 

resolution compared to DWI. However, the inferior lesion conspicuity on NC-MRI did not 

translate into a significantly lower detection rate of malignant lesions. Furthermore, 

technical improvements leading to higher spatial resolution and lesion contrast are already 

conceivable 24.

As an inclusion criterion for this study was a conventional imaging BI-RADS category 4 or 

5 assignment, the significant AUĆs of both NC-MRI and CE-MRI demonstrate a diagnostic 

benefit of applying both tests in the investigated setting. We can further estimate the rate of 

unnecessary biopsies that might have been omitted in case of negative MRI findings: up to 

75% using NC-MRI and up to 80% using DCE-MRI. Opposing these numbers are false 

negative rates of 6% (DCE-MRI) and 9% (NC-MRI). Considering that the false negative 

findings comprised of 3 DCIS and three invasive cancer lesions, two of them invasive 

mucinous cancer lesions that were exclusively missed by NC-MRI, a black-and-white 

interpretation precluding any biopsy in MRI negative results is not appropriate. However, 

DCIS regularly present as microcalcifications and the lower sensitivity of MRI in lesions 

presenting as microcalcifications has recently been demonstrated 39. Consequently, a 

negative MRI should not be used to downgrade clearly suspicious microcalcifications. 

Further, DWI is prone to miss mucinous carcinoma that present with large collections of 

extracellular fluid 40. While the current study thus generally supports the applicability of 

DWI to downgrade BI-RADS 4 lesions, DCE-MRI seems to be better suited to this purpose 

due to a lower number of invasive FN findings. Further prospective data in a higher number 

of patients is required to assess whether BI-RADS benchmarks could be fulfilled by NC-

MRI.

There are some inherent limitations of this study: prevalence of malignant lesions and lesion 

sizes were rather high. This was because no high-risk screening was performed on our 3T 

magnet and the exclusive investigation of BI-RADS 4 lesions prior to biopsy. Therefore, our 

patients represent a typical cross-section of a tertiary care assessment center and prevalence 

of malignancy has been reported similarly high in comparable settings 10,11,15,21. The rate of 

pure non-invasive breast cancer was low. This is to be expected in the given setting as DCIS 

is mainly identified by means of x-ray mammography screening and is not yet considered a 

routine indication for breast MRI in our institution 39. Lesions were rather large though also 

small lesions could be visualized (see Figure 5). Thus, the applicability of our findings in a 

screening setting is not proven and this particular indication might require additional T2w 
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sequences 38,19. While the reproducibility and repeatability of the readout-segmented DWI 

sequence used in this study has been demonstrated 41, it needs to be stressed that the applied 

cut-off for ADC measurements may vary due to scanning technique 9,42. The choice of b-

values was determined by recommendations from prior literature 42. While these values may 

allow an adequate calculation of ADC values, higher b-values that are possible with newer 

scanner generations may allow a better contrast of lesions due to an improved suppression of 

background tissue signal and thus improve lesion visibility of NC-MRI in the future. In 

addition, newer techniques such as simultaneous multi-slice DWI may further reduce 

measurement times, allowing more complex DWI techniques to be implemented in clinical 

practice 43,44.

In conclusion, our findings indicate a potential use of NC-MRI as an alternative to DCE-

MRI for breast cancer detection as both techniques provide comparable results. These 

findings are of clinically relevance considering the increasing awareness of potential long-

term dangers associated with gadolinium based contrast media and may have considerable 

impact regarding costs and availability of breast MRI examinations.
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Figure 1: 
59 year old patient with a T1c invasive ductal cancer G3. Readout-segmented DWI image at 

b=850 s/mm2 (A) shows ill-defined strongly hyperintense lesion (arrow) with corresponding 

low Apparent Diffusion Coefficient values on the ADC map (B). Note the similar contrast 

and morphologic appearance as compared to the T1w contrast enhanced TWIST image (C) 

and the T2w-TSE image (D).
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Figure 2: 
Comparison of morphologic assessment on NC-MRI and CE-MRI. A shows a circumscribed 

round lesion on the b850 s/mm2 image (dashed arrow) while B visualizes a non-

circumscribed, rather spiculated lesion on the b850 s/mm2 image (arrow). The lesion from A 

appears with circumscribed margins on the early contrast-enhanced subtraction (C, dashed 

arrow) and was histologically proven as a fibroadenoma while the lesion from B appears 

non-circumscribed with heterogeneous internal structure and a feeding vessel on the early 
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contrast-enhanced subtraction (D, arrow) and corresponds to an invasive ductal carcinoma 

G2.
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Figure 3: 
Binominal fitted Visual Grading Characteristics (VGC) Curve comparing lesion conspicuity 

in readout-segmented DWI (NC-MRI) and contrast enhanced MRI (DCE-MRI) reveals an 

area under the curve of 0.661. The curve significantly (P<0.001) deviates from the null 

hypothesis (0.5, diagonal line) towards the CE-MRI axis which can be interpreted as a 

superior lesion conspicuity of CE-MRI compared to NC-MRI.
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Figure 4: 
Receiver Operating Characteristics Curve of BI-RADS ratings for reader 1 (R1) and reader 2 

(R2) in readout-segmented DWI (NC-MRI) and contrast enhanced MRI (DCE-MRI).
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Figure 5: 
Lesion conspicuity of a small carcinoma (5mm, arrow) in a 53-year old patient. The lesion 

shows excellent conspicuity on the early contrast-enhanced subtraction (A) while it is 

adequately visualized on the b850 s/mm2 image (B). The corresponding ADC map shows a 

hypointense lesion correlate, corresponding to low ADC-values (0.8 *10−3 mm2/s.
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Table 1:

Diagnostic criteria for NC-MRI and CE-MRI reading approaches

Method Criterion Suspicious Not suspicous

NC-MRI ADC ≤1.25 *10−3 mm2/s >1.25 *10−3 mm2/s

Internal structure Heterogeneous Homogeneous

Margins Not circumscribed Circumscribed

CE-MRI Enhancement curve type Washout, Plateau Persistent

Shape (mass) Irregular Round, oval

Margin (mass) Not circumscribed Circumscribed

Internal enhancement (mass) Heterogeneous, rim Homogeneous, septations

Distribution (non-mass) Segmental, linear Focal, regional, diffuse

Internal enhancement (non-mass) Not homogeneous Homogeneous

NC-MRI: Non-contrast MRI (readout-segmented DWI), CE-MRI: Contrast-enhanced MRI (DCE-MRI plus T2w), ADC: Apparent Diffusion 
coefficient
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Table 2:

Diagnostic parameters for both readers (R1, R2) and reading approaches (NC-MRI, DCE-MRI)

Sensitivity (TP/TP+FN) 95% CI Specificity (TN/TN+FN) 95% CI LR+ 95% CI LR− 95% CI

CE-MRI (R1) 94.0 (64/67) 85.4 – 98.3 80.4 (45/56) 67.6 – 89.8 4.79 2.8 – 8.2 0.074 0.03 – 0.2

CE-MRI (R2) 94.0 (63/67) 85.4 – 98.3 76.8 (43/56) 63.6 – 87.0 4.05 2.5 – 6.5 0.078 0.03 – 0.2

NC-MRI (R1) 91.0 (61/67) 81.5 – 96.6 75.0 (42/56) 61.6 – 85.6 3.64 2.3 – 5.8 0.12 0.05 – 0.3

NC-MRI (R2) 91.0 (61/67) 81.5 – 96.6 71.4 (40/56) 57.8 – 82.7 3.19 2.1 – 4.9 0.13 0.06 – 0.3

NC-MRI: Non-contrast MRI (readout-segmented DWI), CE-MRI: Contrast-enhanced MRI (DCE-MRI plus T2w), TP: true positives, TN: true 
negatives, FP: false positives, FN: false negatives, CI: confidence interval, LR+: positive likelihood ratio, LR-: negative likelihood ratio, R1: reader 
one, R2: reader two
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Table 3:

Lesion conspicuity scores tabulated against each other for NC-MRI and CE-MRI

CE-MRI lesion conspicuity NC-MRI lesion conspicuity

Minimal Sufficient Good Excellent

Minimal 0 0 0 0

Sufficient 0 0 1 0

Good 4 1 7 3

Excellent 2 7 22 66

NC-MRI: Non-contrast MRI (readout-segmented DWI), CE-MRI: Contrast-enhanced MRI (DCE-MRI plus T2w)
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Table 4:

Results of prior studies in comparison with own findings ordered by publication date

Cancer 
Prevalence

Field 
strength

NC-MRI technique Study population Sensitivity 
TP/(TP+FN)

Specificity 
TN/(TN+FP)

Baltzer et al. 2010 38 66.6% 1.5T ssEPI + T2w−TSE Consecutive BI-RADS 4 
and 5 masses

94.4% 85.2%

Yabuuchi et al. 2011 
15

66.6% 1.5T ssEPI + T2w STIR 
and SPAIR

Mixed: asymptomatic breast 
cancers and control group

50.0% 95.2%

Wu et al. 2014 16 44.6% 3T ssEPI + T2w−TSE Suspicious lesions ≤2cm 86–93% 81–94%

Trimboli et al. 2014 
17

31.9% 1.5T EPI + T1w−GE + 
T2w−STIR

Mixed: 46% preoperative 
staging

78.4% 87.3%

Telegrafo et al. 2015 
18

62.6% 1.5 T DWIBS + STIR + 
T2w−TSE

Mixed: BI-RADS 4 and 5 
lesions; patients with 
positive family history and 
dense breasts

93.8% 58.4%

Bickelhaupt et al. 
2015 19

48.0% 1.5 T DWIBS MIP + T2w 
TSE and SPAIR

Screening detected BI-
RADS 4 and 5 lesions

91.7% 96.2%

Belli et al. 2016 20 44.6% 1.5 T ssEPI + STIR Mixed: histologically proven 
cancers and equivocal 
findings cases

78.8% 96.9%

Shin et al. 2016 21 82.9% 3T rsDWI + T1w
−VIBE

Biopsy-proven malignant 
masses

91.6% 86.4%

McDonald et al. 
2016 22

25.3% 1.5T, 3T ssEPI, fs T2w−FSE 
+ non-fs T1w−GRE

Case-control: 50% 
malignant masses, 50% 
healthy; all with dense 
breasts

41.7% 90.1%

This study 59.3% 3T rsDWI BI-RADS 4 and 5 lesions 
after conventional workup

91.0% 71.4–75.0%

NC-MRI: Non-contrast MRI, TP: true positives, TN: true negatives, FP: false positives, FN: false negatives, ssEPI: single-shot Echo Planar 
Imaging, rsDWI: read-out segmented DWI, DWIBS: Diffusion Weighted Imaging with Body Signal Suppression, usually ssEPI with STIR fat 
saturation, TSE: Turbo Spin Echo, STIR: Short Tau Inversion Recovery, SPAIR: Spectrally Adiabatic Inversion Recovery, GE: gradient echo, fs: 
spectral fat saturation
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