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Abstract

Purpose: To investigate the diagnostic accuracy and clinical usefulness of the rim sign in breast
lesions observed in diffusion-weighted magnetic resonance imaging (DWI1).

Materials and methods: The magnetic resonance imaging (MRI) findings of 98 pathologically
confirmed lesions (62 malignant and 36 benign) in 84 patients were included. Five breast
radiologists were asked to independently review the breast MRI results, to grade the degree of high
peripheral signal, the “rim sign”, in the DWI, and to confirm the mean apparent diffusion
coefficient (ADCean) Values. We analyzed the diagnostic accuracy and compared the consensus
(when = 4 of 5 independent reviewers agreed) results of the rim sign with the ADCyean Values.
Additionally, we evaluated the correlation between the DCE-MRI morphologic appearance and
DWI rim sign.

Results: According to the consensus results, the rim sign in DWI was observed on 59.7% of
malignant lesions and 19.4% of benign lesions. The sensitivity, specificity, and area under the
curve (AUC) value for the rim sign in DWI were 59.7%, 80.6%, and 0.701, respectively. The
sensitivity, specificity, and AUC value for the ADCpean Value (criteria < 1.46 x 1073 mm?/sec)
were 82.3%, 63.9%, and 0.731, respectively. Based on consensus, no correlation was observed
between the DCE-MRI and DWI rim signs.

Conclusion: In DWI, a high-signal rim is a valuable morphological feature for improving

specificity in DWI.
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INTRODUCTION

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) is a sensitive tool to
detect breast cancer; it has a reported sensitivity that can reach 94-100% (1). The ability of
DCE-MRI to provide high-resolution morphological imaging along with information about
contrast enhancement characteristics has widely demonstrated diagnostic value in breast
imaging (2-4). However, the specificity of DCE-MRI varies between 37% and 99.7% (1).
For example, a rim sign on DCE is strongly correlated with malignancy, and rim
enhancement on DCE-MRI is reported to be associated with a poor prognosis (5).

Diffusion-weighted MRI (DWI) is an unenhanced MRI sequence that has recently been
integrated into breast MRI as an adjunct to DCE-MRI to discriminate between benign and
malignant breast lesions (5-9). Several DWI studies have reported significantly lower
apparent diffusion coefficient (ADC) values in malignant tumors than in normal tissues, and
the ADC value is correlated with prognostic factors for breast cancer (5,6,10). The low ADC
value is known to be related to positive estrogen receptor and progesterone receptor
expression, an increased Ki-67 index, and increased microvascular density of breast cancer
(5,6).

While DWI studies have shown promising results, the inherent limitations of DWI
acquisitions complicate the ability to consistently acquire high-quality diffusion-weighted
images. Most notably, the necessary motion sensitivity of the DWI sequences also makes
them susceptible to severe artifacts from bulk motion. Furthermore, single-shot Echo Planar
Imaging (EPI), which is the most commonly utilized sequence for DWI, mitigates bulk
motion artifacts, but in doing so, it limits the available resolution and introduces potential
artifacts and distortions due to BO inhomogeneity, gradient eddy currents, and other effects.
This greatly reduced resolution, particularly compared to DCE-MRI, has limited the ability
to utilize morphological information from diffusion-weighted images. Existing studies have
not investigated breast cancer morphologic features in DWI (5-9,11). Instead, these studies
have only emphasized signal intensity and overall lesion ADC value. However, we have
observed that even with this reduced resolution, certain morphological features are
discernible in DWI, although their diagnostic utility has not been widely investigated.

In this study, we focused on the morphological features of the rim sign in DWI. This feature
in DCE-MRI is a relatively specific sign of cancer (3,9,12-14). Because the diagnostic
results of rim enhancement in DCE-MRI vary depending on the presence of a smooth or
spiculated margins and an early or delayed rim-enhancement pattern, the reported frequency
of peripheral ring-like enhancement ranges widely from 15.9%-65% (3,13-19). We
hypothesized that the rim sign would be associated with cancer in DWI. If diagnostically
applicable, the rim sign could be useful in those cases in which only unenhanced MRI is
possible or to add specificity to DWI.

The purpose of this study was to determine whether the rim sign occurs in DWI and to
determine its diagnostic accuracy for breast cancer.
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MATERIALS AND METHODS

Patient Population

This study was performed in accordance with the regulations of the institutional review
board at our hospital, which approved this retrospective study and waived the requirement
for informed patient consent. Of the 241 patients who underwent breast MRI between
February 2009 and June 2011, 33 did not undergo DWI, 19 underwent neoadjuvant
chemotherapy, 9 were scanned with a different imaging protocol, and 1 underwent bilateral
mastectomy. These patients were therefore excluded, yielding 179 potential subjects. Among
these 179 women, 95 did not have pathologic confirmation of the imaging findings available,
and they were also excluded. Therefore, we enrolled 84 patients with 98 lesions. The mean
patient age was 47.4 + 11.9 years (range, 20—74 years). The mean maximal length of the
lesions was 2.2 + 1.6 cm (range, 0.5-7.1 cm). MRI examinations were performed for known
cancer staging in 62 patients, to evaluate lesions that were diagnostically unclear on
mammography or sonography in 14 patients, for high-risk screening in 6 patients, and for
therapy surveillance in 2 patients. The confirmed pathology of the 98 lesions is described in
Table 1.

Image Acquisition
All images were acquired in the axial plane on a 3.0 Tesla GE MR 750 scanner (Discovery;
GE Medical Systems, Milwaukee, WI, U.S.A) with an 8-channel GE HD phased array
dedicated breast coil. The breast MRI protocol included the following acquisitions: T2-
weighted Fast Relaxation Fast Spin-Echo (FRFSE) with IDEAL for fat suppression with 4
mm slice thickness, matrix size 320 x 256, ETL 16, and a 6-minute scan time; DW!I using
the water-selective Echo-Planar Imaging (EPI) technique, water-selective spectro-spatial
excitation, parallel imaging with 4-fold acceleration in the right-left direction (ASSET factor
4), b =0 and b = 600 images with 2 and 8 signal averages (NEX) respectively, 5 mm slice
thickness, matrix size 128 x 128; and DCE acquisition with multiphase high-resolution
centric-encoded 3D spoiled gradient-echo T1-weighted images with view sharing and a
simultaneous bolus IV injection of gadolinium-based contrast agent (0.1 mmol/kg).

DWI Rim Sign Grading Scheme

The rim signs were graded according to a standardized 5-point scheme: Lesions with a
complete thick rim were graded “5”. Lesions with, a complete thin rim were graded “4”.
Lesions with an incomplete thick rim were graded “3”. Lesions with an incomplete thin rim
were graded “2” (Figure 1). A complete rim was defined as a surrounding line outlining =
90% of the lesion (Figure 2). An incomplete rim was defined as outlining < 90% of the
mass. A thick rim was defined as >3 mm and when most of the mass showed high signal
intensity and left a central non-enhanced area, similar to a donut (Figure 2). A thin rim was
defined as <3 mm, with only the outermost margin of the mass showing a high signal on
DWI. Lesions with a unclear, indefinite, or unobserved rim on DWI was classified as no rim
sign and graded “1” (Figure 3).
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Image Analysis

One breast radiologist (with 12 years of experience) reviewed the routine breast MRIs,
including T2-weighted and T1-weighted pre- and post-contrast images, DWI, and ADC
maps, to identify all pathologically proven lesions. A region of interest (ROI) around each
lesion was manually drawn, and the ADCnean Value of each ROl was measured. After
training on the grading scheme for the DWI rim sign and rim grading (Figure 1), 5 (BJK,
JAL, DMI, JK, and SP) fellowship-trained breast radiologists (with 8-23 years of breast
MRI experience) independently reviewed the breast MRIs to describe the rim sign in the
DWI and also to confirm the ADC value on the ADC map. When they confirmed the ADC
value, the location and size of the ROI was changed if they wanted to change the ROI of the
ADC map. Additionally, they separately reviewed the rim signs from the DCE-MRI and the
high-signal rims on T2-weighted images.

We analyzed the ADCyean Value and the rim sign based on benign versus malignant lesions
and based on the lesion size. We analyzed the rim grading and the diagnostic accuracy of the
individual reviewers. The consensus results of rim sign were compared with the ADCpean
values. We defined a “consensus” result as having agreement among = 4 of the 5
independent reviewers.

We also analyzed the correlation between the DWI and DCE-MRI rim signs and between the
DWI rim signs and the high-signal rims on T2-weighted images. Finally, we compared the
ADCean Values of the lesions with rim signs and the lesions without rim signs for all
reviewers. In a patient subset (n = 44) with a consensus of rim sign in DWI, the ROIs of the
whole lesion, the rim signal area, and the area excluding the rim signal were drawn, and the
ADCean Values were measured by 1 radiologist (Figure 2 C). We also compared the
ADCnean Values of the whole lesion, the rim signal area, and the central area excluding the
rim signal.

Statistical Analyses

The ADCean Values were compared for benign, high-risk, and malignant lesions using
Student’s #test. Receiver operating characteristic (ROC) curves were used to determine the
optimal ADCyean thresholds for discriminating between benign and malignant lesions. The
area under the ROC curve (AUC), sensitivity, and specificity were calculated for the DWI
rim sign based on the individual reviewers and consensus result and compared with those
results of the mean of ADCyean Value to assess diagnostic performance (20).

McNemar’s test of proportions was used to compare the rim signs between CE-MRI and
DWI and between the DWI rim signs and the high-signal rims on T2-weighted images. P <
0.05 was considered significant.

The ADCean Values of the lesions with rim signs and the lesions without rim signs for all
reviewers were compared using Student’s #test. Additionally, the ADCyean Values of the
whole lesion, the rim signal area, and the area excluding the rim signal were compared using
Student’s #test.
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MedCalc version 10.4.0.0 (MedCalc Software, Mariakerke, Belgium) was used for the
statistical and ROC analyses.

RESULTS

As described in Table 1, the mean ADCyean Value of the 62 malignant lesions (1.17 + 0.38 x
1073 mm?/sec) was significantly lower than that of 36 non-malignant lesions (1.68 + 0.63 x
1073 mm?/sec) (P < 0.05). According to the consensus results, the rim sign (grade 2 or
higher) in DWI was observed on 59.7% of malignant lesions and 19.4% of non-malignant
lesions.

Based on the individual reviewers and pathology, the mean number of each rim was
described as shown in table 2. In malignant lesions, grade 4 (complete thin rim) (36.5%) was
the most frequent. In non-malignant lesions, grade 1 (no rim) (66.7%) was the most
frequent.

According to the individual reviewers, the ranges of the sensitivity, specificity, and AUC
values for the rim sign in DWI were 54.8~82.3%, 47.2~83.3%, and 0.647~0.820,
respectively. According to the consensus of > 4 of the 5 reviewers, the sensitivity, specificity,
and AUC values for the rim sign in DWI were 59.7%, 80.6%, and 0.701, respectively. The
sensitivity, specificity, and AUC values for the ADCyyeqn Value (criteria < 1.46 x 1073 mm?/
sec) were 82.3%, 63.9%, and 0.731, respectively (Table 3).

As described in table 1, the frequency of the rim sign in DCE-MRI and the high-signal rim
in T2-weighted imaging was lower than the rim sign in DWI. The rim sign in DWI was more
often observed on invasive ductal cancer and ductal carcinoma in situ than invasive lobular
cancer (63.6% and 70% vs. 16.7%). Moreover, larger tumors demonstrated more prominent
rim signs in DWI.

Based on consensus, no correlation was observed between the DCE-MRI and DWI rim signs
using McNemar’s test of proportions (p=0.0177). Additionally, no correlation was observed
between the DWI rim signs and the high-signal rims in T2-weighted imaging using
McNemar’s test of proportions (p=0.0125).

The ADCnean Values of the lesions with rim signs were lower than those without rim signs
according to all reviewers (P value=0.0566 ~ < 0.0001) (Figure 4). The ADCyean Value of
the rim signal area was lower than the area excluding the rim signal for the malignant lesions
with rim signs, but it was not significantly different (P = 0.1379) (Figure 5).

DISCUSSION

DCE-MRI has a high sensitivity for breast cancer, and it is known to be a promising tool in
detecting, diagnosing, and staging breast cancer, but it has varied specificity (1,4,21). In
addition, administering a gadolinium-based contrast agent in DCE-MRI is contraindicated in
rare patients with renal insufficiency or previous allergic reaction, and it is time consuming
(1). Recent studies continue to show the potential contribution of unenhanced imaging
techniques to distinguish between benign and malignant lesions either alone or combined
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with DCE-MRI (11,22-25). The unenhanced T2 sequence is useful as an adjunct to contrast-
enhanced sequences and offers the potential to improve the differential diagnosis of benign
and malignant lesions (22,23,25-27). However, the significance and diagnostic impact of the
unenhanced T2 sequence alone are still being clinically established (11,28). DWI is another
unenhanced method for which usefulness has been determined. Most DWI studies of the
breast have reported that the ADC values in malignant tumors were significantly lower than
those in normal tissues and that the ADC value correlated with the prognostic factors for
breast cancer (5,6,10). Furthermore, low intra-observer and inter-observer variability has
been reported (29). However, the cut-off values in several reports vary from 1.10 x 1073
mm?&/sec to 1.60 x 103 mm?/sec (7-10,30). Diagnostic performance also varies depending
on the cutoff value, with a sensitivity of 80-100% and a specificity of 47-81% (7,8,10).
However, existing studies have only investigated the DWI and ADC of the entire lesion and
have not emphasized the importance of the spatial features of DWI. We evaluated
morphological DWI features in this study. According to the consensus results of our study,
the specificity of the rim sign (grade 2 or higher) in DWI was higher than that of the
ADCean Value (80.6% vs. 63.9%).

In another report that evaluated the diagnostic accuracy of the combination of DCE-MRI and
DWI, the sensitivity and specificity were 92% and 86%, respectively (9). Even in this study,
the Breast Imaging-Reporting and Data System (BIRADS) was emphasized and was
effective in distinguishing between the malignant and benign lesions, but evaluations based
only on DCE-MRI and multiple qualitative and morphological features overlapped and were
therefore combined (3,9,12,16). Of the multiple qualitative and morphological features in
BIRADS on DCE-MRI, the internal characteristic of rim enhancement in DCE-MRI is an
important sign in the differential diagnosis of a breast mass (3,9,12-14). Rim enhancement
has a 79-92% predictive value for breast malignancy (5). Schnall et al. reported that the Az
value of rim enhancement in DCE-MRI is 0.58. In our study, we evaluated only 1
characteristic feature, the rim sign, in DWI. The sensitivity was low, but the specificity was
high. Although a much larger study of the multiple qualitative and morphologic features of
DWI is needed to confirm its diagnostic impact, this initial study demonstrates that the
morphological features of DWI can be used to expand the diagnostic information available
in breast MRI.

Rim enhancement in DCE-MRI varied from grade 2 and 4 (a thin pattern, in which only the
outermost margin of the mass showed enhancement), to grade 3 and 5 (a thick pattern with
most of the mass showing enhancement and leaving a small central non-enhanced area that
resembled a donut) (14). A thin rim with a smooth margin indicates a large solid cluster of
cancer cells with mucin or an intracystic carcinoma with an expansive growth pattern. A
thick rim with a spiculated margin suggests a scattered invasion of cancer cells into the
stroma in small clusters or in trabecular structures with varying degrees of desmoplasia (14).
Rim enhancement of breast lesions in DCE-MRI is caused by the combination of
angiogenesis, the distribution and degree of fibrosis, the expression pattern of vascular
endothelial growth factor, and various histological features (17). However, a cyst, fat
necrosis, or abscess can also cause rim enhancement in DCE-MRI. We found abscesses that
showed rim enhancement in DCE-MRI but not the rim sign in DWI. It is well known that
DWI has high diagnostic value in soft-tissue abscesses, including breast abscesses (31). It
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has also been suggested that DWI is a helpful tool for distinguishing between benign and
malignant lesions that show rim enhancement in DCE-MRI.

In our study, the ADCpean Values of lesions with rim signs were lower than those without
rim signs, according to all reviewers. The ADCean Value of the rim signal area was lower
than the area excluding the rim signal for malignant lesions with a rim sign, but it was not
significantly different. We suggested that a low ADCyean Value is a cause of the rim sign in
DWI, rather than T2-shine-through (since high signal on T2 was not correlated with rim sign
on DWI).

Notably, our study had several limitations, including the small number of patients and the
relatively low prevalence of the rim sign. In addition, the patient population included a mix
of screening and staging patients; therefore, the prevalence of cancer was higher than that in
a pure screening population. A low signal artifact from metallic biopsy clips (14 cases in this
study) at the center or margin of the lesions could mimic a rim sign in DWI in some cases.
Because the radiologists were trained to recognize this anomaly in clinical practice, their
ability to describe the lesions was not affected. However, radiologists who use the rim sign
in DWI in clinical practice must differentiate true rim signs from artifacts caused by metallic
clips after biopsy. In addition, because this study specifically focused in DWI analysis,
reviewers were not asked to provide full BIRADS classifications for the DCE-MRI images.
Finally, unlike research performed on the rim sign in DCE-MRI, we did not investigate or
report the pathologic causes of a rim in DWI. Further studies of rim features with histology
should be undertaken in patients undergoing excision biopsy or lumpectomy.

Rim sign could be investigated as a potential prognostic sign to characterize lesions. The rim
sign in DWI could help further improve diagnosis and reduce false positives. In addition,
this basic study indicated that the rim sign in DWI potentially improves the accuracy of
unenhanced MRI, which some clinicians have considered for screening.
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Figure 1.
A diagram of the rim sign in diffusion-weighted imaging (DWI1).
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Figure 2.
A 35-year-old woman with 2.3 cm invasive ductal cancer in the right breast.

A. Post-contrast-enhanced image showing typical rim enhancement described as BI-RADS

category 5.

B. A T2-weighted image showing high signal intensity of the rim area.

C. The ADC map shows the ROI of the whole lesion, the rim, and the area excluding the
rim.

D. Diffusion-weighted image showing a typical complete thick rim surrounding the breast
mass.
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Figure 3.
A 62-year-old woman with a 2.4 cm abscess in the right breast.

A. Post-contrast-enhanced image showing thick rim enhancement, but subtle enhancement
revealed BI-RADS category 4a.

B. The ADC map shows the ROI of the whole lesion.

C. Diffusion-weighted image showing the definite absence of a rim
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Comparison of ADC values between lesions with and without a rim sign*®
{criteriafor with: any rim, without rim: no rim at all)
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Figure 4.
The graph shows the mean apparent diffusion coefficient (ADCyean) Values for the lesions

with and without a rim sign in diffusion-weighted imaging (DWI).
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Distribution of ADC values in subset patients with a rim sign by consensus [n=44)
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The graph shows the distribution of the mean apparent diffusion coefficient (ADCnean)
values of the whole lesion, the rim signal area, and the area excluding the rim signal in a
subset of patients (n = 44) with a rim sign by consensus.
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Table 1.

The ADCean Value and consensus results of the rim sign in DWI, the rim sign in DCE-MRI, and high Sl in
T2WI of 98 lesions in 84 patients based on the pathology and lesion size.

*
Consensus

No.  ADCnean value (x 10 mm?/sec)
Rimin DWI Rimin DCE- MRI  High Sl in T2WI

Mean * SD No. (%) No. (%) No. (%)
Total 98 1.36 +0.59 44.0 (44.9) 28.0 (28.6) 27.0 (27.6)
Malignant# 62 1.17+0.38 37.0 (59.7) 17.0 (27.4) 17.0 (27.4)
IDC 44 1.07+0.35 28.0 (63.6) 16.0 (36.4) 15.0 (34.1)
DCIS 10 1.48+0.35 7.0 (70) 1.0 (10) 1.0 (10)
ILC 6 1.38£0.27 1.0 (16.7) 0.0 (0) 1.0 (16.7)
Tubular ca 1 1.16 1.0 (100) 0.0 (0) 0.0 (0)
Paget 1 1.30 0.0 (0) 0.0 (0) 0.0 (0)
Non-Malignant 36 1.68 £0.63 7.0 (19.4) 11.0 (30.6) 10.0 (27.8)
High-risk£ 7 1.59 +0.68 3.0 (42.9) 2.0 (28.6) 3.0 (42.9)
Benign¢ 29 1.70+ 0.60 4.0 (13.8) 9.0 (31) 7.0 (24.1)
<lcm 18 1.41+0.60 6(33.3) 6(33.3) 3(16.7)
<2cm 40 1.32+0.45 18 (45) 9 (22.5) 10 (25)
>2cm 40 1.37£0.59 20 (50) 13 (32.5) 14 (35)

*
Consensus means the agreement of = 4 of the 5 reviewers
#IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; ILC: invasive lobular carcinoma
The high-risk group included atypical ductal hyperplasia (4), lobular carcinoma in situ (1), papilloma (1), and radial scar (1)

Z
The benign group included cyst (9), fibrocystic change (6), seroma (5), inflammation (4), fibroadenoma (3), usual ductal hyperplasia (1), and fat
necrosis (1)
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Table 2.

Comparison of the mean number of each rim grade recorded based on the individual reviewers and pathology.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
No.
Mean No. (%) No rim Incomplete thin  Incomplete thick Complete thin  Complete thick
Total 98 416 (42.4) 14 (14.2) 3.2(3.3) 28.6 (29.2) 10.6 (10.8)
Malignant# 62 17.6(28.4) 10.2 (16.5) 2.8(4.5) 22.6 (36.5) 8.8 (14.2)
IDC 44 10.6 (24.1) 6.8 (15.5) 1.8(4.1) 16.8 (38.2) 8(18.2)
DCIS 10 3(30) 2.4 (24) 1 (10) 2.8(28) 0.8(8)
ILC 6 3.4 (56.7) 0.8 (13.3) 0 1.8 (30) 0
Tubular ca 1 0 0 0 1 (100) 0
Paget 1 1 (100) 0 0 0 0
Non-Malignant 36 24 (66.7) 3.8 (10.6) 0.4(1.1) 6 (16.7) 1.8 (5)
High-risk£ 7 4(57.1) 0.8 (11.4) 0(0) 1.8 (25.7) 0.4 (5.7)
Benign;‘ 29 20 (69) 3(10.3) 0.4 (1.4) 4.2 (14.5) 1.4 (4.8)

#IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; ILC: invasive lobular carcinoma
The high-risk group included atypical ductal hyperplasia (4), lobular carcinoma in situ (1), papilloma (1), and radial scar (1)

Fi
The benign group included cyst (9), fibrocystic change (6), seroma (5), inflammation (4), fibroadenoma (1), usual ductal hyperplasia (1), and fat
necrosis (1)
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Table 3.

Comparison of the AUC, sensitivity, and specificity according to the rim sign and ADCyean Values.

AUC  sensitivity”  Specificity”
Rim Sign 0.701 59.7 80.6
Consensus *
ADC yean (criteria < 1.46) 0.731 82.3 63.9
Rim Sign 0.647-0.820  54.8-82.3 47.2-83.3
Range of 5 reviewers’
ADC e (Criteria< 1.41-1.50)  0.733-0.752  83.9-88.7 58.3-63.9

*
Consensus means the agreement of = 4 of the 5 reviewers

Sensitivity and specificity criteria of the rim sign containing complete thick, complete thin, incomplete thick, and incomplete thin rims
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