m | ) J Korean Soc Radiol 2019;80(6):1203-1213
s | Original Article  https://doi.org/10.3348/jksr.2019.80.6.1203
Updates PISSN 1738-2637 / elSSN 2288-2928

MRI Criteria for Predicting
Invasive Lesions

in Biopsy-Proven Ductal
Carcinoma in Situ

BLHHOZ B T|LRtO| EIEHEl XM Hed

—

HHS O|=or7| ?let o= W AV SES YL 7|&

Jiyeong Lee, MD'* (), Ko Woon Park, MD*" (22, Eun Young Ko, MD** (),
Boo-Kyung Han, MD* (2, Eun Sook Ko, MD* (&, Ji Soo Choi, MD* (2,
Meeyoung Nam, MD? (2, Soo Youn Cho, MD?

Departments of *Radiology, *Pathology, Samsung Medical Center, Sungkyunkwan University

School of Medicine, Seoul, Korea
’Department of Radiology, Ewha Womans University Seoul Hospital, Seoul, Korea

Purpose To evaluate the criteria for predicting invasive lesions with preoperative breast MRI in
ductal carcinoma in situ (DCIS) histopathologically diagnosed with biopsy.

Materials and Methods We retrospectively analyzed the preoperative MRI findings of 80 per-
cutaneous biopsy-proven DCIS. The morphological type, enhancement distribution and kinet-
ics, and extent of the lesions were analyzed. We compared the results of pure DCIS and DCIS
with invasive lesions. We evaluated the MRI criteria for predicting DCIS with invasive lesions
and assessed its diagnostic performance.

Results Of the 80 DCIS lesions analyzed, 27 contained co-existing invasive lesions and 49 were
pure DCIS. No residual lesions after biopsy were seen in 4 cases. DCIS with invasive lesions
showed washout kinetics more frequently and to a larger extent than did pure DCIS (p = 0.030
and p = 0.048, respectively). Using enhancement kinetics and the lesion cut-off value of 4 cm
yielded the highest diagnostic performance, with 92.6% sensitivity and 93.8% negative predic-
tive value for predicting invasive lesions.

Conclusion Washout kinetics and the lesion extent of at least 4 cm are useful criteria for the
prediction of co-existing invasive lesions in patients with DCIS diagnosed with biopsy.

Index terms Breast; Carcinoma, Intraductal; Magnetic Resonance Imaging

INTRODUCTION

The incidence of ductal carcinoma in situ (DCIS) has increased since the introduc-
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tion of breast cancer screening. Approximately 20-25% of all screening-detected breast can-
cers consist of DCIS (1, 2). DCIS is often diagnosed by image-guided biopsy techniques,
which are known to have an underestimation rate for invasive cancer (3). The rate of under-
estimation was found to be greater than 20% for 14-G core biopsy and up to 11-19% for 11-G
vacuum biopsy (3-6). Because the high rate of underestimation of invasive cancer leads to
secondary surgical procedures for axillary sampling, the role of sentinel lymph node biopsy
(SLNB) at the primary surgical procedure in all patients with pure DCIS is disputed. However,
as the incidence of axillary lymph node metastases in pure DCIS is low, SLNB in all patients
with DCIS may lead to overtreatment (1, 2). Several studies therefore defined subgroups of
patients at a high risk of invasion indicated for SLNB, e.g. patients undergoing mastectomy,
patients with high grade lesions, presence of a palpable mass, a mass on mammography,
large tumor size or patients with DCIS diagnosed on core biopsy (7-10). Preoperative breast
MRI has been widely used because of its high sensitivity for the detection of invasive breast
cancer. The sensitivity of MRI has been reported to vary between 90% and 94% in larger
studies and meta-analyses (11, 12). Dynamic contrast-enhanced MRI of breasts helps the sur-
gical planning, the preoperative staging, and predicting the surgical outcome based on mor-
phological information, tissue perfusion and enhancement kinetics as well (13). Further-
more, MRI reflects the biology of breast lesions (14), and the technique may be useful in
distinguishing between patients at a high risk of invasive cancer and those at a low risk. Pre-
vious studies addressing this issue were, however, not focused on MRI, and reported the im-
aging findings that showed increased risk of invasive lesion. The potential value of MRI as an
adjunct to conventional imaging is largely unknown. The aim of this study was to evaluate
the imaging criteria for high diagnostic performance of preoperative breast MRI in biopsy-
proven DCIS. Ultimately, these findings may improve the selection of patients indicated for
initial axillary sampling at the time of primary surgery.

MATERIALS AND METHODS

PATIENTS

This retrospective study was approved by our Institutional Review Board, which waived the
need for informed consent (IRB No. 2010-01-023). Our study population consisted of 77 con-
secutive patients carrying 80 lesions of DCIS based on preoperative percutaneous biopsy
from January to December 2014. One patient had bilateral lesions and two patients had two
separated lesions in different quadrants of the same breast. Patients age ranged from 26 to 72
years (mean age, 50 years). Preoperative diagnosis was established by stereotactic vacuum-
assisted biopsy (VAB) (15/80), ultrasound (US)-guided VAB (10/80), and US-guided 14-gauge
core needle biopsy (55/80). All patients underwent preoperative MRI for evaluating the extent
of primary tumor, multiplicity, and contralateral breast cancer.

MR IMAGING
Breast MRI was performed using a 1.5 Tesla (T) Philips Intra Achieva in 6 cases, usinga 3.0 T

GE Signa in one case, and a 3.0 T Philips Intra Achieva in 73 cases. All patients were imaged

in a prone position using a dedicated double breast surface coil. Both breasts were imaged in
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all cases. An axial T1-weighted spin echo sequence and fat-suppressed T2-weighted fast spin
echo sequence were performed. For dynamic contrast enhanced images, a three-dimension-
al, axial/sagittal, fat-suppressed T1-weighted fast gradient echo sequence was obtained be-
fore, and every min (until 7 min) after a bolus injection of 0.1 mmoL/kg of gadolinium diethyl-
enetriamine pentaacetic acid (Magnevist; Berlex Laboratories Inc., Wayne, NJ, USA). The
parameters were as follows: repetition time and echotime (8.7/4.3 ms for the axial dynamic
images; 16/4.1 ms for the sagittal dynamic images), a 20° flip angle, a 27-cm field of view, 1.5-
mm sections with no gap, and a 512 X 512 matrix. Two signals were averaged and spectrally
selected for inversion recovery-prepared fat suppression. After examination, two subtraction
images were generated automatically on a pixel-by-pixel basis: the unenhanced images were
subtracted from the early post-contrast images (standard subtraction), and the last post-con-
trast images were subtracted from the early post-contrast images (reverse subtraction). Refor-
matted images (maximum-intensity projection) in a cranio-caudal, medio-lateral, or anterior-
posterior projection were created from the standard and reverse subtraction images.

ANALYSIS OF BREAST MRI FINDINGS

The morphological and dynamic image parameters of breast MR images were retrospec-
tively analyzed by two radiologists who were blinded to the final pathological results of the
lesions. The morphological type was analyzed with distribution of non-mass enhancement,
as well as the extent, and enhancement kinetics of the lesions.

Based on the morphologic type, the lesions were classified into mass and non-mass en-
hancement according to the categories of the American College of Radiology (ACR) Breast
Imaging Reporting and Data System (BIRADS) for MRI (15). A mass is a space-occupying tu-
mor that has three dimensions, with a visible correlate on pre-contrast T1- or T2-weighted
images. A non-mass enhancement occurs in an area of the fibroglandular tissue that other-
wise appears normal on pre-contrast images. There is no space-occupying effect.

The enhancing area usually not correlated with the fat-suppressed or non-fat-suppressed
T2-weighted images. Cases, which showed both areas of mass and non-mass enhancement
concurrently, were classified as the mass lesions. In the non-mass enhancement, the distribu-
tion of enhancement was assessed by the orientation: linear or segmental (along the milk
ducts) and diffuse or regional and focal. The enhancement kinetics was analyzed by assess-
ing the early enhancement and washout, based on the visual assessment using standard sub-
traction and reverse subtraction images and measured signal intensity within the region of
interest on pre-, and post-contrast (early and delayed) enhanced images. To determine the ex-
tent of lesions, we measured the longest diameter of the contrast-enhanced lesion at the early
enhancement time (2 min) and the cut-off value that predicted invasive lesion was determined
using the receiver operating characteristic (ROC). In case of lesions without early enhance-
ment, we measured the extent on the delayed images.

After evaluating significantly different MRI findings between pure DCIS and DCIS with in-
vasive lesions, we applied multiple criteria using a combination of significant MRI findings

and assessed their diagnostic performance.
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STATISTICAL ANALYSIS
We compared the MR findings between pure DCIS and DCIS with invasive lesions. We used

the chi-square test to analyze the morphology and enhancement, and the t-test to analyze the
extent of lesion. p-value < 0.05 was considered statistically significant. A cut-off value was ob-
tained for the extent that predicted invasive lesion using the ROC analysis. MR findings that
showed statistical significance in differentiating pure DCIS from DCIS with invasive lesions
were evaluated. The sensitivity, specificity, positive predictive value (PPV) and negative pre-
dictive value (NPV) of significant MR findings in predicting co-existing invasive lesion were
calculated.

RESULTS

All surgical specimens were carefully assessed for concomitant invasive lesion. Four cases

Table 1. MR Features of Pure DCIS and DCIS with Invasive Lesions

Pure DCIS DCIS with Invasive Lesions

(n=49) (n=27) p-Value
Positive MR finding 42 (86) 27 (100)
Morphologic finding
Mass 11 5 >0.05
Shape
Round or oval 2(18.2) 1(20) >0.05
Irregular 9(81.8) 4(80)
Margin
Circumscribed 11 (100) 0(100) >0.05
Not circumscribed 0(0) 5(0)
Non-mass enhancement 31 22
Distribution
Diffuse or regional 4(12.9) 5(22.7) >0.05
Linear or segmental 22 (71.0) 13(59.1)
Focal 5(16.1) 4(18.2)
Internal enhancement pattern
Homogeneous 4(12.9) 2(9.1)
Heterogeneous 27 (87.1) 20(90.9)
Early enhancement (+) 35(71.4) 25(92.6) 0.030
Presence of wash out 0.048
Wash out (+) 12 15
Wash out (-) 23 10
Early enhancement (-) 7(14.3) 2(7.4)
Mean extent (cm £ SD) 282*19 501%22 <0.001
Extent = 4.0 10(23.8) 20 (74.1)
Extent<4.0 32(76.2) 7(25.9)
Negative MR finding 7(14) 0(0)

All categorical variables are presented as a number of items with percentage.
DCIS = ductal carcinoma in situ, SD = standard deviation
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showed no residual lesions on the pathology after surgery. Among the 76 lesions, 49 lesions
were confirmed as pure DCIS and 27 lesions were confirmed as DCIS with invasive lesions
after surgery. Among the 27 DCIS with invasive lesions, 19 lesions were invasive ductal carci-
noma (IDC) in the background of DCIS which included 9 cases of micro IDC; one lesion was
invasive lobular carcinoma with surrounding DCIS; and two were mucinous carcinoma with
surrounding DCIS; five cases were confirmed as pure IDC (extensive intraductal component
less than 25%) after surgery. The overall MR features of pure DCIS and DCIS with invasive le-
sion are listed in Table 1. The morphologic types were classified into mass and non-mass en-
hancement according to the ACR BIRAD for MRI (15). All DCIS with invasive lesions and 42/49
(86%) of pure DCIS showed positive MR findings.

The lesions that showed negative MR findings were all pure DCIS (7/49). Four lesions (4/49)
showed very subtle findings that were hard to differentiate from normal breast parenchyma
without knowing that the patient had a biopsy-proven DCIS lesion. Lesions with subtle or
imperceptible contrast enhancement on the preoperative MRI were pure DCIS without a
concurrent invasive lesion (Fig. 1). Regarding the morphologic type, the mass or non-mass
enhancement and their distribution were not statistically significant in both pure DCIS and

DCIS with invasive lesions. In the kinetics of contrast enhancement, DCIS with invasive le-

Fig. 1. A43-year-old woman without any subjective symptoms showed 5 cm of pure ductal carcinoma in situ after the surgery.

A. Preoperative spot-magnification mammography shows a segmental distribution of microcalcifications (arrows).

B. Preoperative ultrasonography shows subtle parenchymal heterogeneity (arrows).

C-E. Dynamic contrast-enhanced MRI (pre-contrast enhanced (C), 2 min (D) and 7 min (E) after contrast injection) show no evidence of abnor-
mal enhancement around the post-biopsy change (arrows).

Pre-enhance
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sions exhibited higher rates of early enhancement (92.6%), and washout pattern (55.6%) than
pure DCIS (71.4% and 24.5%), which were statistically significant (p = 0.030 and p = 0.048)
(Fig. 2). In pure DCIS lesions, 14.3% of the lesions showed no abnormal enhancement in ear-
ly phase. Among the 35 lesions with early enhancement, 23/35 (65.7%) did not show washout
kinetics. The extent of DCIS with invasive lesions was significantly larger than that of pure
DCIS lesions (5.01 = 2.2 cm vs. 2.82 £+ 1.9 cm) (p < 0.001) (Fig. 3).

Table 2 shows the diagnostic performance of significant MR findings that differentiate
pure DCIS and DCIS with invasive lesions. After the ROC analysis, we determined a size of 4 cm
as the cut-off value for differentiating pure DCIS and DCIS with invasive lesion. Among the

three MR findings that showed statistical significance, a cut-off extent of at least 4 cm showed

Fig. 2. A 56-year-old woman with a palpable mass in her left breast showed ductal carcinoma in situ with three invasive ductal carcinomas (2,
0.2,and 0.1 cm) after the surgery.

A, B. Mammography (A) and ultrasonography show ill-defined mass-like lesions with microcalcifications (B, arrows).

C. Dynamic contrast-enhanced MRI (pre-contrast enhanced image, post-contrast 2 min and 7 min images) show 8 cm heterogeneous non-
mass enhancement with early enhancement and washout (arrows).

Pre-enhance Y e 2 minutes . 7 minutes
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Fig. 3. A62-year-old woman without any subjective symptoms showed 2 cm of pure ductal carcinoma in situ after the surgery.

A. Mammaography shows a segmental distribution of fine linear and coarse heterogeneous microcalcifications (arrow).

B. Preoperative ultrasonography shows parenchymal heterogeneity with internal echogenic dots (arrows).

C. Dynamic contrast-enhanced MRI (pre-contrast enhanced image, post-contrast 2 min and 7 min images) show 5 cm mass with gradual en-
hancement (arrows).

-

*ﬁnutes

Table 2. Diagnostic Accuracy of Significant Magnetic Resonance Findings for Distinguishing between Pure DCIS and DCIS with Invasive Lesions

bure DCIS DCIS with Performance in Predicting Co-Existent Invasive Lesions
Invasive Lesions  Sensitivity Specificity PPV NPV
Extent = 4.0cm 10 (20.4) 20(74.1) 0.741 0.796 0.667 0.848
Early enhancement 35(71.4) 25(92.6) 0.926 0.286 0.417 0.875
Early enhancement & wash out 12 (24.5) 15 (55.6) 0.556 0.755 0.536 0.755
Extent = 4.0 cm or early enhancement & wash out 19 (38.8) 25(92.6) 0.926 0.612 0.568 0.938

All categorical variables are presented as a number of items with percentage.
DCIS = ductal carcinoma in situ, NPV = negative predictive value, PPV = positive predictive value

the best diagnostic performance. When we applied the combination criteria based on extent
of at least 4 cm or early enhancement and washout kinetics, the sensitivity, specificity, PPV
and NPV were 92.6%, 61.2%, 56.8 % and 93.8%, respectively.

DISCUSSION

DCIS is a non-invasive breast lesion without metastatic potential. DCIS can, however, be
associated with the presence of invasive cancer. Because of the underestimation rate of inva-

sive disease using image-guided biopsy, preoperative selection of patients at a relatively high

https://doi.org/10.3348/jksr.2019.80.6.1203 1209
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risk of invasion is essential to avoid a second surgical procedure for axillary nodal staging.
Although MRI has a high sensitivity for the detection of invasive cancer, the role of MRI in as-
sessing the presence of invasive disease is as yet unclear. There have been only few reports
about preoperative predictive MR findings for invasive cancer and despite recent advances in
the diagnosis, evaluation, and treatment of breast cancers, surgical treatment of DCIS remains
unreliable (16). According to Morakkabati-Spitz et al. (17), segmental or linear enhancement
patterns on dynamic breast MRI are hallmarks of DCIS. However, invasive carcinomas that
coexist with a background of diffuse DCIS also frequently show segmental non-mass en-
hancement. In this study, non-mass enhancement with ductal or segmental distribution was
seen most frequently in both groups of pure DCIS and DCIS with invasive lesions. The bio-
logical explanation of enhancement on MRI of a malignant tumor is believed to be the pres-
ence of tumor-induced angiogenesis. The increased density of microvessels will increase
blood flow, thereby causing contrast enhancement. Furthermore, these tumor-induced mi-
crovessels demonstrate structural abnormalities that give rise to leakage of contrast medium.
This causes characteristic contrast enhancement kinetics (plateau and washout phenome-
non) (18, 19). Angiogenesis-induced vessel sprouting and alteration of vessel wall permeabili-
ty are thought to lead to the strong and fast contrast enhancement observed in dynamic MRI
study of invasive breast cancers (20). However, DCIS has been shown to exhibit variable an-
giogenetic activity, yielding variable contrast enhancement values. Even though Van Goet-
hem et al. (21) reported that enhancement kinetics such as washout and moment of maximal
enhancement could not aid the differential diagnosis between pure DCIS and invasive carci-
noma, in our study, a washout pattern was observed significantly more in DCIS with invasive
lesions than in pure DCIS (p < 0.05). In the extent of lesions, DCIS with invasive lesion showed
significantly larger extent than pure DCIS (5.01 & 2.2 cm vs. 2.82 &= 1.9 cm) (p < 0.001). Based
on our results, a larger lesion size is most frequently used as a predictive factor for invasive
cancer on mammography, US or MRI. The larger lesion size on mammography was reported
to be an independent predictive factor for invasion with the cut-off ranging from 20 to 50 mm
(6, 22, 23). Tt was reported that sonographic lesion size of 20 mm or larger was a significant
factor for invasion (24). In an MRI study, lesions of 60 mm or larger showed the likelihood of
having invasive component (25). These could be a reflection of the assumption that the larger
the lesion, the more likely DCIS and invasive cancer coexist in the same lesion. Some investi-
gators stated that the incidence of microinvasion or invasion was directly related with tumor
size (26, 27). In addition, a larger target lesion increased the target area for sampling, and a
greater probability of missing invasive component (26, 28).

We compared the performance of three statistically significant MR findings in differentiat-
ing pure DCIS and DCIS with invasive lesions and in predicting co-existing invasive lesions.
Among the three features, the extent of 4 cm showed the best diagnostic performance in pre-
dicting co-existent invasive lesions, although the sensitivity was 74.1%. The combined crite-
ria of either extent = 4 cm or early enhancement and washout kinetics for predicting inva-
sive lesion, the sensitivity and NPV increased to greater than 90%. Even though the specificity
and PPV of combination criteria were around 60%, we expected that their predictive ability
for co-existing invasive lesions may help preventing a two-step operation by selectively using

SLNB. In cases of subtle or imperceptible contrast enhancement on preoperative MRI, we
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could predict that the lesion would be pure DCIS and that lumpectomy alone would be ade-
quate treatment.

Our study has a few limitations. First, the radiologists interpreted MR images with a knowl-
edge of previous histological diagnosis of DCIS, and mammographic and US findings, which
may increase the percentage of positive MR findings for all lesions. Second, inter-observer
variation is possible with regards to mass and non-mass enhancement. Third, our study fo-
cused on MR features. We did not include US and mammographic findings in our analysis.
Therefore, further studies, which include all imaging findings and clinical aspects, are need-
ed to evaluate the most reliable predictors of co-existent invasive lesions in patients with bi-
opsy-proven DCIS.

In conclusion, DCIS with invasive lesions showed larger extent and more frequent washout
kinetics compared with pure DCIS. The combined criteria of either extent = 4.0 cm or early
enhancement and washout kinetics of the lesions are useful in predicting co-existent inva-
sive lesions in biopsy-proven DCIS patients, and SLNB could be recommended for such se-

lected patients.
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