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Abstract

Purpose: To evaluate the diagnostic value of dynamic contrast-enhanced (DCE) magnetic
resonance imaging (MRI) for patients with atypical ductal hyperplasia (ADH) in predicting
malignant upgrade.

Materials and Methods: 3T DCE-MRI was performed for 17 patients with ADH (median age
52, range 42-76) proven by stereotactic biopsy (/7= 15), and ultrasound-guided biopsy (7= 2)
from January 2011 to April 2015. All patients underwent surgical excision after the MRI. Two
radiologists prospectively reviewed the MRI to determine the presence or absence of suspicious
findings at the site of biopsy, and evaluated the MR features of any lesion present according to the
Breast Imaging Reporting and Data System (BI-RADS) lexicon. MRI findings and clinical
information were correlated with the final surgical pathology by multivariate analysis.

Results: Nine of 17 lesions were upgraded to malignancy. MRI demonstrated suspicious
nonmass enhancement (NME) at the site of biopsy in all upgraded patients. The median size was
19.5 mm (range, 9-44mm). In the eight patients without upgrade, no enhancement (7= 2), linear
enhancement along the biopsy track (n7= 4), thin rim enhancement around hematoma (n= 1), and
a focal NME (7= 1) were seen. Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of MRI findings were 100, 87.5, 90, and 100%, respectively.
Multivariate analysis revealed that the presence of suspicious enhancement on MRI was the most
significant predictor of upgrade to malignancy (~ = 0.0006)

Conclusion: Our study revealed a high NPV of DCE-MRI for patients with ADH in terms of
malignant upgrade at subsequent surgery. This suggests that patients with ADH without suspicious
enhancement on DCE-MRI might be followed with DCE-MRI rather than undergoing surgical
excision.

The widespread use of image-guided percutaneous core needle biopsy (CNB) targeting
breast lesions has caused an increase in the detection of high-risk lesions on pathological
results.} High-risk lesions include atypical ductal hyperplasia (ADH), lobular carcinoma in
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situ (LCIS), atypical lobular hyperplasia (ALH), radial scar, papillary lesions, and flat
epithelial atypia (FEA). Due to the possibility of their upgrade to malignancy at final
pathology from surgical excision, when these lesions are found on CNB they are often
managed with surgery.

ADH is reported to demonstrate a various upgrade rate (7-54%).2-10 In the pathology
literature, ADH is defined as a lesion that has some but not all of the histologic and
cytologic features of low-grade ductal carcinoma in situ (DCIS), a lesion that has all of the
features of low-grade DCIS but involves one duct, or a lesion that has all of the features of
low-grade DCIS but measures less than 2 mm in diameter.11-13 Because a main difference
between ADH and low-grade DCIS is the extent of the lesion, a definite differentiation
between these two histologies is not always easy on core biopsy because the limited sample
size creates the possibility of undersampling a lesion. Hence, surgical excision is the
standard management of ADH found on CNB.14 However, it is debatable whether all
patients with ADH need surgical excision, as only a minority of cases are upgraded to DCIS
on final surgical pathology.

Although several investigators studied the utility of dynamic contrast-enhanced (DCE)
magnetic resonance imaging (MRI) for predicting subsequent upgrade to malignancy in
high-risk lesions proven on CNB, many of these studies clumped them together in one
entity, and did not investigate each type of high-risk lesions individually.15-18 We believe
that it would be reasonable to analyze each high-risk lesion individually because the
likelihood of upgrade is different in each type of lesion.

In this study, we conducted a prospective multivariate analysis of breast MRI for predicting
an upgrade to malignancy in patients with biopsy proven ADH.

Materials and Methods

Patients

Institutional Review Board (IRB) approval was obtained for this prospective study. All
patients provided written informed consent to participate in this study.

The study subjects were patients who had undergone stereotactic or ultrasound-guided CNB
of a breast lesion, with the pathologic diagnosis of ADH from biopsy. Patients with any
malignant lesions proven in the specimen were excluded from the study. The study protocol
required patients to undergo DCE MRI after the biopsy. Although a surgical excision of the
lesion after the MRI was an option for the patients, only the patients who underwent a
surgical excision were included in this study. Between January 2011 and April 2015, 22
patients were prospectively registered and provided informed consent. Five patients were
excluded; four patients declined surgical excision and one patient had a study deviation in
performing DCE MRI (a 1.5T MR machine, which was out of the study protocol, was used).
In total, 17 patients were included in our prospective study. MRI was performed 9-126 days
(mean 38 days) after the biopsy, and the surgery was performed 2-50 days (mean 17 days)
after the MRI. The interval between the biopsy and the surgery was 16-132 days (mean 55
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days). The patients’ menopausal status and personal and family history of breast cancer were
recorded using the institutional electronic medical record.

Interpretation of Conventional Images

Procedure

Interpretation of mammography and ultrasound images was performed according to the
Breast Imaging Reporting and Data System (BI-RADS) lexicon for lesion’s characteristics,
19in consensus by two radiologists (K.T., H.A.) with at least 4 years of experience in the
interpretation of mammography, ultrasound images, and breast MR images. Overall BI-
RADS assessment was determined using both mammography and ultrasound images.

Percutaneous CNB was performed under stereotactic or ultrasound guidance. Stereotactic
biopsy was performed in 15 patients (88%) using 8-, 9-, 11-, and 12-gauge core needle with
a vacuum-assisted device. The number of cores samples obtained varied in these patients
(median: 7, range: 3-12). Ultrasound-guided biopsy was performed in the remaining two
patients (12%) with 14-gauge core needle, and three core samples were obtained in each
case. A marking clip was placed at the biopsy site in all patients. In patients with
mammographically detected microcalcifications, a specimen radiograph was performed to
confirm the presence of calcifications.

MR Technique

MRI examination was performed using a 3T system (Achieva, Philips Healthcare, Best,
Netherlands) with a 16-channel breast coil and the patients were set in the prone position.
The DCE study was performed using one pre- and five postcontrast fat-saturated axial 77-
weighted images with a temporal resolution of 75 seconds. Subtraction images were made
by postcontrast 7;-weighted images minus precontrast 7;-weighted images. Imaging
parameters were as follows: repetition time / echo time (TR/TE), 4.92/2.46; flip angle, 10°;
matrix size, 448 x 448; field of view (FOV), 360 x 360; slice thickness, 1.6 mm. Gadobutrol
(Gadavist, Bayer, Germany) was injected 1V at a dose of 0.1 mM/kg followed by a 20-ml
saline flush at a rate of 2 ml/s for the dynamic contrast study. Subtraction images and kinetic
analysis including color-coding map were processed by Dynacad (v. 2.1.7.113583, Philips
Healthcare). Subtraction images were utilized in assessing the lesions.

MR Interpretation

MR images were interpreted independently by the same two radiologists who interpreted
conventional images. Discordance between two radiologists’ assessment was solved by
consensus. There was a washout period of 1 month between the two readings and the
radiologists were blinded to other imaging studies. The readers evaluated both
nonsubtraction and subtraction DCE MR images together with multiplanar reconstructions
and maximum intensity projections on Dynacad workstation. The presence or absence of
enhancement at the site of needle biopsy was noted. An enhancement along the biopsy track
and a thin rim enhancement around hematoma/seroma were considered benign (BI-RADS 2)
or probably benign (BI-RADS 3). When there was no enhancement or only benign
enhancement, it was considered a “nonsuspicious finding.” On the other hand, any contrast
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enhancement with measurable extent was considered a “suspicious finding.” When there
was a suspicious finding (BI-RADS 4 or 5), lesion type (mass, nonmass enhancement
[NME] or focus), morphologic features (shape, margin, and internal enhancement
characteristics for mass; distribution and internal enhancement patterns for nonmass
enhancement) and Kinetics (initial phase, delayed phase) were assessed according to the BI-
RADS lexicon. The maximum diameter of the evaluated lesion was recorded as the size of
lesion.

Pathologic Assessment

All biopsy specimens and surgically excised specimens were stained with hematoxylin and
eosin (H&E) and assessed as per clinical standard of care. All pathological results of image
guided biopsy and surgery were obtained from the electronic medical record.

Statistical Analysis

Final surgical histology was considered the reference standard for comparison with the MR
findings. The sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) of breast MRI in predicting the presence of malignancy was calculated with
95% confidence intervals (Cls). Lesions correctly classified as suspicious on MR images
were categorized as true-positive findings, whereas lesions incorrectly classified as
suspicious were deemed false-positive findings. Likewise, lesions correctly classified as
nonsuspicious on MR images were considered true-negative findings, whereas those
incorrectly classified as nonsuspicious were deemed false-negative findings.

For the multivariate analysis, we selected patient age, menopausal status (postmenopausal
vs. others), family history of breast cancer in a first- or second-degree relative (presence vs.
absence), personal history of breast cancer (presence vs. absence), the number of core
samples, gauge of biopsy needle (10G or larger vs. others), BI-RADS assessment on
conventional imaging (4A vs. 4B or higher), residual calcifications on mammography after
biopsy (presence vs. absence) and lesions that were 0.7 cm or larger vs. smaller than 0.7cm
on conventional images as confounding factors with MR findings (suspicious enhancement
on MRI vs. nonsuspicious enhancement on MRI). We adopted 0.7 cm as a cutoff for lesion
size because a previous study2C suggested that the upgrade rate was higher when the high-
risk lesion was larger than 0.7 cm regardless of the type of pathology. To assess the
association between the documented variables and results of final histology (benign or
malignant) in univariate analysis, categorical variables were compared by Fisher’s exact
tests and continuous variables were assessed using paired Wilcoxon and Mann-Whitney U-
test. Variables were selected for inclusion in the multivariate models based on univariate
associations when P< 0.2. The logistic regression model was used for multivariate analysis.
P<0.05 was considered statistically significant at multivariate analysis. We also performed
a subgroup analysis for the cases with ADH diagnosed by stereotactic biopsy using the same
uni- and multivariate analysis method. Data analyses was performed with commercially
available software (JMP 11, SAS Institute, Cary, NC).
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Patient Characteristics

Among 17 patients (median age 52, range 42—76), 8 were postmenopausal (47%) and nine
were premenopausal (53%). There was one patient (14%) who has a history of contralateral
breast cancer and there were six patients (35%) with family history of breast cancer within
second-degree.

Lesion’s Characteristics on Mammography or Ultrasound

Fourteen lesions (82%) were evident only mammographically and manifested as
calcifications. Their patterns are: grouped amorphous calcifications (7 =9), grouped coarse
heterogeneous calcifications (n7= 4), and segmental amorphous calcifications (7= 1). Three
lesions (18%) were detected both on mammography and on ultrasound as grouped coarse
heterogeneous calcifications / hypoechoic mass, focal asymmetry / hypoechoic mass, and
segmental amorphous calcifications / hypoechoic mass with calcifications (mammographic/
ultrasound findings).

Surgical Pathological Finding

Final surgical pathology revealed malignancy in 9 of 17 patients (upgrade rate in CNB:
53%). Among them, ductal carcinoma in situ (DCIS) was found in seven patients (7= 2, low
grade; n =5, intermediate grade) and grade 1 invasive ductal carcinoma (IDC) was found in
two patients. Among patients without malignant pathology results (47%), high-risk lesions
were found in seven patients (41%) and benign histologic finding in one patient (6%). For
these patients, high-risk lesions were ADH in five patients, ALH in one patient and FEA in
one patient, and one benign finding was usual ductal hyperplasia.

MR Findings

The lesion characteristics of all imaging and pathological findings are summarized in Table
1, and the biopsy information is shown on Table 2. All of the nine upgraded lesions showed
suspicious enhancement (true-positive finding; Fig. 1). All of these findings were NME. The
distribution of NME types were focal (7= 3), linear (7= 15), and segmental (7= 1); internal
enhancement patterns were clumped (7= 6), heterogeneous (7= 2), and homogeneous (7=
1); kinetics were rapid-plateau (/7= 5), medium-plateau (7= 1), medium-washout (7= 1),
and slow-persistent (/7= 2); the mean size was 21.6 mm (range, 9-48 mm). Among the eight
patients without upgrade, seven showed no suspicious enhancement (7= 2, no enhancement;
n= 4, enhancement along biopsy track; 7= 1, thin rim enhancement around hematoma)
(true-negative finding; Fig. 2). One of the eight patients without upgrade showed 12 mm of
focal homogeneous NME with rapid-washout kinetic at the site of biopsy, hence it was the
only false-positive case (false-positive finding; Fig. 3). Surgical pathology of this case was
ADH with intraductal papilloma. Sensitivity, specificity, PPV, and NPV with the exact 95%
Cls of MRI findings were 100 (80.7-100), 87.5 (65.7-87.5), 90 (72.6-90.0) and 100%
(75.1-100) respectively.
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Univariate and Multivariate Analysis

On comparing the clinical characteristics and the imaging features between patients with
benign results and those with malignancies by univariate analysis, the following variables
did not fulfill the inclusion criterion (£ < 0.2) for the multivariate analysis; patient age (P=
0.335), menopausal status (P = 0.637), the presence or absence of personal history of breast
cancer (P=1.000), or family history of breast cancer within second degree (£ = 0.620), the
gauge of biopsy needle (over 10G or under 10G) (P = 0.620), BI-RADS assessment on
conventional imaging (4A vs. 4B or higher) (P =1.000). On the other hand, the following
variables fulfilled the inclusion criterion (P < 0.2) for multivariate analysis: residual
calcifications on mammography after biopsy (presence vs. absence) (P = 0.0498), lesions
that were 0.7 cm or larger vs. smaller than 0.7 cm on conventional images (P = 0.0152), the
presence or absence of suspicious enhancement (P = 0.0004), and the number of core
samples (£ =0.110). Multivariate analysis using these four factors revealed that the presence
or absence of suspicious enhancement on MR was the only significant predictor of upgrade
to malignancy (P = 0.0006). P values for other three factors were: the number of core
samples (£ =0.0959), lesions that were 0.7cm or larger vs. smaller than 0.7cm on
conventional images (P =0.9993), residual calcifications on mammography after biopsy
(presence vs. absence) (P = 0.0959) (Table 3).

As for the subgroup analysis of patients with ADH proven by stereotactic biopsy, the
following four factors fulfilled the inclusion criterion (P < 0.2) for multivariate analysis: the
number of core samples (P = 0.0587), lesions that were 0.7 cm or larger vs. smaller than 0.7
cm on conventional images (2= 0.0101), residual calcifications on mammography after
biopsy (presence vs. absence) (£=0.1189), the presence or absence of suspicious
enhancement on MR (P = 0.0002). Just as with the whole group analysis, multivariate
analysis using these four factors revealed that the presence or absence of suspicious
enhancement on MR was the only significant predictor of upgrade to malignancy (P=
0.0071) (Table 3).

Discussion

Our study revealed that the upgrade rate for biopsy proven ADH on final surgical pathology
was 53%, which is relatively high, but still within the range of previously reported results
(7-54%).2-10 The previous four studies which examined the utility of MRI for predicting
subsequent upgrade to malignancy at final pathology in high-risk lesions enrolled 6, 13, 16,
and 23 patients with ADH, respectively.1>-18 We studied 17 ADH patients, which is a
relatively high number collected from a single institution. Among these four prior studies,
two studies®17 were prospective, and their decision criteria of MRI findings using BI-
RADS assessment are the same as ours. The other two studies were retrospective. Linda et
al15 used the Fischer score, which is known to correlate well with BI-RADS assessment, !
defining I-111 as nonsuspicious and V-V as suspicious. Londero et al'8 used a simple
assessment of the presence or absence of enhancement. Linda et all> and Pediconi et al'6
reported overall PPV (33.3% and 91%) and NPV (98.2% and 96%) of DCE-MRI in
predicting upgrade of all high-risk lesions as a whole, but they did not provide those for
ADH specifically. The later study of Linda et al'” and Londero et all8 reported PPV (50%
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and 44%) and NPV (90% and 100%) in predicting upgrade of ADH with DCE-MRI. So
when the studies are reviewed together, PPV varies greatly (33.3-91%) while the NPV
ranges narrow (90-100%). Thus, our study is in line with other literature showing that DCE-
MRI can predict non-upgrade of ADH (NPV: 100%).

The high NPV of DCE-MRI in predicting the lack of malignant upgrade of ADH might be
explained when the histopathology of ADH is considered. In its pathological definition,
ADH lacks the histological features of low-grade DCIS or is histologically the same as low-
grade DCIS but is localized to one duct or less than 2 mm in diameter.11-13 |t is known that
among patients with low-grade DCIS, there are 20-60% in which MRI does not show
enhancement.22-24 This is probably because low-grade DCIS is associated with a lower
angiogenic potential than intermediate-high-grade DCIS.25-27 By this principle, it would be
expected that ADH would enhance even less, if it is a kind of incomplete or tiny low-grade
DCIS.

In the studies described abovel>-18 and reported here-in, there were no false-negative
patients of invasive cancer or high-grade DCIS at final pathology, but the majority of false-
negative cases were low-grade DCIS. Sanders et al reported that low-grade DCIS had a
capability to evolve into invasive carcinoma in 35-50% of cases, but the time course might
span >40 years.?8 Sagara et al reported that there was no statistically significant survival
benefit for performing breast surgery for patients with low-grade DCIS in their large
population-based cohort study, and they recommended a strategy of nonoperative
management with active surveillance for those patients with low-grade DCIS.2° They also
reported that patients with intermediate- and high-grade DCIS had a statically significant
survival benefit by undergoing breast surgery. Since we know that the DCE-MRI is the most
sensitive imaging modality for detecting breast cancers, especially high-grade DCIS and
invasive car-cinoma,22-30 patients with low-grade DCIS might undergo a watchful waiting
strategy, and be followed up with DCE-MRI. Any significant change on MRI would indicate
the need for surgery. For those with ADH proven at CNB, if their DCE-MRI does not
demonstrate any suspicious finding, surgical excision may be viewed as overtreatment in
view of the high NPV of DCE-MRI in discriminating ADH with and without upgrade to
malignancy. Further, any false-negative MRI is likely to be low-grade DCIS, a lesion that
may not always be clinically significant. However, for patients with highly suspicious
findings on mammography or ultrasound (BI-RADS 5) or pathologic results which are
discordant, surgery should not be deferred and a treatment decision should be made based on
the referring physician’s discretion.

A differentiating feature of our study is that multivariate analysis was performed. DCE-MR
was the only effective factor for predicting upgrade to malignancy in the multivariate
analysis of both whole group and subgroup of patients. We believe that the result of the
subgroup analysis strengthens the efficacy of DCE-MRI because the patients in this group
are less variable in terms of biopsy method and number of core samples.

We did not set a specific rule for the time interval between the initial biopsy and the breast
MRI. The actual time interval varied from 9-126 days (mean 38 days), and there was no
detrimental effect from the biopsy on the MR images in this study. Based on our review,

J Magn Reson Imaging. Author manuscript; available in PMC 2019 June 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tsuchiya et al.

Page 8

researchers have reported mixed results regarding the optimal time interval needed to
minimize excisional biopsy effects on MRI. Some reported that a breast MRI should be
delayed a few weeks after the biopsy, such as 28 days3! or 14 days,32 but others reported
that it should be performed within 28 days,33 or within 7 days.3* Thus, there is no
established optimal interval between an excisional biopsy and a breast MRI. A percutaneous
needle biopsy is less invasive than an excisional biopsy. Therefore, the magnitude of biopsy
changes is typically smaller, and the effect of time interval may not be as important. In any
case, further work may help determine the optimal timing between percutaneous biopsy and
breast MRI.

This study has several limitations. One limitation is the small number of patients. Although
this study was assessed prospectively and the results were consistent with those of previous
studies, which also reported high NPV, a further prospective study with a large cohort would
be needed to confirm the value of MRI for predicting subsequent upgrade of ADH lesions.
The second limitation was that we did not include patients with ADH proven by MRI-guided
biopsy. MR-detected ADH lesions had been detected for their contrast-enhancement on
MRI; therefore, those lesions were likely to be enhancing again on MRI after biopsy. Thus,
we considered that it might mislead to a biased distribution of subjects. The third limitation
was that we only used 3T MRI for this study. Because 1.5T MR is more widely accessible,
further studies including images obtained on 1.5T MR could be beneficial. The fourth
limitation to consider is selection bias. Although surgery was recommended to all patients
with ADH, 4 of the 22 patients (18%) declined surgery. Because the decision whether to
receive surgery was made based on a discussion between the patients and a breast surgeon,
there could be selection bias in our study. To minimize selection bias, the study protocol
could mandate that patients have surgery. However, patients’ right to decline surgery at any
time during the study would still need to be respected. Therefore, some drop-offs would
always be inevitable, and we believe our drop-off rate to be acceptable. The fifth limitation
to our study was that the biopsy needles and the number of core samples were not
standardized. While standardization of these variables would be ideal, making such a study
protocol would be quite challenging because we need to include the initial biopsy in the
study protocol. All the subjects need to have received a percutaneous biopsy as part of
routine clinical care to be eligible for this study. Presuming we include patients’ initial
clinical biopsy in the protocol, we will need a large number of participants because the
eligible patients for this study (patients with ADH) would be a minority of all the
participants. Therefore, making such a protocol is not realistic in a single institution, outside
of a much larger research study including all breast biopsies, regardless of predicted
pathology results.

In conclusion, our prospective study revealed a high NPV of DCE-MRI for patients with
ADH in predicting the lack of upgrade to malignancy. This suggests that patients with ADH
without suspicious enhancement on DCE-MRI might be followed with DCE-MRI rather
than performing surgical excision.
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FIGURE 1:
a: A 48-year-old woman (Table 1, No. 9) with screen mammography detected grouped

coarse heterogeneous and linear calcifications (BIRADS 4c) in the left upper outer quadrant
(arrow). b: The stereotactic biopsy with 9G core needle was performed for the calcifications
and seven core samples were obtained. The pathologic result was a single focus of atypical
ductal hyperplasia (ADH). Postbiopsy mammogram showed multiple residual calcifications
besides biopsy clip. ¢: Axial 73-weighted contrast-enhanced subtracted MR image 48 days
after biopsy showed clip artifact within 11 mm focal heterogeneous nonmass enhancement
(NME) with rapid plateau kinetics. The retro-pectoral implant was also observed (arrow).
Surgical pathology showed scattered foci of ductal carcinoma in situ (DCIS) intermediate
grade. The MRI finding is true-positive.
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FIGURE 2:
a: A 44-year-old woman (Table 1, No. 11) with screening mammogram detected grouped

amorphous calcification (BIR-ADS 4a) in the left upper outer quadrant (arrow). b: The
stereotactic biopsy with 9G core needle was performed for calcifications and six core
samples were obtained. The pathologic result was a single focus of ADH. Postbiopsy
mammogram showed biopsy clip with no residual calcifications. c: Axial 7;-weighted
contrast-enhanced subtracted MR image 43 days after biopsy showed clip artifact with no
suspicious enhancement (arrow). Surgical pathology showed rare foci of ADH with flat
epithelial atypia (FEA). The MRI finding is a true-negative.
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FIGURE 3:
a: A 52-year-old woman (Table 1, No. 15) with new focal asymmetry (BIRADS 4b) in the

left lower outer quadrant at screening mammography (arrow). b: A targeted ultrasound
showed an irregular hypoechoic mass with indistinct margins measuring 12 x 7 x 6 mm with
minimal vascularity at the 6 o’clock position (arrow). ¢: The ultrasound-guided biopsy with
14G core needle (arrows) was performed for the lesion and three core samples were
obtained. The pathology result was a single focus of ADH. d: Axial 7;-weighted contrast-
enhanced subtracted MR image 16 days after biopsy showed clip artifact within 12 mm focal
homogeneous NME with rapid washout kinetics (arrow). Surgical pathology showed focal
ADH with intraductal papilloma. The MRI finding is a false-positive.
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