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ABSTRACT

Introduction: The usefulness of contrast enhanced mammography (CEM) for assessing architectural distortion (AD) has not
been defined. This study aimed to determine the diagnostic accuracy of AD enhancement on CEM for predicting malignancy
and its histopathologic correlation. Material and methods: Patients with AD detected on 2D mammography, tomosynthesis
(DBT), and/or ultrasound with BI-RADS categories 4 and 5 and supplementary evaluation with CEM were included.
Histopathologic confirmation of the diagnosis or 24-month follow-up imaging studies to determine stability were reported. The
risk of malignancy with AD enhancement was assessed with odds ratios (OR) with 95% confidence intervals (Cl). Sensitivity,
specificity, PPV, NPV, and accuracy of AD enhancement for predicting malignancy were calculated. Results: Forty-nine
patients with 50 AD lesions (one patient had two AD lesions) were included. Twenty-nine (58.0%) were benign AD lesions,
5 (10.0%) were benign with upgrade potential (BWUP) lesions, and 16 (32.0%) were malignant. AD enhancement on CEM
was observed in all breast malignancy cases (n = 16, 100%), compared to 12 (41.4%) of 29 benign ADs (p < 0.001). The risk
of malignancy with AD enhancement on CEM was OR = 23.54 (95% CI, 2.77 to 199.9). AD enhancement on CEM had a
sensitivity of 95.2% (95% Cl, 76.2 to 99.9) and a specificity of 58.6% (95% CI 38.9 to 76.5) for predicting malignancy. The
PPV was 69.7 (95% CI, 59.6 to 78.2), the NPV was 92.5% (95% CI, 63.9 to 98.8), and diagnostic accuracy was 76.9%
(95% Cl, 62.8 to 876). Conclusion: AD enhancement on CEM has high diagnostic accuracy for predicting breast malignancy.
This study is the first in Mexico to present the experience with CEM in the evaluation of AD.
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INTRODUCTION more ADs have been detected. The primary causes of

. o . . AD are breast cancer, radial scar, complex sclerosing
Architectural distortion (AD) is the third most common lesion, adenosis, desmoid tumor, or diabetic mastopa-

abnormality detected on mammography’. It is a paren- thy. Secondary causes are surgery and traumaZ.

chymal distortion without a visible mass seen on mam- Conventional breast imaging techniques such as
mography as thin, straight lines or spiculations radiating mammography, DBT, ultrasound (US), or magnetic res-
from a point, with retraction, distortion, or focal rectifi- onance imaging (MRI) have poor accuracy detecting
cation of the anterior or posterior margin of the breast malignant AD%%. Contrast enhanced mammography
parenchyma'. With the advent of tomosynthesis (DBT), (CEM), as a new imaging modality, has higher specificity
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with similar sensitivity to MRI in diagnosing some
breast pathologies since it allows evaluation of the mor-
phology and physiological information of the lesion
through contrast enhancement®’. The diagnostic per-
formance of CEM has been compared with 2D mam-
mography, tomosynthesis, and MRI in various scenarios
as an alternative diagnostic imaging modality for
patients not eligible for MRI, reassessment of response
to neoadjuvant chemotherapy in high-and intermedi-
ate-risk patients, and evaluation of the extent of breast
malignancy in patients with recently diagnosed can-
cer®3, In addition, CEM offers advantages in terms of
low cost and study duration™. As a cost-effective sub-
stitute, CEM can evaluate AD similarly to MRI providing
a perfect correlation of mammographic and contrast-en-
hanced findings®'516.

Breast cancer may manifest as AD, so biopsy is rec-
ommended'”%, CEM with AD enhancement can distin-
guish benign from malignant lesions?%2!, There is
limited information on the behavior of AD enhancement
in CEM and its association with breast malignancy?>".
Our study aimed to determine the diagnostic accuracy
of CEM in predicting malignant AD and its histopatho-
logical correlation.

MATERIAL AND METHODS

This cross-sectional study was conducted from
December 2015 to December 2021 in the Breast Imaging
Department at the Specialized Diagnostic Imaging Center
in Zapopan, Jalisco, Mexico Patients with AD detected on
2D mammography, DBT, and/or ultrasound with BI-RADS
categories 4 and 5 were included. Patients with an uncon-
firmed histological diagnosis of AD or who did not com-
plete the two-year follow-up period were excluded.
Informed consent was not required for this retrospective
analysis of data obtained in routine medical care. The
study was approved by the Institutional Research Ethics
Committee and the Research Committee.

Study development and variables

Patients were identified as having AD by mammaog-
raphy, DBT, and/or ultrasonography with supplemental
evaluation by CEM. Histopathological confirmation of
the diagnosis or a 24-month follow-up with imaging
studies to determine lesion stability were reported. Age,
sex, breast tissue composition according with American
College of Radiology®, and AD laterality were recorded.

Table 1. Breast AD diagnoses and their histopathologic confirmation or
stability by imaging at 24-month follow-up

Benign breast AD n (%)
Fibrocystic changes 4(13.8)
Fibroadenomatoid changes 4(13.8)
Radial scar 4(13.8)
Sclerosing adenosis 3(10.4)
Mature adipose tissue 1(3.4)
Benign for stability? 13 (44.8)
Total 29 (100)
BWUP breast AD n (%)
Atypical ductal hyperplasia 3(60.0)
Atypical epithelial myoepithelial hyperplasia 1(20.0)
Columnar cell change with atypia 1(20.0)
Total 5 (100)
Malignant breast AD n (%)
Invasive ductal carcinoma 13 (81.3)
Ductal carcinoma in situ 2 (12.5)
Phyllodes tumor 1(6.2)
Total 16 (100)

2ln 13 patients, the lesion was stable on breast US or mammography examina-
tions at 24-months follow-up, and no biopsy was performed. AD: architectural
distortion; US: ultrasound; BI-RADS: Breast Imaging Reporting and Data Sys-
tem; BWUP: benign with upgrade potential.

Protocol for image acquisition and
analysis

CEM

Selenia Dimensions equipment (Hologic, Inc.
Danbury, CT. USA) with 2D CEM imaging software
(I-VIEW) was used. Urea and creatinine were verified
as normal before the CEM examination. Informed con-
sent was obtained for contrast agent administration.
Images were obtained from Picture Archiving and
Communication System (PACS) (Carestream™, Health
Inc, version 12.1.5, Rochester, NY, USA).

A nonionic iodinated contrast medium (Ultravist 370,
Bayer AG, Berlin, Germany) was used. The dose was
1.5 mL/kg intravenously with a dual injector (MEDRAD
STELLANT DUAL, Bayer, Pharmaceuticals, Berlin,
Germany) at 3.5 mL/sec with a maximum dose of 150
mL. Two minutes after the contrast injection, mam-
mographic projections were started. Mediolateral
obliqgue (MLO), craniocaudal (CC), and mediolateral
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Table 2. CEM enhancement behavior in positive and negative mammography and ultrasound for detection of AD

Description Positive mammography/ Positive mammography/ Negative mammography/ Total
positive ultrasound negative ultrasound positive ultrasound
Positive CEM?, n (%) 28 (84.8) 2 (25.0) 2(22.3) 32 (64.0)
Negative CEM®, n (%) 5(15.2) 6 (75.0) 7(77.7) 18 (36.0)
Total, n (%) 33(100) 8 (100) 9 (100) 50 (100)
aPresence of enhancement of AD; "Absence of enhancement of AD; AD: architectural distortion; CEM: contrast enhanced mammography.
Table 3. Characteristics of patients, BI-RADS categories and etiologic diagnoses of breast AD
Description Total % Benign % BWUP % Malignant % p-value
breast AD, n breast AD, n breast AD, n
Age, years, mean + SD 436 +9.8 493 +£9.1 432+ 3.1 439 + 12.1 0.028
(min, med, max) (28, 48, 69) (28, 50, 67) (40, 43, 48) (30,47.5,69)
Sex
Female 48 98.0 28 96.6 5 100 16 100 1.000
Male 1 2.0 1 34 0 0 0 0
Total 49 100 29 100 5 100 16 100
Breast composition
Almost entirely fatty a 1 2.0 2 3.6 0 0 0 0 0.467
Scattered densities b 8 16.3 4 14.3 0 0 4 25.0
Heterogeneous dense ¢ 34 69.4 20 n4 3 60.0 1 68.8
Extremely dense d 6 12.3 3 10.7 2 40.0 1 6.2
Total 49 100 29 100 5 100 16 100
Laterality
Right 20 40.0 12 41.4 2 40.0 6 375 0.950
Left 29 58.0 16 55.2 3 60.0 10 62.5
Bilateral 1 2.0 1 34 0 0 0 0.0
Total 50 100 29 100 5 100 16 100
BI-RADS
3 18 36.0 17 58.6 1 20.0 0 0 < 0.001
4 12 24.0 8 21.6 2 40.0 2 12.5
5 20 40.0 4 13.8 2 40.0 14 87.5
Total 50 100 29 100 5 100 16 100

249 patients with 50 AD lesions (one patient had two ADs). AD: architectural distortion; BWUP: benign with upgrade potential; BI-RADS: Breast Imaging Repor-
ting and Data System. SD: standard deviation; min: minimum value; med: median; max: maximum value.

(ML) views of the breast with the AD lesion were
obtained first, followed by CC and MLO views of the
contralateral breast and late projections, if necessary.
Projections were performed within 8 minutes accord-
ing to standard protocols. Each image was obtained
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Table 4. Comparison of characteristics of AD enhancement on CEM by diagnostic group

Description Total, n % Benign breast % BWUP % Malignant % p-value
AD, n breast AD, n breast AD, n
BPE
Minimal 16 32.0 9 31.0 0 0 7 43.8 0.402
Mild 6 12.0 3 10.4 0 0 3 18.7
Moderate 10 20.0 6 20.7 2 40.0 2 12.5
Marked 18 36.0 " 37.9 3 60.0 4 25.0
Total 50 100 29 100 5 100 16 100
Enhancement
Yes 32 64.0 12 414 4 80.0 16 100 < 0.001
No 18 36.0 17 58.6 1 20.0 0 0
Total 50 100 29 100 5 100 16 100
Internal enhancement pattern
Homogeneous 5 15.6 1 8.3 2 50.0 2 12.5 0.327
Clumped 1 3.1 0 0.0 0 0 1 6.3
Rim 1 3.1 1 8.3 0 0 0 0
Heterogeneous 25 78.2 10 83.4 2 50.0 13 81.2
Total 320 100 12 100 4 100 16 100
Lesion conspicuity
Low 7 21.9 3 25.0 2 50.0 2 12.4 0.521
Moderate 4 125 1 8.3 0 0 3 18.8
High 21 65.6 8 66.7 2 50.0 " 68.8
Total 320 100 12 100 4 100 16 100

32 AD lesions with enhancement; AD: architectural distortion; BWUP: benign with upgrade potential; BPE: background parenchymal enhancement; BI-RADS:
Breast Imaging Reporting and Data System; CEM: contrast enhanced mammography.

The recorded CEM descriptors®® were background
parenchymal enhancement (BPE), categorized as: min-
imal, mild, moderate, or marked; the presence or
absence of AD enhancement; the characteristics of the
internal enhancement pattern: homogeneous, clumped,
rim or heterogeneous; and the conspicuity of the lesion
as low, moderate, or high. BI-RADS category 3, 4, or
5 was assigned based on the CEM findings and
enhancement characteristics.

All CEM examinations were evaluated by the same
breast radiologist (BGU) with 30 years of experience
using a SecurView workstation (Hologic, Inc. Danbury,
CT. USA) with 5 MP medical-grade monitors (BARCO,
Kortrijk, Belgium).

Mammography and tomosynthesis

DBT in OML projections was performed in all patients
referred for 2D mammography. In the case of AD detec-
tion, the CC projection was supplemented with DBT.
DBT slices and synthesized images (images recon-
structed with a lower radiation dose) acquired with
Selenia Dimensions equipment (Hologic, Inc. Danbury,
CT. USA) were analyzed.

Ultrasound

2D mammography or DBT and US were performed
in all patients with AD with Acuson Antares or Acuson
S2000 Evolution Helx equipment with touch control
(Siemens, Erlangen, Germany). Multifrequency linear
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Figure 1. AD enhancement in CEM was present in all malignant AD lesions (n = 16, 100%), in contrast to 12 (41.4%) of the benign AD lesions
(p < 0.001). BWUPs showed enhancement in 4 (80%) of 5 AD lesions.

AD: architectural distortion; CEM: contrast enhanced mammography.

Figure 2. An asymptomatic 36-year-old woman. Grandmother with breast cancer. A: power Doppler US of the left breast, showing AD lesion,
radial at 4 o’clock, 3 cm from the nipple with peripheral vascularity (circle). B: power Doppler US of left breast, showing AD lesion, antiradial,
at4 o’clock, 3 cm from nipple with peripheral vascularity (circle).C: CEM low energy of left CC image shows an extremely dense breast without
abnormalities. D: CEM recombined of left CC view shows moderate background parenchymal enhancement. No abnormal enhancement in
0LQ. E: power Doppler US of the left breast two years after CEM, radial and antiradial examinations show a less obvious AD lesion at 4
o'clock, 3 cm from the nipple with peripheral vascularity (circles). F: breast US with strain elastography two years after CEM shows soft AD
(circle). Patient completed the 2-year follow-up period and was recategorized as BI-RADS 2.

AD: architectural distortion; CC: craniocaudal view; CEM: contrast enhanced mammography; OLQ: outer lower quadrant; US: ultrasound.
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Figure 3. An asymptomatic 51-year-old woman. A: low energy CEM of left ML image with AD at 9 o’clock, middle third (circle). B: electronic
magnification of DBT view of left breast showing AD with radiolucent center (circle). C: CEM recombined of left ML image showing mild
background parenchymal enhancement. Heterogeneous, AD enhancement with low conspicuity and mammographic lesion partially enhanced
(circle). D: grayscale breast US shows AD at 9 o’clock, 2 cm from the nipple, in the left breast (circle). E: these were biopsy-proven fibrocystic
changes (H&E 10x). Breast tissue is identified with ducts with cystic dilations lined by simple cubic epithelium without atypia. A stroma with
proliferation of collagen fibers and clusters of lymphocytes is also seen.

AD: architectural distortion; CEM: contrast enhanced mammography; H&E: hematoxylin and eosin; ML: middle lateral; US: ultrasound.

LBy SN

Figure 4. A 52-year-old woman with an AD in the right breast. A: CEM with low energy on right ML image showing AD in 0UQ (circle). B: CEM
recombined on right ML image shows moderate background parenchymal enhancement. Rim enhancement with low conspicuity and mam-
mographic AD enhancement (circle). C: power Doppler US shows architectural distortion at 10 o’clock, 4 cm from the nipple in the right breast
with peripheral vascularity (circle). D: this was a biopsy-proven radial scar. Breast lesion with stratified ducts of epithelium converging toward
the central portion, which is sclerosed (H&E 10x).

AD: architectural distortion; CEM: contrast enhanced mammography; H&E: hematoxylin and eosin; ML: middle lateral; OUQ: upper outer quadrant; US: ultrasound.
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Figure 5. An asymptomatic 60-year-old woman. A: synthesized image of the left CC view shows a heterogeneous, dense breast with an AD
in the middle third at 3 o’clock (circle). B: CEM recombined on left CC image shows mild background parenchymal enhancement and absence
of the AD enhancement. C: grayscale US shows AD at 3 o’clock, 5 cm from the nipple, in the left breast. D: this was a biopsy-proven radial
scar (H&E 40x). Proliferation of ducts completely lined with a bilayer of cells (myoepithelial and luminal) with usual hyperplasia without atypia
or mitosis, embedded in a dense collagenous stroma, hyaline-paucicellular with fibrosis compressing the ducts. No malignant elements were

found.

AD: architectural distortion; CEM: contrast enhanced mammography; CC: craniocaudal view; H&E: hematoxylin and eosin; US: ultrasound.

7.5-10 or 10-18 MHz transducers, respectively, were
used. Grayscale ultrasound, color Doppler, power Doppler,
and elastography were performed. Images were stored
in a PACS.

Breast biopsy

An ultrasound-guided percutaneous Tru-cut biopsy
was performed with a Magnum gun, 14G x 10 cm nee-
dle (Becton, Dickinson and Co. Franklin Lakes, NJ.
USA). At least 5 cylinders were collected from all
patients and stored in formalin. A single pathologist
with 36 years of experience (GJL) performed the histo-
pathological evaluation.

Statistical analysis

The mean, standard deviation, minimum, median, and
maximum age were reported. Analysis of Variance
(ANOVA) was calculated to compare the mean age
between diagnoses of breast AD. Fisher’s exact test com-
pared the frequency of malignant AD and histopathologic
confirmation. Sensitivity, specificity, positive predictive

value, negative predictive value, and accuracy for predict-
ing malignant AD breast were determined. A p-value
< 0.05 was considered significant. IBM-SPSS version 25
(IBM Co. Armonk, NY, USA) was used for data analysis.

RESULTS

AD was identified by mammography, DBT, and/or US
in 57 patients. Seven (12.3%) patients were excluded.
Three cases with AD enhancement on CEM had no
histopathologic confirmation of the diagnosis, and
4 patients did not complete the 2-year follow-up
period. No IV contrast reactions were reported. Fifty
AD lesions in 49 patients (one patient had two ADs)
were included.

Histopathologic diagnosis was confirmed in 36
(73.4%) of the 49 patients (Table 1), and 13 (26.6%)
patients completed the 2-year follow-up period and
were recategorized as BI-RADS 2. Twenty-nine (58.0%)
of the 50 lesions were benign breast ADs, 5 (10.0%)
were AD breast lesions with upgrade potential (BWUP),
and 16 (32.0%) were malignant breast ADs.
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Figure 6. An asymptomatic 54-year-old woman with a history of right breast cancer 11 years ago. A: synthesized left MLO image shows
scattered areas of fibroglandular density with subtle AD in the middle third of the OUQ (circle). Not seen on US. B: low energy CEM with AD
lesion (image not shown). CEM recombined on left ML image shows minimal background parenchymal enhancement. No AD lesion enhan-
cement. C: grayscale US breast one year after CEM showing interval change; AD lesion at 1 o’clock, 7 cm from the nipple of the left breast
(circle). A breast biopsy was performed. D: this was a biopsy-proven fibroadenomatoid changes (H&E 40x). Breast parenchyma with ducts
and lobules completely lined by a hilayer of cells (myoepithelial and luminal) with no significant cytologic changes embedded in a dense

collagenous hypocellular stroma.

AD: architectural distortion; CEM: contrast enhanced mammography; H&E: hematoxylin and eosin; MLO: mediolateral oblique; OUQ: outer upper quadrant; US:

ultrasound.

The detection of AD on mammography and US, asso-
ciated with AD enhancement on CEM, is described in
Table 2. AD enhancement was detected in 28 (84.8%) of
32 AD lesions found in mammography and ultrasound,
while 7 (77.7%) of 9 AD lesions detected by ultrasound
only did not show AD enhancement on CEM, the diagno-
sis was benign in six patients who completed the two-year
stability period, and in another, the histopathological result
was benign (mature adipose tissue). In two AD lesions
detected by US showing AD enhancement on CEM, the
diagnosis was ductal carcinoma in situ (DCIS) and a
benign lesion (fibroadenomatoid changes) in another.

Table 3 shows the characteristics of the 48 women
(98.0%) and one man (2.0%) included in the study. Age
was comparable in patients with benign (49.3 + 9.1
years) and malignant (48.9 + 12.1 years) lesions, while
patients with BWUP were significantly younger (43.2 +
3.1 years) (p < 0.028). Heterogeneously dense breast
tissue (c) according ACR classification, was most

common in the three groups, with 71.4%, 60.0%, and
68.8% in benign, BWUP, and malignant lesions, respec-
tively. AD was found more frequently in the left breast
(benign 55.2%; BWUP 60.0%, and malignant 62.5%).
There was a significant association between BI-RADS
category 5 and the diagnosis of histopathological-
ly-confirmed AD malignancy (n = 14, 87.5%) (p < 0.001).

Table 4 compares background parenchymal enhance-
ment, the presence or absence of AD enhancement,
the pattern of internal enhancement, and the conspicu-
ity of the lesion in relation to the diagnosis of benign
AD, BWUP AD, and malignant AD.

The presence of AD enhancement on CEM was
observed in all cases with breast malignancy (n = 16,
100%) compared to 12 (41.4%) of 29 benign lesions
(p < 0.001) (Figure 1). BWUP lesions showed AD
enhancement in 4 (80.0%) of 5 lesions. The risk of malig-
nancy associated with AD enhancement in CEM was OR
= 23.54 (95% Cl, 2.77 to 199.9).
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Figure 7. A 46-year-old woman with AD. A: power Doppler breast US showing avascular AD at 3-4 o’clock, 6 cm from the nipple in the left
breast. B: low energy CEM of CC image shows heterogeneous dense breast with AD in OLQ (circle). C: CEM recombined of CC image shows
mild background parenchymal enhancement. Focal, heterogeneous non-mass enhancement with high conspicuity and partial enhancement
of mammographic AD lesion (circle). D: this was a CNB-proven invasive ductal carcinoma (H&E 40x). Breast tissue with evidence of epithelial
malignancy consisting of elements with moderate pleomorphism. The cells are grouped together forming tubular structures and/or solid nests.

The stroma with an intense desmoplastic reaction.

AD: architectural distortion; US: ultrasound; CEM: contrast enhanced mammography; CC: craniocaudal view; OLQ: outer lower quadrant; CNB: core needle biopsy;

H&E: hematoxylin and eosin.

Figure 2 shows AD on US with peripheral vascularity
and smooth on elastography that was not detected on
mammography and CEM. AD was less evident on fol-
low-up at 2 years with US, color Doppler, and elastog-
raphy. The patient was recategorized as BI-RADS 2,
and no biopsy was indicated. Figure 3 shows AD in the
DBT view (radiolucent center) and US. On CEM, AD
enhancement was observed in a patient with fibroade-
nomatoid changes. Figure 4 shows AD enhancement
on CEM in a case with a radial scar. Figure 5 shows
the absence of AD enhancement in the case of radial
scar. Figure 6 shows the AD synthesized left MLO
image not detected on US in a woman with a history
of contralateral breast cancer. CEM showed no AD
enhancement. A follow-up with grayscale US a year
later showed an interval change with AD. The diagnosis
was fibroadenomatoid changes. Figures 7 and 8 show
the presence of AD enhancement in the CEM of two
cases with malignant breast lesions.

The diagnostic performance of AD enhancement in
CEM as a predictor of AD malignancy is shown in
Table 5. The analysis included the 5 BWUP cases

because 80% of these lesions had AD enhancement.
AD enhancement in CEM showed a sensitivity of 95.2%
(95% ClI, 76.3 to 99.9) and a specificity of 58.6% (95%
Cl 38.9 to 76.48) for predicting AD malignancy. The
PPV was 69.7 (95% ClI, 59.6 to 78.2), and the NPV was
92.5% (95% Cl, 63.9 to 98.8). Diagnostic accuracy was
76.9% (95% Cl, 62.8 to 87.6).

DISCUSSION

In this study, AD enhancement in CEM had a high
diagnostic performance for predicting breast malig-
nancy with high sensitivity and NPV. The risk of malig-
nancy in the presence of AD enhancement was high
(OR 23.54; 95% Cl, 2.77 to 199.9). This study is the
first in Mexico to present the experience with CEM in
evaluating AD. Our results suggest that all AD lesions
with enhancement on CEM would warrant biopsy or
surgical excision for histopathologic confirmation.

A few papers have reported the usefulness of CEM
in the diagnostic evaluation of AD. Patel et al.”, in a
study of 45 patients with 49 ADs, demonstrated high
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Figure 8. A 37-year-old woman with a palpable mass in the left breast. Her father with recently diagnosed breast cancer. A: low energy CEM
image on left ML shows a heterogeneous dense breast with AD in posterior third at 6 o’clock (circle). B: CEM recombined on the ML image
shows mild background parenchymal enhancement. Focal heterogeneous AD enhancement with high conspicuity and AD enhancement on
mammography (circle). C: breast US with strain elastography shows hard AD (circle). D: this was a CNB-proven low-grade malignant phyllodes
tumor (H&E 10x). Fibroepithelial breast neoplasm consisting of two components, the stroma with proliferation of spindle cells and mild atypia.
The epithelial component consists of dilated ducts with double rows of epithelial cells.

AD: architectural distortion; CEM: contrast enhanced mammography; CNB: core needle biopsy; H&E: hematoxylin and eosin; ML: middle lateral; US: ultrasound.

Table 5. Diagnostic performance of AD enhancement on CEM for
predicting breast malignancy

Parameter % 95% Cl

Sensitivity 95.2 76.2 t0 99.9
Specificity 58.6 38.9to 76.5
PPV 69.7 59.6 to 78.2
NPV 92.5 63.9 to 98.8
Accuracy 76.9 62.8 to 87.6

AD: architectural distortion; CEM: contrast enhanced mammography;
PPV: positive predictive value; NPV: negative predictive value.

diagnostic accuracy of AD enhancement on CEM with
a sensitivity of 96.7%, a specificity of 57.9%, an NPV
of 91.7%, and an accuracy of 81.6% for the diagnosis
of malignant AD. These results are similar to our study,
which included 49 patients with 50 lesions. The sensi-
tivity of AD enhancement was 95.2% and specificity
58.6%, with an NPV of 92.5% and an accuracy of
76.9% for predicting malignant breast AD. CEM may be
a suitable alternative in the complementary diagnostic

evaluation of AD detected by US, mammography, and/
or DBT. AD enhancement suggests malignancy, so a
breast biopsy is recommended.

The findings of AD in CEM and their associated risk
with malignancy were evaluated by Goh et al.? in a
study of 700 CEM examinations with the development
of a risk prediction model in 94 ADs detected with DBT
in 92 patients (mean age, 52.4 + 7.9 years). The diag-
nosis of breast malignancy was confirmed in 33
(85.1%). An associated risk of breast malignancy with
AD was observed in the presence of marked enhance-
ment (OR = 22.6; 95% CI| 3.1-166.6) and spicule
enhancement (OR 9.1; 95% CI 2.2-36.5). In our study,
the presence of enhancement was confirmed in all 16
ADs with breast malignancy by histopathological
examination. The risk association between AD
enhancement in CEM and breast malignancy was high
(OR = 23.54; 95% ClI, 2.77 to 199.9). In contrast to
Goh’s study?, we found no direct association between
the magnitude of enhancement intensity and risk
association with malignant AD. The high AD lesion
conspicuity in our population study was comparable
between benign (n = 8, 66.7%) and malignant lesions
(n=11,68.8%) (p < 0.521). We found that an AD lesion
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with enhancement of any intensity was associated
with breast malignancy, regardless of whether the
intensity was low, medium, or high.

ADs detected by mammography and US have a
higher risk of malignancy. On the other hand, DBT-
only AD has been reported to have a lower PPV for
malignancy than mammographically detected AD?. In
contrast, the risk association with AD malignancy
seen only on US is unknown. In our study, 7 (77.7%)
of 9 ADs detected only by US showed no enhance-
ment on CEM, and a benign AD lesion was diagnosed.
Similarly, ADs detected only by mammography showed
no enhancement on CEM. On the other hand, AD
enhancement was found on CEM in 28 (84.8%) of
the 33 ADs detected by mammography and US. ADs
lesions detected with both imaging studies, US, and
mammography, were more likely to have AD enhance-
ment on CEM and a higher risk association for
malignancy®.

The characteristics of AD in the CEM of BWUP
lesions have not been described?. In our study, 4
(80%) of 5 ADs with histopathological diagnosis of
BWUP showed enhancement. In the context of BWUP
lesions, the presence of AD enhancement on CEM
suggests the potential for malignancy and the potential
usefulness of CEM for early diagnosis when AD
enhancement is detected and a breast biopsy is per-
formed to confirm the diagnosis. Studies with larger
numbers of patients with BWUP lesions are needed to
characterize AD lesions on CEM.

This study’s strength is characterizing the findings of
ADs detected by mammaography, DBT, and/or US and
evaluated with CEM. Our results provide information on
a topic that has been poorly explored. On the other
hand, our study has some limitations related to the
small number of study participants and the retrospec-
tive design in a single center. In addition, the subjective
nature of the observer in assessing AD enhancement
may reduce the accuracy of the result and increase
inter-and intra-observer variability. The use of auto-
mated software to assess the presence and intensity
of AD enhancement is desirable.

CONCLUSION

Our study found a high diagnostic performance of AD
enhancement in CEM for predicting breast malignancy.
A standardized lexicon of morphology descriptors, as
offered in the first version of the BI-RADS® for CEM,
may encourage consistent application of the lexicon to
promote increased clarity and precision in reporting the

final CEM assessment®?. Prospective multicenter stud-
ies with larger numbers of patients are needed to eval-
uate the diagnostic performance of CEM in AD.
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