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PURPOSE
To determine whether qualitative and quantitative enhancement parameters obtained from con-
trast-enhanced mammography (CEM) can be used in predicting malignancy. 

METHODS
After review board approval, consecutive 136 suspicious lesions with definite diagnosis were retro-
spectively analyzed on CEM. Acquisition was routinely started with craniocaudal view and ended 
with mediolateral oblique view of the affected breast. Lesion conspicuity (low, moderate, high), 
internal enhancement pattern (homogeneous, heterogeneous, rim), contrast-to-noise ratio (CNR), 
percentage of signal difference (PSD) and relative enhancement from early to late view were ana-
lyzed. PSD and relative enhancements were used to determine patterns of descending, steady or 
ascending enhancements. Receiver operating characteristic analysis, Cohen’s kappa statistics and 
Spearman correlation tests were used.

RESULTS
There were 29 benign and 107 malignant lesions. 64% of the malignant lesions exhibited high con-
spicuity compared to 14% of the benign lesions (P < 0.001). CNR values were higher in malignant 
lesions compared to benign ones (P ≤ 0.004). CNR from early view yielded 82% sensitivity, 72% 
specificity and PSD yielded 79% sensitivity, 65% specificity. Descending pattern and rim enhance-
ment observed in 44% and 21% of breast cancers, respectively, and both provided 96% positive 
predictive value for malignancy. 

CONCLUSION
Diagnostic accuracy of quantitative parameters was higher than that of qualitative parameters. 
High CNR, rim enhancement, and descending pattern were features commonly seen in malignant 
lesions, while low CNR, homogeneous enhancement, and ascending pattern were commonly seen 
in benign lesions.
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Contrast-enhanced mammography (CEM) is a recently developed advanced digital 
mammography (DM) technique that uses low- and high-energy acquisitions following 
the administration of an intravenous iodine contrast agent. Low-energy and recom-

bined images are finally obtained for each of the craniocaudal (CC) and mediolateral oblique 
(MLO) projections involved.1,2 The low-energy images are similar and comparable to those 
of conventional DM.3,4 Recombined images demonstrate the iodine uptake of breast lesions 
secondary to angiogenesis on a suppressed background of normal fibroglandular tissue. The 
physiological and morphological information obtained from CEM is thus similar to that yield-
ed by dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI). CEM combines 
the relative simplicity and low cost of mammography with the high sensitivity of contrast-en-
hanced imaging. The technique dramatically improves the ability of DM in the detection and 
characterization of breast lesions.5,6
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In CEM, low-energy and recombined 
images are reviewed, and morphological 
parameters, together with the presence of 
enhancement, are used for lesion character-
ization.7 Since both benign and malignant 
lesions may exhibit enhancement, it may 
not be possible to differentiate them solely 
through enhancement.1,2,6 Therefore, rou-
tinely evaluated parameters of enhancement 
intensity, pattern, and kinetics used in the 
diagnosis, molecular subtyping, and prog-
nostication of breast cancer in DCE-MRI8-11 

have recently become the subject of CEM 
research.12-18 This retrospective study aims 
to determine whether qualitative and quan-
titative enhancement parameters obtained 
from CEM could be used for predicting ma-
lignancy. 

Methods 

Patient population

This retrospective study was approved 
by the KTU Medical Faculty SCI Research 
Ethics Committee Ethics Committee (date: 
12.04.2019, decision no: 24237859-295), with 
informed consent being waived. Consecu-
tive cases that had undergone CEM between 
June 2014 and February 2022 in our hospital 
were retrospectively reviewed. In our prac-
tice, we offer CEM instead of DM to diagnose 
patients with complaints of a palpable mass 
and spontaneous nipple discharge or nip-
ple retraction if our targeted fast ultrasound 
(US) related to the area of interest reveals 
suspicious findings. CEM is also performed 

in some patients with suspicious findings 
following screening mammography if there 
is no contraindication for contrast adminis-
tration. 

The inclusion criteria of the present study 
were as follows:

1. CEM was performed due to suspicious 
breast lesions determined by clinical exam-
ination, mammography, or an US.

2. The CEM exam obtained both CC and 
MLO views for the breast with the suspicious 
lesion.

3. Definite diagnoses were provided 
through either a histopathological examina-
tion of the surgically excised or needle-bi-
opsied specimens, or by follow-up for lesion 
stability of at least 2 years. 

The exclusion criteria were as follows: 

1. Patients receiving neoadjuvant chemo-
therapy,

2. Patients with any contraindications to 
contrast material administration, 

3. Patients with a known or suspected 
pregnancy,

4. For multifocal cases, lesions that were 
superimposed on one another in the projec-
tions,

5. Suspicious breast lesions displayed on a 
single projection.

Contrast-enhanced mammography tech-
nique and analysis

CEM examinations were performed using 
Senographe Essential full-field DM equip-
ment (GE Healthcare, Buc, France) in our 
breast imaging unit. Iopromide (Ultravist 
300) (300 mg/mL at 1.5 mL/kg and not ex-
ceeding a maximum dose of 120 mL) was 
administered intravenously from the antecu-
bital fossa at a rate of 3 mL/s using a power 
injector, followed by a 20-mL saline flush. 
Two minutes after the injection, the acquisi-
tion was started with a CC image of the af-
fected breast and continued with a CC image 
of the normal breast and an MLO image of 
the normal breast, and ended with an MLO 
image of the affected breast. The four recom-
bined images were generated automatically 
by processing low- and high-kV images.

All images were evaluated on a mam-
mography workstation in consensus by two 
radiologists who were experienced in breast 
imaging. During these analyses, the radiolo-
gists were blinded to clinical information and 
the final diagnosis.

The qualitative assessment steps involved 
the following:

1. Lesion type [mass or non-mass en-
hancement (NME)],

2. Conspicuity according to the enhance-
ment intensity of the lesion (low, moderate, 
or high),

3. Internal enhancement pattern (homo-
geneous, heterogeneous, or rim enhance-
ment for masses, and homogeneous, hetero-
geneous, or clumped for NME),19

4. Assessment of the relative enhance-
ment pattern (ascending, steady, or descend-
ing) by visual evaluation of the change in 
conspicuity of the lesion from the CC (early 
phase) to MLO (late phase) views. Increase 
conspicuity from the CC to MLO views was 
defined as an ascending pattern; if no visual 
alteration was present in the lesion conspicu-
ity it was defined as steady; a decrease in the 
conspicuity from the CC to MLO views was 
defined as a descending pattern. 

Examples of the enhancement parame-
ters that were used in the qualitative assess-
ment are shown in Figures 1 and 2.

The quantitative assessments involved 
the following:

1. Maximum tumor size,

2. Contrast-to-noise ratio (CNR),

3. The percentage of signal difference 
(PSD) from the CC to MLO views and classifi-
cation of the relative enhancement patterns 
as ascending, steady, or descending.

To calculate the CNR, relative gray values 
were used. A region of interest (ROI) cover-
ing the entire lesion was manually drawn on 
the recombined images. A separate circular 
ROI was placed over the background tissue 
showing the most homogeneous signal, ad-
jacent to the tumor. The following formula 
was applied: 

CNR = Tmean − BGmean / BGsd

Tmean = mean pixel value in the ROI of the 
tumor

BGmean = mean pixel value in the ROI of the 
background

BGsd = standard deviation in the ROI of the 
background

The CNRs obtained from the recombined 
images of the CC and MLO views were used 
as a quantitative measure of early (CNR1) and 
late (CNR2) phase tumor enhancement, re-
spectively (Figure 3). 

Main points

• The conspicuity and contrast-to-noise ratio 
(CNR) of malignant breast lesions are usually 
higher than those of benign lesions.

• The diagnostic values of quantitative en-
hancement parameters are higher than 
those of the qualitative parameters, and 
CNR at early-phase images is the most suc-
cessful among them.

• Rim enhancement is the least common in-
ternal pattern but is highly predictive of 
malignancy.

• Quantitatively evaluated descending pat-
terns and negative percentage of signal 
difference values are highly predictive of 
malignancy.

• On contrast-enhanced mammography, 
while high enhancement intensity, rim en-
hancement, and the descending pattern of 
relative enhancement in a lesion indicate 
a malignancy, low enhancement intensity, 
homogeneous enhancement, and ascend-
ing pattern indicate a benign lesion.
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The PSD was calculated using the follow-
ing formula; 

PSD = (CNR2 − CNR1 / CNR1) × 100

An increase in CNR from the early to late 
phase exceeding 10% was recorded as as-
cending and a decrease greater than 10% as 
descending, while values in between were 
considered to reflect a steady pattern. 

Statistical analysis

Data analysis was performed using the 
SPSS (v.23.0, IBM, Armonk, NY, USA) soft-
ware. Descriptive statistics were expressed 
as mean ± standard deviation, median and 
minimum–maximum values   for continuous 
variables, and as a number (n) and percent-
age (%) for categorical variables. The normal 
distribution of variables was assessed us-
ing the Kolmogorov–Smirnov test. The chi-
square and Fisher’s exact tests were used to 
test for a significant difference between be-
nign and malignant groups for the frequency 
distribution of categorical variables, and a 
Student’s t-test or the Mann–Whitney U test 
for interval variables. Interval variables were 
compared between the independent groups 
(CNR1 with CNR2) using the Wilcoxon test. Re-
ceiver operating characteristic (ROC) analysis 
was performed to determine the diagnostic 
accuracy of the CNR and PSD parameters by 
calculating the area under the curve (AUC) 

values. Sensitivity and specificity were calcu-
lated after determining the optimal cut-off 
values for those parameters. Cohen’s kappa 
statistics and Spearman correlation tests 
were conducted to document the agreement 
and association between the qualitative and 
quantitative CEM parameters. A P value of 
<0.05 was considered statistically significant. 
The Power and Precision (v3.2) software was 
used for power calculations. 

Results
A total of 136 clinically or radiologically 

suspicious breast lesions among 105 wom-
en (3 lesions in 1, 2 lesions in 26, and single 
lesions in the remaining 81 women) with a 
median age of 46 years (range: 26–71 years) 
were evaluated. Of the 136 lesions, 29 (21%) 
were benign and 107 (79%) were malignant. 
The mean size of the lesions was 26 ± 17 mm. 
There was no statistical difference between 
the sizes of benign and malignant lesions 
(P = 0.390). Final diagnoses were obtained 
through the histopathological examination 
of the surgically excised or needle-biop-
sied specimens in 130 lesions. A total of 71 
invasive ductal carcinoma (IDC), 10 inva-
sive lobular carcinoma, 10 IDC with ductal  
carcinoma in situ (DCIS), 7 pure DCIS, 4 
mixed invasive ductal-lobular carcinoma, 
and 5 other malignancies were identified. 
For the benign lesions, there were 6 cases of 
fibrocystic changes/epithelial hyperplasia, 4 
cases of mastitis, 4 fibroadenomas, 3 papillo-

Figure 1. Examples of tumor conspicuity groups (row 1) and internal enhancement patterns for both masses 
(row 2) and non-mass enhancements (row 3) are demonstrated on contrast-enhanced mammography 
images.

Figure 2. Examples of three qualitatively evaluated 
relative enhancement patterns on contrast-
enhanced mammography. The images in the 
first column are craniocaudal views (early phase) 
and those in the second column are mediolateral 
oblique views (late phase).

Figure 3. To calculate the enhancement intensity 
of the lesion, a region of interest (ROI) covering 
the entire lesion was manually drawn on the 
recombined images, and a separate circular ROI was 
placed over the most homogenous background 
tissue adjacent to the tumor. The mean pixel values 
of the tumor (Tmean) and background tissue (BGmean), 
as well as the standard deviation of the signal 
from the background tissue (BGsd), were used to 
calculate the contrast-to-noise ratio (CNR = Tmean 
− BGmean / BGsd); CNR1 of the mass characterized as 
an invasive ductal carcinoma (measured on the 
craniocaudal view) was 6.40 (a); CNR2 measured 
on the mediolateral oblique view was 5.01 (b). 
The percentage of signal difference was −22, 
representing a descending pattern. CNR, contrast-
to-noise ratio.

a b
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mas, and 6 other benign lesions. Another 6 
lesions were characterized as stable during a 
follow-up of at least 2 years.

For the affected breasts, the mean time in-
terval between the start of the contrast injec-
tion and CC view was 148 ± 34 s; between the 
start of the contrast injection and the MLO 
view, this interval was 270 ± 55 s. Descriptive 
and CEM imaging features of the lesions are 
documented in Table 1. Among the lesions, 
121 (89%) were masses and 15 (11%) were 
classified as NME. 

Tumor conspicuity was significantly high-
er in the malignant lesions compared with 
benign lesions (P < 0.001); 86% of the be-
nign lesions had low-moderate conspicuity, 
whereas 64% of the malignant lesions had 
high conspicuity. Of the 4 benign lesions 

with high conspicuity, 3 were mastitis and 1 
was epithelial hyperplasia. Eight malignant 
tumors had low conspicuity, 2 of which were 
DCIS; the remainder were invasive cancer tu-
mors smaller than 15 mm. 

As quantitative parameters of tumor 
enhancement, both CNR1 and CNR2 were 
higher for the malignant lesions compared 
with the benign legions (P < 0.001). In the 
benign lesions, CNR2 was significantly high-
er than CNR1 (P < 0.001), whereas CNR1 was 
significantly higher than CNR2 in the malig-
nant lesions (P = 0.045) (Figure 4). The PSD 
was significantly higher in benign lesions 
compared with malignant lesions (36.3 vs. 
0.6, P < 0.001) (Figure 5). 57% (61/107) of 
the malignant lesions had negative PSD val-
ues, and 86% (25/29) of benign lesions had 

positive PSD values. While malignant lesions 
frequently tended to lose their enhancement 
at late acquisition, benign lesions common-
ly exhibited ascending enhancement. When 
ROC curves were plotted using the final di-
agnoses as a reference, AUC values of 0.816 
[95% confidence interval (CI), 0.738–0.893], 
0.717 (95% CI, 0.624–0.818), and 0.726 (95% 
CI, 0.627–0.825) were obtained for CNR1, 
CNR2, and PSD, respectively (Figure 6). A cut-
off value of 2.50 for CNR1 yielded 82% sensi-
tivity and 72% specificity, whereas a cut-off 
value of 10% for PSD yielded 79% sensitivity 
and 65% specificity. The power of the study 
for CNR1 and PSD was 99.4% and 94.9%, re-
spectively.

Of the 11 malignant NMEs, 6 exhibited 
clumped, 4 heterogeneous, and 1 homo-

Table 1. Descriptive and contrast-enhanced mammography imaging features of the 136 breast lesions in this study

Benign Malignant P value

Number of cases 29 107

Lesion size (mm) 

Mean ± standard deviation 23.8 ± 21.4 27.1 ± 16.2

0.390Minimum–maximum 5–96 6–100

Median 18 25

Lesion type**

Mass 25 (86%) 96 (90%)
0.019

NME 4 (14%) 11 (10%)

CEM qualitative enhancement parameters

Lesion conspicuity**

Low 12 (41%) 8 (8%)

<0.001Moderate 13 (45%) 30 (28%)

High 4 (14%) 69 (64%)

Internal enhancement pattern**

Homogeneous 15 (52%) 22 (21%)

0.001Heterogeneous 13 (45%) 58 (54%)

Rim 1 (3%) 27 (25%)

Relative enhancement pattern**

Ascending 16 (55%) 34 (32%)

0.024Steady 12 (35%) 38 (35%)

Descending 3 (10%) 35 (33%)

CEM quantitative enhancement parameters

CNR1* 2.26 ± 0.93 4.34 ± 2.09 <0.001

CNR2* 2.83 ± 1.07 4.05 ± 1.81 <0.001

PSD* 36.3 ± 48.8 0.6 ± 32.6 <0.001

Relative enhancement pattern**

Ascending 20 (69%) 36 (34%)

<0.001Steady 7 (24%) 24 (22%)

Descending 2 (7%) 47 (44%)

*Data represent mean values ± standard deviation, **Data represent numbers and percentages of cases. NME, non-mass enhancement; CEM, contrast-enhanced mammography; 
CNR, contrast-to-noise ratio; PSD, percentage of signal difference.
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geneous enhancement. Of the 4 benign 
NMEs, 2 exhibited homogeneous, 1 het-
erogeneous, and 1 clumped enhancement. 
Clumped enhancement was grouped in the 
heterogeneous pattern for statistical anal-
yses. The most common internal enhance-
ment pattern was homogeneous in benign 
lesions (52%) and heterogeneous (54%) in 
malignant lesions (P = 0.001). Rim enhance-
ment was seen in 28% (27/96) of malignant 
and 4% (1/25) of benign masses (P = 0.020). 
The benign lesion with rim enhancement 
was a 25-mm papilloma. Rim enhancement 
revealed a positive predictive value (PPV) of 
96% for a breast cancer diagnosis. 

Ninety percent of benign lesions exhib-
ited an ascending-steady pattern on the 
visual evaluation of relative enhancements. 
Descending enhancement was detected in 
33% of malignant and 10% of benign lesions 
(P = 0.032). In the quantitative evaluation, 
the most common pattern was ascending in 

benign lesions (69%) and descending in ma-
lignant lesions (44%). The ascending pattern 
was significantly more common in benign 
than malignant lesions (69% vs. 35%) (P = 
0.002). A descending pattern was observed 
in 44% (47/107) of malignant and 7% (2/29) 
of benign lesions (P = 0.001). All benign le-
sions, except for 2 papillomas, exhibited 
ascending or steady-type enhancement. Vi-
sually and quantitatively evaluated descend-
ing patterns had a PPV of 92% and 96% for 
breast cancer diagnosis, respectively. 

A strong positive correlation was present 
between tumor conspicuity and CNR1 values 
(correlation coefficient: 0.831, P < 0.001) (Fig-
ure 7). Additionally, visually and quantitative-
ly analyzed relative enhancement patterns 
were compatible in 70% of cases (kappa: 
0.548, P < 0.001).

For both benign and malignant lesions, 
tumor conspicuity and CNR1 were found to 
be significantly higher in tumors equal to 
or larger than 20 mm in diameter compared 
with smaller tumors (P < 0.010). A statistically 
significant positive correlation was detected 
between lesion size and CNR1 value (0.693 for 
benign, and 0.313 for malignant lesions, P < 
0.001). There was no difference between the 
enhancement intensities of mass and non-
mass-like (NML) lesions. In the benign group, 
the mean CNR1 was 2.19 for masses and 2.67 
for NMLs (P = 0.647). In the malignant group, 
the mean CNR1 was 4.39 for masses and 3.93 
for NMLs (P = 0.821). Additionally, no signif-
icant difference was observed for CNR1 be-
tween invasive and non-invasive cancers (4.4 
and 3.6, respectively, P = 0.457), or between 
benign lesions and non-invasive cancer (2.5 
and 3.6, respectively, P = 0.231).

Discussion
In the present study, we evaluated the 

three enhancement parameters (degree of 
enhancement, internal enhancement pat-
tern, and relative change in enhancement 
intensity from early to late projection) of 136 
clinically or radiologically suspicious breast 
lesions using qualitative and quantitative an-
alyzes on CEM. The distribution of all the en-
hancement parameters differed significantly 
between benign and malignant lesions. 

In 2022, the American College of Radiol-
ogy released a supplement that included 
the first version of the breast imaging re-
porting and data system lexicon for CEM to 
standardize the interpretation and reporting 
of imaging findings.19 One of the parame-
ters investigated in the present study was 
an enhancement descriptor of this lexicon 
called “lesion conspicuity,” which is defined 
as the degree of enhancement relative to 
the background. Low conspicuity, which 
refers to enhancement equal to or slight-
ly greater compared with the background, 
was present in 41% of the benign and 8% 
of the malignant cases. Conversely, 64% of 
malignant and 14% of benign tumors had 
high conspicuity. Tumors with high conspi-
cuity were more likely to be malignant and 
reflected 64% sensitivity and 86% specificity. 
Previously, Nicosia et al.20 evaluated lesion 
conspicuity in recombined CEM images and 
reported 80% sensitivity and 72% specific-
ity when moderate and high conspicuity 
were accepted as predictive of malignan-
cy. Several studies were also conducted on 
tumor enhancement before publication of 
the CEM lexicon.2,9,15,16,21 These studies also 
found a significant correlation between the 

Figure 4. Comparison of early- (CNR1) and late-
phase enhancement intensity (CNR2) values of 
benign and malignant lesions. Both CNR1 and CNR2 
were higher in malignant lesions compared with 
benign lesions. CNR, contrast-to-noise ratio.

Figure 5. A comparison of the percentage signal 
difference (PSD) values of benign and malignant 
lesions; the PSD was significantly higher in benign 
lesions compared with malignant lesions (28.3 vs. 
1.3).

Figure 7. The correlation between lesion 
conspicuity and quantitative enhancement 
intensity (CNR1). CNR, contrast-to-noise ratio.

Figure 6. Receiver operating characteristic 
curves for CNR1, CNR2, and PSD in the diagnosis 
of malignant breast lesions. Area under the curve 
values of 0.816, 0.717, and 0.726 were obtained for 
CNR1, CNR2, and PSD, respectively. CNR, contrast-to-
noise ratio; PSD, percentage signal difference.
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degree of enhancement and the probability 
of a lesion being malignant. Minimal or no  
enhancement has been reported in 22%–
73% of benign and up to 8% of malignant 
lesions. More than 40% of malignant lesions 
with minimal or no enhancement in those 
studies were DCISs. In the present study, 
only 2 of 8 lesions with low conspicuity 
were DCISs, and the remaining lesions were 
invasive cancer with a size smaller than 15 
mm. Low conspicuity and the absence of 
enhancement, although highly predictive of 
benign lesions, do not exclude in situ or inva-
sive cancer on CEM images. 

We detected a strong positive correlation 
between tumor conspicuity and the CNR1 val-
ue (correlation coefficient: 0.831). According 
to quantitatively evaluated parameters, CNR1 
(a measure of early-phase enhancement in-
tensity) (AUC: 0.816) was more effective than 
CNR2 (a measure of late-phase enhancement 
intensity) (AUC: 0.717) and PSD (a measure 
of percentage changes in the enhancement 
intensity from the early to late phase) (AUC: 
0.726) for differentiating malignant from 
benign lesions. As in the case of lesion con-
spicuity, tumors with a higher CNR1 were 
more likely to be malignant, reflecting 82% 
sensitivity and 72% specificity. Liu et al.14 and 
Rudnicki et al.15 also used quantitative meth-
ods to evaluate the enhancement intensity 
of lesions in two projections. Liu et al.14 re-
ported a significant difference between the 
enhancement intensities in two projections 
and reported that earlier projections of con-
trast-enhanced images (AUC: 0.843) played a 
more important role in the differential diag-
nosis of breast lesions compared with later 
projections (AUC: 0.755), which was similar 
to the results obtained in our study. However, 
Rudnicki et al.15 could not detect a significant 
enhancement difference between early- and 
late-phase images (AUCs of 0.725 and 0.713), 
which was likely related to the short time in-
terval between the images. 

The optimal timing for imaging the affect-
ed breast to better differentiate benign from 
malignant lesions is not known. Additional-
ly, there are many variations in the methods 
used to evaluate the degree of enhancement 
in CEM studies.2,14-16 These are not just at the 
level of formulas used to calculate enhance-
ment level but also at the area chosen for 
background signal measurement and the ROI 
size, extent and placement. A study conduct-
ed by Lv et al.16 compared the effectiveness 
of relative gray values when different loca-
tions for background signal (the area around 
the lesion, away from the lesion, close to the 
chest wall, and the chest wall) were chosen. 

The authors found that relative gray values 
were more effective when the background 
area around the lesion was used. In our 
study, we preferred using the background 
area around the lesion, with reference to the 
research of Lv et al.16 However, future studies 
are needed to compare the effectiveness of 
different techniques and methods.

Both in the present study and the study 
conducted by Liu et al.14, no significant dif-
ference was observed between the enhance-
ment intensities of non-invasive and invasive 
cancers. However, Rudnicki et al.15 reported 
significantly higher enhancement levels 
for infiltrating compared with non-infiltrat-
ing cancers. On the other hand, tumor size 
emerged as an important determinant of en-
hancement intensity in our study. Larger tu-
mors demonstrated higher conspicuity and 
CNR1 values, which was likely related to the 
effect of tumor volume on the projection im-
ages. While this positive correlation between 
size and CNR1 was prominent for benign tu-
mors (correlation coefficient: 0.693), it was 
fair (correlation coefficient: 0.313) for breast 
cancers; this was likely the result of a reduced 
enhancement caused by tumoral necrosis, 
which is commonly observed in large malig-
nant lesions.

The level of tumor enhancement is not 
the only enhancement descriptor that 
should be considered; another descriptor is 
the internal enhancement pattern, which is 
classified as homogeneous, heterogeneous, 
or rim types for masses and homogeneous, 
heterogeneous, or clumped types for NMLs.19 
Different from the MRI lexicon, the internal 
patterns of clustered ring and non-enhanc-
ing septations are not present in the CEM lex-
icon. The lower resolution of CEM compared 
with MRI hinders the discernibility between 
these two patterns. In our study population, 
the most common internal enhancement 
pattern was homogeneous for benign and 
heterogeneous for malignant lesions. Het-
erogeneous and rim enhancement as indi-
cators of malignancy exhibited 79% sensi-
tivity. However, specificity was extremely 
low (52%). Although not a common finding, 
rim enhancement was documented in 28% 
of malignant and 4% of benign masses and 
provided 96% PPV. Previously, Chi et al.13 re-
ported rim enhancement in 11% (33/312) of 
lesions, among which 67% were malignant 
and 33% were benign. Kamal et al.22 detected 
rim enhancement in 14% (24/168) of mass-
es, 54% of which were benign and 46% were 
malignant. Contrary to these studies9,22 that 
reported rim enhancement as an unreliable 
sign for predicting malignancy, we found rim 

enhancement to be a highly predictive fea-
ture for breast cancer.

Enhancement kinetics are routinely used 
for the characterization of breast tumors in 
DCE-MRI. In general, benign lesions exhibit 
a persistent pattern, whereas malignant le-
sions reflect a wash-out pattern. A plateau 
can be observed in both benign and malig-
nant lesions. Kuhl et al.11 previously reported 
a washout pattern in 57% of malignant and 
6% of benign lesions, and a persistent pat-
tern in 83% of benign and 9% of malignant 
lesions as the worst curve-type on DCE-MRI. 
However, a low percentage of malignant 
tumor volume (reported as 7%–40% for in-
vasive cancers) shows washout pattern.23-25 
Kim et al.23 reported the worst curve type as 
wash-out in 84% of breast cancers, whereas 
the predominant curve type was persistent 
in 96% of cases. 

Only two mammographic projections 
were used in this study to evaluate changes 
in the enhancement intensity of lesions from 
the early to late phase, which was not suffi-
cient for conducting an actual kinetic eval-
uation; instead, we identified it as a relative 
enhancement pattern in the present study. 
As previously described, enhancement val-
ues that were evaluated on recombined 
views represented the entire tumor volume, 
and the mean gray values were used in the 
CNR calculation. The relative enhancement 
patterns that we obtained were more like 
the predominant curves of DCE-MRI studies. 
Therefore, the descending pattern rate in the 
present and previous CEM studies2,5,14,18,26 was 
not as high as the wash-out pattern reported 
in Kuhl’s et al.11 study. In the present study, 
ascending enhancement was significantly 
more common in benign lesions (69% vs. 
35%), while descending enhancement was 
observed in 43% of malignant and 7% of be-
nign lesions; these results reflect those of 
previous studies.2,14 The PSD was significant-
ly lower in malignant lesions compared with 
benign ones (1.3 vs. 28.3, P < 0.001), and 94% 
of lesions with negative PSD values were ma-
lignant. Quantitatively evaluated descending 
patterns and negative PSD values were high-
ly predictive for malignancy (PPV of 96% and 
94%, respectively). The quantitative assess-
ment of relative enhancement patterns was 
more effective than the qualitative assessment 
concerning the characterization of breast tu-
mors. However, CNR1 was the most valuable 
parameter in our study in terms of the charac-
terization of breast lesions, in contrast with the 
recent study conducted by Rong et al.18, which 
reported a kinetic pattern as being more effec-
tive than enhancement intensity. 
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There are several limitations in the pres-
ent study. First, it included patients from a 
single institution, and, specifically, the num-
ber of benign cases, non-mass lesions, and 
non-invasive cancers among the patients 
was limited. Since patients for whom there 
was a high suspicion of the presence of a 
malignancy had undergone CEM, there was 
an inherent bias in favor of malignancy. Nev-
ertheless, the study had adequate statistical 
power. Second, the enhancement parame-
ters in different histopathologies and lesion 
types were not discussed due to the small 
number of cases included in each subtype. 
To remove the bias and increase the impact 
of the findings, further large-scale multi-
center studies including screening cohorts 
may be helpful. Third, two different views 
were applied for the analysis of relative en-
hancement patterns through the evaluation 
of changes in enhancement intensity from 
the early to late phases. This does not reflect 
a true kinetic evaluation, and we are unsure 
how comparable this method is with kinetics 
obtained from DCE-MRI. Further studies with 
MRI correlations are thus needed. The more 
accurate evaluation of enhancement kinet-
ics could likely have been achieved if two 
or more acquisitions in the same projection 
had been used in the analysis. Additionally, 
the optimal time intervals for demonstrating 
enhancement kinetics in CEM are unclear. 
Although we adjusted the time intervals, in 
line with previous DCE-MRI studies, it was 
unclear whether iodine in CEM acted simi-
larly to gadolinium in DCE-MRI. Fourth, CEM 
is a two-dimensional method, and the en-
hancement values are relative values affect-
ed by the size of the lesion, as well as the size 
and composition of superimposed normal 
breast tissue. Therefore, it might offer only 
limited insight into the temporal changes 
in tumoral enhancement. Furthermore, we 
used the entire tumor area and mean values 
for the calculation of quantitative enhance-
ment parameters and did not compare these 
with other potential measurements, such as 
using the tumor area exhibiting the highest 
enhancement or using maximum values in-
stead of means. Additionally, inter-observ-
er variability was not evaluated. Finally, we 
evaluated the probable value of CEM en-
hancement parameters in the differentiation 
of benign and malignant lesions. However, 
these parameters may also correlate with the 
prognostic factors and molecular subtypes 
of breast cancer, which were not analyzed in 
the present study.

In conclusion, enhancement intensity 
and the relative enhancement patterns of 
breast tumors can be evaluated both quali-

tatively and quantitatively on CEM images. 
Combined with internal enhancement pat-
terns, they can be used in the differential 
diagnosis of breast lesions. Quantitative pa-
rameters appear to be more diagnostic than 
qualitative parameters, and the relative en-
hancement intensity on early-phase images 
(CNR1) is the most successful among them. 
However, it should be noted that the en-
hancement intensity on CEM depends on the 
lesion size, and although low enhancement 
is highly predictive of a lesion being benign, 
it does not exclude in situ or even invasive 
cancers. While high enhancement intensity 
at the early phase, rim enhancement, and 
descending patterns are features that are 
considered highly predictive for malignancy, 
low enhancement intensity, homogeneous 
enhancement, and ascending patterns are 
more predictive for benign lesions. These 
enhancement parameters are capable of 
contributing to CEM in lesion characteriza-
tion and may also have prognostic value for 
breast cancer patients. This is a subject that 
requires further investigation.
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