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Background: The Kaiser score (KS) as a clinical decision rule has been proven capable of enhancing the
diagnostic efficiency for suspicious breast lesions and obviating unnecessary benign biopsies. However, the
consistency of KS in contrast-enhanced mammography (CEM-KS) and KS on magnetic resonance imaging
(MRI-KS) is still unclear. This study aimed to evaluate and compare the diagnostic efficacy and agreement of
CEM-KS and MRI-KS for suspicious breast lesions.

Methods: This retrospective study included 207 patients from April 2019 to June 2022. The radiologists
assigned a diagnostic category to all lesions using the Breast Imaging Reporting and Data System (BI-RADS).
Subsequently, they were asked to assign a final diagnostic category for each lesion according to the KS. The
diagnostic performance was evaluated by the area under the receiver operating characteristic curve (AUC).
The agreement in terms of the kinetic curve and the KS categories for CEM and MRI were evaluated via the
Cohen kappa coefficient.

Results: The AUC was higher for the CEM-KS category assignment than for the CEM-BI-RADS
category assignment (0.856 vs. 0.776; P=0.047). The AUC was higher for MRI-KS than for MRI-BI-RADS
(0.841 vs. 0.752; P =0.015). The AUC of CEM-KS was not significantly different from that of MRI-KS (0.856
vs. 0.841; P=0.538). The difference between the AUCs for CEM-BI-RADS and MRI-BI-RADS was not
statistically significant (0.776 vs. 0.752; P=0.400). The kappa agreement for the characterization of suspicious
breast lesions using CEM-KS and MRI-KS was 0.885.

Conclusions: The KS substantially improved the diagnostic performance of suspicious breast lesions, not
only in MRI but also in CEM. CEM-KS and MRI-KS showed similar diagnostic performance and almost
perfect agreement for the characterization of suspicious breast lesions. Therefore, CEM holds promise as an

alternative when breast MRI is not available or contraindicated.
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Introduction

Breast cancer is the most common malignant tumor among
women worldwide (1) and seriously endangers women’s
health. Breast magnetic resonance imaging (MRI) is
considered to be the most sensitive examination method to
detect breast cancer. However, some limitations that prevent
a wider use of breast MRI persist, such as a relatively
low specificity, high cost, extensive duration, and poor
patient compliance. Contrast-enhanced mammography
(CEM), which was first approved by the United States
Food and Drug Administration (FDA) in 2011, represents
a breakthrough in mammography in recent years and
uses dual energy for mammographic acquisition with
intravenous iodine contrast material. The recombined (RC)
images are produced by postprocessing from high-energy
and low-energy images, which are used to assess the tumor
neoangiogenesis and to remove the overlap of surrounding
normal gland tissues so that the lesions can be more clearly
displayed. Previous studies have examined the diagnostic
performance of CEM compared with MRI for the diagnosis
of breast lesions, most of which demonstrated that CEM
has comparable diagnostic performance to MRI and may
even have a higher specificity (2-7).

The use of the Kaiser score (KS) as a clinical decision
rule has been proven capable of enhancing the diagnostic
efficiency for suspicious breast lesions and obviating
unnecessary benign biopsies (8-13), with excellent
interobserver agreement (10,14,15). The Breast Imaging
Reporting and Data System (BI-RADS) is a common
diagnostic tool in clinical work, which provides a lexicon of
descriptors to standardize reporting, diminishes confusion
in the interpretation of the imaging findings, and simplifies
outcome monitoring (16). However, it lacks definite
diagnostic criteria that can objectively and reliably exclude
malignancy. The KS provides an intuitive tree flowchart
based on five diagnostic criteria (spiculated sign, kinetic
curve, internal enhancement characteristic, margin, and
edema) to assign the score (17). The score ranges between
1 and 11, with a higher score indicating a higher probability
of malignancy. Scores below 5 can generally be considered
benign, while lesions with a KS of 5 or higher typically
require a histological biopsy (18-20). Despite there being
only a few studies on the diagnostic efficiency of the KS
on CEM (CEM-KS), the preliminary results have been
encouraging (12,13). However, the consistency of CEM-
KS and KS in MRI (MRI-KS) is still unclear. Therefore,
this study aimed to investigate and compare the diagnostic
performance and agreement of CEM-KS and MRI-KS
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for suspicious breast lesions. We present this article in
accordance with the STARD reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-24-593/rc).

Methods
Patients

This retrospective, a single-center study was approved by
the ethics committee of The Fourth Hospital of Hebei
Medical University (No. 2020ky182) and was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The requirement for written informed consent
was waived. From April 2019 to June 2022, consecutive
patients with suspicious findings of the breast (BI-RADS 4-5)
on digital breast tomosynthesis or ultrasound (US) and
undergoing CEM and breast MRI in our institution
were considered as candidates for this study. Only the
index lesion confirmed by histopathology in each breast
was chosen for analysis. The exclusion criteria in our
study were as follows: (I) no pathological results (n=11),
(IT) no abnormal enhancement on CEM or MRI (n=7),
and (III) chemotherapy or surgery before CEM or MRI
(n=4). Finally, 207 patients were included in the analysis.
The detailed workflow is shown in Figure 1. The clinical
indications for the patients included in this study were
as follows: a palpable lump (184/207, 88.9%), screening
with abnormalities (17/207, 8.2%), and discharge from the
nipple (6/207, 2.9%).

Imaging protocol

CEM procedure

CEM was performed using a dual-energy digital
mammography (DM) system (Senographe Essential,
GE HealthCare, Chicago, IL, USA) with an automatic
exposure mode, which was equipped with an amorphous
silicon flat panel detector and a field of view (FOV) of
24x31 cm and a pixel size of 100 pm. A filter composed
of copper and aluminum was used for the high-energy
acquisition of CEM, and a molybdenum or rhodium filter
was used for the low-energy acquisition, which was the same
as that for mammography. Intravenous iodinated contrast
(370 mgl/mL) was administered at a dose of 1.22 mL/kg
body weight and an injection rate of 3 mL/sec. Two minutes
after administration of contrast, each breast projection
was performed in the following order: craniocaudal (CC)
nonaffected side, CC affected side at 3 minutes (early phase),
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Patients underwent CEM and MRI
(n=229)

No histopathological
results (n=11)

Y

Patients with histopathological
results (n=218)

Without abnormal
enhancement (n=7)

Y

Lesions with enhancement
(n=211)

Receiving treatment
> before examinations
(n=4)

Y
Patients included (n=207)

Figure 1 The flowchart of patient inclusion. CEM, contrast-

enhanced mammography; MRI, magnetic resonance imaging.

mediolateral oblique (MLO) nonaffected side, and MLO
affected side completed within 6 minutes. The delayed
images of the CC affected side were acquired in 7-9 minutes
after the injection of the contrast agent.

Breast MRI

Breast MRI was carried out on a 1.5-T (Signa HDe, GE
HealthCare) or a 3-T (MAGNETOM Skyra, Siemens
Healthineers, Erlangen, Germany) MR scanner with
dedicated breast-surface coils. The 1.5-T dynamic contrast-
enhanced (DCE) MRI was conducted using volume imaging
for breast assessment (VIBRANTTI) and fat-suppressed
technology under the following parameters: repetition
time (TR)/echo time (TE), 5.6/1.0 ms; flip angle, 15°%
FOV, 32 cm; matrix, 320x288; slice thickness, 1.2 mm; slice
gap, 0 mm; and acquisition time, 60 s. The dynamic series
included 8 phases: one was obtained before and seven were
obtained after a 20-second delay after the injection of the
MRI contrast agent (gadoterate meglumine, 0.1 mmoL/kg
body weight at a rate of 3 mL/sec).

The protocol for 3.0-T MRI included the following
sequences: (I) axial T1-weighted imaging [T'1-weighted
imaging (T1WI); TR/TE, 6.04/2.46; FOV, 36 cm; slice
thickness, 4 mm], (II) axial fat-suppressed T2-weighted
imaging (T2WI) (TR/TE, 5,630/84; FOV, 35 cm; slice
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thickness, 4.5 mm), (III) axial fat-suppressed DCE T1WI
(TR/TE, 4.31/1.61; FOV, 36 cm; slice thickness, 1.3 mm).
One phase was scanned before the intravenous injection
of the contrast agent. Dynamic-enhanced scanning was
performed approximately 25 seconds after the injection
of the contrast agent, and six uninterrupted scans were
performed, with each scanning time lasting 75 seconds.

Imaging analysis

CEM image analysis

The CEM images were evaluated by two experienced
radiologists who were unaware of the pathological results,
and the final results were determined by discussion when
there was a disagreement. First, the radiologists assigned a
diagnostic category to all lesions using the 2022 CEM BI-
RADS (21). Subsequently, they were asked to assign a final
diagnostic category for each lesion according to the KS.
Before starting the image analysis, the readers had studied
the KS in depth (20).

The manifestations of breast enhancing lesions on CEM
images were divided into mass and non-mass enhancement
(NME). For the masses, their shape (round, oval, or
irregular), margin (circumscribed, irregular, or spiculated),
internal enhancement pattern (heterogeneous, homogeneous,
or rim enhancement), and kinetic curves (increase in the
enhancement intensity of the delayed lesion of more than
10% compared with the early phase was considered to be
persistent, a change range of +10% was considered to be
plateau, and a decrease in enhancement intensity decrease of
more 10% was considered to be washout) (22) were analyzed.
NME was analyzed in terms of distribution (diffuse, multiple
regional, regional, focal, linear, or segmental), internal
enhancement pattern (homogeneous or heterogeneous),
margin (circumscribed, irregular, or spiculated), and kinetic
curve (washout, plateau, or persistent).

On the RC images, the region of interest (ROI) was
manually delineated, and the percentage signal difference
between the enhancing lesion and background (%RS) was
calculated according to the following formula (23),

s'c—s'b
7 x100% [1]

%RS =

S

where s'c and s'b are the mean signal of the ROI in the

enhancing lesion and background, respectively, and %RS
represents the enhancement intensity of the lesion.

Because CEM could not assess perifocal oedema, the

average scores were taken as the KS score (9 or 10) when
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Figure 2 The KS flowchart of CEM. The diagnostic score is associated with an increasing probability of malignancy (1 = lowest, 10 =

highest). BI-RADS, Breast Imaging Reporting and Data System; KS, Kaiser score; CEM, contrast-enhanced mammography.

the lesions were characterized by spiculated margins and
plateau or washout curves (Figure 2).

MR image analysis

MRI was evaluated by an experienced reader blinded to
the histopathological and other imaging results. First, the
reader assigned a BI-RADS category to all lesions using the
2013 MRI BI-RADS (24). The reader then assigned a final
diagnostic category for each lesion according to the KS (20).

Statistical analysis

Statistical analysis was performed using SPSS version 21.0
(IBM, Corp. Armonk, NY, USA) and MedCalc 11.4.2.0.
The pathological results obtained by biopsy or surgery
were taken as the gold standard. A receiver operating
characteristic (ROC) curve analysis was performed, and the
area under the ROC curve (AUC) was obtained to assess
the diagnostic performance of CEM and MRI with BI-
RADS and the KS. The DeLong test was used to compare
the AUCs. The sensitivity, specificity, negative predictive
value (NPV), positive predictive value (PPV), and positive
likelihood ratio (+LR) and negative likelihood ratio (-LR)
were calculated with 95% confidence intervals (Cls) based
on BI-RADS category, with a cutoff value of 24 used to
designate malignant lesions. The sensitivity and specificity
on CEM and MRI were compared by using the McNemar
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test. The agreement in terms of the kinetic curve and the
KS categories for CEM and MRI were evaluated with the
Cohen kappa coefficient. In addition, the cost-effectiveness
of CEM-KS and MRI-KS was evaluated via the cost: AUC
ratio. For all tests, a P value <0.05 was considered to be
statistically significant.

Results
Study population

A total of 208 lesions in 207 patients (age range, 21-74 years;
mean age 48.39£10.36 years) were included in this study
with 152 (73.1%, 152/208) malignant and 56 (26.9%,
56/208) benign lesions. The mean size of the malignant
lesions (23.3+13.3 mm) was higher than that of the benign
lesions (19.5+11.5 mm; P=0.015). Among the 208 lesions,
4 benign lesions and 7 malignant lesions were not visible on
US, while 197 lesions were found to be abnormal on US. The
patients included 85 postmenopausal and 122 premenopausal
women. The pathological results of US-guided biopsy (n=10)
and surgery (n=198) are listed in Table 1.

CEM and MRI characteristics

The manifestations of the breast lesions on CEM were
distributed as follows: there were 147 masses and 61 cases
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Table 1 Histopathological results of the study population

Pathology Number of cases (%)

Benign 56 (26.9)
Adenosis 21 (37.5)
Intraductal papilloma 14 (25.0)
Fibroadenoma 13 (23.2)
ilz;‘leacr?i?natory disease or cyst with 4(7.1)
Benign phyllodes tumor 2(3.6)
Mucocele-like lesions 1(1.8)
Myofibroblastoma 1(1.8)

Malignant 152 (73.1)
Invasive ductal carcinoma 106 (69.7)
Ductal carcinoma in situ 27 (17.8)
Papillary carcinoma 9(5.9)
Invasive lobular carcinoma 3(2.0)
Mucinous carcinoma 2(1.3)
Mixed carcinoma 3(2.0)
Metaplastic carcinoma 1(0.65)
Neuroendocrine tumor G2 1 (0.65)

of NME; moreover, there were 150 lesions that manifest
as masses and 58 as NME on MRI. The distribution of
the lesion characteristics is summarized in Tiables 2,3. For
the masses, the differences in shape, margin, internal
enhancement, and kinetic curve on CEM and MRI between
the benign and malignant lesions were all statistically
significant (P<0.05). For NME, the differences in the
distribution and kinetic curve on CEM and distribution,
margin, and internal enhancement on MRI between the
benign and malignant lesions were all statistically significant

(P<0.05).

Comparison of curve types between CEM and MRI

The coincidence rate of the CEM and MRI enhancement
curves was 86.1%, with 11.5% (24/208) being persistent
curves, 31.2% (65/208) plateau curves, and 43.3% (90/208)
washout curves; meanwhile, the enhancement curves of the
remaining 13.9% (29/208) were inconsistent (Zuble 4). Cohen
kappa coefficient of the enhancement curves of CEM and
MRI was 0.768 (95% CI: 0.728-0.808; P<0.001), indicating
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substantial agreement.

ROC analysis and diagnostic performance

The CEM-KS [median 8, interquartile range (IQR) 5-9]
in the malignant lesions was significantly higher than that
in the benign lesions (median 3, IQR 2-5) (P<0.001). The
MRI-KS (median 8, IQR 5-8) in malignant lesions was
significantly higher than that in benign lesions (median 3,
1IQR 2-5) (P<0.001; Table 1).

The AUC was statistically higher for the CEM-KS (AUC
=0.856; 95% CI: 0.801-0.901) than for the CEM-BI-RADS
category assignment (AUC =0.776; 95% CI: 0.713-0.831)
(P=0.047; Figure 3). The sensitivity of CEM-KS was lower
than that of CEM-BI-RADS (96.1% wvs. 100.0%; P=0.041),
but the specificity of CEM-KS was significantly higher than
that of the CEM-BI-RADS (69.6% vs. 10.7%; P<0.001).

The AUC was significantly higher for MRI-KS (AUC
=0.841; 95% CI: 0.784-0.888) than for MRI-BI-RADS
(AUC =0.752; 95% CI: 0.687-0.809) (P=0.015; Figure 3).
The specificity of MRI-KS was significantly higher than
that of MRI-BI-RADS (66.1% wvs. 12.5%; P<0.001), but
there was no significant difference between the sensitivity of
BI-RADS and that of KS (99.3% vs. 96.1%; P=0.074).

The AUC of CEM-KS was not significantly different
from that of MRI-KS (P=0.538). The sensitivity and
specificity of CEM-KS and MRI-KS were 96.1% (146/152),
96.1% (146/152), 69.6% (39/56), and 66.1% (37/56),
respectively. No significant differences were found between
the sensitivity and specificity (P=0.617).

The difference between the AUCs of CEM-BI-RADS
and MRI-BI-RADS was not statistically significant (0.776
vs. 0.752; P=0.400). There were no significant differences
between the sensitivity and specificity of CEM-BI-RADS
and MRI-BI-RADS (all P values =1.000).

The diagnostic sensitivity, specificity, PPV, NPV, +LR,
and -LR are listed in 7able 5. Examples of the CEM-KS and
MRI-KS applications are shown in Figures 4-6.

Subgroup analyses

When the mass and NME were analyzed separately, the
AUC:s for the mass were 0.910 (95% CI: 0.851-0.951) and
0.903 (95% CI: 0.844-0.945) on CEM-KS and MRI-KS,
and those for NME were 0.680 (95% CI: 0.549-0.794) and
0.621 (95% CI: 0.484-0.745). The CEM-KS and MRI-
KS showed higher AUCs for mass than for NME (both P
values <0.001). The AUC:s for the larger-tumor-size (>2 cm)
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Table 2 CEM enhancement features of benign and malignant lesions Table 3 MRI enhancement features of benign and malignant lesions
Variable Characteristic ?f:;%;‘ M(:LI?ZZ;K Variable Characteristic I?::;%r; I\/I(slj;r;;\t
Mass 39 108 Mass 40 110
Shape <0.001 Shape 0.001
Oval 8 5 Oval 8 10
Round 22 41 Round 19 27
Irregular 9 62 Irregular 13 73
Margin <0.001 Margin <0.001
Circumscribed 30 23 Circumscribed 30 20
Irregular 8 44 Irregular 9 58
Spiculated 1 4 spiculated 1 32
Internal enhancement 0.001 Internal enhancement <0.001
Homogeneous 20 22 Homogeneous 15 5
Heterogeneous 14 68 Heterogeneous 21 87
Rim enhancement 5 18 Rim enhancement 4 18
Kinetic curve <0.001 Kinetic curve <0.001
Persistent 13 2 Persistent 13 2
Plateau 18 32 Plateau 15 37
Washout 8 74 Washout 12 71
NME 17 44 NME 16 42
Distribution 0.045 Distribution 0.006
Focal 12 22 Focal 12 16
Linear 0 2 Linear 0 1
Segmental 0 12 Segmental 0 16
Regional 5 8 Regional 4 9
Margin 0.425 Margin <0.001
Irregular 13 39 Irregular 10 39
Spiculated 4 5 Spiculated 6 3
Internal enhancement 0.747 Internal enhancement 0.003
Homogeneous 4 7 Homogeneous 1 2
Heterogeneous 13 37 Heterogeneous 15 23
Kinetic curve 0.028 Clustered ring 0 17
Persistent 7 5 Kinetic curve 0.068
Plateau 7 21 Persistent 7 6
Washout 3 18 Plateau 6 23
CEM, contrast-enhanced mammography; NME, non-mass Washout 3 13
enhancement.

MRI, magnetic resonance imaging; NME, non-mass enhancement.
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Table 4 Comparison of enhancement curves between CEM and

MRI

MRI
CEM Total
Type | Type Il Type lll
Type | 24 3 0 27
Type ll 4 65 9 78
Type ll 0 13 90 103
Total 28 81 99 208

Type |, persistent; type Il, plateau; type lll, washout. CEM,
contrast-enhanced mammography; MRI, magnetic resonance
imaging.

100 A
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X
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2
& 404 :
(%) H
i yd —— CEM BI-RADS
o0 // ------ CEM Kaiser
H / e MIRI BI-RADS
....... MRI Kaiser
0 -

0 20 40 60 80 100
100-Specificity, %
Figure 3 The ROC curves for CEM and MRI. CEM, contrast-
enhanced mammography; BI-RADS, Breast Imaging Reporting
and Data System; MRI, magnetic resonance imaging; ROC,

receiver operating characteristic.

group were 0.934 (95% CI: 0.862-0.975) and 0.871 (95%
CI: 0.785-0.932) on CEM-KS and MRI-KS, respectively,
while those for the small-tumor-size (<2 c¢cm) group were
0.832 (95% CI: 0.752-0.895) and 0.835 (95% CI: 0.755-
0.898), respectively. The CEM-KS showed a higher AUC
for the larger-tumor-size group (P<0.001). The AUCs for
postmenopausal group were 0.925 (95% CI: 0.847-0.971)
and 0.924 (95% CI: 0.846-0.971) on CEM-KS and MRI-
KS, respectively, while those for the premenopausal group
were 0.838 (95% CI: 0.761-0.898) and 0.818 (95% CI:
0.739-0.882), respectively. The CEM-KS and MRI-
KS showed higher AUCs for the postmenopausal group
(P=0.036 and P=0.006, respectively).
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The agreement between CEM-KS and MRI-KS

The kappa value for the characterization of suspicious breast
lesions using CEM-KS and MRI-KS was 0.885 (P<0.001),
indicating almost perfect agreement.

Cost-effectiveness analysis

CEM cost CNY ¥605 with a cost-effectiveness ratio
of 706.775, while MRI cost CNY ¥1,478 with a cost-
effectiveness ratio of 1,757.432. Therefore, CEM-KS
is more cost-effective than is MRI-KS in differentiating
between benign and malignant breast lesions.

Discussion

CEM, is an emerging imaging technology that can not
only evaluate the morphological characteristics of lesions
but also provide functional information from contrast
absorption as a substitute for tumor neoangiogenesis in
a similar fashion to breast MRI (25-27). However, the
application of MRI is limited by the relatively high cost, low
availability, and comparatively limited diagnostic efficiency
of suspected calcification (27,28). CEM has gained attention
due to its low examination cost, better accessibility than
MRI, and improve diagnostic performance compared
with mammography (25-29). In our study, we evaluated
the potential of CEM-BI-RADS and CEM-KS for the
differentiation of malignant and benign breast lesions
and compared the results with those obtained with breast
MRI, which revealed a comparable diagnostic performance
between the modalities. CEM-KS and MRI-KS showed
higher diagnostic performance than did CEM-BI-RADS
and MRI-BI-RADS, respectively. The agreement between
CEM and MRI for the diagnostic categories according
to the KS was almost perfect, demonstrating that CEM-
KS has the potential to serve as valuable indicator in the
differentiation of breast lesions.

Several studies have reported the diagnostic value of MRI-
KS in different clinical settings (8-11,14,15,18,19,30-33).
Milos et al. (9) demonstrated that the KS could be used for
patients with high-risk breast cancer who were recalled
after their screening exams due to the detection of BI-
RADS 4 breast lesions. This could obviate unnecessary
benign biopsy, especially for those with enhancing lesions
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Table 5 Diagnostic performance of KS and BI-RADS on CEM and MRI

Parameter  Sensitivity, % (95% Cl) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% Cl)  +LR, (95% Cl)  -LR, (95% Cl)
CEM

BI-RADS 100 (96.9-100) 10.7 (4.4-22.6) 75.2 (68.6-80.9) 100 (51.6-100)  1.12 (1.02-1.23) 0

KS 96.1 (91.2-98.4) 69.6 (55.7-80.8)  89.6 (83.6-93.6) 86.7 (72.5-94.5) 3.16 (2.13-4.71) 0.06 (0.03-0.13)
MRI

BI-RADS 99.3 (95.8-100) 12.5 (5.6-24.7) 75.5(68.8-81.2)  87.5(46.7-99.3) 1.14 (1.03-1.25) 0.05 (0.01-0.47)

KS 96.1 (91.2-98.4) 66.1 (52.1-77.8)  88.5(82.4-92.7) 86.1 (71.4-94.2) 2.83(1.96-4.09) 0.06 (0.03-0.13)

KS, Kaiser score; BI-RADS, Breast Imaging Reporting and Data System; CEM, contrast-enhanced mammography; MRI, magnetic
resonance imaging; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio;
-LR, negative likelihood ratio.

%RS, %

3 min 7 min

Figure 4 A 50-year-old patient with a ductal carcinoma in situ (high nuclear grade) with microinvasion. MRI early contrast-enhanced
phase showed (A) a segmental NME lesion with irregular margin, clustered ring enhancement, and (B) a plateau time-signal intensity curve
corresponding to a KS of 5. (C) Early and (D) late RC images on CEM demonstrated a segmental NME lesion with irregular margin,
heterogeneous internal enhancement, and (E) a plateau curve also corresponding to a KS of 5. MRI, magnetic resonance imaging; NME,

non-mass enhancement; KS, Kaiser score; RC, recombined; CEM, contrast-enhanced mammography.
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Figure 5 A 58-year-old patient with grade II invasive ductal carcinoma. (A) Perifocal edema was absent on T2WI. On MRI, the early
contrast-enhanced phase showed (B) an irregular mass with spiculations, rim enhancement, and (C) a washout time-signal intensity curve
corresponding to a KS of 9. (D) Early and (E) late RC images on CEM demonstrated an irregular mass with spiculations, rim enhancement,
and (F) a washout curve also corresponding to a KS of 10. T2WI, T2-weighted imaging; MRI, magnetic resonance imaging; KS, Kaiser
score; RC, recombined; CEM, contrast-enhanced mammography.
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Figure 6 A 46-year-old patient with a fibroadenoma. On MRI, the early contrast-enhanced phase showed (A) an oval, circumscribed mass

with heterogeneous internal enhancement and (B) a plateau time-signal intensity curve corresponding to a KS of 2. (C) Early and (D) late

RC images on CEM demonstrated a circumscribed mass and (E) a plateau curve also corresponding to a KS of 2. MRI, magnetic resonance

imaging; KS, Kaiser score; RC, recombined; CEM, contrast-enhanced mammography.

that presented as masses. Jajodia er 4/. (30) performed an
analysis on MR using the KS for inconclusive or equivocal
lesions on DM and found that applying the KS in patients
undergoing MRI as a problem-solving tool could improve
diagnostic sensitivity, specificity, and accuracy and avoid
45.2-60.8% of the unnecessary breast biopsies. Istomin
et al. (14) investigated the diagnostic performance of the KS
and compared it with that of multiparametric classification
system (MCS) based on BI-RADS. They found that the
KS had a slightly lower sensitivity. However, the specificity
was 3—4 times greater than that of the MCS, which was
similar to our study results. In addition, we found that
the AUCs of MRI-KS for NME and the premenopausal
group were significantly lower than those for masses and
the postmenopausal group. The possible reasons for this

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

are as follows: First, the evaluation of margin characteristics
for NME was difficult as compared with those of masses.
Second, background parenchymal enhancement (BPE) of the
premenopausal group is typically strong, which may affect
the accurate evaluation of lesion characteristics (34). The
apparent diffusion coefficient (ADC) value is a promising
quantitative biomarker in evaluating breast lesions.
However, An et al. (19) assessed the ability of ADC values
when combined with KS and found no additional value to
KS for characterizing breast lesions. Due to the diversity
of MRI equipment in our study, ADC values were not
included in the analysis but will be incorporated in further
in-depth studies.

To date, the evidence for CEM used with the KS is
scarce, with only a few published studies (12,13). In a
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recent study, we discovered that the CEM-KS had a high
diagnostic performance in distinguishing benign from
malignant breast lesions and outperformed CEM-BI-
RADS; moreover, the KS yielded higher AUCs for mass
than those for NME (13). In the present study, in addition
to the results confirming our previous findings, we also
compared the diagnostic performance of CEM-KS and
MRI-KS for suspicious breast lesions and found that both
techniques had similar diagnostic value and almost perfect
agreement for the characterization of suspicious breast
lesions. In addition, we also found that the AUCs of CEM-
KS for the larger-tumor-size group and postmenopausal
group were higher than those for the small-tumor-size and
premenopausal group. Therefore, we can conclude that the
patients in postmenopausal group, mass group, and larger
tumor size group benefit more from CEM-KS.

Kinetic curves are the second most significant diagnostic
criterion and play a crucial role in the assessment of KS (35).
Recent studies (22,36-38) have shown that the CEM kinetic
curve difference between benign and malignant breast
lesions is significant. In their study, Deng et 4/. (36) found
that the malignant lesions had more relatively depressed
enhancement than did benign lesions. Ainakulova ez al. (39)
reported that CEM with delayed imaging had a higher
specificity than did CEM without delayed imaging and that
the plateau and washout curve were typical for malignancy.
Froeling et al. (40) demonstrated that contrast-enhanced
digital breast tomosynthesis showed significantly concordant
agreement in terms of kinetics curves with MRI, which was
consistent with our study, in which the agreement of the
CEM and MRI enhancement curves was substantial.

The cost-effectiveness analysis showed that CEM-KS
was more cost-effective than was MRI-KS in differentiating
between benign and malignant breast lesions, which further
suggests that CEM is worthy of clinical promotion and
application.

Despite the promising findings, there are several
limitations to our study that should be mentioned. First, we
employed a retrospective and single-institution design, and
a thus a prospective multicenter study will be performed to
further verify our results. The retrospective design might
also have promoted a certain degree of selection bias in
choosing more suspicious cases. Nevertheless, this study
represents the day-to-day practice in a specialized oncology
tertiary hospital, and indeed, all consecutive patients were
included in this study to reduce bias. Second, we did not
determine the interobserver agreement for CEM-KS and
MRI-KS; however, this related content has been studied in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

previous studies (8-15,18,19,30-32). Third, the MRI scans
were performed on different devices with distinct field
strengths and scanning parameters. This was unavoidable,
as the patients in our study were retrospectively recruited.
On the other hand, the limitation could also be taken as a
strength because this confirmed the universal applicability
of the KS, which could be applied to various MRI protocols
and systems. Finally, BPE affects the display of the lesion
margin and measurement of kinetic curves, thereby
potentially affecting diagnostic performance of CEM-KS;
this effect will be considered in future studies.

Conclusions

The preliminary results of our study show that the KS
substantially improves the diagnostic performance for
suspicious breast lesions, thus potentially decreasing
unnecessary biopsies and patient discomfort, not only in
MRI but also in CEM. CEM-KS and MRI-KS have similar
diagnostic performance and almost perfect agreement for
the characterization of breast lesions. Furthermore, CEM-
KS is more cost-effective than is MRI-KS in differentiating
between benign and malignant breast lesions. Therefore,
CEM holds promise as alternative to MRI when it is not
available or is contraindicated.
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