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Abstract
AIM
To develop a contrast-enhanced ultrasound (CEUS) 
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predictive model for distinguishing intrahepatic cho-
langiocarcinoma (ICC) from hepatocellular carcinoma 
(HCC) in high-risk patients.

METHODS 
This retrospective study consisted of 88 consecutive 
high-risk patients with ICC and 88 high-risk patients with 
HCC selected by propensity score matching between 
May 2004 and July 2016. Patients were assigned to two 
groups, namely, a training set and validation set, at a 1:1 
ratio. A CEUS score for diagnosing ICC was generated 
based on significant CEUS features. Then, a nomogram 
based on the CEUS score was developed, integrating 
the clinical data. The performance of the nomogram 
was then validated and compared with that of the LR-M 
of the CEUS Liver Imaging Reporting and Data System 
(LI-RADS).

RESULTS
The most useful CEUS features for ICC were as follows: 
rim enhancement (64.5%), early washout (91.9%), 
intratumoral vein (58.1%), obscure boundary of intra-
tumoral non-enhanced area (64.5%), and marked 
washout (61.3%, all P < 0.05). In the validation set, 
the area under the curve (AUC) of the CEUS score (AUC 
= 0.953) for differentiation between ICC and HCC was 
improved compared to the LI-RADS (AUC = 0.742) (P < 
0.001). When clinical data were added, the CEUS score 
nomogram was superior to the LI-RADS nomogram 
(AUC: 0.973 vs  0.916, P = 0.036, Net Reclassification 
Improvement: 0.077, Integrated Discrimination Index: 
0.152). Subgroup analysis demonstrated that the CEUS 
score model was notably improved compared to the LI-
RADS in tumors smaller than 5.0 cm (P  < 0.05) but not 
improved in tumors smaller than 3.0 cm (P  > 0.05).

CONCLUSION 
The CEUS predictive model for differentiation between 
ICC and HCC in high-risk patients had improved discrimi-
nation and clinical usefulness compared to the CEUS LI-
RADS.

Key words: Ultrasonography; Hepatocellular carcinoma; 
Intrahepatic cholangiocarcinoma; Hepatitis
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Core tip: A contrast-enhanced ultrasound (CEUS) 
score for predicting intrahepatic cholangiocarcinoma 
(ICC) consisting of more detailed CEUS features was 
constructed. The diagnostic performance of the CEUS 
score for differentiation between ICC and hepatocellular 
carcinoma were improved compared to the LR-M of the 
Liver Imaging Reporting and Data System (LI-RADS). 
A CEUS score nomogram, which added the clinical risk 
factors, was superior to the LI-RADS nomogram.
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INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is a highly mali
gnant epithelial cancer originating from bile ducts with 
cholangiocyte differentiation[1]. In recent years, chronic 
cirrhosis and viral hepatitis have been recognized as 
important risk factors for ICC development[2]. ICC has 
been increasingly found in patients with cirrhosis[3], 
and distinguishing between ICC and hepatocellular 
carcinoma (HCC) is a major clinical issue because the 
management and prognosis of these conditions differ 
significantly[4].

In recent years, the value of contrastenhanced 
ultrasound (CEUS) for distinguishing ICC from HCC has 
been controversial. Vilana et al[5] has pointed out that 
ICC in cirrhosis shares a similar enhancement pattern to 
that of HCC on CEUS (47.6%, 10/21), which may lead 
to a falsepositive diagnosis of HCC. Therefore, CEUS has 
been eliminated from the HCC diagnostic flowchart in 
the updated American Association for the Study of Liver 
Diseases (AASLD) 2011 guidelines[6]. This removal has 
caused controversy and has not been widely accepted 
in Europe or Asia[710] because the study by Vilana R 
was only based on a rather small sample size without 
differential diagnostic analysis of ICC versus HCC.

In 2016, the American College of Radiology (ACR) 
released the CEUS Liver Imaging Reporting and Data 
System® (LIRADS®). The CEUS LIRADS® standardizes 
the CEUS diagnostic system for patients at risk for 
developing HCC. In this system, the diagnosis of HCC 
should be distinguished from that of not only benign 
lesions (LR1 or LR2) but also other malignancies of 
the liver, namely, LRM. LRM represents a category for 
lesions that are definitely or probably malignant, and 
their features are defined as rim enhancement and early 
and/or marked washout. These features most closely 
refer to the appearance of ICC. The CEUS LIRADS® sets 
the specific category of LR-M for distinguishing ICC from 
HCC, but the diagnostic dilemma remains unresolved. 
Additionally, no study has validated the performance of 
LRM as the differential diagnostic criterion for ICC and 
HCC.

Since our first study in 2010, several studies have 
assessed the usefulness of CEUS in the differentiation 
of ICC and HCC[1117]. Because ICCs are rare in cirrhotic 
livers[17], only two of these studies were able to test 
the performance of differential diagnosis from HCC 
in highrisk patients[15,16]. Several reports indicated 
that the typical rimlike hyperenhancement of ICC, 
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recommended by the EFSUMB guideline, was observed 
in 8.0% to 69.2% of highrisk patients[16,1820]. The 
time point for early washout was also defined within 
40 s, 43 s or 60 s after contrast agent injection in three 
different cohorts[1416]. Unfortunately, the differentiation 
criteria based on the above features varied greatly, 
with the sensitivity ranging from 64.1% to 87.9% and 
the specificity ranging from 17.9% to 97.4%[15,16]. The 
inconsistency indicated that ICCs in highrisk patients 
required further investigation from realtime CEUS, 
especially in comparative studies with HCC using a 
larger sample size.

In light of the abovementioned issues, we sought to 
identify important imaging predictors of ICC on CEUS, 
to develop a novel diagnostic nomogram incorporating 
clinical, CEUS and laboratory characteristics that could 
be used to accurately predict the risk of ICC in highrisk 
patients and to compare the nomogram with modified 
CEUS LIRADS.

MATERIALS AND METHODS
Patients
This study was approved by the institutional review 
board, and informed consent was obtained from each 
patient. From May 2004 to July 2016, we enrolled 400 
consecutive patients with ICC and 2818 consecutive 

patients with HCC who underwent both baseline 
ultrasound (US) and CEUS.

The inclusion criteria were (1) a pathologically 
confirmed diagnosis of ICC or HCC and (2) highrisk 
patients comprising patients with chronic hepatitis B 
and/or hepatitis C infection confirmed via laboratory 
tests[21] and cirrhosis of any cause confirmed by 
pathological examination via liver biopsy or surgery.

The exclusion criteria included (1) mixed hepa
tocellular cholangiocarcinoma (n = 45) or (2) missing 
imaging data (n = 302). Finally, 88 patients with ICC 
and 1792 patients with HCC were included at baseline (to 
match for the propensity score).

Propensity score matching was used to reduce the 
effect of selection bias in retrospective observational 
studies[22]. The variables for matching were tumor 
size and number of nodules. ICC and HCC patients 
were then matched 1:1 using a threedigit matching 
algorithm with the nearest modality.

The selection flow diagram for the study population 
is presented in Figure 1.

Basic clinical data, including age and sex, were 
recorded. Laboratory tests included hepatitis status, 
alphafetoprotein (AFP) levels, and CA 199 levels.

Histopathological standard
Histopathological examination was the reference stan
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From May 2004 to July 2016, 
3318 pathologically confirmed focal liver lesion 

underwent both baseline US and CEUS

Pathologically confirmed 
diagnosis of ICC (n  = 400)

Pathologically comfirmed 
diagnosis of HCC (n  = 2818)

Exluded
(1) Patients without chronic hepatitis 
and cirrhosis (n  = 237) or unaware of 
hepatitis status (n  = 60)
(2) Imaging data were missed (n  = 15)

Exluded
(1) Patients without chronic hepatitis 
and cirrhosis (n  = 249) or unaware of 
hepatitis status (n  = 490)
(2) Imaging data were missed (n  = 287)

Pathologically confirmed 
diagnosis of ICC (n  = 88)

Pathologically comfirmed 
diagnosis of HCC (n  = 1792)

Propensity score matching 
(ICC:HCC = 1:1),

88 ICCs and 88 HCCs were analyzed

Training set 
(n  = 117)

Validation set 
(n  = 59)

Figure 1  Flowchart of the intrahepatic cholangiocarcinoma and hepatocellular carcinoma patient selection process. CEUS: Contrast-enhanced ultrasound; 
HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma.
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after contrast agent injection), portal venous (31120 s) 
and late phases (121300 s).

Image analysis: All BUS and CEUS images were 
anonymized, randomized, and independently reviewed 
in two separate review sessions by two radiologists 
(Chen LD and Liang JY), who both had at least ten years 
of experience in liver CEUS. Neither the patient details 
nor the clinical or pathological results were available to 
them. In cases of discordance, a third investigator (Lu 
MD, with at least 15 years of experience in liver CEUS) 
reviewed the images to make the final decision. The 
readers were simply asked to review the enhancement 
appearances of the lesion instead of making a diagnosis. 
Therefore, the readers were informed of the fact that all 
patients had either ICC or HCC, but they were blinded 
to the final diagnosis of the target lesion.

The features on CEUS were recorded and 
characterized as follows (Figure 2): (1) The number of 
lesions; (2) maximum diameter of the target lesion; 
(3) shape of the target lesion; (4) boundary of the 
lesion; (5) enhancement level in the arterial/portal/
late phase (hyper/iso/hypo); (6) enhancement 
patterns of the lesion in the arterial phase (rim/
homogeneous/in homogeneous/others); (7) time to 
enhanced commencement; (8) washout time (within 
60 s or not)[23]; (9) duration of enhancement (washout 
time time to enhanced commencement); (10) tumor 
supply artery (defined as an artery extending from 
the surrounding liver parenchyma into the tumor)[24]; 
(11) peripheral circular artery (defined as an annular 

dard of this study. Biopsy or surgical specimens of 
the hepatic lesion were fixed with 10% formalin and 
embedded in paraffin. The tissue slices were stained 
with hematoxylineosin. The hematoxylineosin slices 
were evaluated by a senior pathologist (Yang Z) who 
had more than ten years of experience with liver cancer 
and who was unaware of the results of any imaging or 
clinical examination.

Imaging techniques: The US equipment was as 
follows: (1) Acuson Sequoia 512 (Siemens Medical 
Solutions, Mountain View, CA, United States) with a 4V1 
vector transducer (frequency range, 1.04.0 MHz) and a 
contrast-specific mode of contrast pulse sequencing; (2) 
Aplio SSA770 or Aplio 500 (Toshiba Medical Systems, 
Tokyo, Japan) with a 375BT convex transducer 
(frequency range, 1.96.0 MHz) and a Contrast 
Harmonic Imaging mode; and (3) Aixplorer Ultrasound 
system (SuperSonic Imagine, AixenProvence, France) 
equipped with the SC61 convex probe (frequency 
range, 1.06.0 MHz). All examinations were separately 
performed by three skilled radiologists (Wang W, Liang 
JY, Xie YX) who each had at least 15 years of experience 
in liver CEUS. First, the entire liver was scanned with 
baseline ultrasound (BUS). Then, the imaging mode was 
changed to CEUS, and a volume of 2.4 mL of SonoVue 
(Bracco, Milan, Italy) was administered. For patients 
with multiple nodules, only the largest lesion was 
selected. The target lesion was observed continuously 
for at least 5 min, and all imaging data were recorded. 
The CEUS process was classified into arterial (630 s 

Obscure boundary of the tumor Rim enhancement Tumor supply artery Peripheral circular artery

Tumor capsue Intra-tumoral vein Obscure boundary of the intra-tumoral 
non-enhanced area

Marked washout

Figure 2  Contrast-enhanced ultrasound images demonstrate the enhancement features of intrahepatic cholangiocarcinoma and hepatocellular carcinoma.
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strip artery around the tumor in the arterial phase)[24]; 
(12) tumor capsule (defined as an enhancement line 
that surrounds the tumor during the portal venous 
phase)[25]; (13) intratumoral vein (defined as straight 
vessel branches extending through the mass during the 
portal venous and late phase)[12,26]; (14) boundary of the 
intratumoral nonenhanced area (if it was present); and 
(15) marked washout (defined as the lesion appearing 
as a uniform black defect within the enhanced liver 
parenchyma)[23].

CEUS scoring through least absolute shrinkage and 
selection operator in the training set
Because of the multicollinearity of the CEUS features, 
we used a method of least absolute shrinkage and 
selection operator (LASSO)[27] regularized regression 
to select the most useful independent features for 
predicting ICC in the training set. A CEUS score was 
calculated for each patient via a linear combination of 
selected features that were weighted by their respective 
coefficients.

Diagnostic validation of CEUS score and comparison 
with CEUS LI-RADS
The constructed CEUS score was first assessed in the 
training set and then validated in the independent 
validation set and subgroups with different lesion 
sizes. The receiver operating characteristic (ROC) 
for differential diagnosis between ICC and HCC was 
analyzed by calculating the area under the curve (AUC) 
and compared with the CEUS LIRADS. According to the 
CEUS LI-RADS, we classified the lesions as ICC using 
the definition of LR-M: rim enhancement in the arterial 
phase and/or early onset washout (< 60 s) and/or a 
marked (punched out) appearance; other lesions were 
defined as HCC.

Development of an individualized prediction model 
using the CEUS score and CEUS LI-RADS
A nomogram was developed that integrated the CEUS 
score and clinical information. Multivariable logistic 
regression analysis began with the following clinical 
candidate predictors: age, sex, AFP level, and CA 199 
level. Backward stepwise selection was applied by 
using the likelihood ratio test with Akaike’s information 
criterion. To provide the clinician with a quantitative tool 
to predict the individual probability of ICC, we built the 
CEUS score nomogram on the basis of multivariable 
logistic analysis in the training set.

With the same method, we also developed the LI
RADS nomogram after combining the CEUS LIRADS 
and independent clinical predictors.

Validation of the CEUS score nomogram
The constructed predictive model was first assessed in 
the training set and then validated in the independent 
validation set. The performance of the CEUS score 
nomogram for predicting ICC was evaluated with 

respect to discrimination, calibration, and clinical 
usefulness and compared with the LIRADS nomogram. 
The improvement in the predictive accuracy of the 
nomogram was evaluated by calculating the integrated 
discrimination improvement (IDI) and the net 
reclassification improvement (NRI). Subgroup analysis 
was also performed based on the lesion size.

Statistical analysis
Statistical analysis was performed using R software (R 
Foundation for Statistical Computing, version 3.2.5, 
http://www.rproject.org/, Austria) and Medcalc (version 
11.2, Mariakerke, Belgium). Significance was set at 
a twotailed P < 0.05. Computergenerated random 
numbers were used to assign 2/3 of the patients to 
the training dataset and 1/3 of the patients to the 
validation dataset. The comparison of the clinical 
characteristics was performed using the chisquare 
test and independent t test for continuous variables. To 
test the intraobserver variability of the enhancement 
patterns, the intraclass correlation coefficient (ICC) was 
calculated. The ICC was graded as follows: poor (< 
0.20), moderate (0.20 to < 0.40), fair (0.40 to < 0.60), 
good (0.60 to < 0.80) or very good (0.80 to 1.00).

The ROC curves were plotted to demonstrate 
the performance of the CEUS score, LIRADS, and 
nomograms in discriminating ICC from HCC in the 
training cohort, validation cohort and subgroups with 
different lesion sizes. Discrimination was quantified 
with the AUC. Calibration curves (i.e., agreement 
between observed outcome frequencies and predicted 
probabilities) were plotted to explore the predictive 
accuracy of the nomograms[28]. Decision curve analysis 
(DCA) was conducted to determine the clinical usefulness 
of the nomograms by quantifying the net benefits at 
different threshold probabilities in the validation cohort[29]. 

The “glmnet” package of R was used for LASSO 
regression. The “glm” function was used for univariate 
and multivariate logistic regression analysis. The “Hmisc” 
package was used to plot the nomogram. The “pROC” 
package was used to plot the ROC curves and measure 
the AUC. The “CalibrationCurves” package was used for 
calibration curves. The “DecisionCurve” package was 
used to perform DCA.

RESULTS
Patients
Eightyeight ICC and 88 HCC nodules were observed, 
and the study group comprised 176 nodules in 176 
patients (136 men and 40 women; mean age ± SD, 
55 years ± 11; range, 2282 years) (Table 1). Hepatitis 
B was confirmed in 84 (95.5%) ICC patients, as well 
as in 86 (97.7%) HCC patients. Hepatitis B + C was 
confirmed in 4 (4.5%) ICC patients, as well as in 2 
(2.3%) HCC patients. Alphafetoprotein (AFP) was 
elevated (> 20 µg/L) in 14 (15.9%) ICC patients and 
40 (45.5%) HCC patients (P < 0.0001). CA199 was 
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elevated (> 35 U/mL) in 37 (42.0%) ICC patients and 9 
(10.2%) HCC patients (P < 0.001). No difference in any 
clinical characteristic was found between the training 
dataset and the validation dataset (all P > 0.05).

CEUS features distinguishing ICC from HCC
The interobserver reproducibility of the CEUS features 
assessment was high (Supplementary Table 1). 
Therefore, all results were based on the records of the 
first radiologist (Chen LD).

In the training set, the following features were 
observed more frequently in ICC than in HCC: irregular 
shape (31/62, 50.0%), hypoenhancement in the portal 
phase (61/62, 98.4%), rim enhancement (40/62, 
64.5%), early washout (< 60 s, 57/62, 91.9%), short 
duration of enhancement (< 30 s, 49/62, 79.0%), 

intratumoral vein (36/62, 58.1%), obscure boundary of 
tumor (43/62, 69.4%), obscure boundary of intratumoral 
nonenhanced area (40/62, 64.5%), and marked 
washout (38/62, 61.3%) (all P < 0.05) (Table 2).

CEUS scoring
The most useful CEUS independent variables selected 
by LASSO regression in the training set were as 
follows: rim enhancement in the arterial phase, rapid 
washout within 60 s, intratumoral vein, boundary of the 
intratumoral nonenhanced area and marked washout. 
Then, a CEUS score for diagnosing ICC was constructed 
based on the independent features as follows: 

CEUS score = 1.3499017 + 1.2090675 × rim 
enhancement + 0.4303147 × washout within 60 s + 
0.2192697 × intratumoral vein + 0.9281196 × unclear 

Characteristic Training set (n  = 117) Validation set (n  = 59) P  value

ICC HCC ICC HCC
Number of patients   56 (47.9) 61 (52.1) 32 (27.4) 27 (23.1) 0.425
Gender 0.148
   Male   35 (29.9) 56 (47.9) 24 (20.5)    21 (17.9)
   Female   21 (17.9) 5 (4.3) 8 (6.8)    6 (5.1)
Age (yr)1 55 ± 11 (32-84) 55 ± 11 (32-84) 53 ± 10 (18-76) 57 ± 11 (33-82) 0.646
Hepatitis status 0.627
   Hepatitis B   53 (45.3) 59 (50.4) 31 (26.5)    27 (23.1)
   Hepatitis B + C   3 (2.6) 2 (1.7) 1 (0.9) 0 (0)
AFP > 20 (µg/L) 11 (9.4) 29 (24.8) 3 (2.6)  11 (9.4) 0.655
CA 19-9 > 35 (U/mL)   22 (18.8) 6 (5.1) 15 (12.8)    3 (2.6) 0.691
Nodule size 0.782
   ≤ 3.0 cm   5 (4.3) 9 (7.7) 2 (1.7)    3 (2.6)
   3.1-5.0 cm   9 (7.7) 17 (14.5) 8 (6.8)    6 (5.1)
   > 5.0 cm   42 (35.9) 35 (29.9) 22 (18.8)    18 (15.4)
Number of nodules 0.156
   One   39 (33.3) 42 (35.9) 25 (21.4)    24 (20.5)
   Multiple   17 (14.5) 19 (16.2) 7 (6.0)    3 (2.6)

Table 1  Demography of patients with intrahepatic cholangiocarcinoma or hepatocellular carcinoma n  (%)

1Data are means ± SD, with ranges in parentheses. Unless otherwise indicated, data are number of nodules, with percentages in parentheses. ICC: 
Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma.

CEUS features ICC1 (n  = 62) HCC1 (n  = 55) P  value OR (95%CI)

Irregular shape 31 (50.0)      9 (16.4) 0.000   5.037   (2.002, 13.786)
Hyper-enhanced in arterial phase 55 (88.7)    54 (98.2) 0.065   0.147 (0.003, 1.210)
Hypo/iso-enhanced in arterial phase   7 (11.3)    1 (1.8) 0.065   6.783     (0.827, 314.886)
Hypo-enhanced in portal phase 61 (98.4)    40 (72.7) 0.000 22.391     (3.206, 973.549)
Hypo-enhanced in late phase 61 (98.4)    51 (92.7) 0.186   4.728     (0.449, 239.097)
Rim-enhancement 40 (64.5)    1 (1.8) 0.000 94.271     (14.202, 3946.676)
Early washout (< 60 s) 57 (91.9)    17 (30.9) 0.000 24.563   (8.022, 92.533)
Duration of enhancement (< 30 s) 49 (79.0) 11 (20) 0.000 14.614   (5.653, 41.160)
Tumor supply artery 12 (19.4)    29 (52.7) 0.000   4.581   (1.904, 11.618)
Peripheral circular artery or tumor capsule 2 (3.2)    14 (25.5) 0.000 10.060   (2.137, 95.937)
Intra-tumoral vein 36 (58.1)    2 (3.6) 0.000 35.556     (8.118, 327.503)
Obscure boundary of tumor 43 (69.4)    12 (21.8) 0.000   7.942   (3.268, 20.550)
Obscure boundary of intra-tumoral non-enhanced area 40 (64.5)    1 (1.8) 0.000 94.271     (14.202, 3946.676)
Marked washout 38 (61.3)    1 (1.8) 0.000 82.367     (12.448, 3454.264)

Table 2  Comparison and univariate analysis of contrast-enhanced ultrasound features between intrahepatic cholangiocarcinoma and 
hepatocellular carcinoma n  (%)

1Data are number of cases, with percentages in parentheses. CEUS: Contrast-enhanced ultrasound; ICC: Intrahepatic cholangiocarcinoma; HCC: 
Hepatocellular carcinoma; OR: Odds ratio.
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boundary of the intratumoral nonenhanced area + 
1.1565281 × marked washout.

Diagnostic performance of the CEUS score
In the training and validation sets, the ROC analysis 
demonstrated that the AUCs of the CEUS score for 
differentiation between ICC and HCC were 0.958 and 
0.953, respectively. The CEUS score showed significantly 
higher discriminative performance than CEUS LIRADS 
(AUC = 0.7420.813, P < 0.001) (Table 3). 

Subgroup analysis in the validation set was also 
performed based on the tumor size. For tumors ≤ 5.0 
cm, the AUC of the CEUS score (0.902) was much 
higher than that of the LIRADS (0.758, P < 0.001). 
However, in tumors smaller than 3.0 cm, the AUC of the 
CEUS score was not improved compared with that of 
the LIRADS (P > 0.05) (Table 3).

The CEUS score nomogram with clinical risk factors 
added
Among the clinical data, the selected independent 
variables for the prediction of ICC by multivariate regre
ssion analysis were sex (OR: 0.190, 95%CI: 0.034  
0.908, P = 0.044) and CA 199 (OR: 5.352, 95%CI: 
1.10830.336, P = 0.043) (Table 4). Sex, CA 199, and 

the CEUS score were integrated to develop a CEUS 
score nomogram. A CEUS LIRADS nomogram was also 
constructed integrating sex, CA 199, and the CEUS LI
RADS classification (Figure 3).

Discrimination of the CEUS score nomogram: The 
AUCs of the CEUS score nomogram in the training and 
validation sets were 0.971 and 0.973, respectively, 
which were statistically improved compared with the 
AUCs of the LIRADS nomogram (AUC = 0.8910.916, 
P < 0.05). Relative to the LIRADS nomogram, the 
use of the CEUS score nomogram resulted in an NRI 
of 0.077 (P = 0.488) and an IDI of 0.152 (P = 0.006) 
in distinguishing ICC from HCC in the validation cohort 
(Table 5).

The results of the subanalysis in the validation 
set based on the tumor size demonstrated that the 
diagnostic performance of the CEUS score nomogram 
(AUC = 0.929) was far superior to that of the LIRADS 
nomogram (AUC = 0.835) in differentiating a ≤ 5.0 cm 
ICC from HCC (P = 0.008). The use of the CEUS score 
nomogram resulted in an NRI of 0.382 (P = 0.017) 
and an IDI of 0.177 (P = 0.002) compared to the LI
RADS nomogram. However, in distinguishing tumors 
under 3 cm, the AUC, NRI, and IDI of the CEUS score 

Sensitivity Specificity PPV NPV Accuracy AUC (95%CI) P  value

Training set (n = 117)
   CEUS LI-RADS 0.936 0.691 0.773 0.905 0.821 0.813 (0.744, 0.882)

0.000
   CEUS score 0.871 0.946 0.947 0.867 0.906 0.958 (0.924, 0.993)
Validation set (n = 59)
   CEUS LI-RADS 1.000 0.485 0.605 1.000 0.712 0.742 (0.656, 0.829)

0.000
   CEUS score 0.885 0.909 0.885 0.909 0.898 0.953 (0.907, 0.999)
≤ 5.0 cm subgroup (n = 59)
   CEUS LI-RADS 0.917 0.600 0.611 0.913 0.729 0.758 (0.658, 0.858)

0.000
   CEUS score 0.750 0.886 0.818 0.838 0.831 0.902 (0.824, 0.980)
≤ 3.0 cm subgroup (n = 19)
   CEUS LI-RADS 0.857 0.750 0.667 0.900 0.790 0.804 (0.614, 0.993)

0.512
   CEUS score 0.571 0.917 0.800 0.786 0.790 0.833 (0.636, 1.000)

Table 3  Comparison of the diagnostic performance of the contrast-enhanced ultrasound score vs  contrast-enhanced ultrasound liver 
imaging reporting and data system in distinguishing intrahepatic cholangiocarcinoma from hepatocellular carcinoma

Numbers are raw data. P values were CEUS Score vs CEUS LI-RADS. CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting and data 
system; ICC: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma; PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area 
under the ROC curve.

Factors Univariate analysis Multivariate analysis

OR (95%CI) P  value OR (95%CI) P  value
Gender (female) 0.149 (0.046, 0.403) < 0.001 0.190 (0.034,0.908) 0.044
Age (yr)
   > 40 0.786 (0.220, 2.618) 0.696 NA NA
   > 50 1.630 (0.778, 3.450) 0.197 NA NA
AFP (mg/L) > 20 0.331 (0.148, 0.717) 0.006  0.508 (0.107, 2.212) 0.370
CA199 (U/mL) > 35 10.577 (4.152, 31.070) < 0.001    5.352 (1.108, 30.336) 0.043
CEUS score 12.188 (5.475, 37.787) < 0.001  14.078 (5.608, 52.831) < 0.001

Table 4  Univariate and multivariate logistic regression of independent variables in the prediction of intrahepatic cholangiocarcinoma

Numbers in parentheses are raw data, with 95%CI in parentheses. ICC: Intrahepatic cholangiocarcinoma; OR: Odds ratio; NA: Not available; AFP: Alpha-
fetoprotein; CEUS: Contrast-enhanced ultrasound.
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nomogram did not show statistical improvements over 
the LIRADS nomogram (all P < 0.05, Table 5).

Calibration for the CEUS score nomogram: The 
calibration plots of the CEUS score nomogram and LI
RADS nomogram applied in the validation cohort are 
shown in Figure 4. The CEUS score nomogram showed 
good agreement on the presence of ICC between the 
prediction and histopathological confirmation on surgical 
specimens. We found that the CEUS score nomogram 
had minimum errors (E max = 0.160) compared to the 
LIRADS nomogram (E max = 0.282) in the validation 
set, which was consistent in tumors under ≤ 5.0 cm 
(E max: 0.075 vs 0.119). This indicated the smallest 
difference in the predicted and calibrated probabilities 
when using the CEUS score nomogram to predict the 
probability of ICC. However, in distinguishing tumors 
under 3.0 cm, the E max of the LIRADS nomogram (E 
max = 0.098) was lower than that of the CEUS score 
nomogram (E max = 0.121).

Clinical usefulness of the CEUS score nomogram: 
In both the training and validation sets, the DCA showed 
that the CEUS score nomogram had the highest overall 
net benefit compared with the LI-RADS nomogram at 
different threshold probabilities across the majority of 
the range between 0% and 95%, and the CEUS score 
nomogram was more beneficial than the treatall

patients strategy or the treatnone strategy (Figure 5).

DISCUSSION 
This study extends the analysis of individual specific 
CEUS features to a predictive modelbased differential 
diagnosis approach. A multifeaturebased CEUS 
diagnostic tool was identified to be an independent 
factor for ICC in patients at high risk of HCC in this 
study, with incremental value to LRM in the LIRADS 
classification. The predictive model performed better 
than the LRM of the LIRADS system in identifying ICC, 
which thoroughly demonstrated the incremental value 
of the predictive model for individualized ICC predictions 
in highrisk patients.

The differentiation between ICC and HCC in high
risk patients has been a challenging issue for the 
identification of HCC in focal liver lesions. Since the 
study by Vilana et al[5], which directed extensive 
attention to the diagnosis of ICC in highrisk patients, 
several studies have found some useful features for 
identifying ICC other than rim enhancement in the 
arterial phase. Galassi et al[20] found that the degree 
of washout intensity in the late phase was marked in 
24% of ICCs (n = 6). Li et al[15,18] found that 26 out of 
33 ICCs (78.8%) demonstrated both early washout (< 
60 s) and marked washout in the late part of the portal 
phase, whereas only 6 of 50 HCCs (12.0%) showed 

ROC   P  value
Training set
       LI-RADS       0.891
       CEUS score   0.971    0.000
Validation set
       LI-RADS       0.916
       CEUS score   0.973    0.036

1.0       0.8       0.6       0.4       0.2       0.0

1.0

0.8

0.6

0.4

0.2

0.0

Specificity

Se
ns

iti
vi

ty

B

ROC   P  value
≤ 5.0 cm subgroup
       LI-RADS       0.835
       CEUS score   0.929    0.008
≤ 3 cm subgroup
       LI-RADS       0.881
       CEUS score   0.905    0.601

1.0       0.8       0.6       0.4       0.2       0.0

1.0

0.8

0.6

0.4

0.2

0.0

Specificity

Se
ns

iti
vi

ty

C

Figure 3  Contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram for intrahepatic cholangiocarcinoma 
prediction. A: Constructed contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram; B: ROC curves for the two 
nomograms in the training and validation set; C: ROC curves for the two nomograms in ≤ 5.0 cm and ≤ 3.0 cm subgroup analysis. CEUS: Contrast-enhanced 
ultrasound; LI-RADS: Liver imaging reporting and data system; ICC: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma.
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these temporal enhancement features (P = 0.000). 
Kong et al[14] found that 70% of ICCs (7/10) showed 
more rapid washout than HCCs (P < 0.05). However, 
these studies depicted diverse incidence rates or 
sensitivities of a single feature due to small numbers of 
cases. The diagnostic performance and weight of these 
features are unknown.

To harmonize the interpretation of CEUS with that 

of CT and MR, the CEUS LIRADS® system was officially 
released by the ACR in 2016[23]. Although the category 
of LRM in the CEUS LIRADS® represents various 
nonHCC malignant liver cancers, the most common 
malignancy aside from HCC in patients at risk for HCC 
is ICC[30]. As shown in our study, the sensitivity of 
LRM achieved 100.0% when LRM was used as the 
diagnostic criterion for ICC, which was in accordance 

AUC  (95%CI) P  value NRI  (95%CI) P  value IDI  (95%CI) P  value 

Training set (n = 117)
   CEUS LI-RADS nomogram 0.891 (0.834, 0.948)

< 0.001  0.446  (0.263, 0.629) < 0.001  0.210  (0.140, 0.280) < 0.001
   CEUS score nomogram 0.971 (0.948, 0.995)
Validation set (n = 59)
   CEUS LI-RADS nomogram 0.916 (0.854, 0.978)

0.036  0.077 (-0.141, 0.295) 0.488  0.152  (0.044, 0.260) 0.006
   CEUS score nomogram 0.973 (0.941, 1.000)
≤ 5.0 cm subgroup (n = 59)
   CEUS LI-RADS nomogram 0.835 (0.744, 0.926)

0.008  0.382  (0.069, 0.695) 0.017  0.177  (0.065, 0.289) 0.002
   CEUS score nomogram 0.929 (0.870, 0.988)
≤ 3.0 cm subgroup (n = 19)
   CEUS LI-RADS nomogram 0.881 (0.732, 1.000)

0.601 -0.202 (-0.572, 0.167) 0.283 -0.117 (-0.284, 0.050) 0.171
   CEUS score nomogram 0.905 (0.772, 1.000)

Numbers are raw data. P values were CEUS Score nomogram vs CEUS LI-RADS nomogram. AUC: Area under the ROC curve; NRI: Net reclassification 
improvement; IDI: Integrated discriminatory improvement; CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting and data system; 
ICC: Intrahepatic cholangiocarcinoma; HCC: Hepatocellular carcinoma.

Table 5  Comparison of the AUC, NRI and IDI of the contrast-enhanced ultrasound score nomogram vs  contrast-enhanced 
ultrasound liver imaging reporting and data system nomogram in distinguishing intrahepatic cholangiocarcinoma from hepatocellular 
carcinoma

Figure 4  Calibration plots of the contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram applied in the 
training (A), validation cohort (B), as well as ≤ 5.0 cm (C) and ≤ 3.0 cm subgroup (D). CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting 
and data system.

Emax    U:P
CEUS score   0.160   0.426
LI-RADS        0.282   0.014

0.0       0.2      0.4       0.6      0.8       1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al
 p

ro
ba

bi
lit

y

Validation

Emax    U:P
CEUS score   0.075   0.618
LI-RADS        0.119   0.384

0.0       0.2      0.4       0.6      0.8       1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al
 p

ro
ba

bi
lit

y

≤ 5 cm subgroup

B

C D

Training
LI-RADS nomogram
CEUS score nomogram

Emax    U:P
CEUS score   0.000   1.000
LI-RADS        0.000   1.000

0.0       0.2      0.4       0.6      0.8       1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al
 p

ro
ba

bi
lit

y

a

Predicted probability Predicted probability

Predicted probability

≤ 3 cm subgroup

Emax    U:P
CEUS score   0.121   0.335
LI-RADS        0.098   0.835

0.0       0.2      0.4       0.6      0.8       1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al
 p

ro
ba

bi
lit

y

Predicted probability

LI-RADS nomogram
CEUS score nomogram

LI-RADS nomogram
CEUS score nomogram

LI-RADS nomogram
CEUS score nomogram

Chen LD et al . Differentiation of intrahepatic cholangiocarcinoma



3795 September 7, 2018|Volume 24|Issue 33|WJG|www.wjgnet.com

with the purpose of this category to preserve a high 
sensitivity for the detection of malignancy. However, the 
specificity was low (48.5%-69.1%), and that alone was 
insufficient for a reliable differentiation between ICC 
and HCC. Differentiating between ICC and HCC remains 
challenging. A more detailed definition of ICC might 
help resolve this dilemma.

In our study, we selected five specific features of 
ICC by LASSO regression, which is useful for addressing 
the collinearity between parameters. In addition to 
the tumor enhancement patterns of arterial phase rim 
enhancement, rapid washout, and marked washout 
proposed by the CEUS LIRADS, we categorized two 
other features as tumor growth patterns and vascular 
invasion patterns. The boundary of the nonenhanced 
area in the tumor is different between ICC and HCC 
if the boundary is present. The nonenhanced area in 
ICC represents abundant fibrous tissue in the center 
of the tumor[31]. The border between fibrous tissue 
and peripheral tumor cells is obscured due to the 
infiltrative tumor growth of ICC, which arises from 
cholangiocytes[32]. However, the nonenhancing area in 
HCC represents necrosis, and thus, the border between 
necrosis and the enhanced tumor area is sharp[33]. For 
vascular invasion patterns, an intratumoral vessel is a 
characteristic of ICC. This feature is relatively frequent 
in CT scans[34]. Nishibori et al[35] have postulated that 
the tumor does not directly invade the portal vein but 
that the vein is extrinsically compressed by the tumor. 
On the other hand, portal vein tumor thrombosis is 
specific for HCC[36,37].

Another advantage of LASSO regression analysis in 
this study was that we could assign each feature a weight 
score to construct a predictive model for predicting ICC, 
as individualized workup and management is often 
essential[38]. Since the specificity of LIRADS was low, 
we integrated the above specific features to optimize 
the diagnostic criterion, which fully considered both 
sensitivity and specificity. The diagnostic performance 
of the CEUS score was improved compared with that of 
the LR-M of CEUS LI-RADS. With much higher specificity, 
the predictive model may have incremental value to the 

CEUS LIRADS for individualized precise predictions of 
ICC in highrisk patients. Furthermore, we incorporated 
clinical risk factors into the CEUS score to construct 
a predictive model, which may be more applicable in 
clinical practice. The discriminative performance of the 
CEUS score nomogram was also better than that of the 
LIRADS nomogram.

We performed subgroup analysis according to the 
tumor size and found that the CEUS score significantly 
improved the discriminative performance in the ≤ 5.0 
cm subgroup compared to the LIRADS. However, the 
discriminative performance did not improve in the ≤ 
3.0 cm subgroup. This may be because small ICCs lack 
specific enhancement characteristics selected by LASSO 
regression. Since the NRI and IDI were decreased in 
the ≤ 3.0 cm lesions, the LIRADS nomogram was 
superior to the CEUS score nomogram for small lesions, 
while the CEUS score nomogram was recommended for 
lesions larger than 3.0 cm.

Our study has several limitations. First, we did not 
enroll all focal liver lesions to validate the diagnostic 
accuracy of the CEUS LIRADS. The main purpose of 
this study was to refine the CEUS diagnostic algorithm 
for ICC in highrisk patients, so we only selected 
patients with ICC or HCC. The readers did not know 
the purpose of the study and were only asked to 
record CEUS features. Therefore, the design and 
process of this study are reasonable. Second, this is a 
retrospective study. Prospective studies are mandatory 
in our future work. Third, the study focused on high
risk patients with chronic hepatitis B or hepatitis C or 
cirrhosis. As a result, only 88 highrisk patients with ICC 
were evaluable for the purpose of the study, and this 
decreased the strength of the study. Fourth, specimens 
from liver biopsy or surgery and selection of HCC group 
could affect the present result. Fifth, we analyzed the 
records on radiologist. This will increase the subjectivity 
of the study. Finally, we did not compare the diagnostic 
performance of CEUS with that of MRI/CT. Because 
of the large number of patients in our hospital, the 
delay phase scanning of MRI/CT was not performed 
routinely for each patient with a liver lesion. As a result, 
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Figure 5  Decision curve analysis of the contrast-enhanced ultrasound score nomogram and liver imaging reporting and data system nomogram in the 
training (A) and validation cohort (B). CEUS: Contrast-enhanced ultrasound; LI-RADS: Liver imaging reporting and data system.
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the comparison was not achieved due to the missing 
information of the delay phase, which was crucial for 
the differentiation of ICC and HCC by MRI/CT. This is a 
relevant limitation of the study given that MRI/CT scans 
must be performed in clinical practice according to 
international guidelines.

In conclusion, we developed a CEUS predictive 
model for predicting ICC in highrisk patients with 
improved discriminative accuracy compared to the LRM 
of the CEUS LIRADS in tumors larger than 3.0 cm. 
This tool may serve as a useful supplement to the CEUS 
LI-RADS and further improve the diagnostic efficiency 
of CEUS. For small tumors, the CEUS LIRADS is 
recommended. A large prospective trial is necessary to 
confirm the conclusion. 

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) is a highly malignant epithelial cancer 
originating from bile ducts with cholangiocyte differentiation. In recent years, 
chronic cirrhosis and viral hepatitis have been recognized as important risk 
factors for ICC development. ICC has been increasingly found in patients with 
cirrhosis, and distinguishing between ICC and hepatocellular carcinoma (HCC) 
is a major clinical issue because the management and prognosis of these 
conditions differ significantly.

Research motivation
The contrast-enhanced ultrasound (CEUS) Liver Imaging Reporting and Data 
System (LI-RADS®) sets the specific category of LR-M for distinguishing ICC 
from HCC, but the diagnostic dilemma remains unresolved. Additionally, no 
study has validated the performance of LR-M as the differential diagnostic 
criterion for ICC and HCC.

Research objectives
To identify important imaging predictors of ICC on CEUS, to develop a 
novel diagnostic nomogram incorporating clinical, CEUS and laboratory 
characteristics that could be used to accurately predict the risk of ICC in high-
risk patients and to compare the nomogram with modified CEUS LI-RADS.

Research methods
This retrospective study consisted of 88 consecutive high-risk patients with 
ICC and 88 high-risk patients with HCC selected by propensity score matching 
between May 2004 and July 2016. Patients were assigned to two groups, 
namely, a training set and validation set, at a 1:1 ratio. A CEUS score for 
diagnosing ICC was generated based on significant CEUS features. Then, a 
nomogram based on the CEUS score was developed, integrating the clinical 
data. The performance of the nomogram was then validated and compared with 
that of the LR-M of the CEUS LI-RADS.

Research results
The most useful CEUS features for ICC were as follows: rim enhancement 
(64.5%), early washout (91.9%), intratumoral vein (58.1%), obscure boundary 
of intratumoral non-enhanced area (64.5%), and marked washout (61.3%, all 
P < 0.05). In the validation set, the area under the curve (AUC) of the CEUS 
score (AUC = 0.953) for differentiation between ICC and HCC were improved 
compared to the LI-RADS (AUC = 0.742) (P < 0.001). When clinical data were 
added, the CEUS score nomogram was superior to the LI-RADS nomogram 
(AUC: 0.973 vs 0.916, P = 0.036, NRI: 0.077, IDI: 0.152). Subgroup analysis 
demonstrated that the CEUS score model was notably improved compared 
to the LI-RADS in under 5.0 cm tumors (P < 0.05) but not improved in tumors 
under 3.0 cm (P > 0.05).

Research conclusions
A CEUS score for predicting ICC consisted of more detailed CEUS features 
(rim enhancement, early washout, intratumoral vein, obscure boundary of 
intratumoral non-enhanced area, and marked washout) was constructed. 

The diagnostic performance of the CEUS score (AUC = 0.953) for 
differentiation between ICC and HCC was improved compared to the LR-M of 
LI-RADS (AUC = 0.742) (P < 0.001). A CEUS score nomogram that added the 
clinical risk factors was superior to the LI-RADS nomogram (AUC: 0.973 vs 
0.916, P = 0.036, NRI: 0.077, IDI: 0.152). The CEUS score predictive model 
was notably improved compared to the LI-RADS in ≤ 5.0 cm tumors (P < 0.05) 
but not improved in tumors ≤ 3.0 cm (P > 0.05).

Research perspectives
The CEUS predictive model for differentiation between ICC and HCC in high-
risk patients had improved discrimination and clinical usefulness compared to 
the CEUS LI-RADS.
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