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Abstract

Objectives The aim of this study was to develop a predictive model based on Sonazoid contrast-enhanced ultrasound
(SCEUS) and clinical features to discriminate poorly differentiated hepatocellular carcinoma (P-HCC) from intrahepatic
cholangiocarcinoma (ICC).

Patients and method Forty-one ICC and forty-nine P-HCC patients were enrolled in this study. The CEUS LI-RADS
category was assigned according to CEUS LI-RADS version 2017. Based on SCEUS and clinical features, a predicated
model was established. Multivariate logistic regression analysis and LASSO logistic regression were used to identify the
most valuable features, 400 times repeated 3-fold cross-validation was performed on the nomogram model and the model
performance was determined by its discrimination, calibration, and clinical usefulness.

Results Multivariate logistic regression and LASSO logistic regression indicated that age (> 51 y), viral hepatitis (No), AFP
level (< 20 pg/L), washout time (< 45 s), and enhancement level in the Kupffer phase (Defect) were valuable predictors
related to ICC. The area under the receiver operating characteristic (AUC) of the nomogram was 0.930 (95% CI: 0.856—
0.973), much higher than the subjective assessment by the sonographers and CEUS LI-RADS categories. The calibration
curve showed that the predicted incidence was more consistent with the actual incidence of ICC, and 400 times repeated
3-fold cross-validation revealed good discrimination with a mean AUC of 0.851. Decision curve analysis showed that the
nomogram could increase the net benefit for patients.

Conclusions The nomogram based on SCEUS and clinical features can effectively differentiate P-HCC from ICC
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CEUS  Contrast-enhanced ultrasound

CI Confidence interval

HCC Hepatocellular carcinoma

ICC Intrahepatic cholangiocarcinoma

KP Kupffer phase

OR Odds ratio

P-HCC Poorly differentiated hepatocellular carcinoma
ROI Region of interest

SCEUS Sonazoid contrast-enhanced ultrasound
Introduction

Primary liver cancer, including hepatocellular carcinoma
(HCC), intrahepatic cholangiocarcinoma (ICC), and other
types, has become the sixth most prevalent cancer and the
third leading cause of cancer-related death worldwide [1,
2]. HCC is the most common primary liver cancer and
may be cured by a variety of treatment modalities (liver
resection, liver transplantation, local ablation, etc.) [3, 4].
Unfortunately, the prognosis of ICC is significantly worse
than that of HCC, with radical surgery being the only cura-
tive treatment, and extended hepatectomy is required [5,
6]. The treatment strategies and prognosis between HCC
and ICC are significantly different, and accurate noninva-
sive preoperative diagnosis is essential [7].

Contrast-enhanced ultrasound (CEUS) has been widely
used for noninvasive diagnosis before treatment. Typical
features of CEUS in ICC include rim enhancement, early
washout time (< 60 seconds), and marked washout [8].
However, the presence of early washout time in some
poorly differentiated hepatocellular carcinomas (P-HCCs)
can lead to overlapping CEUS features of P-HCC and ICC,
thereby making accurate identification challenging [9, 10].

In recent years, Sonazoid® has been launched in some
countries as a contrast agent with some differences from
other contrast agents. One characteristic of Sonazoid® is
its unique Kupffer phase (KP), which enables continuous
scanning without microbubbles being destroyed [2, 11].
Sugimoto K, et al. [12] demonstrated that the perfusion
performance in KP was closely related to the pathological
grade of HCC, suggesting that KP perfusion may serve as
an independent and effective predictor for differentiating
between well-differentiated HCC, moderately differenti-
ated HCC, or P-HCC [13, 14].

There are few reports on the preoperative diagnosis of
ICC and P-HCC by Sonazoid contrast-enhanced ultrasound
(SCEUS). Therefore, we aimed to develop a nomogram
using SCEUS and clinical features to improve diagnostic
accuracy in distinguishing between ICC and P-HCC.
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Material and methods
Study population

Using data from a prospective, multicenter study designed
for sample collection (Clinical Trials.gov identifier:
NCT04563897), we retrospectively analyzed SCEUS scans
and clinical data from a total of 90 adults who were diag-
nosed with ICC and P-HCC. This study included 16 medical
institutions (Supplement Table 1) and was approved by the
Institutional Review Boards at each center (S2020-300-01).
All participants provided written informed consent. The
research protocol, which included the eligibility criteria and
standardized data access procedures, was implemented con-
sistently across all participating institutions. The flowchart
of the study population selection process is shown in Fig. 1.

Clinicopathologic information

Clinical data were collected, including age, sex, and serum
markers. The target lesions were diagnosed histopathologi-
cally (surgery, n = 26; biopsy, n = 64). Histological diag-
nosis was made by at least two experienced pathologists
according to the World Health Organization criteria [15].

Sonazoid contrast-enhanced ultrasound

Gray-scale ultrasound and contrast-enhanced ultrasound
were performed in medical institutions using ultrasound
equipment with contrast-enhancing software (GE Health-
care, Philips, Siemens, Mindray). The abdominal probe
(frequency 2-6 MHz) was used, and the mechanical index
ranged from 0.16 to 0.21. The second-generation contrast
agent Sonazoid (GE Healthcare AS, Oslo, Norway), a lipid-
encapsulated perfluorobutane microbubble, was injected at
a dose of 0.015 ml/kg through the antecubital vein, followed
immediately by a flush of 5 mL of 0.9% normal saline solu-
tion. The largest lesion was observed continuously, and vid-
eos of arterial phases (0-30 s) and portal phases (31-120 s)
were stored. After vascular phases (120 s), the first 10 s of
intermittent imaging was stored every minute until 10 min
or the disappearance of the liver parenchyma contrast agent
(for evaluating KP) [16]. All the images were stored on hard
drives for offline analysis.

Analysis of ultrasound and Sonazoid
contrast-enhanced ultrasound features

Ultrasound and SCEUS images were retrospectively
reviewed by two sonographers who had more than six years
of experience in abdominal ultrasound imaging, indepen-
dently. All lesions were assessed and classified according
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930 patients who underwent both BUS and Sonazoid CEUS for focal liver
lesion between August 2020 and March 2021 at 23 medical institutions

Exclusion criteria:(n=840)
a) Severe cardiovascular dysfunction
b) Patients with diagnosis other than
ICC and P-HCC
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Fig. 1 Flowchart of the study population selection process

to CEUS LI-RADS version 2017 [17]. If there was any dis-  enhancement levels in the AP ( hypo-enhancement /iso-
cordance, the images were rereviewed, and a consensus was  enhancement /hyper-enhancement); (3) enhancement pattern
reached by discussion. in the AP(Rim enhancement and mosaic architecture [18,

The SCEUS features of the lesion were characterized 19]); (4)washout time(< 45 s) [20, 21]; (5) critical features
as follows: (1) the echo and size (mm) of the lesion;(2) according to CEUS LI-RADS version 2017, including AP
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hyper-enhancement and late and mild washout (in contrast
to the liver in the portal venous phase, the lesion showed
hypo-enhancement within 60 seconds of contrast injection
and no apparent hypo-enhancement or contrast defect within
2 minutes of contrast injection) [16, 22]; and (6) KP hypo-
enhancement (lesions with low enhancement compared
to the liver in KP) or KP defect (lesions with similar non-
enhancement compared to the liver in KP) [20]. If two or
more lesions were present in a single patient, the histologi-
cally confirmed lesion or the largest lesion was selected as
the target lesion.

Gray-scale analysis of Kupffer phase images
by ImageJ

KP images were exported to a personal computer in JPEG
format and analyzed using ImageJ version 1.47 software
(National Institutes of Health, Bethesda, MD). Two sonog-
raphers freehand outlined the lesion, which was marked as
aregion of interest (ROI)1 and the surrounding liver paren-
chyma as ROI2. The shape, size, and depth of ROI2 are
consistent with those of ROI1. Then, the ROI Manager mode
was used for a gray analysis of the outlines. The mean gray
value, modal gray value, minimum gray value, maximum
gray value, and standard deviation of the gray value of the
lesions were measured [23]. The measurement was repeated
five times, and the average gray value was calculated. The
average mean gray value was then used to calculate the gray
value ratio (gray value ratio=average mean gray value of
liver parenchyma/average mean gray value of lesion).

Development and validation of a nomogram
to distinguish between ICC and P-HCC

Multivariate logistic regression and LASSO regression
were used to filter variables, and a nomogram model was
constructed to predict ICC. The Hosmer-Lemeshow test
was used to assess the goodness of fit of the model. A
receiver operating characteristic (ROC) curve, the area
under the ROC curve (AUC), the concordance index
(C-statistic), and the calibration curve were used to
evaluate the predictive accuracy and consistency of the
model. Discrimination and calibration were assessed by
1000 bootstrapping validations and internally validated
by 400 times repeated 3-fold cross-validation. Decision
curve analysis (DCA) reflects the model’s net benefit to
the patient.

Statistical analysis

All analyses were performed using IBM SPSS Statistics 26
for Windows (IBM Corp, Armonk, NY, USA) , R software
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(version 4.2.1), and MedCalc version 9.0 software (Med-
Calc Software, Mariakerke, Belgium). The differences in
clinical and SCEUS features were compared between ICC
and P-HCC using independent samples 7 -tests, chi-square
tests, Fisher’s exact tests, or Mann—Whitney U-tests. Inter-
observer agreement of features between two sonographers
was assessed using Cohen's kappa coefficients and 95%
confidence intervals. Univariate and multivariate regression
analyses were performed via SPSS 26.0. ICC was predicted
using binary logistic regression analysis. ROC curve analy-
sis was drawn via MedCalc. The McNemar test was used to
compare the clinical usefulness of each diagnostic method.
The difference was statistically significant when the two-
tailed P-value was < 0.05.

Via R software, the “glmnet” package was used for
LASSO regression, the “rms” package was used to plot the
nomogram, the "pec" package was used to construct the cali-
bration curves, the "caret" package was used for bootstrap-
ping validation and k-fold cross-validation, and clinical deci-
sion curves were constructed using the “ggDCA” package.

Results
Patient characteristics

The baseline characteristics of the clinical and ultrasound
images are shown in Table 1, including 41 ICC and 49
P-HCC. A total of 13 patients showed hyperechoic lesions,
including 11 patients (11/13) in the P-HCC group and two
patients (2/13) in the ICC group. Of the 13 hyperechoic
lesions, 12 had hepatitis.

As shown in Table 2, among the SCEUS features,
there were significant differences between the two groups
of patients in the washout time (whether < 45 s) and the
enhancement level in the KP. In addition, the consistency of
subjective assessment of the enhancement level in the KP
between the two sonographers was high, with a kappa-value
of 0.773.

Gray-scale analysis of Kupffer phase images
by ImageJ

The gray-scale analysis is shown in Supplemental Table 2.
The cutoff value of the mean gray value between ICC and
P-HCC was 24.92, and the cutoff value of the modal gray
value, minimum gray value, and gray value ratio were 10.00,
0.00, and 2.24, respectively. These values were significantly
different between ICC and P-HCC (P < 0.05).
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Table 1 Patients clinical and Features ICC (n = 41) P-HCC (n = 49) p
ultrasound features
Age (years)? 58.00 (52.50, 64.50) 51.00 (43.50, 62.00) 0.006"
Sex 0.021"
Male 29 (70.73%) 44 (89.80%)
Female 12 (29.27%) 5(10.20%)
BMI (kg/m?)° 23.83+2.85 23.61+3.05 0.729
Hepatitis <0.001"
Yes 18 (43.90%) 44 (89.80%)
No 23 (56.10%) 5(10.20%)
AFP> 20ug/L 10 (24.39%) 36 (73.47%) <0.001"
CA199> 37u/mL 20 (48.78%) 13 (26.53%) 0.029"
Location 0.817
Right lobe 31 (75.61%) 36 (73.47%)
Left lobe 10 (24.39%) 13 (26.53%)
Tumor size (mm)° 60.64+32.30 53.74+29.51 0.293
Gray-scale echogenicity 0.038"
Hypoechoic 34 (82.93%) 30 (61.22%)
Un-hypoechoic 7 (17.07%) 19 (38.78%)
Margin 0.721
Clear 27 (65.85%) 34 (69.39%)
Unclear 14 (34.15%) 15 (30.61%)
Morphology 0.476
Regular 17 (41.16%) 24 (48.98%)
Irregular 24 (58.54%) 25 (51.02%)

“Data are presented as median (range)

"Data are means=standard deviations, with ranges in parentheses
*Statistically significant at P < 0.05

Unless otherwise indicated, data are number of lesions, with percentages in parentheses

ICC Intrahepatic Cholangiocarcinoma, P-HCC poorly differentiated Hepatocellular Carcinoma, BMI Body
mass index, AFP alpha fetoprotein, CA199 Carbohydrate antigen 199

Multivariate regression and LASSO regression
analysis

Patient features with P < 0.05 in the univariate analysis were
incorporated into the multivariate logistic regression model,
and the independent influencing factors were determined via
ENTER, as shown in Table 3. Meanwhile, LASSO regres-
sion was applied to solve the multicollinearity relationships
of all features, and the coefficient of each variable was gener-
ated (Fig. 2). We screened out four variables with the opti-
mal lambda (A = 0.1095613). These variables were enhance-
ment level in the KP (0.9029231), hepatitis (— 0.3887257),
AFP level (> 20 pg/L) (— 0.6085682), washout time (< 45
s) (0.6220081), and multivariate logistic regression analysis
with P < 0.05.

Development and validation of the nomogram

The following model was constructed based on the independ-
ent variables selected by multivariate regression analysis and

LASSO regression: Predicted value = — 5.399 + 2.404Age
— 1.023Hepatitis-1.540AFP+1.452washout time +2.801
Enhancement level in the KP (age> 51 y, value 1; hepatitis,
value 1; AFP> 20 pg/L, value 1; washout time< 45s, value
1; enhancement level in the KP (defect), value 1).

Therefore, we constructed a nomogram (Fig. 3). The
cutoff value of the nomogram was 0.430. When it was
more significant than 0.430, the diagnosis was ICC
(Fig. 4), and vice versa, the diagnosis was P-HCC (Fig. 5).
Using this nomogram, the C-statistic was 0.930 (95% CI:
0.856-0.973) (Table 4).

The Hosmer-Lemeshow goodness-of-fit test showed
good fit in the cohort (P = 0.437). The calibration curve
(Fig. 6a) showed that the predicted incidence was more
consistent with the actual incidence of ICC, and 400 times
repeated 3-fold cross-validation revealed good discrimina-
tion with a mean AUC of 0.851. Decision curve analysis
showed that the nomogram could increase the net benefit
to the patient (Fig. 6b).
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Sonographers’ Diagnosis and CEUS LI-RADS
Categories

According to the sonographers’ diagnosis given by each
center, only 17 ICCs were correctly diagnosed, 14 ICCs

Table 2 SCEUS features in ICC and P-HCC

Features ICC (n=41) P-HCC P
(n=49)
Enhancement level in 0.09
the AP
Hyper-enhancement 34 (82.93%) 46 (93.88%)

Iso-enhancement 2 (4.88%) 2 (4.08%)

Hypo-enhancement 5 (12.19%) 1(2.04%)

Rim enhancement 7(17.07%) 4 (8.16%) 0.199

Washout time < 0.001%*

<45s 32 (78.05%) 12 (24.49%)

>45s 9(21.95%) 37 (75.51%)

Washout time < 0.001*

<60s 31(75.61%) 17 (34.69%)

>60s 10 (24.39%) 32 (65.31%)

Enhancement level in < 0.001*
the KP

Hypo-enhancement 8 (19.51%) 37 (75.51%)

Defect 33 (80.49%) 12 (24.49%)

Margin in the KP 0.713

Clear 21 (51.22%) 27 (55.10%)

Unclear 20 (48.78%) 22 (44.90%)

Morphology in the KP 0.598

Regular 19 (46.34%) 20 (40.82%)

Irregular 22 (53.66%) 29 (59.18%)

“Statistically significant at P < 0.05
Data are number of lesions, with percentages in parentheses

SCEUS Sonazoid contrast-enhanced ultrasound, /CC Intrahepatic
Cholangiocarcinoma, P-HCC poorly differentiated Hepatocellular
Carcinoma, AP Arterial phase, KP Kupffer phase

were diagnosed as HCC, 8 ICCs were diagnosed as metas-
tasis, and 2 ICCs were diagnosed as benign lesions. How-
ever, among 49 P-HCCs, 48 P-HCCs were correctly diag-
nosed as HCC.

According to CEUS LI-RADS, 10 (24.39%) ICCs were
finally classified as non-LI-M, and 17 (34.69%) P-HCCs
were classified as LI-M (Supplement Table 3). The classifi-
cation of LI-M according to the CEUS LI-RADS criteria by
two sonographers had a kappa-value of 0.608.

The nomogram was compared with the above methods,
and the validity of the nomogram was better than that of the
sonographers’ diagnosis and CEUS LI-RADS categories (P
< 0.001), as shown in Table 4. The diagnostic performance
of ICC is shown in Fig. 7.

Discussion

In this study, we report the ability to differentiate ICC from
P-HCC by developing a nomogram model that uses clinical
and SCEUS features. Compared to sonographers’ diagnosis
and CEUS LI-RADS categories, our model showed a higher
sensitivity and improved accuracy in identifying ICC from
P-HCC with atypical vascular phase; it demonstrated higher
predictive performance (AUC = 0.930); and the accuracy
rate reached 88.9%. Notably, the innovation was that the
model was based on clinical and SCEUS features for non-
invasive differentiation of difficult-to-identify lesions prior
to treatment.

Sonazoid® can be used to detect the presence of Kupffer
cells, since these microbubbles are easily taken up by
Kupffer cells [24].Therefore, it has an additional Kupffer
phase (KP), which starts approximately 10 min postinjec-
tion, when the microbubbles have been eliminated from
the blood pool [25, 26]. Previous studies [27, 28] have
demonstrated that the enhancement level in KP varies in

Table 3 Univariate and
Multivariate Analysis of clinical
and SCEUS features

Univariate analysis

Multivariate analysis

95% CI P OR 95% C1 P
Age (> Slyears) 5961 2.217-16.031 <0.001 10994 1.691-71.470 0.012
Sex (Male) 0.275  0.087-0.862 0.027
Hepatitis (no) 0.089  0.029-0.270 < 0.001
AFP> 20ug/L 0.116  0.045-0.302 < 0.001 0.110  0.020-0.608 0.011
CA199> 37w/mL 2.637  1.092-6.369 0.029
Gray-scale Echogenicity 2.820  1.038-7.663 0.042
Washout time (< 45 s) 10.963  4.093-29.366 < 0.001
Enhancement level in the KP  12.719  4.631-34.928 <0.001 10.726 1.471-78.204 0.019
Gray value ratio (> 2.24) 16.889  4.582-62.249 < 0.001

Parameters with a P-value of < 0.05 in univariable analysis are included in the multivariable analysis
OR 0Odds ratio, CI confidence interval, AFP alpha fetoprotein, CA/99 Carbohydrate antigen 199, KP

Kupffer phase
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Fig.2 Clinical and ultrasound feature selection with least absolute
shrinkage and selection operator (LASSO) regression. A coefficient
profile plot was produced against the log(lambda) sequence (a). Four
variables with nonzero coefficients were selected by the optimal

benign and malignant lesions and could differentiate HCC
grades. Kupffer cells rarely or almost never exist in malig-
nant lesions, making the contrast intensity different between
lesions during the Kupffer phase. Malignant lesions showed

lambda. By verifying the optimal parameter (lambda) in the LASSO
model, the partial likelihood deviance (binomial deviance) curve
was plotted versus log(lambda), and dotted vertical lines were drawn
based on 1 standard error criterion (b)

hypo-enhancement in KP, while non-HCC malignant lesions
were more likely to show a cavity-like appearance in the
KP with approximately no enhancement [26, 29]. In 2020,
Sugimoto, K. [30] proposed a modified CEUS LI-RADS
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Fig.3 A nomogram was developed with predictors including age,
hepatitis, AFP level, washout time, and KP enhancement level. Draw
a vertical straight line from the variable value to the axis labeled

“Points”. Then calculate five variables’ points. The total points on the
bottom scales that correspond to the predicted value are shown
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Fig.4 ICC in a 60-year-old patient. a Gray-scale ultrasound showed
a hypoechoic nodule (arrow) in liver S8, with a maximum diameter
of approximately 2.0 cm. The edge was blurred, and the morphology
was irregular. b Hyper-enhancement (arrow) in the AP (30 s) after
injection of the Sonazoid contrast agent. ¢ At 108 s after injection,

for Sonazoid, which included the enhancement level in the
KP and improved the accuracy of diagnosing focal liver
lesions. However, the KP enhancement level was not fur-
ther classified into the LI-5 and LI-M classification crite-
ria. Our study demonstrated that the enhancement level

@ Springer

the lesion began to wash out (arrow). d After 10 minutes (Kupffer
phase), the lesion (arrow) showed marked washout. According to the
LI-RADS CUES, the lesion was classified as LI-5. According to the
nomogram, the risk value was 0.830(> 0.430); this lesion was predi-
cated to be ICC. The pathological diagnosis was ICC

(hypo-enhancement /defect) in the KP, as subjectively
assessed by sonographers, was an independent risk factor
that could affect the differential diagnosis of P-HCC and
ICC, OR: 10.726 (95% CI 1.471-78.204), P=0.019. In our
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Fig.5 P-HCC in a 33-year-old patient. a Gray-scale ultrasound
showed a hypoechoic lesion(arrow) at the junction of liver S8 and
S5, with a maximum diameter of approximately 3.3cm.The edge was
clear and the morphology was regular. b Hyper-enhancement (arrow)
in the early AP (16 s) after injection of the Sonazoid contrast agent. ¢
At 48 s after injection, the lesion began to wash out (arrow). d After

LOGIQ
b s

10 minutes (Kupffer phase), the lesion (arrow) shows mild washout.
According to the LI-RADS CUES, the lesion was classified as LI-M.
According to the nomogram, the risk value was 0.024(< 0.430); this
lesion was predicated to be P-HCC. The pathological diagnosis was
P-HCC

Table 4 Diagnostic efficacy of AUC (95% CT) Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
different methods
Sonographers 0.697 (0.591, 0.790) 41.46 97.96 94.44 66.67
CEUS LI-RADS  0.705 (0.599,0.796)  75.61 65.31 64.58 76.19
Nomogram 0.930 (0.856,0.973)  92.68 85.71 84.44 93.33

95% confidence intervals are shown in parentheses

AUC Area under the receiver operating characteristic, CI confidence interval, PPV Positive predictive

value, NPV Negative predictive value

cohort, 33 (80.49%) ICCs exhibit KP defects, which could
initially distinguish them from P-HCC, with an AUC of
0.780 (95% C1 0.681-0.879). This finding was confirmed in
the gray-scale analysis using ImagelJ software (Supplement

Table 2), which showed a significant difference in the mean

gray value of ICC and P-HCC in the KP (P = 0.004).
Several studies have reported that certain ultrasound

features, such as bile duct dilatation or cholangiolithiasis,

@ Springer
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Fig.6 Calibration curves (a) of the nomogram prediction. The y-axis
indicates the actual diagnosed ICC. The x-axis indicates the predicted
risk of ICC. The diagonal dotted line indicates a perfect prediction
by an ideal model. The solid line represents the performance of the
cohort, which indicates that a closer fit to the diagonal dotted line
represents a better prediction. Decision curve analysis (b) showed
that it would be more accurate to use this nomogram to predict the

irregular rim enhancement, and early washout time, were
found to have diagnostic value for ICC [31, 32]. However, in
our study, there were no significant differences in gray-scale
ultrasound features, arterial phase enhancement patterns,
and rim enhancement between P-HCC and ICC, which was
partially inconsistent with Yuan M's study [32]. This may be
attributed to the different patients enrolled. Furthermore, it is
noteworthy that some ICCs do not exhibit typical signs such
as bile duct dilatation, and these patients may have a history
of hepatitis, leading to subjective misclassification of them
as HCCs by sonographers. However, sonographers could
accurately diagnose the ICC with typical CEUS features,
resulting in a high specificity of 97.96%.

According to the vascular phase (< 120 s), the CEUS
LI-RADS categories was evaluated, and the sensitivity
and specificity of classifying ICC as LI-M were 75.6% and
65.3%, respectively. These were slightly lower than those
reported by Zheng et al. [33], who found the sensitivity and
specificity to classify the ICC as LI-M to be 89% and 88%,
respectively. Our analysis revealed that some P-HCCs were
difficult to distinguish from ICCs in the vascular phase, with
high enhancement in the arterial phase and the early washout
time (< 60 s), which may lead to misclassification by the
CEUS LI-RADS categories. We also found that P-HCC and
ICC could be better discriminated (P < 0.001) when the
early washout time was defined as 45 seconds.

Given the similarity of the vascular phase enhancement
patterns between some P-HCCs and ICCs, the accuracy of
sonographers' diagnosis may be compromised. To address
this issue, we developed an ICC-predicted nomogram
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ent threshold probabilities. The y-axis denotes the standardized net
benefit, and the x-axis indicated the risk threshold probabilities. The
orange line represents the nomogram, the blue dotted line represents
the condition that all patients have ICC, and the pink dotted line rep-
resents the condition that none have ICC
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Fig. 7 Discrimination of the nomogram was evaluated by the ROC
curve. The y-axis indicates the true-positive rate of the risk predic-
tion. The x-axis indicates the false-positive rate of the risk pre-
diction. The orange line represents the performance of the nomo-
gram. AUC=0.930 which is equal to the c-statistic

that is comprised of five risk factors. The AUC of the
nomogram was 0.930, which was higher than the sonog-
raphers’ diagnosis and CEUS LI-RADS categories. The
400 times repeated 3-fold cross-validation showed that
the mean AUC was 0.851, which indicates a relatively
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reliable result. This approach may provide a new diagnos-
tic method for tumors that are challenging to differentiate
by gray-scale ultrasound and SonoVue CEUS. With the
ability to diagnose more ICC, more appropriate treatment
options can be further selected to improve the overall
prognosis.

Nevertheless, our study has some limitations. While it
is a multicenter study, the number of cases of P-HCC and
ICC was small. Further validation is necessary to indicate
the model’s general applicability and improve it if neces-
sary. Additionally, some tumor specimens were obtained
by biopsy. Due to the heterogeneity of tumors, combined
hepatocellular carcinoma may not be ruled out. But owing
to its low incidence, it was included in this article.

Conclusion

This study found that clinical indicators such as age, hepa-
titis, and AFP were helpful in the diagnosis of ICC. The
enhancement level in the KP and early washout time (< 45
s) were identified as independent risk factors for differenti-
ating ICC from P-HCC. The nomogram constructed based
on SCEUS and clinical features has the potential to nonin-
vasively diagnose the ICC before surgery and may provide
some support for clinical treatment decision-making.
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