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Abstract

Purpose To evaluate and compare the diagnostic performance of revised contrast-enhanced ultrasound (CEUS) Liver Imag-
ing Reporting and Data System version by combining LR-M category and serum alpha-fetoprotein (AFP) under different
cut-off values.

Material and methods This retrospective study enrolled 152 high-risk patients with 152 histology-proven nodules. For
revised LI-RADS, nodules in LR-M with different elevated AFP thresholds have been reclassified as the LR-5 category. The
diagnostic performances of original and revised CEUS LI-RADS were evaluated and compared.

Results To compare with the original version, the sensitivity of revised LR-5 (adjusted with AFP value >?200 ng/ml or
400 ng/ml) for the diagnosis of hepatocellular carcinoma (HCC) improved from 52.5 to 69.2% or 65.0%, respectively (both
p<0.001) without compromising specificity (87.5% vs. 71.9% or 78.1%, respectively, both p>0.05). For the diagnosis of
non-HCC malignancy, the specificity of the LR-M after reclassification was improved (69.6% vs. 84.4% or 80.7%, respec-
tively, both p <0.001) with a non-significant sensitivity reduction (100.0 vs. 70.6% or 82.4%, respectively, both p > 0.05).
After modification, the sensitivity of LR-5 also increased to 69.1% or 64.9% (both p < 0.001), while the specificity and PPV
did not change (both p >0.05) for larger nodules (> 20 mm).

Conclusion The diagnostic performance of CEUS LI-RADS can be further improved by reclassifying LR-M nodules with
elevated AFP thresholds to LR-5.
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Abbreviations HCV Hepatitis C virus

ACR American college of radiology ICC Intrahepatic cholangiocarcinoma

AFP Alpha-fetoprotein LI-RADS Liver imaging reporting and data system
AUC Area under the ROC curve MLC Metastasis liver carcinoma

CEUS Contrast-enhanced ultrasound NPV Negative predictive value

CHC Combined hepatocellular cholangiocarcinoma PPV Positive predictive value

HBV Hepatitis B virus ROC Receiver operating characteristic

HCC Hepatocellular carcinoma [N Ultrasound
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Hepatocellular carcinoma (HCC) constitutes the most
common primary liver malignancy, accounting for about
approximately 80% [1]. Accurate differentiation of hepatic
lesions has significant importance in clinical management
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HCC. Taking advantage of microbubbles within the intra-
vascular space, contrast-enhanced ultrasound (CEUS) is
recommended as the first-line diagnostic technology in the
assessment of focal liver lesions (FLL) according to sev-
eral international guidelines and recommendations [5-8].
Moreover, some western guidelines restricted the use of
biopsy in cases of imaging uncertainty after examination
with contrast-enhanced media (computed tomography,
magnetic resonance imaging, CEUS) [9, 10]. Therefore,
CEUS must be integrated with other methods.

The Liver Imaging Reporting and Data System (LI-
RADS) version 2017 was developed by the American
College of Radiology (ACR) to standardize terminol-
ogy, reduce variance and errors in imaging interpretation,
enhance communication between radiologists and clini-
cians, and create a structured report for the diagnosis of
HCC [11, 12]. CEUS LI-RADS could assign the increas-
ing probability of HCC from LR-1 to LR-5 and provide
an LR-M class that encompasses probably or definitely
malignancies but is not HCC-specific [11]. Previous stud-
ies demonstrated that CEUS LI-RADS category 5 had high
specificity in predicting HCC, ensuring nearly 100% cer-
tainty [13, 14]. However, a significant drawback in CEUS
LI-RADS is based on the fact that a high proportion of
HCCs were still misdiagnosed as LR-M category, leading
to a relatively lower sensitivity (44.8-64.2%) and accu-
racy (60.4-70.8%) of LR-5 [15]. Therefore, LR-M criteria
must be revised to improve CEUS LI-RADS diagnostic
performance.

Convenient and cost-effective serum alpha-fetoprotein
(AFP) detection is frequently utilized for HCC diagnosis
and surveillance [16]. However, different thresholds for
AFP were adopted in the diagnosis of HCC. A study in
the United States compared different cut-off values (20 ng/
mL, 50 ng/mL, 100 ng/mL, 400 ng/mL) and found that
when the threshold of AFP was 20 ng/ml, the sensitivity
was approximately 60% with the specificity of 90%, while
when the threshold was 400 ng/ml, the sensitivity was only
17%, but the specificity increased to 99.4% [16]. Moreo-
ver, an elevation of AFP also occurred in some patients
involving chronic liver disease with non-cancerous causes
[17]. Most guidelines discouraged the use of AFP alone
due to its limited performance in diagnosing HCC, espe-
cially in patients with viral hepatitis [18, 19]. On the other
hand, some experts have successfully incorporated the use
of serum biomarkers in conjunction with CEUS charac-
teristics to get an accurate diagnosis of FLLs [20, 21]. It
should be noted that few studies focused on the role of
serum AFP level in improving the diagnostic ability of
CEUS LR-5 and LR-M.

Therefore, our objective was to combine different serum
AFP cut-off values with the LR-M category to improve the
current CEUS LI-RADS diagnostic performance.

@ Springer

Materials and methods

The retrospective study was approved by the Institutional
Review Board, which waived the requirement of written
informed consent.

Patient selection

The inclusion criteria were (a) high-risk factors (cirrhosis or
chronic hepatitis B viral infection or current or prior HCC)
for HCC according to ACR CEUS LI-RADS (v2017) guide-
lines [11], (b) visible FLL in the B-mode ultrasound (US),
(c) pathological proven FLL, and (d) availability of serum
AFP levels concentration within two weeks before any treat-
ments for FLL. The exclusion criteria were (a) previously
treated nodules or recurrent HCCs and (b) image degrada-
tion or missing CEUS data. Finally, 152 patients with 152
FLLs were eventually included in this study. A detailed flow-
chart of patient selection is shown in Fig. 1.

Standard reference

In this study, pathological results were used as the gold
standard. Histological results were confirmed by ultrasound
(US)-guided biopsy or surgical pathology within half a
month after CEUS examination. If patients underwent both
US-guided biopsy and surgery, surgical pathology results
were used.

B-mode US and CEUS examination

This study was performed by ultrasound machines including
Aplio 900 (Toshiba Medical Systems, Tokyo, Japan) and
Aixplorer Ultrasound system (SuperSonic Imagine, Aixen-
Provence, France). Sonographers with more than six years
of relevant clinical experience conducted the CEUS exami-
nation. Under the conventional B-mode US prior to CEUS,
we collected the size, location, nodule echogenicity, and sur-
rounding liver parenchyma. Then, all FLLs were examined
using low mechanical index (MI) imaging and a dual-screen
format after an injection of 2.4 ml SonoVue bolus followed
by a 5 mL saline flush through the median cubital vein. The
sonographer started the timer and saved the dynamic images
after injecting the bolus of contrast agent. During the initial
60 s, we continually scanned the target nodule and the liver
parenchyma surrounding it. To avoid continuous destruction
of microbubbles, we swept the nodule at 15 s intervals and
recorded for 4-6 min until the bolus cleared from circula-
tion. The SonoVue could be reinjected 15 min after the first
injection if the CEUS result was unclear. All imaging data
were exported to a removable hard drive for later evaluation.
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Fig. 1 Study population flow-
chart. Note: CEUS contrast-
enhanced ultrasound, HCC
hepatocellular carcinoma, AFP

2017 to July 2022
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CEUS examination from January
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- Patients without high risk for HCC(n=138)

b
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- Without preoperative serum AFP
results(n=11)

- Image degradation or missing CEUS

152 patients with 152 FLLs

image (n=10)

The CEUS process was classified into arterial (10-20 s to
30-45 s), portal venous (30—45 s to 120 s) and late phase
(120-300 s).

Image interpretation

Two highly skilled ultrasound physicians with at least five
years of CEUS experience independently reviewed the
CEUS images. The nodules were classified according to
CEUS LI- RADS (v2017). If no consensus was reached,
the final categorization was achieved by another expert
ultrasound physician with 10 years of experience in CEUS.
Medical information was not disclosed to all readers.

Serum AFP examination

In the fasting state in the early morning, 5 ml of venous
blood from the patients was detected by electrochemilu-
minescence immunoassay. In this study, we selected con-
ventional AFP thresholds based on previous studies (20 ng/
ml [22], 50 ng/ml [23], 100 ng/ml [16], 200 ng/ml [24],
and 400 ng/ml [25]) and optimal thresholds derived from
receiver operating characteristic (ROC) analysis according
to our data.

Diagnostic criteria for modified CEUS LI-RADS

Criteria 1: The original CEUS LI-RADS v2017.

Criteria 2: LR-5 and LR-M with AFP > optimal threshold
according to our data as a predictor of HCC, LR-M with
AFP < optimal threshold according to our data as a predictor
of non-HCC malignancy.

Criteria 3: LR-5 and LR-M with AFP > 20 ng/ml as a
predictor of HCC, LR-M with AFP <20 ng/ml as a predic-
tor of non-HCC malignancy.

Criteria 4: LR-5 and LR-M with AFP > 50 ng/ml as a
predictor of HCC, LR-M with AFP <50 ng/ml as a predic-
tor of non-HCC malignancy.

Criteria 5: LR-5 and LR-M with AFP > 100 ng/ml as
a predictor of HCC, LR-M with AFP <100 ng/ml 1 as a
predictor of non-HCC malignancy.

Criteria 6: LR-5 and LR-M with AFP > 200 ng/ml as
a predictor of HCC, LR-M with AFP <200 ng/ml as a
predictor of non-HCC malignancy.

Criteria 7: LR-5 and LR-M with AFP > 400 ng/ml as
a predictor of HCC, LR-M with AFP <400 ng/ml as a
predictor of non-HCC malignancy.

Statistical analysis

The SPSS software package version 23.0 and GraphPad
Prism version 9.0 were used to perform the statistical anal-
ysis. Quantitative data were presented as medians + stand-
ard deviation, while categorical data were identified as
numbers and percentages. ROC was used to determine the
optimal threshold for serum AFP level for HCC diagno-
sis. Pairwise comparisons of sensitivity, specificity, posi-
tive predictive value (PPV) and negative predictive value
(NPV) were calculated by McNemar test or chi-square test
if applicable. Diagnostic performance in diagnosing HCC
were assessed by ROC curve analysis, sensitivity, specific-
ity, PPV and NPV. A two-sided p-value less than 0.05 was
established to be a significant difference.
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Results
Patients and nodule characteristics

Based on inclusion criteria, the study population con-
sisted of 152 patients with 152 FLLs (mean age, 56 years;
range 27-78 years). Among all the patients, the mean
maximum diameter of liver nodules was 42.5 mm (range
9.0-146.2 mm). The detailed clinical characteristics, includ-
ing age, gender, nodule size, etiology of liver disease, serum
AFP value, and pathological analysis, are presented in
Table 1.

Imaging characteristics and CEUS LI-RADS
categories

The CEUS imaging features and CEUS LI-RADS categories
of nodules are shown in Table 2. Of the 152 nodules, there
were 11 LR-3, 16 LR-4, 67 LR-5, and 58 LR-M nodules.
Similar to expectations, the incidence of HCC from LR-3 to

Table 1 Clinical and Pathologic Information (n=152)

Characteristic Value
Mean age (y)* 56 (27-78)
Gender

Males 118 (77.6)
Females 34 (22.3)
Maximum Diameter (cm)* 42.5 (9.0-146.2)
HBV (+) 129 (84.9)
HCV (+) 14 (9.2)
Liver cirrhosis 108 (71.1)
AFP (ng/ml) *

<20 ng/ml 75 (49.3)
20-50 ng/ml 17 (11.2)
50-100 ng/ml 12 (7.9)
100-200 ng/ml 8(5.3)
200—400 ng/ml 10 (6.6)

> 400 ng/ml 30 (19.7)
Pathologic analysis

Hepatocellular carcinoma 120 (78.9)
Intrahepatic cholangiocarcinoma 5@3.3)
Combined hepatocellular cholangiocarcinoma 4(2.6)
Metastasis 8(5.3)
Hemangioma 2(1.3)
Dysplastic nodules 8(5.3)
Other benign nodules 5(@3.3)

HBYV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein.
Unless otherwise indicated, data are number of nodules and numbers
in parentheses are percentages

*Data in parentheses are range
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LR-5 category was increased gradually (45.5%, 81.3% and
94.0%, respectively). Although all non-HCC malignancies
were classified as LR-M category, 39 HCCs were also clas-
sified as LR-M due to early washout (<60 s).

Diagnostic performance of AFP alone to predict HCC

ROC analysis was used to determine the optimal cut-off
value as 2.5 ng/ml. When using AFP alone to predict HCC,
the diagnostic performances of different thresholds are
shown in Online Resource 1. Under all thresholds, the AUC
was from 0.53 to 0.63, and the accuracy was from 34.2 to
78.9%. Furthermore, different AFP values varied in sensitiv-
ity from 20.8 to 53.3% and specificity from 34.4 to 84.4%.

Diagnostic performance of the revised CEUS
LI-RADS by combining with serum AFP

The AFP values of LR-M category with different pathologic
types are shown in Fig. 2. FLLs in LR-M category with
elevated AFP level were reclassified as LR-5 (Fig. 3). In con-
trast, LR-M FLLs with normal AFP did not change the clas-
sification (Fig. 4). The sensitivity and specificity of Criteria
1 to diagnose HCC were 52.5% and 87.5%, respectively.
Criteria 2, Criteria 3, Criteria 4, and Criteria 5 improved the
sensitivity of HCC diagnosis obviously (all p <0.001). But
the specificity of Criteria 2, Criteria 3, Criteria 4, and Cri-
teria 5 dropped significantly (all p <0.05). Moreover, both
Criteria 6 and Criteria 7 elevated the sensitivity (69.2% vs.
52.5% and 65.0% vs. 52.5%, respectively) (both p <0.001)
without significantly reducing the specificity (71.9% vs.
87.5% and 78.1% vs. 87.5%, respectively) (p > 0.05). When
it came to the diagnostic performance to identify non-HCC
malignancy, Criteria 2, Criteria 3, Criteria 4, and Criteria 5
could elevate the specificity of LR-M (all p <0.001), accom-
panied by a significant decrease in sensitivity (all p <0.05).
Criteria 6 and Criteria 7 could meanwhile increase the
specificity of LR-M (84.4% vs. 69.6% and 80.7% vs. 69.6%,
respectively) (both p <0.001) without significant loss of sen-
sitivity (70.6% vs. 100.0% and 82.4% vs. 100.0%, respec-
tively) (both p> 0.05) (Table 3).

Diagnostic performance of the revised CEUS
LI-RADS for FLLs size >20 mm

In subgroup of liver nodules larger than 20 mm, the sensi-
tivity and specificity of LR-5 in the diagnosis of HCC were
48.9% and 92.6%, respectively. Besides Criteria 6 and Cri-
teria 7, Criteria 5 could also increase the sensitivity (69.1%
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Table 2 Imaging characteristics and CEUS LI-RADS categories of patients with different pathological types

Nodules (n=152)

Hepatocellular carci- Intrahepatic cholangio- Combined hepatocellular chol- Metastasis (n=38) Benign
noma (n=120) carcinoma (n=5) angiocarcinoma (n=4) nodules
(n=15)
CEUS features
Wash-in patterns
APHE 102 (85.0) 3 (60.0) 3(75.0) 4 (50.0) 8(53.3)
Rim-APHE 54.2) 1 (20.0) 1(25.0) 2(25.0) -
Iso-/Hypo- 13 (10.8) 1 (20.0) - 2(25.0) 7 (46.7)
Washout patterns
Early WO 39 (32.5) 4 (80.0) 4 (100.0) 7 (87.5) 2(13.3)
Marked WO - 1 (20.0) - 1(12.5) -
Late and mild WO 67 (55.8) - - - 5(33.3)
No WO 14 (11.7) - - - 8(53.3)
CEUS LI-RADS categories
LR-3 54.2) - - - 6 (40.0)
LR-4 13 (10.8) - - - 3 (20.0)
LR-5 63 (52.5) - - - 4(26.7)
LR-M 39 (32.5) 5(100.0) 4 (100.0) 8 (100.0) 2(13.3)

APHE arterial phase hyperenhancement, WO washout, CEUS contrast-enhanced ultrasound. LI-RADS Liver Imaging Reporting and Data Sys-
tem. Data are number of nodules and numbers in parentheses are percentages

LR-M category with elevated AFP
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Fig.2 Elevation of AFP in category LR-M among different patholog-
ical types. Note: HCC hepatocellular carcinoma, AFP alpha-fetopro-
tein. Data are number of nodules

Fig.3 HCC nodule with elevated serum AFP value (301.32 ng/

vs. 48.9%, p <0.001) without significant loss of specificity =~ mL). @ A 46-mm hypoechoic lesion in a 66-year-old male patient

_ with HBV; b The nodule showed APHE 21 s after SonoVue injec-

(74.1% vs. 92.6%, p=0.063) (Table 4). tion, and ¢ early washout was observed at 55 s. d A mild washout was

presented at 151 s. The nodule would be classified as CEUS LR-M
(criteria 1 and 7) or reidentified as CEUS LR-5 (criteria 2, 3, 4, 5, 6)
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Fig.4 ICC nodule with normal serum AFP value (1.83 ng/mL). a A
40-mm hypoechoic nodule in a 72-year-old female patient with HBV;
b The nodule showed APHE 12 s after SonoVue injection, and ¢ early
washout was observed at 45 s. d A mild washout was presented at
117 s. The nodule would be classified as CEUS LR-M (criteria 1, 2,
3,4,5,6,7)

Discussion

In this retrospective study, we performed multiple compara-
tive studies of 152 nodules based on combining CEUS LI-
RADS and different serum AFP cut-off values in the diag-
nosis of HCC. Eventually, at thresholds of 200 ng/ml and
400 ng/ml, the sensitivity improved effectively (p <0.001)
without significant loss of specificity (p =0.063 and 0.250).

In this study, the incidences of HCC in LR-3, LR-4, LR-5
category nodules were 45.5%, 81.3% and 94.0% respectively,
which corresponded to a higher probability of HCC in CEUS
LI-RADS [26]. Meanwhile, our research also demonstrated
an excellent specificity of 87.5% and PPV of 94.0%, con-
sistent with previous research ranging 78.5-96.0% and
92.7-98.0% [27-29]. Thus, CEUS LR-5 could accurately
identify HCCs and avoid the use of percutaneous biopsy
which may cause bleeding or implantation metastasis [30].
However, another study showed that 68.5% of HCCs were
in the LR-M category, which caused a relatively poor sen-
sitivity of 65.5% [31]. It was similar to our study of 67.2%
and 52.5%, respectively. In order to improve the sensitiv-
ity of HCC detection and to reduce missed diagnoses, it is
necessary for us to reclassify HCCs in the LR-M category.
Several studies focused only on the modification of imaging
characteristics, such as adjusting the time to define early
washout [31] or combining the time and degree of early
washout [27, 28], but few attention was paid to the role of
serum biomarkers.

Table 3 Diagnostic

. Category Sensitivity ~ p Value Specificity  p Value PPV  pValue NPV  p Value

performance of categories LR-5

and LR-M before and after LR-5 as a predictor of HCC

recategorization Criteria 1# 525 87.5 94.0 32.9
Criteria 2 82.5 <.001*  50.0 <.001*  86.1 .098 432 276
Criteria 3 75.0 <.001* 594 .004* 87.4 .158 38.8 495
Criteria 4 70.8 <.001*  65.6 .016* 88.5 233 37.5 578
Criteria 5 69.2 <.001*  68.8 .031%* 89.3 291 37.3 .590
Criteria 6 69.2 <.001* 719 .063 90.2 .386 38.3 .503
Criteria 7 65.0 <.001*  78.1 250 91.8 .593 37.3 574
LR-M as a predictor of non-HCC malignancy
Criteria 1# 100 69.6 29.3 100
Criteria 2 353 .001* 97.0 <.001*  60.0 .058 923 .006*
Criteria 3 529 .008* 90.4 <.001* 409 323 93.9 014%*
Criteria 4 64.7 .031%* 86.7 <.001* 379 417 95.1 .030%*
Criteria 5 64.7 .031%* 84.4 <.001* 344 .619 95.0 .028%*
Criteria 6 70.6 .063 84.4 <.001*  36.4 488 95.8 .044%*
Criteria 7 82.4 250 80.7 <.001*  35.0 552 97.3 .110

PPV positive predictive value, NPV negative predictive value, HCC hepatocellular carcinoma. Data in sen-
sitivity, specificity, PPV, NPV and accuracy were shown as percentages

#The current LR-5 and LR-M criteria of CEUS LI-RADS v2017

*Statistically significant
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Table 4 Diagnostic . Category Sensitivity  p Value Specificity  p Value PPV pValue NPV p Value

performance of categories

LR-5 and LR-M before and LR-5 as a predictor of HCC

after recategorization for FLLs Criteria 1# 48.9 9.6 95.8 342

size >20 mm
Criteria 2 85.1 <.001* 519 .001* 86.0  .073 50.0 .145
Criteria 3 75.5 <.001*  63.0 .008* 87.7 122 425 385
Criteria 4 70.2 <.001* 704 .031°%* 89.2  .191 404 493
Criteria 5 69.1 <.001*  74.1 .063 90.3 258 40.8 461
Criteria 6 69.1 <.001* 778 125 91.5 .360 420  .383
Criteria 7 64.9 <.001* 815 .250 924 454 40.0 .504
LR-M as a predictor of non-HCC malignancy
Criteria 1#  100.0 63.8 29.6 100.0
Criteria 2 375 .002* 97.1 <.001*  66.7  .031* 91.1 012%*
Criteria 3 56.3 .016* 88.6 <.001* 429 275 93.0  .027*
Criteria 4 68.8 .063 83.8 <.001* 393 378 94.6  .054
Criteria 5 68.8 .063 81.9 <.001*  36.7  .508 945 051
Criteria 6 75.0 125 81.9 <.001*  38.7  .391 95.6  .080
Criteria 7 81.3 250 78.1 <.001*  35.1 519 96.5  .120

PPV positive predictive value, NPV negative predictive value, HCC hepatocellular carcinoma. Data in sen-
sitivity, specificity, PPV, NPV and accuracy were shown as percentages

#The current LR-5 and LR-M criteria of CEUS LI-RADS v2017

*Statistically significant

Serum AFP evaluation is a simple, rapid, and inexpensive
means of HCC surveillance and it is also of great signifi-
cance for evaluating treatment response [32]. However, the
role of AFP alone is limited in the diagnosis of HCC [33].
One probable reason is that increased AFP level could reflect
the severity of hepatic destruction and subsequent regen-
eration, which could be presented in patients with active
hepatitis or cirrhosis even without HCC [16]. Elevated
AFP (>20 ng/mL) was observed in about 40.6% of high-
risk patients without HCC, according to our data. Another
explanation might be that AFP levels are normal (<20 ng/
ml) in about 30% to 40% of patients with HCC, which is
consistent with our findings [32]. Consequently, combin-
ing imaging features and AFP seems promising in distin-
guishing FLLs. To improve the efficacy of differentiating
the diagnosis of FLLs, Yang et al. tried to associate CEUS
LI-RADS with serum biomarkers in diagnosing non-HCC
malignancy [20]. Serum biomarkers were also associated
with CT/MRI LI-RADS for the differentiation of non-HCC
malignancies [34]. By combining serum AFP and LR-M
criteria, we revised CEUS LI-RADS. A recent CEUS LI-
RADS study illustrated that CEUS LR-3, 4, 5, M category
combined with elevated level of AFP (AFP > 200 ng/ml)
could significantly increase the sensitivity (79.6%) for the
diagnosis of HCC while specificity remained high (96.6%)
[35]. However, only 67.2% of FLLs in that study were con-
firmed by histological examination, which may hinder the
validity of the gold standard. Furthermore, Li et al. did not
evaluate the role of different AFP cut-off values in the CEUS

LI-RADS workup. In contrast, our study found that besides
200 ng/ml, incorporating AFP level higher than 400 ng/ml
and LR-M category could also satisfy increasing sensitivity
without compromising specificity for the diagnosis of HCC.

According to our data, at the AFP cut-off value of 200 ng/
ml, there were still 2 CHCs, 2 ICCs and 1 metastasis erro-
neously reclassified to the LR-5 category. Some non-HCC
malignancies with elevated AFP could be observed, which
was consistent with previous findings [16]. Furthermore,
another research showed that the usefulness of AFP for the
diagnosis of HCC in small HCCs was limited [18]. In our
subgroup analysis (nodules size >20 mm), adjustment with
AFP level > 100 ng/ml maintained a relatively higher speci-
ficity with improved sensitivity, just as other revised CEUS
LR-5 did (combining AFP above 200 ng/ml or 400 ng/ml).

There were still several limitations in our study. Firstly,
enrolling patients who originated from this single-center,
retrospective study with histopathological confirmation may
inevitably lead to a small sample size (152 nodules) and selec-
tion bias. Prospective validation of multi-center cohorts with
large samples is required. Secondly, based on indications of
CEUS LI-RADS v2017 [11], patients at high risk for HCC
were enrolled in this study, which may be the main reason
why there were relatively low incidences of other malignancies
than HCC (11.2% vs.78.9%) in this paper, which was simi-
lar to previous research (8.7% vs. 84.5%) [31]. Thirdly, since
we enrolled high-risk patients strictly following ACR recom-
mendations, the overwhelmingly high rate of hepatitis B virus
infection (85%) might limit the application of our findings in
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the western population. Moreover, the AFP presents several
issues in patients with viral hepatitis (physiological increase
without HCC), which may influence cut-offs and the applica-
bility of our results. Fourth, the US-guided biopsy can cause
false-negative results, which cannot eliminate the possibility
of HCC [7]. Fifth, the different US machines adopted in this
study may limit the interpretation of images by physicians.
However, both machines used in this study were high-end
instruments operated by experienced sonographers. In addi-
tion, all CEUS images were scanned and stored under the same
protocol.

In conclusion, CEUS LR-5 demonstrated a high specific-
ity but a low sensitivity in diagnosing HCC. A combination
of LR-M category and serum AFP level at a cut-off value of
200 ng/ml or 400 ng/ml significantly improved CEUS LR-5's
ability to diagnose HCCs and LR-M's ability to diagnose non-
HCC malignancies.
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