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Abstract

Purpose To improve noninvasive diagnosis of HCC using a combination of CE US LI-RADS and alpha-fetoprotein (AFP).
Methods 757 solitary liver nodules from 757 patients at risk of HCC with CE US and serum AFP test were categorized as
LR-1 to LR-5 through LR-M according to CE US LI-RADS version 2017. In LR-3, LR-4, and LR-M nodules, those with
AFP > 200 ng/ml were reclassified as mLR-5. Nodules with LR-5 and mLR-5 were reclassified as definitely HCC to modify
CE US LI-RADS. Diagnostic performance was assessed with specificity, sensitivity, and PPV.

Results The sensitivity, specificity, and PPV of LR-5 as a predictor of HCC were 64.7%, 97.8%, and 98.9%, respectively.
32.1% patients with solitary liver nodule had AFP greater than 200 ng/ml, of which 98.8% were HCC (25.8%, 7.5%, 2.5%
assigned to LR-M, LR-4, LR-3, respectively) and 1.2% were Combined Hepatocellular Cholangiocarcinoma. After modifica-
tion, the sensitivity increased to 79.6% (P <0.001), while specificity and PPV remained high (96.6% and 98.7%, P > 0.050).
Conclusion The combination of CE US LI-RADS and AFP for diagnosing HCC improved diagnostic sensitivity significantly,
while maintaining high PPV and specificity in patients with the solitary liver nodule.
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Graphical abstract

An assessment of liver lesions using a combination of CEUS LI-
RADS and AFP
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Abbreviations

AFP Alpha-fetoprotein

AML Angiomyolipoma

APHE Arterial phase hyperenhancement
CHC Combined hepatocellular cholangiocarcinoma
CE Contrast enhanced

CI Confidence interval

FLL Focal liver lesions

FNH Focal nodular hyperplasia

HCC Hepatocellular carcinoma

ICC Intrahepatic cholangiocarcinoma

LI-RADS Liver Imaging Reporting and Data System
MLC Metastatic liver cancer

NPV Negative predictive value

PPV Positive predictive value

TIV Tumor in vein

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer-related death globally [1]. The noninvasive diag-
nostic criteria for HCC are improving. In the guideline
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published by the American Association for the Study of
Liver Diseases (AASLD) in 2005, the criteria for diagnos-
ing high-risk patients with HCC includes alpha-fetoprotein
(AFP). When AFP is higher than 200 ng/ml, nodules larger
than 2 cm with typical imaging findings suggest HCC [2—4].
In 2010, AFP is excluded from the noninvasive diagnostic
criteria by AASLD since AFP also increases in intrahepatic
cholangiocarcinoma (ICC), colon cancer, gastric cancer
metastasis, and most small HCC (<2 cm) do not have ele-
vated AFP levels. Furthermore, it lacks adequate sensitivity
and specificity for the diagnosis [5—7]. In the latest Practice
Guidance updated by AASLD in 2018 [8], it suggests that
Liver Imaging Reporting and Data System (LI-RADS) on
multiphase imaging should be applied to enable noninvasive
diagnosis of HCC in high-risk patients, but AFP is still not
included.

LI-RADS, proposed by the American College of Radi-
ology (ACR), standardizes the imaging diagnosis of HCC
according to the specific characteristics. Two series includ-
ing CT/MRI and Contrast-Enhanced US (CE US) are
released [9, 10]. Like CT/MR, the CE US LI-RADS can-
not achieve optimal sensitivity with high specificity for the
noninvasive diagnosis of HCC [11, 12]. Several studies have
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shown that the specificity was up to 98%, while the sensitiv-
ity was only 60-75% [13-16]. This means that 25-40% of
HCC cannot obtain a noninvasive diagnosis and requires an
invasive biopsy. A large multicenter retrospective study of
CE US LI-RADS showed that a risk range of HCC observed
in LR-4 lesions was 85-90%, while 48% in LR-M and 47%
in LR-3 [17]. To improve the noninvasive diagnostic algo-
rithms, many studies have focused on the improvement
of imaging characteristics or standards, but most studies
ignored the non-imaging index of AFP.

Serum AFP levels are higher than normal in 60% to 80%
of HCC and have great significance for screening and evalu-
ation of treatment response as a simple, rapid, and easy-to-
obtain test. Despite the comments of a systematic review that
AFP with a cut-off value of 200 ng/ml had no adequate sen-
sitivity and specificity [18, 19], the latest research showed
that AFP combined with other serum markers has high sen-
sitivity (91%) and specificity (83%) for the diagnosis of HCC
[20]. Chan SL et al. indicated that the use of AFP with a cut-
off value of 200 ng/ml may help clinicians to diagnose with
high specificity and reasonable sensitivity and suggested
that serum AFP should not be excluded from the noninva-
sive diagnostic criteria of HCC [21]. Coincidentally, these
studies only focused on improving laboratory indicators and
ignored imaging findings.

No study has concerned the value of combining AFP and
LI-RADS for the noninvasive diagnosis of HCC. Therefore,
we compared the diagnostic performance of CE US LI-
RADS v2017 and the combination of CE US LI-RADS and
AFP, trying to improve the noninvasive diagnostic criteria
of HCC.

Materials and methods
Patients

This study was approved by the Institutional Review Board
of our institution and informed consent was obtained from
each patient. This study with patients collected prospectively
and data analyzed retrospectively finally conducted about
757 patients between September 2016 and July 2018 with
focal liver lesions (FLL). These data were selected based on
the following criteria: (1) age 18 years or older, (2) visible
solitary liver nodule at the US, (3) final diagnosis proved
clinically or histopathologically, (4) availability of serum
AFP levels concentration within 1 month of histologi-
cal diagnosis and before any treatment for cancer, and (5)
with high risk for HCC (cirrhosis or chronic hepatitis viral
infection).

Those patients who were not FLL or previously treated,
those with cirrhosis because of vascular disorder, those who

had tumor in vein (TIV), and those with poor CE US image
quality were ruled out.
A flow diagram of our study is presented in Fig. 1.

CE US technique

US studies for scanning the entire liver were first performed
by an experienced radiologist with the equipment as follow-
ing: (1) Aixplorer Ultrasound system (SuperSonic Imagine,
Aix-en-Provence, France) equipped with the SC6-1 con-
vex probe with a frequency range of 1.0 to 6.0 MHz. (2)
Acuson Sequoia 512 (Siemens Medical Solutions, Moun-
tain View, CA, USA) with a 4V1 vector transducer with a
frequency range of 1.0 to 4.0 MHz. (3) Aplio SSA-770 or
Aplio 500 (Toshiba Medical Systems, Tokyo, Japan) with
a 375BT convex transducer with a frequency range of 1.9
to 6.0 MHz. A low mechanical index (<0.1) was selected.
After identifying the target lesion on baseline US and stor-
ing images recorded size, location, and echogenicity, CE US
examination was performed after administration of 2.4 ml of
SonoVue (Bracco Imaging, Milan, Italy) within 1-2 s into
the antecubital vein followed by a 5 ml normal saline flush.
The target lesion was observed continuously for the arte-
rial and beginning of portal venous phases (up to 60 s after
the contrast injection) and intermittently after 1-min post-
injection and recording the dynamic image of the process
simultaneously. The examination needs to be continued for
at least 5 min.

Reference standard

All nodules in this study were confirmed by histopathologi-
cal or comprehensive clinical diagnosis.

1747 patients who underwent CE US with

Excluded focal liver nodules and final diagnosis was |
:1. patients without high risk for HCC confirmed i
{(n=221)

:2. patients previously treated for liver i«

‘nodules (n=37) v

3. Banents with multiple liver nodules 825 untreated patients with high risk for
{(n=664) HCC

Excluded

1. patients with poor image quality (n=9) i

816 patients with complete image data of
high quality

Excluded
1. patients without results of serum AFP
(0=35) v
12. patients with tumor in vein (n=24)

757 patients with single liver nodule
entered the study (603 men, 154 women)

Fig. 1 Flowchart of study sample. CE contrast enhanced, HCC hepa-
tocellular carcinoma, FLL focal liver lesions
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Clinical diagnosis criteria: (1) lesion assigned to LR-5
by CT/MRI LI-RADS v2018 can be diagnosed as definite
HCC; (2) lesion with typical features of hemangioma on CT/
MR (peripheral discontinuous globular enhancement with
progressive centripetal fill-in in the portal venous phase)
and no change of size during a follow-up period of more
than 1 year can be diagnosed as definite hemangioma [22];
(3) lesion with no enhancement in all phases and considered
cyst by CT/MRI can be diagnosed as definite cyst; (4) lesion
from which pus can be extracted by percutaneous aspiration
or considered liver abscess by CT/MRI with size reduced
in follow-up can be diagnosed as definite liver abscess; (5)
lesion in patient with history of extrahepatobiliary tumor
that grew after follow-up more than 6 months or revealed
typical imaging features (halo sign/bull's eye sign) on two
imaging modalities can be diagnosed as definite metastatic
liver cancer (MLC) [23]; and (6) lesion with typical imaging
features of regenerative nodule or focal fatty sparing on CT
or MRI and no change in size during a follow-up period of
more than 1 year can be diagnosed as definite regenerative
nodule or focal fatty sparing [24].

Except for the lesions mentioned above, other malignant
or benign lesions, such as ICC, combined hepatocellular
cholangiocarcinoma (CHC), and focal nodular hyperplasia
(FNH), only could be evaluated histologically for definitive
diagnosis.

CE US LI-RADS categories

All images of baseline US and CE US procedure were inde-
pendently analyzed by two experienced radiologists (not par-
ticipating in original examinations) with more than 5 years
of experience in hepatic imaging and CE US. If there is a
disagreement between the two readers, a third more experi-
enced radiologist (with 10 years of hepatic CE US imaging
experience) reevaluated images to reach a consensus. All of
them were blinded to the results of pathologic evaluation or
any other diagnostic information.

All nodules were categorized as CE US LR-1 to LR-5 or
LR-M according to CE US LI-RADS v2017. The enhance-
ment and washout pattern can be studied during the pro-
cess which was divided into arterial (0-30 s after contrast
agent injection), portal venous (31-120 s), and late phases
(121-300 s). Hyperenhancement is defined as entirely or
partially hyperechoic compared with the surrounding liver
parenchyma and the patterns of which were described as
homogenous, heterogeneous, or rim enhancement. Wash-
out is described as occurring of hypoechoic relative to liver
beginning in or after the arterial phase. Early washout is
defined as that occurring within 60 s after injection of the
contrast agent, and marked washout is defined when punched
out appearance (markedly hypoechoic emerging black)
appears within 2 min. The typical enhancement pattern
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of HCC on CE US was arterial phase hyperenhancement
(not rim and peripheral discontinuous globular) with portal
venous phase mild and late (beginning time > 60 s) washout.

Modified CE US LI-RADS combined with AFP

To evaluate the diagnostic performance of CE US LI-RADS
with or without the combination of AFP, we modified CE
US LI-RADS algorithm as follows:

(1) LR-3 nodules with AFP >200 ng/ml were recategorized
as mLR-5a,

(2) LR-4 nodules with AFP>?200 ng/ml were recategorized
as mLR-5b, and

(3) LR-M nodules with AFP >200 ng/ml were recatego-
rized as mLR-5c,

then these nodules of mLR-5a/b/c together with LR-5
nodules were reclassified as definitely HCC (Fig. 2).

The diagnostic performance analysis of LR-5 and adding
mLR-5a/b/c as well as AFP alone as the predictors of HCC
were conducted, respectively.

Statistical analysis

Characteristics of the lesions were reported as proportion
and absolute numbers. A comparison of categorical varia-
bles was done using the Paired Chi-square test to analyze the
significance of the difference that was set at P <0.05. The
overall diagnostic performance of LI-RADS was assessed
by sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) with 95% confidence
interval (CI). Statistical analysis was performed using Med-
calc (version 11.2, Mariakerke, Belgium).

Results

The final study sample consisted of 757 solitary nodules
from 757 patients (median age, 52 years+ 11 [standard
deviation]; 603 men). Each patient had HBV infection and
6 patients had HBV and HCV infection. The etiology of liver
cirrhosis in patients was chronic HBV or HCV hepatitis;
there were no patients with liver cirrhosis caused by alco-
holic hepatitis or nonalcoholic fatty liver disease. Of 757
lesions, 67.4% were proven pathologically, and in 578 HCC,
385 were pathologically confirmed and 193 were clinically
diagnosed. The diagnoses of nodules are detailed in Table 1.
70.5% of benign nodules were confirmed by means of his-
tologic evaluation and the rest by composite clinical and
imaging reference standard. Basic characteristics of patients
and nodules are summarized in Table 1. 32.1% of lesions
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Fig.2 The modified CE US LI-RADS with the combination of LI-RADS and AFP algorithm. CE contrast enhanced, LI-RADS Liver Imaging

Reporting and Data System, AFP alpha-fetoprotein

had AFP greater than 200 ng/ml, of which 98.8% were HCC
and 1.2% were CHC.

LI-RADS categories and diagnostic performance

Of 757 nodules, 18 cyst, 13 hemangioma, and 1 choleste-
atoma were assigned to LR-1, 6 hemangioma, 1 FNH, 1
regenerative nodule, and 1 focal fatty sparing were assigned
to LR-2, and there were 107 (14.1%) LR-3, 47 (6.2%)
LR-4, 184 (24.3%) LR-M, and 378 (49.9%) LR-5 nodules.
No malignancies were classified as LR-1 or LR-2. 18.7%,
83.0%, 98.9%, and 78.8% nodules of LR-3, LR-4, LR-5, and
LR-M were HCC. Diagnostic classification of nodules in
LR-3-LR-5 and LR-M are shown in Table 2.

The proportion of HCC was progressively higher in the
LR-3 to LR-5 categories. However, only 374 (64.7%) of
578 HCC nodules were correctly classified as LR-5 and the
remaining 39 (6.7%) were classified as LR-4; 20 (3.5%) as
LR-3 and 145 (25.1%) as LR-M. The sensitivity, specificity,
PPV, and NPV of LR-5 as a predictor of HCC were 64.7%
(95% C1 61, 69),97.8% (95% CI1 94, 99), 98.9% (95% CI1 97,
99), and 46.2% (95% CI 43, 49).

The sensitivity, specificity, and NPV of LR-M to cor-
rectly classify non-HCC malignancy were 87.5% (95% CI
73, 96), 79.2% (95% CI 76, 82), and 99.1% (95% CI 98,

100), respectively, whereas the PPV was only 19.0% (95%
CI 16, 22).

Diagnostic performance of modified LI-RADS
combined with AFP

41.5% HCC cases had AFP levels over 200 ng/ml. Only 3
CHC cases had AFP>200 ng/ml in 40 non-HCC malig-
nancies. Of 17 ICC cases, 8 cases had elevated AFP levels
(>20 ng/ml), but the values were all less than 100 ng/ml.
In 15 cases of metastasis that had elevated AFP levels, the
values were also less than 200 ng/ml. 34.8% LR-M nodules
had AFP levels over 200 ng/ml, of which 96.9% were HCC
and 3.1% were CHC. All the nodules classified as LR-3/4
with AFP > 200 ng/ml were HCC (Table 2).

The sensitivity, specificity, PPV, and NPV of
AFP > 200 ng/ml as a predictor of HCC were 41.5% (95%
CI 37, 46), 98.3% (95% C1 95, 99), 98.8% (95% CI 96, 99),
and 34.2% (95% CI 33, 36).

The nodules classified to LR-3 mostly were less than
2 cm. There were only 2.2% of the nodules smaller than
2 cm with AFP > 200 ng/ml in LR-3, 27.3% in LR-4, and
36.3% in LR-5, while none of the nodules less than 2 cm had
AFP > 200 ng/ml in LR-M (Table 3).

@ Springer



1316

Abdominal Radiology (2022) 47:1311-1320

Table 1 Patient and nodule characteristics

Variable Value
Nodules (n=757)
No. of men 603 (79.7)
Median age (years)* 52
Size
<10 mm 52(6.9)
10-19 mm 224 (30.0)
20—49 mm 245 (32.4)
>50 mm 236 (31.2)
AFP>200 ng/ml 243 (32.1)
Etiology
HBV 751(99.2)
HCV 0(0)
HBV +HCV 6(0.8)
Liver cirrhosis 430 (61.5)
Histologic examination 510 (67.4)
Nodules diagnosis
Hepatocellular carcinoma 578 (76.4)
Intrahepatic cholangiocarcinoma 17 (2.2)
Combined hepatocellular cholangiocarcinoma 6(0.8)
Metastasis 15 (2.0)
Other malignancies 2(0.3)
Hemangioma 22 (2.9)
Focal nodular hyperplasia 2(0.3)
Dysplastic nodule 24 (3.2)
Regenerative nodules 65 (8.6)
Cyst 18 (2.4)
Other benign nodules 8 (1.1)

Except where indicated, the data are the number of nodules, and the
number in brackets is the percentage

*Data are means

After the combination of CE US LI-RADS and AFP,
86 HCC which as classified as LR-3/4/M was accurately
diagnosed as definitely HCC and the diagnostic accuracy
increased by 14.9% (86/578), while only 2 non-HCC malig-
nancies were misclassified as mLR-5 (Table 2), and about
90% of these nodules "upgraded" by AFP were larger than
2 cm. 62 HCC originally classified as LR-M were reclas-
sified correctly to HCC (LR-5). The cases diagnosed
as definitely HCC increased significantly (from 64.7 to
68.9-79.6%), up to 86 nodules of HCC have been reclas-
sified correctly, and the number of misclassified HCC
decreased from 204 to 118, which may reduce the necessity
of biopsy (Table 2). After modification, the sensitivity of
LR-5+mLR-5(a+ b+ c¢) as a predictor of HCC significantly
increased to 79.6% (95% CI1 76, 83) (P <0.001) compared
with CE US LI-RADS or AFP alone, while specificity and
PPV remained high (96.6% [95% CI 93, 99] (P> 0.050)
and 98.7% [95% CI 97, 99] (P> 0.050), respectively). The
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sensitivity of LR-5+mLR-5(b+¢) or LR-5+mLR-5c as a
predictor of HCC also increased significantly (from 64.7 to
78.5%, P <0.001), with a negligible drop in specificity (from
97.8 t0 96.6%) and PPV (from 98.9 to 98.6%) (Table 4).

After reclassification based on the combination of CEUS
LI-RADS and AFP, the specificity of LR-M to correctly
classify non-HCC malignancies was significantly improved
(from 79.2 to 87.9%, P <0.001), while NPV was still 98.9%.
The modified LI-RADS did not affect the classification accu-
racy of non-HCC malignancies by LR-M.

Discussion

In our study, the noninvasive diagnostic performance of CE
US LI-RADS assisted with AFP for HCC diagnosis was
analyzed. Our study demonstrated that the sensitivity of the
combination of CE US LI-RADS and AFP was improved
significantly than that of LI-RADS or AFP alone, while
maintaining a high PPV in patients with the solitary liver
nodule.

The improvement of noninvasive diagnostic criteria is of
great significance to improve the accuracy of liver cancer
diagnoses. Since the AASLD guideline has excluded AFP,
imaging plays an essential role in the diagnosis of HCC due
to the further perfect imaging technology. CE US LI-RADS
has the same sensitivity and specificity as CT/MRI, and CE
US can be used for diagnosis in all patients except those
with definite contraindications (such as allergic reaction to
contrast agent) or unsatisfied observation on lesion at the
US. Most studies have shown that this system has high PPV
and specificity for noninvasive diagnosis of HCC in Western
cirrhosis patients or high-risk groups of HBV infection in
Asia Pacific region, but without ideal sensitivity [11, 17,
24, 25]. About 30-50% of HCC may be assigned to other
categories of LR-3, LR-4, and LR-M [17, 26-28]. Our data
showed that CE US LI-RADS category LR-5 also had a high
PPV (98.9%) for diagnosing HCC but not high sensitivity
(64.7%), validating arterial phase hyperenhancement with
late and mild washout as the diagnostic criteria for LR-5
nodules. This is consistent with previous reports [17].

However, current researches only focus on the analysis
and improvement of imaging characteristics to modify the
criterion of LI-RADS for increasing diagnostic accuracy
[26]. Our study firstly combined CE US LI-RADS and AFP
to explore an improved noninvasive diagnostic algorithm.

The reason for the exclusion of AFP from HCC diagnosis
in guidelines version 2015 is that it lacks adequate sensi-
tivity and specificity for the diagnosis and some literature
mentioned that AFP has also increased in ICC and MLC,
but most of them are case reports [6, 29, 30], and there is no
large amount of data for statistical analysis of the correlation
between AFP and non-HCC malignancy. Furthermore, there
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Table 2 Nodules in CE US LI-RADS and modified CE US LI-RADS categories with clinical and pathologic information

Category LR-3 LR-4 LR-5 LR-M LR-5+mLR- LR-5+mLR-5( LR-5+mLR- LR-5+mLR-5¢
S(a+b+c) a+b) 5(b+c¢)

Size
<10 mm 33 1 0 3 1 1 1 0
10-19 mm 58 21 113 15 120 120 118 113
20-49 mm 13 20 132 73 166 144 163 154
>5mm 3 5 133 93 179 137 178 175

Diagnosis
HCC 20 39 374 145 460 398 454 436
ICC 1 0 0 16 0 0 0 0
MLC 0 1 13 1 1 1 1
CHC 0 0 1 5 3 1 3 3
Dysplastic nodule 19 4 0 0 0 0 0 0
Hemangioma 1 2 0 0 0 0 0 0
Regenerative nodules 65 0 0 0 0 0 0 0
AML 0 1 1 0 1 1 1 1
FNH 0 1 0 0 0 0 0 0
Liver abscess 0 0 0 2 0 0 0 0
Other malignancies 0 0 1 1 1 1 1 1
Benign tumor of bile duct 0 0 0 2 0 0 0 0

HCC/CHC 20/0 39/0 374/1 145/5 460/3 398/1 454/3 436/3
AFP>200 ng/ml 6 18 155 64 243 179 237 219

Data are numbers of nodules

LR-3 nodules with AFP>200 ng/ml were recategorized as mLR-5a; LR-4 nodules with AFP>?200 ng/ml were recategorized as mLR-5b; and
LR-M nodules with AFP > 200 ng/ml were recategorized as mLR-5c

CE contrast enhanced, LI-RADS Liver Imaging Reporting and Data System, HCC hepatocellular carcinoma, /CC intrahepatic cholangiocarci-
noma, MLC metastatic liver cancer, CHC combined hepatocellular cholangiocarcinoma, AML angiomyolipoma, FNH focal nodular hyperplasia,
AFP alpha-fetoprotein

Table 3 Imaging characteristics of HCC in CE US LI-RADS categories

HCC nodules in LR-3/4/5 No APHE APHE
(not rim and peripheral discon-
tinuous globular)

Size (mm) <20 >20 <10 >10

No washout of any type LR-3 LR-3 LR-3 LR-4
3(1) 8(4) 3(0) 37(17)

Late and mild washout LR-3 LR-4 LR-4 LR-5
6(1) 1(0) 1(1) 374(154)

HCC nodules in LR-M Rim APHE Non-rim APHE

Size (mm) <20 >20 <20 >20

Early (<60 s) and mild washout 0 (0) 1(1) 5(0) 89 (42)

Early (<60 s) and marked washout 1(0) 712) 0(0) 38 (16)

Late (> 60 s) and marked washout 0(0) 0(0) 0(0) 4 (1)

Data are numbers of nodules, and the number in brackets is the nodules with AFP >200 ng/ml

LR-3 nodules with AFP>200 ng/ml were recategorized as mLR-5a; LR-4 nodules with AFP>200 ng/ml were recategorized as mLR-5b; and
LR-M nodules with AFP>200 ng/ml were recategorized as mLR-5¢

HCC hepatocellular carcinoma, CE contrast enhanced, LI-RADS Liver Imaging Reporting and Data System, APHE arterial phase hyperenhance-
ment, AFP alpha-fetoprotein
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Table 4 Diagnostic performance of CE US LI-RADS and combination of CE US LI-RADS and AFP

Category Sensitivity* P Value Specificity* P Value PPV* P Value NPV* P Value
LR-5 as a predictor 64.7 - 97.8 - 98.9 - 46.2 -
of HCC (61,69) (94,99) (97,99) (43,49)
After modification
LR-54+mLR-5(a+b+c) 79.6 <0.001 96.6 0.750 98.7 1.000 59.5 <0.001
(76,83) (93,99) (97,99) (55,63)
LR-5+mLR-5(a+b) 68.9 0.151 97.8 1.000 99.0 1.000 49.3 0.416
(65,73) (94,99) (97,99) (46,52)
LR-54+mLR-5(b+c¢) 78.5 <0.001 96.6 0.750 98.7 1.000 58.2 0.002
(75,82) (93,99) (97,99) (54,62)
LR-54+mLR-5¢ 754 <0.001 96.6 0.750 98.6 0.760 54.9 0.022
(72,79) (93,99) (97,99) (51,58)

CE contrast enhanced, LI-RADS Liver Imaging Reporting and Data System, PPV positive predictive value, NPV negative predictive value, HCC

hepatocellular carcinoma

*Data are percentages, with 95% confidence interval in parentheses

were researches which indicated that AFP has high specific-
ity with good sensitivity when the threshold is 200 ng/ml
[18, 19]. Some studies also believed that AFP to comple-
ment ultrasound may improve the detection of early HCC in
clinical practice, although AFP was not optimal, and better
methods for early HCC were necessary [31, 32].

According to our data, the non-HCC malignancy with
AFP > 200 ng/ml was only CHC. In all of 17 ICC cases,
no one had AFP levels higher than 200 ng/ml. No matter
whether the LI-RADS category is modified or not, no ICC
in our study is wrongly classified as LR-5, which proves that
CE US is unlikely to misdiagnose ICC as HCC in high-risk
background [33]. As for MLC, the incidence rate is quite
low in high-risk patients, and the 15 cases of MLC had
mild-elevated AFP levels less than 100 ng/ml. As a result,
the combination of LI-RADS and AFP did not weaken the
diagnostic accuracy. Our data have shown that the specificity
and PPV of serum AFP > 200 ng/ml as a predictor of HCC
was as high as 98.3% and 98.8%, which indicates AFP is
useful for the diagnosis of HCC. The weakness of AFP in
HCC diagnosis is the low sensitivity as only 41.5% cases of
HCC had elevated AFP levels.

The sensitivity of LI-RADS or AFP alone as a predic-
tor of HCC independently is not high, so investigation for
refined diagnostic value of the combination of CE US LI-
RADS and AFP would be performed. After reclassification,
we found the sensitivity of modified LI-ARDS for HCC
diagnosis was significantly higher than LI-RADS v2107 with
keeping the same high PPV (98.7%), for an increased case
of 14.9% of HCC (86 of 578) in LR-3/4/M was accurately
diagnosed, which means these patients can get clinical con-
firmed diagnoses without biopsy or repeat imaging examina-
tion. After modification, the percentage of HCC which can
be diagnosed without biopsy significantly improved from
64.7 to 79.6%. On the other hand, the percentage of HCC
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which need a biopsy or repeat imaging examination dropped
dramatically from 35.3 to 20.4%. Since biopsy has disadvan-
tages, including invasiveness, false-negative diagnosis due to
the limited sample tissue, risk of needle track implantation
metastasis, and bleeding [34, 35]. At the same time, it can
avoid unnecessarily repeated examination or delaying the
confirmative diagnosis, thus delaying the early and timely
treatment of patients. There was a negligible drop in speci-
ficity in our study. The reason for the slight drop was that 2
cases of CHC in LR-M were recategorized as LR-5. How-
ever, due to the very low incidence rate of CHC, the impact
on PPV for diagnosing HCC is negligible.

In our study, 78.8% of LR-M nodules were HCC, which is
higher than other recent studies. It was also shown in a study
by Huang et al. where 75% of LR-M were HCC and over
90% chronic hepatitis B in the study sample [36]. That may
be due to high-HBV prevalence (all patients in our study
had HBV infection) and the very high prevalence of HCC in
China, which are reported to account for over 50% of cases
of HCC worldwide [37, 38].

There are limitations to our study. First, there are fewer
cases of benign lesions and non-HCC malignancies, which
is related to the fact that most of the benign lesions or non-
HCC malignancies cannot meet the strict diagnostic criteria
of our study, and we screened based on the high-risk factors
of HCC. Second, our study only included patients with soli-
tary liver nodule and relatively single clinical condition. The
former is because some liver nodules may be overestimated
by LI-RADS combined with AFP in patients with multiple
liver nodules, but the accurate diagnosis of HCC in these
patients also need to pay attention. The latter is due to the
national condition in our country that China is a high-HBV
prevalence region, and chronic hepatitis B infection is the
leading cause of HCC in China [37, 39]. Third, in our study,
most small nodules (<2 cm) had not AFP levels over 200 ng/
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ml, and 90% of nodules “upgraded” by AFP were larger than
2 cm, which means that our modified CE US LI-RADS may
not have good diagnostic performance for small HCC, most
of which had not elevated AFP. Fourth, we used data from
a single-center experience of patients with FLL. Last, our
study results need more tests for verification.

Conclusion

The combination of CEUS LI-RADS and AFP could signifi-
cantly improve the sensitivity of the diagnostic algorithm,
while maintaining quite high PPV, which could reduce the
necessity of the invasive biopsy or repeat imaging examina-
tions in patients with the solitary liver nodule. So CE US
LI-RADS combined with AFP may be more suitable for the
diagnosis of HCC in patients with the solitary liver nodule.
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