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Abstract. - OBJECTIVE: The GALAD score,
a serum biomarker-based model, predicts the
likelihood of hepatocellular carcinoma (HCC) in
patients with chronic liver disease. We evaluat-
ed the performance of the GALAD score com-
pared to that of liver ultrasound in detecting
HCC.

PATIENTS AND METHODS: This study re-
cruited a group of 136 patients with HCC and
a control group of 436 patients with cirrhosis
or chronic hepatitis B or hepatitis C. The per-
formance of the GALAD score and ultrasound
in detecting HCC in these patients was ana-
lyzed using the area under the receiver operat-
ing characteristic curve (AUC). The sensitivity
and specificity of the optimal GALAD score were
compared to those of ultrasound.

RESULTS: The AUC of the GALAD score for
detecting HCC was 0.940 [95% confidence in-
terval (Cl) 0.92-0.96], higher than that of ultra-
sound [0.939 (0.91-0.96), p < 0.001]. At a thresh-
old of 1.24, the GALAD score had a sensitivity
of 91.2% and a specificity of 81.9% for detect-
ing HCC. The AUC of the GALAD score for ear-
ly HCC detection was 0.75 (95% CI1 0.71-0.80, p <
0.001; threshold 1.13, sensitivity 87.5%, specific-
ity 67.8%, p <0.001). The combination of GALAD
and ultrasound (GALADUS score) showed fur-
ther improvement, achieving an AUC of 0.97
(95% CI 0.96-0.99; cut-off point 1.37, sensitivity
95.6%, specificity 89.2%, p < 0.001).

CONCLUSIONS: In our study, the GALADUS
score showed improved performance com-
pared to the GALAD score. Therefore, we sug-
gest that the performance of the GALAD score
should be reconsidered and that it should be
evaluated in combination with ultrasound for
HCC detection.
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AASLD; American Association for the Study of Liver
Diseases; AFP, a-fetoprotein; AFP-L3, a-fetoprotein-L3;
ALT, alanine aminotransferase; APASL, Asian Pacific
Association for the Study of the Liver; AST, aspartate
aminotransferase; AUC, area under the curve; BCLC,
Barcelona clinic liver cancer; CT Scan, computed to-
mography scan; DCP, Des-carboxy-prothrombin; EASL,
European Association for the Study of the Liver; HBV,
hepatitis B virus; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; MRI, magnetic resonance imaging;
US, ultrasound.

Introduction

According to GLOBOCAN! 2020, liver can-
cer is the primary cause of new cancer cases in
Vietnam. Hepatocellular carcinoma (HCC), the
predominant form of liver cancer worldwide,
can be triggered by a variety of causes, such as
cirrhosis and chronic hepatitis B virus (HBV) or
hepatitis C virus (HCV) infection. Most HCC
patients are diagnosed at an advanced stage when
effective treatment options are limited?. For high-
risk individuals, HCC surveillance is advised to
guarantee early detection®, as it has been linked
to better outcomes for HCC patients*.
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The most common and affordable HCC sur-
veillance diagnostic is liver ultrasonography. The
American Association for the Study of Liver Dis-
eases (AASLD), the European Association for the
Study of the Liver (EASL), and the Asian Pacific
Association for the Study of the Liver (APASL)
have all advised biannual liver sonography”'’. An
HCC surveillance study employing blood a-feto-
protein (AFP) levels and ultrasonography is now
being conducted on a sizable cohort of Vietnam-
ese patients suffering from chronic liver disease.
However, reports* state that the US has a 40-80%
sensitivity for HCC identification. There are some
reasons why detecting an early-stage HCC is
difficult with liver ultrasound: (1) the detection
of small lesions by ultrasound is not easy; (2) the
density of liver cells is disturbed in patients with
cirrhosis, making it difficult to detect liver tumors
using ultrasound images; (3) the gas, as a strong
reflector that prevents transmission of ultrasound
waves and creates reverberation artifacts, inhibits
diagnostic information from being obtained. In
addition, the physiological gas within the bowel
will further prevent accurate interpretation'’; (4)
the quality of liver ultrasound as a surveillance
test is often limited due to the high prevalence of
obesity and metabolic liver disease'?. It is report-
ed*"*!" that up to 30-40% of tumors found during
ultrasonography surveillance are not in the early
stages of HCC. Hepatic inflammation affects the
level of AFP in the serum. In individuals with
chronic viral hepatitis, in particular, elevated
hepatocyte death and regeneration are frequently
observed in the presence of elevated AFP in the
absence of HCC. The erroneous elevation of AFP
in patients with gonadal malignancies or preg-
nant women restricts the test’s usefulness as a
surveillance tool'.

Recently, a statistical model for determining
the likelihood that a given patient with chron-
ic liver disease has HCC was proposed: the
GALAD score. It has been demonstrated'®!” that
the GALAD score, which is derived from gender,
age, AFP-L3, AFP, and des-carboxyprothrombin
(DCP), is a very accurate model for identifying
HCC. Vietnam has not frequently assessed the
GALAD score’s performance, although it has
been validated in the UK, Germany, Japan, and
Hong Kong. Additionally, a different GALA-
DUS score that combines the ultrasound results
with the GALAD model has been proposed. It
seems that the GALADUS score outperforms the
GALAD score by a small margin. Consequently,
the outcome of an ultrasound examination for a
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patient can be included in the scoring system'®!",
whether the result is positive or negative. Further-
more, it is yet unknown how well the GALAD
score performs in comparison to ultrasound.

Therefore, we aimed to evaluate the perfor-
mance of the GALAD score compared to that of
liver ultrasound in detecting HCC in Vietnamese
patients with liver cirrhosis and hepatitis. In
addition, we assessed a scoring model (GALA-
DUS) combining the GALAD score and liver
ultrasound results.

Patients and Methods

The retrospective study was conducted in Bach
Mai Hospital or Hanoi Medical University Hospi-
tal between October 2019 and August 2021. This
study was approved by the Hanoi Department of
Science and Technology. Patients provided writ-
ten informed consent.

Candidates for HCC surveillance, i.e., patients
with cirrhosis, chronic hepatitis B, or chronic
hepatitis C without HCC, were included in the
control group. Either (1) they supplied stored
serum for measuring AFP, AFP-L.3%, and DCP,
or (2) they were tested for AFP, AFP-L3%, and
DCP as part of their routine clinical care. These
patients had to have a negative result from a liver
biopsy, magnetic resonance imaging (MRI), or
multiphasic contrast-enhanced computed tomog-
raphy (CT) in order to rule out HCC, or they had
to be monitored for a minimum of six months
following the GALAD score assessment.

Patients with cirrhosis or chronic hepatitis B
who were also diagnosed with HCC made up the
HCC group. These patients either (1) underwent
routine clinical care testing for AFP, AFP-L3%,
and DCP, or (2) provided stored serum for AFP,
AFP-L3%, and DCP measurements at the time of
tumor diagnosis.

Exclusion criteria: (1) a confirmed diagnosis of
other associated cancers, (2) patients using warfa-
rin were excluded because it can elevate the DCP
level in the absence of HCC, (3) missing case data
(Figure 1).

Clinical Information

Clinical characteristics of patients were ob-
tained closest to the time of blood collection
within a maximum period of three months. Cir-
rhosis was defined according to (1) histology, (2)
ultrasound outcomes, (3) CT results, or (4) MRI
results.
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Figure 1. Flow diagram of the study.

Based on quantitative detection of HBV DNA
and hepatitis B surface antigen positivity, HBV
infection, the fundamental cause of liver disease,
was established. HCV RNA or anti-HCV was
used to test for HCV infection in cases of chronic
liver disease. The diagnosis of HCC was made
by CT or MRI of the liver or biopsy according to
the guidelines of the Vietnam Ministry of Health.
Specifically, the hepatic lesion was diagnosed
according to one of the following three criteria:
(1) typical image of HCC on contrast-enhanced
CT scan or contrast-enhanced abdominal MRI
combining AFP > 400 ng/ml; or (2) typical
image of HCC on contrast-enhanced CT scan
or contrast-enhanced abdominal MRI combining
elevated AFP (but less than 400 ng/ml) and HBV

and/or HCV infection. A liver biopsy may be per-
formed to confirm the diagnosis if the clinician
considers it necessary. All cases that do not meet
the above criteria should undergo a liver tumor
biopsy, which may need to be performed multi-
ple times to obtain a conclusive diagnosis. If the
biopsy is still negative, follow-up and repeat im-
aging and biomarker tests every two months are
necessary); or (3) histological evidence of HCC.
In addition, typical images from contrast-en-
hanced CT or contrast-enhanced abdominal MRI
may show tumor(s) with superior hepatic artery
and wash-out in the portal vein. An MRI scan
with gadoxetate disodium (gadolinium ethoxy-
benzyl diethylenetriamine pentaacetic acid; Gd-
EOB-DTPA) contrast agent is recommended to
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increase the likelihood of diagnosis of HCC. CT
scans of a patient with a right liver tumor and
cirrhosis are shown in Figure 2.

Ultrasound results at the time of blood col-
lection were abstracted from medical records in
order to compare the performance of GALAD
and ultrasound. A positive ultrasound result was
defined by the presence of a solid hepatic lesion.
Serum biomarkers, AFP, AFP-L3%, and DCP,
were measured using an immunoanalyzer (LTAS-

Wako 130, Wako Pure Chemical Industries, Ltd,
Osaka, Japan).

The GALAD score was calculated using the
formula: —10.08 + 1.67 x [Gender (1 for male, 0
for female)] + 0.09 x [Age] + 0.04 x [AFP-L3%)]
+ 2.34 x log[AFP] + 1.33 x log[DCP]*.

Statistical Analysis
The Chi-square test was employed to compare
categorical variables, while the Wilcoxon rank-
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Figure 2. CT scans of a patient with right liver tumor and cirrhosis. The patient was diagnosed with hepatocellular carcinoma.
Normal liver size, irregular margins. Parenchyma subsegment VI has hypoattenuating mass, size 21 x 17 mm. Unenhanced
phase (A), Enhancement in arterial phase (B) and washing out in venous phase (C).

1114



GALAD score and a proposal for GALADUS model for detecting HCC

sum test was utilized to compare continuous
variables. The efficacy of the GALAD score in
identifying HCC was evaluated by computing the
area under the receiver operating characteristic
curve (AUC). The performance of the GALAD
score was also examined through subgroup anal-
yses by gender, age, AFP level, etiologies, ascites,
Child-Pugh score, alanine transaminase (ALT)
level, and tumor stage.

The best GALAD cutoffs were determined
using Youden’s index, and the resulting sensi-
tivity, specificity, and 95% confidence intervals
(CI) were computed and compared with liver ul-
trasonography data?’. Using multivariate logistic
regression analysis with all the variables in the
GALAD score and liver ultrasound, the GALA-
DUS score was also computed by combining the

GALAD and liver ultrasound for the purpose of
detecting HCC. Statistical analyses were carried
out with SPSS Statistics version 16.0 (SPSS Inc.,
Chicago, IL, USA). p < 0.05 was the threshold for
statistical significance.

Results

Characteristics of the Patients

A total of 572 patients were eligible (136 with
HCC and 436 controls), and Table I summariz-
es their clinical and demographic features. In
the HCC group, the percentage of males was
higher at 92.7% compared to the control group
at 70.2% (p < 0.01). In comparison to the con-
trol group, the HCC group was older (58.09

Table I. Clinical characteristics of patients with HCC (the HCC group) and the control group.

HCC group (N = 136) Control group (N = 436) p-value
Age, years, mean (SD) 58.09 (11.3) 49.86 (12.7) <0.01
Age <60 years 71 (17.3%) 340 (82.7%)
Age > 60 years 65 (40.4%) 86 (59.6%)
Gender <0.01
Female 10 (7.1%) 130 (92.9%)
Male 126 (29.2%) 306 (70.8%)
Child-Pugh score <0.01
A 103 (28.9%) 254 (71.1%)
B-C 33 (13.0%) 174 (87.0%)
Etiology
HCV infection 8 (19.5%) 33 (80.5%) 0.635
HBYV infection 111 (23.4%) 363 (76.6%) 0.755
Cirrhosis 84 (38.9%)) 132 (61.1%) <0.01
Platelet count (IQR) 194.5 (129.1-247.7) 187.5 (125.0-231.0) 0.228
ALT, median 49 34 <0.01
ALT <40 44 (14.9%) 251 (85.1%)
ALT >40 87 (33.6%) 172 (66.4%)
AFP, median 120.4 2.3 <0.01
AFP <20 44 (10.2%) 387 (89.8%)
AFP>20 87 (64.0%) 49 (36.0%)
DCP, median 1,233.0 16.0 <0.01
AFP-L3, median 11.1 <05 <0.01
Ascites <0.01
0 (no ascites) 100 (20.4%) 390 (79.6%)
1 (controlled ascites) 28 (38.4%) 45 (61.6%)
2 (refractory ascites) 8 (88.9%) 1 (11.1%)
GALAD_Z, mean (SD) 6.6 (3.1, 10.9) -1.68 (3.2,0.3) <0.01
Ultrasound detection of lesion <0.01
Negative 7 (1.7%) 405 (98.3%)
Positive 129 (80.6%) 31 (19.4%)
Tumor stage
Very early (BCLC O) 8 (5.9%)
Early (BCLC A) 32 (23.5%)
Non-early (BCLC B-D) 96 (70.6%)

AFP, o-fetoprotein; AFP-L3, a-fetoprotein-L3; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer; DCP,
Des-carboxyprothrombin; HBV, hepatitis B virus; HCV, hepatitis C virus.
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vs. 49.86 years, p < 0.01). In the control group,
HBV was the most common cause of liver
disease (91.7%) and the leading cause of HCC
(93.2%). In the control group (61.1%), the per-
centage of patients with cirrhosis was higher
than in the HCC group (38.9%, p < 0.01). Less
than half of the HCC patients had very early (n
=8, 5.9%) or early-stage (n = 32, 23.5%) HCC
at diagnosis.

Performance of GALAD in Detecting
HCC Compared to the Performance of
Liver Ultrasound

In comparison to ultrasound (0.939, 95% CI
0.91-0.96, p < 0.001), the AUC of the GALAD
score for HCC detection was 0.940 (95% CI 0.92-
0.96; Table II; Figure 3). The GALAD score had
a 91.2% sensitivity and an 81.9% specificity for
HCC detection at an ideal cutoff of 1.24.

In the subgroups of gender, age, AFP level, and
HCC etiology, the AUC of GALAD stayed high
(Table II; Figure 4). For example, the AUC of the
GALAD score was 0.948 (Figure 4A), 0.909 (Fig-
ure 4B), or 0.896 (Figure 4C) for the detection of
HCC in patients with cirrhosis, HBV infection, or
HCYV infection, respectively. For negative tumor
detection based on AFP at a cutoff of -0.51, the
GALAD score had a sensitivity of 95.4% and a
specificity of 76.0%; the AUC of the GALAD
score was higher than that of ultrasound (0.91 vs.
0.80, p < 0.001).

The GALAD score’s AUC remained high at
0.75 (95% CI 0.73-0.80) when the analysis was
restricted to early-stage HCC [Barcelona Clinic
Liver Cancer (BCLC) 0-A] (Figure 4B). When it
came to the identification of early-stage HCC, the
AUC of the GALAD score was lower than that
of ultrasound (0.75 vs. 0.86, p < 0.001), but it was
higher than ultrasound (0.95 vs. 0.90, p < 0.001;
Table II).

A Proposal for GALADUS Score

Subsequently, we assessed whether the liver
ultrasound and GALAD score combined could
enhance the detection of HCC more than either
test alone. When GALAD and liver ultrasonog-
raphy were combined, the model’s performance
was greatly enhanced.

The following is the equation for calculating
the GALADUS score: GALADUS is equal to
-12.79 + 0.09*age + 1.74*(male, O for female) +
2.44*10g10(AFP) + 0.04*AFPL3 + 1.39*logl10(D-
CP) + 3.56*(one positive ultrasound, zero nega-
tive).
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As shown in Figure 5A, the AUC of the
GALADUS score for the detection of HCC
was 0.97 (95% CI 0.96-0.99). Table III shows
that the sensitivity was 96% and the specificity
was 89% at the GALADUS cutoff of 1.37. The
AUC of the GALADUS score remained high
at 0.808 (95% CI 0.79-0.95); cutoff -0.19, sen-
sitivity 97%, specificity 69%; Figure 5B) when
the analysis was restricted to early-stage HCC
(BCLC 0-A).

Discussion

This study confirmed, for the first time, the
excellent performance of the GALAD score in
detecting HCC in a Vietnamese patient cohort.
Firstly, it was demonstrated that the GALAD
score performed better than ultrasound. In ad-
dition, the GALAD score demonstrated strong
performance in identifying early-stage HCC,
including AFP-negative tumors. The GALAD
score was unaffected by gender, age group, the
underlying cause of the HCC, or the degree of
liver dysfunction; however, patients with poorly
managed ascites or Child-Pugh class B or C cir-
rhosis had difficulties with the ultrasound. The
exceptional performance of the GALAD score
was verified in a separate multicenter cohort
of patients with cirrhosis and early-stage HCC,
proving the usefulness of the GALAD score as a
superior tool for HCC detection. Ultimately, we
employed the GALADUS score — a combination
of the GALAD score and liver ultrasonography —
to identify HCC. It performed better than either
the GALAD score or the liver ultrasonography
alone, albeit the slight advantage in AUC between
GALADUS and GALAD may not have any prac-
tical significance.

Data'® from a single UK center was used to
create the GALAD score in the beginning. It
involved a statistical model that used objective
measurements, specifically serological tumor
markers, to estimate the risk of HCC in specific
patients with chronic liver diseases. The GALAD
score’s AUC for identifying all HCCs was 0.97;
for identifying early-stage HCC, it was 0.96, and
for identifying advanced-stage HCC, it was 0.98.
The GALAD score in a German cohort reached
90% specificity and 92% sensitivity at the cut-
off of -0.63. Later on, a more extensive study?!
involving multiple centers across multiple conti-
nents validated the GALAD score. In this study,
participants with chronic liver disease (4,404) and
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Table Il. Performance of GALAD compared to that of ultrasound in subgroup analyses.

Subgroup

GALAD
Cutoff

Sensitivity (95% Cl)

Specificity (95% Cl)

AUC (95% CI)t

GALAD

Ultrasound

GALAD

Ultrasound

GALAD

p-value

Ultrasound p-value

Overall
Age
Age <60 years
Age > 60 years
Gender
Female
Male
Etiology
HCV
HBV
AFP
AFP <20
AFP>20
Ascites
0 (no ascites)
1 and 2
(controlled and
refractory ascites)
Child-Pugh score
A
B-C
ALT
<40
>40
Tumor stage
Early (O-A)
Non-early (B-D)

1.24

1.8
547

-0.017
1.80

0.66
1.77

-0.51
5.56

1.13
42

1.13
2.04

0.60
3.97

1.13
3.25

091 (0.84, 0.95)

0.90 (0.80, 0.97)
0.58 (0.45, 0.70)

1.00 (0.6, 1.00)
0.87 (0.80, 0.92)

1.00 (0.60, 1.00)
0.90 (0.82, 0.95)

0.95 (0.83, 0.99)
0.86 (0.76, 0.92)

0.91 (0.83, 0.95)
0.83 (0.67, 0.93)

0.90 (0.82, 0.95)
0.97 (0.82, 1.00)

0.95 (0.83, 0.99)
0.76 (0.65, 0.84)

0.87 (0.72, 0.95)
0.86 (0.78, 0.92)

0.95 (0.89, 0.98)

0.94 (0.85,0.98)
0.95 (0.86, 0.99)

0.9 (0.54, 0.99)
0.95 (0.89, 0.98)

1.00 (0.60, 1.00)
0.94 (0.87,0.97)

0.95 (0.83, 0.99)
0.95 (0.87, 0.98)

0.95 (0.88, 0.98)
0.94 (0.80, 0.99)

0.95 (0.88, 0.98)
0.94 (0.78, 0.99)

0.95 (0.83, 0.99)
0.84 (0.86, 0.98)

0.68 (0.64, 0.72)
0.88 (0.85, 0.91)

0.81 (0.78, 0.85)

0.93 (0.90, 0.96)
0.93 (0.85,0.97)

0.87 (0.80, 0.92)
0.81 (0.76, 0.85)

0.85 (0.67, 0.94)
0.87 (0.83, 0.90)

0.76 (0.71, 0.80)
0.84 (0.70, 0.92)

0.85 (0.80, 0.88)
0.89 (0.77, 0.96)

0.81 (0.76, 0.86)
0.88 (0.83, 0.92)

0.88 (0.83, 0.92)
0.89 (0.83, 0.93)

0.95 (0.82, 0.99)
0.95 (0.88, 0.98)

0.93 (0.90, 0.95)

0.95 (0.92, 0.97)
0.85 (0.76, 0.91)

0.95 (0.89, 0.98)
0.92 (0.88, 0.95)

0.85 (0.67, 0.94)
0.95(0.92, 0.97)

0.93 (0.90, 0.95)
0.90 (0.77, 0.96)

0.93 (0.90, 0.95)
0.93 (0.81, 0.98)

0.91 (0.87, 0.94)
0.95 (0.90, 0.97)

0.94 (0.90, 0.96)
0.91 (0.85, 0.94)

0.77 (0.73, 0.8)
0.85 (0.82, 0.88)

0.940 (0.92, 0.96)

0.97 (0.95, 0.99)
0.82 (0.76, 0.89)

0.97 (0.94, 1.00)
0.92 (0.90, 0.95)

0.91 (0.82, 1.00)
0.95 (0.93, 0.97)

091 (0.87,0.95)
0.90 (0.85, 0.95)

0.94 (0.92, 0.96)
0.92 (0.86, 0.98)

0.93 (0.90, 0.95)
0.97 (0.95, 0.99)

0.96 (0.93, 0.99)
091 (0.87,0.94)

0.75 (0.71, 0.80)
0.95 (0.93, 0.97)

<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.939 (0.91,0.96) <0.001

0.95 (0.91, 0.98)
0.90 (0.85, 0.95)

0.92 (0.81, 1.00)
0.94 (0.91, 0.96)

0.94 (0.90, 0.98)
0.94 (0.91, 0.97)

0.80 (0.74, 0.85)
0.92 (0.86, 0.98)

0.94 (0.91, 0.97)
0.94 (0.88, 1.00)

0.93 (0.90, 0.96)
0.95 (0.89, 0.99)

0.95 (0.91, 0.99)
0.92 (0.89, 0.96)

0.86 (0.81, 0.91)
0.90 (0.87, 0.93)

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

For calculating AUC, the continuous GALAD score was used (whereas for sensitivity and specificity, we used the GALAD cutoff). AFP, a-fetoprotein; ALT, alanine aminotransferase;
HBY, hepatitis B virus; HCV, hepatitis C virus.
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Figure 3. The ROC of GALAD scores for HCC diagnosis in each subgroup. The ROC of GALAD score for detecting HCC,
AUC 0.94 (A); the ROC of GALAD score for detecting early-stage HCC, AUC 0.75 (B).
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Figure 4. The ROC of GALAD scores for HCC diagnosis in each subgroup with different etiologies. The ROC of GALAD scores
for HCC diagnosis in patients with hepatitis B infection, AUC 0.948 (A); the ROC of GALAD scores for HCC diagnosis in patients
with hepatitis C infection, AUC 0.909 (B); the ROC of GALAD scores for HCC diagnosis in patients with cirrhosis, AUC 0.896 (C).
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Figure 5. The ROC of GALADUS scores for HCC diagnosis. The ROC of the GALADUS score for detecting HCC, AUC
0.973 (A); the ROC of the GALADUS score for detecting early-stage HCC, AUC 0.808 (B).

HCC (2,430) were enrolled from Germany, Japan,
and Hong Kong. For the German and Japanese
validation cohorts, the overall AUCs of GALAD
for HCC detection were 0.94 (95% CI 0.93-0.96)

Table Ill. Performance of GALADUS in subgroup analyses.

and 0.93 (95% CI 0.92-0.94), respectively. In the
German cohort”’, the GALAD score yielded a
sensitivity of 88% and a specificity of 88% at the
cutoff of -0.68. An additional investigation®* in-

GALADUS Sensitivity Specificity AUC
Subgroup Cutoff (95% Cl) (95% Cl) (95% Cl) p-value

Overall 1.37 0.96 (0.90, 0.98) 0.89 (0.85, 0.92) 0.97 (0.96, 0.99) <0.001
Age

Age <60 years -1.41 0.97 (0.84, 1.00) 0.89 (0.81, 0.95) 0.97 (0.95, 0.99) <0.001

Age > 60 years 0.34 0.82 (0.72, 0.90) 0.91 (0.83, 0.96) 0.82(0.76, 0.89) <0.001
Gender

Female 1.03 1.00 (0.65, 1.00) 0.97 (0.92, 0.99) 0.99 (0.98, 1.00) <0.001

Male 1.35 0.96 (0.90, 0.98) 0.85(0.81, 0.89) 0.96 (0.95, 0.98) <0.001
Etiology

HCV -0.53 0.94 (0.83,0.99) 0.85(0.68, 0.95) 0.91 (0.82, 1.00) <0.001

HBV -1.68 1.00 (0.62, 1.00) 1.00 (0.82, 1.00) 0.95(0.93,0.97) <0.001
AFP

AFP <20 -1.18 0.89 (0.77, 0.96) 0.81 (0.74, 0.86) 0.91 (0.87, 0.95) <0.001

AFP >20 391 0.69 (0.56, 0.80) 1.00 (0.28, 1.00) 0.90 (0.85, 0.95) <0.001
Ascites

0 (no ascites) -0.18 0.95 (0.87,0.99) 0.91 (0.84, 0.96) 0.97 (0.95, 0.99) <0.001

1 (controlled ascites) -0.27 0.95 (0.75,0.97) 0.85(0.72, 0.94) 0.96 (0.92, 1.00) <0.001

2 (refractory ascites) -0.20 1.00 (0.42, 1.00) 1.00 (0.70, 1.00) 1.00 (1.00, 1.00) <0.001
Child-Pugh score

A -0.85 0.92 (0.84, 0.97) 0.84 (0.76, 0.90) 0.93 (0.90, 0.95) <0.001

B-C 0.42 0.83 (0.64, 0.94) 0.96 (0.86, 1.00) 0.97 (0.95, 0.99) <0.001
ALT

<40 -1.01 0.95 (0.82, 0.99) 0.86 (0.78, 0.91) 0.96 (0.93, 0.99) <0.001

>40 0.38 0.84 (0.73, 0.91) 0.95 (0.86, 0.99) 0.91 (0.87, 0.94) <0.001
Tumor stage

Early (O-A) -0.19 0.97 (0.85, 1.00) 0.69 (0.65, 0.73) 0.81 (0.77, 0.85) <0.001

Non-early (B-D) 1.37 0.99 (0.93, 1.00) 0.83 (0.79, 0.86) 0.97 (0.96, 0.98) <0.001

AFP, o-fetoprotein; ALT, alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus.
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volving 98 Italian patients, 44 with chronic liver
disease and 54 with HCC, found that the overall
AUC of GALAD for the detection of HCC was
0.98.

The best GALAD score for detecting HCC was
found in a prior study®, with an AUC of 0.976,
sensitivity of 96.3%, and specificity of 84.1%.
In comparison to other individual markers, the
GALAD score for diagnosing HCC had the high-
est AUC in the German (0.94), Japanese (0.93),
and British (0.97) groups, according to Berhane
et al'”. Yang et al' examined 180 patients with
cirrhosis or hepatitis B and 111 patients with
HCC. They found that the AUC of the GALAD
score was 0.95, significantly higher than the ultra-
sound’s (0.82, p < 0.01).

Yang et al” demonstrated that the AUC of
the GALADUS score for HCC detection in the
context of the GALADUS model was 0.98. Spec-
ificity was 91% and sensitivity was 95% at the
GALADUS cutoff of -0.179. For the early-stage
HCC group, the AUC of the GALADUS score
stayed high at 0.97 (best cutoff -0.5, sensitivi-
ty 88%, and specificity 94%). The AUC of the
GALADUS model was 0.98 for HCC overall and
0.97 for early-stage disease, according to Rob-
erts**. The GALADUS score’s AUC for HCC de-
tection in our investigation was 0.97 (cutoff 1.37,
sensitivity 96%, specificity 89%). The AUC of the
GALADUS score held steady at 81% (sensitivity
97%, specificity 69%, cutoff -0.19). Compared
to GALAD or ultrasound alone, the GALADUS
score model’s AUC, sensitivity, and specificity
were superior.

Liver ultrasonography is a routine HCC sur-
veillance test that is approved by multiple soci-
eties, such as the Asian-Pacific Association for
the Study of the Liver (APASL), the European
Association for the Study of the Liver (EASL),
and the American Association for the Study
of Liver Diseases (AASLD). Nevertheless, as a
surveillance test for HCC, ultrasonography has
a number of significant drawbacks. The sonogra-
pher’s proficiency is crucial to the performance of
the surveillance ultrasound. Furthermore, it can
be difficult to identify early HCC nodules, espe-
cially in individuals who have noduled cirrhosis
of the liver.

The purpose of our study was to investigate
the necessity of combining ultrasound and mea-
surements of AFP, AFP-L3%, and DCP for early
HCC surveillance testing. Vietnamese patients
with severe liver disease have often been eval-
uated using the GALAD score. Nonetheless, we
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discovered that in our investigation, there were
more patients with non-early-stage HCC than
with early-stage HCC. Actually, the majority
of Vietnamese patients with HCC are typically
found in a late stage. This might be the result of
Vietnamese people’s propensity to put off routine
medical exams.

Limitations

One of the study’s limitations is that we did
not examine data collected when patients had
testing and ultrasounds at the three- and six-
month follow-ups. It may be possible to ascertain
the score’s longer-term value through such an
investigation.

Conclusions

We demonstrated that for the purpose of de-
tecting HCC, the GALAD score performs bet-
ter than ultrasound. In addition to ultrasound,
the GALAD score can be useful in the detec-
tion of hepatitis and cirrhosis in patients. Addi-
tionally, we tested the GALADUS score, which
combines the results of the liver ultrasound
and the GALAD score. The GALADUS score
was found to be superior to the GALAD score
or the ultrasound alone. Prior to being widely
used in clinical practice, future research should
compare the cost-effectiveness of GALAD or
GALADUS vs. liver ultrasonography with or
without AFP.
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