J Lab Med 2025; 49(5): 206-214

DE GRUYTER

Nguyen Thi Thanh Hai*, Ngoc Anh Doi, Nguyen Huyen Nguyen, Phuong Dung Hoang,
Nguyen Kim Thu, Thi Thu Huong Vu, Van Huy Dinh, Minh Trong Nguyen, Van Giang Tran

and Ngoc Thach Pham

Diagnostic validation of the GAAD algorithm for
hepatitis B virus-related hepatocellular carcinoma

surveillance in Vietham

https://doi.org/10.1515/labmed-2024-0208
Received December 13, 2024; accepted June 7, 2025;
published online July 22, 2025

Abstract

Objectives: Chronic hepatitis B infection is a major cause in
Vietnam of developing hepatocellular carcinoma (HCC). HCC
surveillance for hepatitis B patients is recommended to detect
tumors early for effective treatment and survival extension.
The novel Elecsys®GAAD algorithm (Roche Diagnostic) was
generated by using serum PIVKA-II and alpha-fetoprotein
(AFP) measurements with age and biological sex factors for
more effective HCC screening expectations. This study was
conducted to validate the GAAD algorithm for HCC surveil-
lance in Vietnamese hepatitis B patients.

Methods: A cross-sectional study with 337 hepatitis B pa-
tients divided into 142 HCC and 195 non-HCC including
benign liver tumors, liver fibrosis and cirrhosis was
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performed in Vietham. The Elecsys°GAAD score was
computed by Elecsys®AFP, Elecsys®PIVKA-II and patient’s
age, gender. The clinical evaluation of the GAAD algorithm
was accessed by sensitivity, specificity at recommended cut-
off, and the AUC of the receiver operating characteristic
curve.

Results: The GAAD showed moderate performance with an
AUC of 0.767 (95 % CI 0,716-0,818), but was more effective
than AFP alone in the general detection of HCC, and more
useful than PIVKA-II in the detection of HCC at an early stage
with tumors <2 cm and in distinguishing benign liver tumor
from HCC. It did not provide more benefit than PIVKA-II to
detect HCC at all stages or cirrhosis background.
Conclusions: The study showed that GAAD had moderate
performance, but appeared to be more effective than AFP
alone in general HCC surveillance and may be superior to
PIVKA-II for detecting early-stage HCC with tumors <2 cm,
and for distinguishing HCC from benign liver tumors in
chronic hepatitis B patients.

Keywords: hepatitis B virus; hepatocellular carcinoma;
chronic hepatitis B virus infection; protein induced by
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Introduction

Hepatitis B is a major global health problem. The burden of
infection is highest in the WHO Western Pacific Region and
the WHO African Region, where 116 million and 81 million
people, respectively, are chronically infected (WHO). In
Vietnam, the prevalence of current HBV infection (HBsAg")
is about 10% in the general population [1-3]. Chronic
infection with hepatitis B virus (HBV) is the most common
risk factor for hepatocellular carcinoma (HCC) [4], one of the
most common causes of cancer-related deaths worldwide
and Vietnam [5-7]. The majority of HCC patients including
HBV-related HCC in Vietnam were diagnosed at advanced
stages, and the prognosis remains poor, with a median sur-
vival of less than 6 months [7]. Patients diagnosed with early-
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stage HCC may prolong overall survival and can achieve
5-year survival exceeding 70% with various options
including surgical resection, local ablative therapy, or liver
transplantation [8, 9]. Therefore, HCC surveillance for early
detection is essential for the management of HBV-infected
patients.

Liver ultrasound is the most commonly used as the
standard method for HCC surveillance. Ultrasound pre-
sented a sensitivity of 84 % for HCC at any stage and 63 % for
early-stage HCC for HBV-infected patients [10]. However, the
sensitivity of ultrasound can be influenced by several pa-
tient factors, especially in obese patients or/and advanced
cirrhosis [10]. Cross-sectional imaging modalities, such as CT
or MRI, would have high accuracy for HCC diagnosis, how-
ever, these methods are expensive and may not be useful for
surveillance [10]. The combination of biomarkers and ul-
trasound has been used to increase the sensitivity of early
HCC detection. The most common biomarker is alpha-feto-
protein (AFP) with the sensitivity for any stage HCC is
approximately 60 %, but sensitivity for early-stage tumors is
only 32-49 %, and false-negative and false-positive findings
occur at about 20-40 % with a cut-off value of 20 ng/mL [11].
AFP may be increased in benign chronic liver disease,
particularly in patients with significant elevations of trans-
aminases like hepatitis B and in other malignancies such as
cholangiocarcinoma [12]. Recently, other serum markers
such as protein induced by vitamin K absence-II (PIVKA-II)
or des-gamma-carboxyl-prothrombin (DCP) have been
approved by the FDA for predicting the risk of HCC but not
for HCC surveillance [13, 14]. This is an abnormal pro-
thrombin protein that is generated as a result of a defect in
the posttranslational carboxylation of the immature pro-
thrombin in malignant hepatic cells, and 4.8-fold increased
risk of HCC development with elevated >7.5 ng/mL [13, 14].
Several previous studies in cirrhosis patients found sensi-
tivities of PIVKA-II ranging from 23 to 57 % compared to 14—
71 % for AFP in HCC detection [13, 15, 16] and increased to
91% by using a combination of the two markers [17]. Addi-
tionally, the performance of the biomarkers varies with
geographic region, etiologies, and patient racial character-
istics [17, 18]. Therefore, novel makers are developing to
increase the effectiveness of HCC screening in distinct areas
with different races and etiologies.

Recently, the GAAD score (Roche®Diagnostics) was
generated as a statistical model for HCC screening in high-
risk patients such as chronic hepatitis B disease. The GAAD
score is derived from Gender, Age, AFP and Des-carboxy-
prothrombin (DCP or PIVKA-II). The performance of the
GAAD score was presented to be a higher effective model for
the detection of HCC than single markers in multicenter in
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China, Germany, Thailand, Hong Kong, and Japan [19, 20],
but has not as yet been evaluated in Vietnam, particularly in
chronic hepatitis B patients. Thus, this study was conducted
with the aims: 1. to evaluate the performance of the GAAD
score for the detection of HCC in Vietnamese HBV infected
cohorts, 2. to compare the performance of the GAAD score in
detecting HCC to single tumor markers AFP and PIVKA-II.

Materials and methods
Patients collection

This study was conducted as a retrospective and prospective
study, which enrolled a total of 337 subjects with chronic
hepatitis B aged >18 years admitted to the Vietnam National
Hospital of Tropical Diseases in routine examination every
6 months. This included 142 first-detected HCC patients and
195 non-HCC patients.

In the non-HCC group, there were 56 patients with liver
cirrhosis (LC), 47 patients with moderate or severe liver
fibrosis (LF), 73 patients with non-cirrhotic chronic HBV
infection (CHB) and 66 patients with benign liver disease
(BLD) such as hepatic cysts or hepatic hemangioma.

In the HCC group, there were 39 patients with liver
cirrhosis (LC), 45 patients with moderate or severe liver
fibrosis (LF).

Early stage HCC was defined at 0 and A stage of Barce-
lona Clinic Liver Cancer (BCLC), and late-stage HCC was B, C
and D stage of BCLC. Fibrosis degree was defined by APRI
index or Fibroscan with moderate or severe fibrosis (F2 to F3
by Metavir) and cirrhosis (F4 by Metavir).

Key exclusion criteria were the presence of any other
cancer, recurrent HCC, current or previous treatment for
HCC and using vitamin K antagonists, renal failure, and
acute inflammation diseases. Eligible LC, CHB, and BLD cases
were confirmed to be free of HCC by ultrasound or computed
tomography imaging after 06 months (+0-8 weeks) of sam-
pling (in the next routine examination). This study was
approved by the Ethics Committee of the National Hospital of
Tropical Diseases (NHTD) allowing for analysis of anony-
mized, retrospective data, and the requirement for written
informed consent.

Measurements of AFP and PIVKA-II: GAAD
score calculation

Serum samples were collected in routine examination of
CHB patients every 6 months, before surgery or tumor
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dissection if HCC was detected. AFP and PIVKA-II levels were
detected by the electrochemiluminescence immunoassay
according to the manufacturer’s manual (Roche®Diag-
nostics, Germany). The GAAD score was calculated by the
in vitro diagnostics algorithm incorporating the patient’s
age, gender, AFP, PIVKA-II via the Roche’s website. The
recommended cut-offs for HCC detection were 2.57 for the
GAAD score (on a scale from 0 to 10), 20 ng/mL for AFP, and
28.4 ng/mlL for PIVKA-IL

Statistical analysis

All statistical analyses were performed using SPSS version 22
software (IBM, Armonk, USA). Receiver operating charac-
teristic (ROC) curves and area under the curve (AUC) with
95 % CIs were conducted to elucidate the diagnostic values of
AFP, PIVKA-II, and the GAAD. Diagnostic efficiency-related
parameters including sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV)
were calculated. Descriptive statistics were generated for
this patient dataset, with association testing performed with
Chi-square and Fisher’s exact test for proportions of cate-
gorical variables, respectively.

Results
Patient characteristics

The baseline characteristics of 337 Vietnamese participants
enrolled in this study are presented in Table 1. There were
142 first detected HCC patients and 195 non-HCC disease
controls. The non-HCC group included 74 patients with CHB,
56 patients with LC and 66 patients with BLD such as hepatic
cysts or hepatic hemangioma. All participants had a current
HBV infection background and only 38.1% of patients were
on anti-viral treatment. The mean age of these 337 patients
was 55.6 + 12.7 years, of which 73.6 % were aged 41-70 and
the mean age of the HCC group was higher than non-HCC
disease controls (p<0.001). There was a male predominance
in both HCC and non-HCC disease control groups (p<0.001).
In the HCC group, 45.8 % of patients were in the early stage
(BCLC 0 or A stage), while 54.2 % of patients were in the late
stage (BCLC C or D stage). Tumors with a diameter of less
than 5 cm accounted for 66.2 %, of which 28.7 % were lower
than 2 cm; and most HCC tumors (80.3 %) were localized or
non-invasive to portal vein or extrahepatic tissue.
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In general, the GAAD score and single markers all pre-
sented significant higher in the HCC group compared to the
non-HCC group at all-stage (p<0.01), but not at early stage.
PIVKA-II and AFP, but not GAAD, showed a significantly
greater increase in the late stage than in the early stage
(Table 1).

The general performance of GAAD for HCC
diagnosis in chronic hepatitis B patients

To evaluate the diagnostic accuracy of GAAD in overall HBV-
related HCC patients, LC and BLD with HBV-infected cases as
non-HCC controls were pooled for analysis. The accuracy
and predictive values for the GAAD and AFP, PIVKA-II are
shown in Table 2.1 and Figure 1.

The AUCs of GAAD were 0.767 (95 % CI 0.716—0.818) at all-
stage and 0.673 (95% CI 0.606-0.741) at early-stage which
were higher than the AUCs of AFP, but lower than the AUCs
of PIVKA-II, corresponding. GAAD showed greater sensi-
tivity and NPV but lower specificity and PPV than single AFP,
PIVKA-II at all- and early-stages (Table 2.1, Figure 1A and B).
However, in patients with tumor size <2 cm undetected by
ultrasound, the diagnostic performance of the GAAD was
shown to be more effective than single serum AFP, PIVKA-II
(Table 2.1, Figure 1C)

The performance of GAAD for detecting HCC
in chronic hepatitis B patients with cirrhosis
(LC) and liver fibrosis (LF)

Diagnostic values of GAAD to discriminate HCC from LC in
HBV infected patients had an AUC of 0.803 (95 % CI 0.714-0.891)
with sensitivity 89.2 % which were higher than the AUCs of
AFP, but lower than the AUCs of PIVKA-II (Figure 2A and
Table 2.2.1). In addition, the performance of both GAAD and
PIVKA-II were not more effective in detecting HCC in moderate
and severe fibrosis (LF) than in LC patients. In LF patients,
GAAD presented an AUC of 0.772 (95 % CI 0.673-0.871), sensi-
tivity of 90.7 %, which was not more bheneficial than PIVKA-II
with AUC of 0.803 (95 % CI 0.709-0.898), a sensitivity of 83.7 %
for detecting HCC at all stages (Figure 2B and Table 2.2.2).
Although GAAD was only presented as more effective than
AFP and PIVKA-II in detecting HCC, the sensitivity of the GAAD
was shown to be better than either of these single markers at
the recommended cut-off in all stages of moderate, severe liver
fibrosis, and cirrhosis (Table 2.2.3 and Figure 2C).
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Table 1: Clinical Characteristics of study cohorts.
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HCC Non-HCC disease control
Total n=142 Early n=65 Late n=77  Total n=195 CHB n=73 LC n=56 BLD n=66 p-Value
Age, years, mean + SD (min-max)
Total 60.4 +11.0 62.1+11.4 59.1 +10.8 522+ 127 50.4 +12.2 55.8 + 11.1 51.1+13.9 <0.001
(28-84) (31-84) (28-79)  (18-86) (29-76) (36-83) (18-86)
<40 11 (21 %) 5(7.7 %) 6(7.8%) 41(78.8%) 19 (26 %) 5 (8.9 %) 17 (25.8 %) <0.001
41-70 109 (44 %) 45 (69.2 %) 58 (75.3%) 139 (56 %) 49 (67.1 %) 45 (80.4 %) 43 (65.2 %) <0.001
>70 22 (59.5 %) 15 (23.1 %) 13(16.9%) 15 (40.5 %) 5 (6.8 %) 6 (10.7 %) 6 (9.1 %) <0.001
Gender, n (%)
Female 30 (21.1) 15 (23.1) 15(19.5) 52 (26.6) 16 (21.9) 17 (30.4) 19 (28.8) N/S?
Male 112 (78.9) 50 (76.9) 62 (80.5) 143 (73.4) 57 (78.1) 39 (69.6) 47 (71.2) <0.001°
<0.001¢
Ongoing anti-viral therapy, n (%)
Yes 54 (38.1) 27 (41.6) 27 (35.1) N/A N/A N/A N/A
No 53(37.3) 22 (33.8) 31(40.3) N/A N/A N/A N/A
Missing 35 (24.6) 16 (24.6) 19 (24.6)
Tumor number, n (%)
1 92 (64.8) 58 (89.2) 34 (44.2)
2 9(6.3) 7(10.8) 2(2.6)
>3 31(21.8) 0 31 (40.3)
Diffuse infiltration 10 (7) 0 10 (13)
Tumor characteristics, n (%)
<2cm 27 (19) 25 (38.5) 2 (2.6)
2-5cm 67 (47.2) 40 (61.5) 27 (35.1)
>5cm 48 (33.8) 0 48 (62.3)
Portal invasion or extrahepatic spread
Yes 28 (19.7) 0 28 (36.4)
No 114 (80.3) 65 (100) 49 (63.6)
BCLC stage, n (%)
0 19 (13.4) 19 (29.2) 0
A 46 (32.4) 46 (70.8) 0
B 34(23.9) 0 34 (44.2)
CAndD 43 (30.3) 0 43 (55.8)
AFP, ng/pL
Mean + SD 249 + 440 90.2 + 226 386 £528.,5 123.8 +£265.6  122.1 +252.3 199 +352.7 53.1+1343  <0.001¢
Median 25.86 17.49 48.60 7.30 7.70 13.99 4.10 <0.001°
N/SF
N/S?
<0.05"
N/S!
PIVKA-II, ng/pL
Mean + SD 2,156 + 3,874 2829 + 946 3,738 + 4,643 181 + 972 234 + 1,409 157.6 + 657 142 + 502 <0.001¢
Median 151.10 47.50 1,282.00 17.80 17.20 18.20 18.80 <0.001¢
N/SF
N/S9
N/S"
N/S'
GAAD score 6.9 +34 54+34 82+28 37+38 3.6+39 4.6 +3.8 29+35 <0.01¢
N/S¢
N/SF
N/S9
N/S"
N/S'

p-Value of Chi-square statistics when comparing the male and female ratio *between HCC vs. non-HCC groups; %in the HCC group, and in the non-HCC
group. p-Value of Chi-square statistics when comparing AFP, PIVKA-II, GAAD value between “HCC vs. non-HCC groups, °the early-stage HCC vs. late-stage
HCC groups, the early-stage HCC vs. non HCC groups, %the early-stage HCC and CHB groups, "the early-stage HCC and LC groups, 'the early-stage HCC and

BLD groups. N/S, not significant.
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Performance of GAAD for detecting HCC in
chronic hepatitis B patients with benign liver
tumors

The diagnostic performance of GAAD was exhibited
more effectively compared to AFP and PIVKA-II for
distinguishing HCC from benign liver tumors such as
hepatic cysts or hemangioma. in HBV-infected patients
at all- and early-stage. The AUCs of GAAD were at good
levels with 0.822 (95% CI 0.756-0.887) and 0.746 (95 %
CI 0.655-0.838) at all- and early-stage, respectively
(Table 2.3, Figure 3).

DE GRUYTER

Correlation between GAAD score and clinical
characteristics of HCC

To evaluate the relationship between GAAD score and clinical
features of HCC, the HCC group was divided into the lower and
upper recommended cut-off of the GAAD (Table 3). The GAAD
score was significantly correlated with tumor number
(p<0.05), portal invasion or extrahepatic metastasis (p<0.05),
and BCLC stage (p<0.05) but not significant differences in tu-
mor sizes (p>0.05). This result suggested that the GAAD score
may correlate prognosis migration, or metastasis, and
dynamically monitoring HCC after treatment.

Table 2: Diagnostic value of AFP, PIVKA-IT and GAAD in HCC surveillance in chronic hepatitis B patients.

AUC (95%CI) Sensitivity, % Specificity, % PPV, % NPV, %
2.1. The general performance of GAAD for detecting HCC in chronic hepatitis B patients
2.1.1. All-stage
AFP 0.662 (0.602-0.722) 57.4 64.9 56.1 66.47
PIVKA-II 0.778 (0.726-0.830) 735 69 65.82 7877
GAAD 0.767 (0.716-0.818) 80.1 55.7 58.82 78.86
2.1.2. Early-stage
AFP 0.591 (0.518-0.664) 47.6 64.9 32.96 77.39
PIVKA-II 0.677 (0.603-0.752) 58.7 69.0 41.30 83.93
GAAD 0.673 (0.606-0.741) 68.3 55.7 36.36 83.62
2.1.3. Tumor size <2 cm
AFP 0.614 (0.527-0.700) 44.0 64.9 15.27 88.97
PIVKA-II 0.612 (0.507-0.717) 44.0 69.0 18.18 90.38
GAAD 0.660 (0.577-0.743) 64.0 55.7 18.08 92.38
2.2. The performance of GAAD for detecting HCC in chronic hepatitis B patients with cirrhosis or liver fibrosis
2.2.1. Cirrhosis
AFP 0.687 (0.585-0.789) 70.3 53.0 76.08 45.61
PIVKA-II 0.827 (0.733-0.921) 81.1 57.6 82.97 52.54
GAAD 0.803 (0.714-0.891) 89.2 40.9 86.67 45.20
2.2.2. Moderate or severe fibrosis
AFP 0.599 (0.478-0.721) 58.1 56.1 56.09 58.14
PIVKA-II 0.803 (0.709-0.898) 83.7 63.4 82.05 71.69
GAAD 0.772 (0.673-871) 90.7 48.8 8333 65.00
2.2.3. Moderate, severe fibrosis and cirrhosis
AFP 0.635 (0.556-0.715) 63.8 54.2 66.67 51.00
PIVKA-II 0.812 (0.748-0.876) 825 59.8 82.55 61.60
GAAD 0.781 (0.715-0.847) 90.0 43.0 85.18 54.13

2.3. The performance of GAAD for detecting HCC in chronic hepatitis B patients with benign liver tumors (hepatic cysts or hemangioma)

2.3.1. All-stage
AFP 0.755 (0.675-0.835)
PIVKA-II 0.780 (0.711-0.849)
GAAD 0.822 (0.756-0.887)
2.3.2. Early-stage
AFP 0.697 (0.600-0.795)
PIVKA-II 0.682 (0.585-0.779)
GAAD 0.746 (0.655-0.838)

574 77.2 85.71 43.13
74.3 73.7 87.39 57.30
80.1 64.9 84.61 58.73
47.6 77.2 69.76 57.14
60.3 73.7 71.69 65.38
68.3 64.9 68.75 66.07

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; GAAD, gender (biological sex), age, AFP, DCP; NPV, negative predictive value; PIVKA-II, protein
induced by vitamin K Absence-II; PPV, positive predictive value. Bold values emphasize the GAAD score.
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Figure 1: The general performance of GAAD for HCC diagnosis in chronic hepatitis B patients. ROC curve of AFP, PIVKA-IT and GAAD in HCC diagnosis of
chronic hepatitis B patients at (A) all stages; (B) early stage; and (C) tumor size <2 cm.
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Figure 2: The performance of GAAD for detecting HCC in chronic hepatitis B patients with cirrhosis and liver fibrosis. ROC curve of AFP, PIVKA-II and

GAAD in HCC diagnosis of chronic hepatitis B patients with (A) cirrhosis (LC); (B) moderate/severe liver fibrosis (LF); and early stage (C) liver fibrosis and
cirrhosis (LF&LC).
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Figure 3: The performance of GAAD for detecting HCC in chronic hepatitis B patients with benign liver tumors. ROC curve of AFP, PIVKA-IT and GAAD in
HCC diagnosis of chronic hepatitis B patients with benign liver tumor at (A) all stages; (B) early stage.



212 —— Hai et al.: Diagnostic validation of the GAAD algorithm DE GRUYTER
Table 3: Correlation between the GAAD score and clinical characteristics of HCC.
Characteristics n Mean + SD <2.57,n >2.57,n p-Value
Median
Tumor size, cm
<2 25 49+33 8 17
3.80
2-5 66 6.58 + 3.3 13 53 N/S
7.78
>5 45 8.65+2.9 5 40
9.95
Tumor number
1 89 6.18 +3.5 22 67
7.36
2 9 6.06 + 3.9 3 6 <0.05
7.42
>3 30 8.75+ 2.1 1 29
9.91
Diffuse infiltration 8 9.83 +0.2 0 8
9.95
No 110 6.61 +3.5 25 85 <0.05
8.18
Yes 26 8.81+23 1 25
9.91
BCLC stages
0 17 519+33 5 12
4.24
A 46 541+34 14 32 <0.05
66.65
B 33 8.23+29 3 30
9.75
c+D 40 8.53+25 3 37
9.91

Using Chi-square (n<5) and Fisher’s exact tests (n>5) for different statistics. N/S, not signifcant.

Discussion

Chronic infection with hepatitis B virus (HBV) is the most
common risk factor for hepatocellular carcinoma (HCC) [4],
one of the most common causes of cancer-related death
worldwide and in Vietnam [5-7]. In Vietnam, the prevalence
of hepatitis B infection is approximately 10 % of the popu-
lation (HBsAg") [1-3]. Therefore, HCC surveillance for early
detection is essential for the management of HBV-infected
patients. The commonly used methods for HCC surveillance
in Vietnam are a combination of ultrasound and AFP.
However, the majority of HCC patients, including HBV-
related HCC in Vietnam, are diagnosed at an advanced stage
and the prognosis remains poor, with a median survival of
less than 6 months [7]. The development of novel, affordable,
and noninvasive biomarkers to increase the effectiveness of
liver cancer screening in hepatitis B patients is essential.

Our study validated the clinical performance of the
GAAD algorithm for HCC surveillance in chronic hepatitis B
patients in Vietnam. The GAAD showed moderate perfor-
mance with AUC of 0.767 (95 % CI 0.716-0.818) at all-stage and
0.673 (95 % CI 0.606—0.741) at early-stage. The GAAD showed
greater sensitivity and NPV but lower specificity and PPV
than single tumor markers AFP and PIVKA-II at the recom-
mended cut-off of HCC diagnosis. In particularly, when
compared with AFP, the results revealed that GAAD pro-
vided greater benefits in detecting HCC regardless of the
presence or absence of a cirrhotic background or in dis-
tinguishing HCC from benign liver tumors such as hepatic
cysts or hemangioma; and when compared with PIVKA-II,
the GAAD was also more effective in detecting early-stage
HCC with tumor <2 cm and distinguishing HCC from benign
liver tumors, but not better than PIVKA-II in detecting HCC at
all stage or in patients with cirrhosis.



DE GRUYTER

These findings support previous studies that the GAAD
algorithm has superior diagnostic value compared to single
tumor markers like AFP and PIVKA-II in HCC surveillance
[20]. Indeed, AFP and PIVKA-II tended to change in age, and
sex, similar to our observation, GAAD improves upon this by
integrating these biomarkers with age and gender into a
single diagnostic algorithm, enhancing performance over its
individual components. However, our results showed that
although GAAD was more sensitive than single markers in
detecting early-stage and all-stage HCC, the AUC of GAAD
was significantly lower than that of PIVKA-II, which is
consistent with a recent report of Chung-Feng Huang et al.
[21]. In addition, in Vietnamese cohorts with chronic hepa-
titis B, its effectiveness was limited when detecting tumors
against a background of fibrosis, and the GAAD algorithm’s
clinical performance showed an AUC below 80 %, consistent
with the Taiwanese patient group [21] but lower than other
regions where the AUC exceeds 90 % [20]. The reliance of
GAAD on AFP and PIVKA-II — both with lower AUC values in
our results — likely contributes to this reduced performance.
We suppose that there are intrinsic and environmental
factors such as genetics, living habits, cultures...that can
influence the expression of each marker and thus may in-
fluence the diagnostic performance of these markers.
Indeed, previous studies also reported that the baseline
PIVKA-II and AFP values were also significantly lower in
women and blacks [17], or AFP was less sensitive in HCC
detection in African Americans with hepatitis C related
cirrhosis compared to non-African Americans [22]. This in-
dicates that patient demographics influenced both PIVKA-II
and AFP values; and they may not perform equally across
different populations with varying etiologies. Therefore, it is
necessary to validate the clinical performance of the GAAD
and other cancer markers for specific patient populations
with diverse risk factors.

Besides the patient demographic factors, the presence of
cirrhosis may impact the performance of HCC biomarkers.
Many previous studies reported that the baseline or value of
AFP and PIVKA-II increased in patients with cirrhosis [10, 17,
22, 23]. In our results, GAAD was effective for HCC detection
with the higher sensitivity than both single markers at the
recommended cut-off in moderate and severe fibrosis (LF)
and cirrhosis patients (LC). This suggests that GAAD is a
useful adjunct marker to detect HCC together with PIVKA-II
in LF and LC patients in whom AFP does not appear to be
beneficial. This observation provided further evidence that
GAAD was an effective marker for HCC surveillance in CHB
patients with liver fibrosis.

Furthermore, the GAAD was shown to be significantly
associated with tumor aggressive behavior, including tumor

Hai et al.: Diagnostic validation of the GAAD algorithm =—— 213

number, vascular invasion and BCLC stage. Since GAAD in-
corporates both PIVKA-II and AFP, it likely benefits from the
properties of these components. Previous studies have
identified PIVKA-II as a novel vascular endothelial growth
factor with potent migration activities [24-26]. Therefore,
GAAD may be valuable for assessing BCLC stage and pre-
dicting tumor migration and metastasis. In addition, we
found 7/142 HCC (~5 %) cases positive for GAAD but negative
for other single biomarkers. Therefore, GAAD may be an
adjunct to single biomarkers for HCC surveillance. We
recommend the use of GAAD as an additional reference
marker in the management program of patients with
chronic hepatitis B every 6 months to improve the rate of
HCC detection.

The advantage of this study is its careful design and
execution at a national center, focusing on Vietnamese pa-
tients to evaluate the clinical diagnostic value of the novel
GAAD in HCC surveillance. All participants, both in the HCC
and non-HCC groups, had a background of HBV infection to
ensure homogenous conditions. Disease controls were
confirmed to be free of HCC through ultrasound or computed
tomography imaging after at least 6 months of sample
collection, ensuring the reliability of the data. However, to
further elucidate the clinical value of the GAAD algorithm, it
is essential to analyze larger sample sizes with case-control
design in longer follow-up periods, and to investigate the
dynamic changes in GAAD from chronic hepatitis B (CHB) or
liver cirrhosis (LC) to HCC.

In conclusion, we verified that the novel GAAD algo-
rithm had moderate performance in HCC detection for HBV-
infected patients. It seems to be more effective than single
AFP in HCC surveillance, and it may be superior to PIVKA-II
for detecting early-stage HCC with tumors <2 cm, and dis-
tinguishing HCC from benign liver tumors, in chronic hep-
atitis B patients. In addition, the GAAD may be valuable in
assessing stage according to BCLC and predicting tumor
migration and metastasis.
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