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The combination of serum oligosaccharide
chain (G-test), alpha-fetoprotein,

and aspartate aminotransferase to alanine
aminotransferase ratio provides the
optimal diagnostic value for early
detection of hepatocellular carcinoma

Wentao Zhu', Pei Shi', An Liang', Ying Zhu', Jiwei Fu', Songsong Yuan'" and Xiaoping Wu'"

Abstract

Background The purpose of this study was to compare the diagnostic value of serum oligosaccharide chain (G-test),
alpha-fetoprotein (AFP) and aspartic aminotransferase to alanine aminotransferase ratios (AAR), both alone and in
combination, for predicting hepatocellular carcinoma (HCC) onset.

Methods Between Januarys 2020-2022, 152 subjects admitted to the First Affiliated Hospital of Nanchang University
was enrolled in this study, of which 77 had HCC, 18 chronic hepatitis (CH), 37 liver cirrhosis (LC) and 20 were healthy.
Data for patient characteristics were collected, and differences between groups were analyzed by either Mann-
Whitney U or 2 tests. Receiver operating characteristic (ROC) curve analysis was used to determine the diagnostic
value of AFP. G-test, and AAR for HCC.

Results G-test, AFP, and AAR were all found to have close correlations with HCC among the different patient
groups, with G-test being the most predictive for HCC among healthy and CL patients, as represented by respective
areas under the curve (AUC) of 0.953 and 0.792 (P <0.001). By contrast, AAR had the greatest diagnostic ability for
HCC among CH patients (AUC=0.850; P <0.001). However, the combination of all 3 biomarkers obtained the most
optimal results for predicting HCC onset, in terms of predictive capability for all 3 non-HCC patient groups, yielding
AUCs of 0.958, 0.898, and 0.808 (P < 0.001) for, respectively, healthy, CH, and LC patients. Additionally, AFP had higher
specificity, but lower sensitivity, with increased threshold values, as the recommended threshold of AFP >400 ng/mL
yielded a missed diagnosis rate of 72.7%. For AFP-negative HCC (AFP-NHCC) patients, G-test alone had the greatest
diagnostic capability (AUC=0.855; P <0.001), sensitivity (83.8%), and specificity (87.5%).
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onset, no matter the patient pre-conditions.

Conclusion G-test has the greatest diagnostic capability for HCC and AFP-NHCC, with high sensitivity and specificity,
among healthy and LC patients. However, AAR had the highest diagnostic capability and sensitivity for HCC in CH.
Overall, though, the combination of G-test, AFP and AAR provided the most optimal outcomes for predicting HCC

Keywords Hepatocellular carcinoma, Chronic hepatitis, Liver cirrhosis, G-test, Alpha-fetoprotein, Aspartate
aminotransferase to alanine aminotransferase ratio, Serological markers, Receiver operating characteristic curve

Introduction

Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related death worldwide; its high mor-
bidity and mortality rate has resulted in the cancer being
considered a significant global health risk. Its occurrence
is most commonly attributed to chronic viral hepatitis,
alcohol intake and aflatoxin exposure. Owing to the lack
of obvious symptoms at the early stages, most patients
end up diagnosed with HCC after it has progressed to its
advanced stages, contributing to its extremely low overall
five-year survival rates of <16% [1-4]. Currently, HCC is
diagnosed based on a combination of serological, radio-
logical, and pathological features, with liver biopsy being
considered the gold standard; however, the procedure is
limited by its invasiveness and risks for sampling errors
[5]. As a result, alternative approaches for diagnosing
HCC has been developed, such as imaging technologies,
though this has its own shortcomings. For instance, it is
difficult under conventional ultrasound to distinguish
between benign and malignant small hepatocellular nod-
ules [6, 7]. Thus, identifying a non-invasive, rapid, and
easy-to-measure marker for HCC would be of great util-
ity for clinical screening and development of more effec-
tive treatment approaches. The ideal biomarker is one
that is easily detected in serum, plasma, bile, and other
body fluids. Serum alpha fetoprotein (AFP) has long been
considered as such a biomarker, but its usage, though
widespread, has been controversial, owing to its low sen-
sitivity to HCC, especially at its early stages, of 10-20%.
This has led to its recommendation in HCC screening
guidelines being highly controversial [1, 8]. An alternative
proposed biomarker that has emerged is aspartate ami-
notransferase (AST) to alanine aminotransferase (ALT)
ratio (AAR), which had already been used as an indica-
tor of liver fibrosis. AAR has also been found to be able
to serve as a biomarker for the identification and early
prediction of HCC recurrence [9-11], leading to it being
proposed as an effective marker for AFP-negative HCC
(AFP-NHCC) [12]. More recently, changes in the N-gly-
come has been identified as a potential effective serum
marker for liver disease. In particular, abnormal changes
in the glycosylation modifications on glycoproteins have
been observed throughout the progression of chronic
liver disease into HCC [13-15]. This finding has led to
the emergence of serum oligosaccharide chain (G-test)
detection technology. G-test was first defined by Liu et

al. [13] as the GlycoHCCTest, which was the log ratio of
peak 9 to peak 7 obtained from DNA sequencer—assisted
fluorophore-assisted carbohydrate electrophoresis of
patient serum, followed by normal-phase high-perfor-
mance liquid chromatography and digestion with exo-
glycosidases. The resulting peak 9 represented a branch
a-(1,3)-fucosylated triantennary glycan, which was more
abundant among HCC patients, compared to those with-
out HCC. By contrast, peak 7, representing bisecting
core a-(1,6)-fucosylated biantennary glycans, decreased
with increasing stages of HCC. Therefore, higher G-test
measurements correlated with HCC progression [13].
This finding was further verified in a previous study
[16], in which higher G-test levels were associated with
HCC onset among patients with chronic hepatitis B and
related cirrhosis, and that G-test was better than AFP for
predicting HCC. However, the effectiveness for G-test to
diagnose HCC among broader patient demographics, as
well as its predictive capabilities compared to other diag-
nostic markers, is still scarce.

In this study, we aim to fill in this knowledge gap by
comparing the diagnostic value of G-test versus other
markers. We examined the predictive capabilities of
G-test, AFP, and AAR, both as single markers, and com-
bined together, for detecting HCC in its early stages. We
found that G-test had the greatest diagnostic ability for
detecting HCC among healthy and liver cirrhosis (LC)
patients, as well as AFP-NHCC among healthy, LC, and
chronic hepatitis (CH) individuals. By contrast, AAR had
the greatest diagnostic ability among CH. Regardless, the
combination of all 3 tests yielded the most optimal out-
comes with respect to diagnostic capability, sensitivity,
and specificity for HCC.

Methods

Study design and population

Between Januarys 2020-2022, 152 subjects from the
First Affiliated Hospital of Nanchang University were
recruited and examined. HCC diagnoses among these
subjects were based on histopathological analyses,
according to the Guidelines of the American Associa-
tion for the Study of Liver Diseases (AASLD) [17]. LC
was diagnosed based on physical examinations, labora-
tory tests, as well as either B-mode ultrasound imaging
or computed tomography (CT) of the liver. CH was diag-
nosed as stemming from a hepatitis B virus infection for
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more than 6 months, as well as presenting with persistent
or intermittent elevated ALT and AST levels, along with
chronic necrotic hepatitis tissue being present under
liver biopsy [18]. Patients were excluded based on the
following baseline criteria: (1) Absence of G-test, AFP,
and/or AAR measurements, (2) Presence of other types
of primary tumors, (3) Presence of other infectious dis-
eases, such as HIV or non-HCC/LC/CH liver diseases
(ex. drug-induced hepatitis, fatty liver, alcoholic liver dis-
ease, etc.), or (4) Presence of blood- or immune-related
diseases. Application of the exclusion criteria yielded
the aforementioned 152 subjects, of which 77 had HCC,
37 LC, 18 CH, and 20 served as healthy controls. The
study protocol was approved by the Ethics Committee
of the First Affiliated Hospital of Nanchang University.
All patients provided written informed consent to par-
ticipate in the study, and the study was conducted in full
accordance with the Declaration of Helsinki.

Data collection

All patient data was obtained from electronic medical
records. Venous blood was collected after fasting and
analyzed for the biochemical indices of AST, ALT, white
blood cell (WBC) and platelet counts (PLT), as well as
random blood glucose (RBG), total cholesterol (TC),
triglyceride (TG), carcinoma embryonic antigen (CEA),
total bilirubin (TBIL), albumin (ALB), prothrombin time
(PT), AFP and G-test measurements. Most indices were
measured using the Hitachi automatic biochemical ana-
lyzer (LABOSPECTOO08AS), though ALT and AST were
determined by, respectively alanine and aspartate sub-
strate method, with normal ranges defined as ~7-40
U/L for each. AAR was then calculated as AST/ALT.
G-test levels were separated by fluorescence-labeled
capillary micro-electrophoresis, with the positive stan-
dard for G-test being set at values>5. AFP level was
detected by electrochemiluminescence using the Roche
automatic immune analyzer, with normal reference lev-
els being ~0-7 ng/ml. AFP-NHCC was defined as AFP
being <20 pg/L, while AFP-positive HCC was defined as
AFP>20 pg/L.

Statistical analysis

SPSS 22.0 (SPSS Inc. Chicago, IL, USA), MedCalc v.
18.3.1 (MedCalc Software, Mariakerke, Belgium) and
GraphPad Prism (version 8.0.2) software were used for all
data analyses. The data for patient parameters were rep-
resented as meanzstandard deviation (SD) if it was nor-
mally-distributed, while non-normally distributed data
was represented by medians (quartile). Classification data
was represented as frequency and proportions. Differ-
ences between HCC, LC, CH, and healthy control groups

Page 3 of 11

for the different parameters were evaluated using either
the non-parametric test for continuous variables, or x2
test for categorical variables. Receiver operation charac-
teristic (ROC) curves were then used to determine the
areas under the curve (AUC), as well as the optimal cut-
off values, sensitivity, specificity, plus positive and nega-
tive likelihood ratio (£LR) and predictive values (xPV),
to determine the diagnostic values for AFP, G-test and
AAR as predictive markers, either singly or in combina-
tion, for HCC occurrence. P<0.05 was considered statis-
tically significant for all analyses.

Results

Clinical characteristics for the study subjects

A total of 159 subjects were initially selected, of which
152 were analyzed in the final study. The remaining 7
were excluded for the following reasons: 2 for lack of clear
diagnosis, 1 for having a liver abscess, 1 for drug-induced
hepatitis, and 3 for lack of AFP or G-test results. As
shown in Table 1, a greater proportion of male patients
was present in the HCC group (87.0%), compared to CH
(22.2%), LC (21.6%) or healthy control groups (25%). The
median age for HCC was 55.0 years (47.5—67.0), higher
than LC and CH, respectively at 51.0 (42.0-65.5) and 43.0
(31.5-50.5), but lower than the healthy control, at 66.5
(48.3-75.8). Positive AFP readings and G-test readings
were observed in, respectively, 51.9% (40/77 patients),
and 90.9% (70/77) of the HCC group, while negative
AFP and G-test results were found among 64% (48/75)
and 77.3% (58/75) of the non-HCC groups (Table 2). Fig-
ure 1 summarizes the comparison between G-test, AFP
and AAR levels for HCC, versus healthy (Fig. 1 A-C),
CH (Fig. 1D-F), and LC (Fig. 1G-I) patient groups. Sta-
tistically significant differences were found between HCC
versus all 3 non-HCC groups for G-test and AFP. For
AAR, significant differences were only present for HCC
versus CH patients. Additionally, the HCC group had the
highest G-test value (Table 1).

Comparing differences in sensitivity for HCC between
different AFP thresholds

Table 3 shows the AFP levels for 77 patients in the HCC
group, and different AFP threshold levels were estab-
lished to determine its diagnostic capability for HCC,
with the normal reference value set at 0-7 ng/mL. It was
found that at AFP>7 ng/mlL, 45 cases, or 58.4%, were
diagnosed as HCC, but AFP sensitivity decreased to
41.6% at AFP>100 ng/mL. This sensitivity rate, however,
was much greater than for the currently-recommended
AFP diagnostic guidelines for liver cancer of 2400 ng/
mL. There, AFP sensitivity was only 27.3%, with missed
diagnosis rate being as high as 72.7% (21/77).
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Table 1 Comparison of patient characteristics between non-
and hepatocellular carcinoma (HCC) patient groups

Characteristics  Non-HCC HCC p
Healthy Chronic Liver value
hepatitis  Cirrhosis
Gender, male/ 5/15 4/14 8/29 67/10  <0.001
female (n)
Age (years) 66.5 43.0 51.0 55.0 <0.001
(48.3- (31.5-50.5) (42.0-655) (47.5-
75.8) 67.0)
ALT (U/L) 173 132.5 374 31.0 <0.001
(100-  (82.8-345.5) (26.6- (20.0-
26.7) 65.4) 533)
AST (U/L) 254 703 459 425 <0.001
(208-  (31.8-177.0) (34.6- (27.5-
31.1) 87.3) 89.7)
TBIL (umol/L) 153 785 254 204 <0.001
(124-  (50.0-125.7) (17.5- (13.1-
18.4) 56.3) 48.2)
ALB (g/L) 44.5 344 36.3 34.1 <0.001
(43.0- (29.6-35.0) (30.3- (28.1-
45.8) 61.9) 37.4)
RBG (mmol/L) 523 4.64 481 4.80 <0.001
(4.97- (411-543) (4.28- (4.26—
5.44) 6.05) 5.96)
TC (mmol/L) 5.26 3.65 342 3.89 <0.001
(392-  (2.96-430) (2.59- (3.13-
6.08) 3.74) 4.54)
TG (mmol/L) 0.98 0.87 0.61 0.88 0.002
(0.73-  (0.55-1.32) (044~ (0.59-
1.36) 0.98) 1.26)
PT (seconds) NA 14.30 15.95 13.05 <0.001
(12.30- (14.30- (11.90-
16.45) 17.48) 15.15)
WBC count 539 545 373 4.45 0.007
(x109/L) (482-  (3.22-729) (2.54- (2.97-
6.63) 4.73) 5.94)
Platelet count 234.0 172.0 67.0 91.0 <0.001
(x109/L) (196.5-  (114.5- (51.0-995) (63.0-
289.8) 232.3) 150.0)
AFP (ng/mL) 239 407.95 5.99 2272 <0.001
(1.77- (84.90- (2.05- (2.92-
3.95) 817.35) 44.82) 608.70)
CEA (ng/mL) 1.88 3.08 267 293 0.011
(0.98- (1.82-5.87) (1.64- (2.00-
2.77) 4.60) 4.79)
AAR 144 0.58 135 140 <0.001
(1.03- (0.35-094) (1.07- (1.03-
2.15) 1.64) 1.93)
G-Test 3.04 364 3.85 6.53 <0.001
(1.54- (277-5.12)  (2.59- (5.87-
4.00) 6.03) 7.38)

AAR: aspartate aminotransferase to alanine aminotransferase ratio; AFP:
alpha-fetoprotein; ALB: albumin; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; CEA: carcinoma embryonic antigen; G-test: serum
oligosaccharide chain; HCC: hepatocellular carcinoma; PT: prothrombin time;
RBG: random blood glucose; TBIL: total bilirubin; TC: total cholesterol; TG:
triglyceride; WBC: white blood cell count
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Evaluating the diagnostic values of the 3 biomarkers for
HCC among different patient groups

To further evaluate the diagnostic value of G-test, AFP,
and AAR, either alone or in combination, for HCC ver-
sus healthy controls, ROC curve analysis was used, as
shown in Fig. 2 A. Out of the 3 diagnostic tests, G-test
had the greatest diagnostic ability, with AUC of 0.953
(0.890-0.986), significantly higher than for AFP with
0.827 (0.736-0.896), and AAR with 0.546 (0.441-0.648).
Additionally, G-test had the highest sensitivity and speci-
ficity, at 90.9% (82.2-96.3) and 100.0% (83.2—-100.0),
respectively (Table 4). The AUC for G-test, AAR and AFP
combined was similar to that of G-test, at 0.958 (0.896—
0.988), suggesting that G-test alone was as predictive for
detecting HCC onset, compared to all 3 tests in combina-
tion, among healthy controls.

By contrast, the ROC curve analysis for G-test, AFP,
and AAR among HCC versus CH patients found that
AAR had the greatest diagnostic ability, with AUC of
0.850 (0.762-0.915), compared to 0.786 (0.690—0.864)
and 0.652 (0.547-0.746) for, respectively, G-test and AFP
(Fig. 2B). Furthermore, AAR had the highest sensitiv-
ity among the 3 tests, at 96.1% (89.0-99.2), but the low-
est specificity, at 72.2% (46.5-90.3), compared to 77.8%
(52.4-93.6) for G-test and AFP (Table 4). However, the
diagnostic ability of all 3 tests combined was higher than
for any of the tests alone, with AUC of 0.898 (0.818-
0.950), as well as sensitivity at 81.8% (71.4—89.7) and
specificity at 88.9% (65.3—98.6). Therefore, the combina-
tion of all 3 tests was determined to be the most optimal
for detecting the presence of HCC among CH.

As for HCC versus LC patients, G-test was the most
predictive for HCC occurrence, compared to AFP and
AAR, with AUC of 0.792 (0.705-0.862) (Fig. 2 C). Addi-
tionally, G-test had the highest sensitivity, at 84.4% (78.4—
91.7); however, AFP had the highest specificity, at 94.6%
(81.8-99.3). All 3 tests combined, though, yielded the
greatest diagnostic ability and highest sensitivity values,
at respectively, AUC of 0.808 (0.723-0.876) and 89.6%
(80.6—95.4) (Table 4). Therefore, the combination of all 3
tests was generally the most optimal for detecting HCC
in LC, albeit it was slightly less specific in its detection,
compared to AFP alone.

Predictive capability, sensitivity, and specificity of the 3
biomarkers for AFP-NHCC

Among 152 subjects enrolled in the study, 85 were deter-
mined as being AFP-negative (Table 5), accounting for
70.6% of males. Out of those 85 patients, 37 patients
(43.5%) were AFP-NHCC. ROC curve analysis was used
to determine the diagnostic value for G-test and AAR,
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Table 2 Numbers of non- and HCC patients with AFP or G-test-negative/positive HCC

Variables Non-HCC HCC Total
Healthy Hepatitis Cirrhosis Total
AFP + (Positive) 0 14 13 27 40 67
— (Negative) 20 4 24 48 37 85
Total 20 18 37 75 77 152
G-Test + (Positive) 0 4 13 17 70 87
— (Negative) 20 14 24 58 7 65
Total 20 18 37 75 77 152

AFP: alpha-fetoprotein; G-test: serum oligosaccharide chain; HCC: hepatocellular carcinoma
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Fig. 1 Comparisons between serum oligosaccharide chain (G-test), alpha-fetoprotein (AFP), and aspartate aminotransferase to alanine aminotransferase
ratio (AAR) readings between A-C healthy, D-F chronic hepatitis (CH), and G- liver cirrhosis (LC) groups versus hepatocellular carcinoma (HCC).

both separately and combined, for AFP-NHCC patients. and 87.5% (74.8-95.3), respectively. All these values for
The results showed that G-test had the highest diagnostic ~ diagnostic capability, sensitivity, and specificity were sim-
capability, with AUC of 0.855 (0.762-0.922), compared ilar for the combination of G-test and AAR versus G-test
to 0.500 (0.389-0.611) for AAR (Fig. 2D). G-test also had  alone, indicating that G-test is sufficient for detecting
the highest sensitivity and specificity, at 83.8% (68.0-93.8)  AFP-NHCC.
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Table 3 Percentages of correct and missed diagnoses for
different biomarker thresholds in HCC group

Biomarker cutoffs Positive/  Rate of Missed
total correct diag- diagno-
cases nosis (%) sis rate

(%)

G-Test 70/77 90.9 9.1

AFP>7 45/77 584 41.6

AFP>20 40/77 519 481

AFP>100 32/77 416 584

AFP>200 28/77 364 63.6

AFP >400 21/77 273 72.7

AFP: alpha-fetoprotein; G-test: serum oligosaccharide chain

Discussion

HCC is one of the most common malignancies glob-
ally, with incidence increasing yearly by 3—-9%, posing a
huge global health risk. HCC patients typically have a low
5-year overall survival rate and poor clinical prognoses,
due to the delay in diagnosing the disease. As a result,
effective biomarkers have been long sought to increase
HCC detection rates, for guiding individualized patient
treatments [19, 20]. Some examples of biomarkers exam-
ined include G-test, AFP, and AAR. In this study, we also
investigated these 3 biomarkers, both alone and in com-
bination, to determine their predictive capabilities for
diagnosing HCC. We found that G-test, AFP, and AAR
levels were closely related to the occurrence of HCC, and
that out of the 3 parameters, G-test had the greatest diag-
nostic value for predicting HCC, compared to AFP and
AAR, as determined by AUC values. In particular, G-test
had the highest specificity and sensitivity, compared
to the other 2 markers, for LC and healthy individuals.
However, for CH patients, AAR had the greatest sensi-
tivity. Overall, though, the combination of all 3 biomark-
ers provided the most optimal sensitivity, specificity, and
predictive capabilities for diagnosing HCC.

AFP was first proposed as a tumor marker for HCC
in the 1960s and has since been widely used for clinical
HCC detection. However, its utility for screening and
diagnosis of HCC has been criticized, due to its low sen-
sitivity and specificity [21-23]. It has been noted in mul-
tiple studies, though, that AFP sensitivity and specificity
for HCC varied with the AFP threshold value; some stud-
ies showed that an AFP threshold of 20 ng/mL yielded
sensitivity and specificity values for HCC detection of,
respectively, 41-65% and 80-94% [24]. Increasing the AFP
threshold from 20 to 50 ng/mL, though, yielded a sig-
nificantly increased specificity value of 96%, along with a
positive predictive value of 75%. On the other hand, sen-
sitivity was only 47% [25]. Therefore, a lower AFP thresh-
old value would yield increased sensitivity, but lower
specificity, possibly leading to a greater risk for HCC
false positives. These findings were in line with what was
observed from 77 HCC patients in our study, in which at
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AFP thresholds of 7, 100, and 400 ng/mL, sensitivity for
HCC was, respectively, 58.4%, 41.6% and 27.3%, while the
rate of missed diagnosis increased from 41.6 to 72.7%. All
these observations thus indicate the necessity of combin-
ing AFP with more effective biomarkers to obtain a bet-
ter detection strategy for HCC. AAR has been used as an
indicator to evaluate liver fibrosis in chronic liver disease
[9, 26], and more recent studies have suggested that it can
also be used to distinguish cirrhosis from HCC [10], with
a sensitivity of 75.9% and specificity 55.7%. Addition-
ally, AAR has been independently associated with early
recurrence of HCC [11]. In this study, we evaluated the
diagnostic ability of AAR, in terms of AUC, for HCC, and
found that it had the highest value among CH patients,
compared to G-test and AFP. This higher measurement
is in line with AAR also having the greatest sensitiv-
ity among those patients. However, AAR, compared to
G-test and AFP, had the lowest specificity for detecting
HCC in CH.

Abnormal structural changes in liver glycosyltrans-
ferase have been noted as a key feature in the develop-
ment of HCC, which could be reflected in the resulting
serum N-glycan branching [27]. A study from Liu et al.
[13] evaluated changes of the serum N-glycan spectrum
among HCC patients using DNA sequencer-aided fluo-
rophore-assisted carbohydrate electrophoresis, and the
ratio of log (peak value 9/peak value 7 in the N-glycan
spectrum) was named the GlycoHCCTest, or G-test
for short. G-test has been found to be an effective and
non-invasive means for detecting HCC among cirrhosis
patients [28]. Our G-test results demonstrated that the
test values was much higher among HCC, compared to
CH and LC patients, which was consistent with the HCC
developmental process progressing from hepatitis to cir-
rhosis to liver cancer experienced by most HCC patients.
G-test was found by Wan et al. [16] to be superior to AFP
in screening for liver cancer among patients with chronic
hepatitis B and cirrhosis. Additionally, the combination
of both parameters further improved the diagnosis rate
for hepatitis B virus-related liver cancer. These findings
were in line with our study, which evaluated a larger sam-
ple size and added AAR as a biomarker of interest, along
with G-test, and AFP. We found that G-test was signifi-
cantly better than AFP in distinguishing between those
who developed HCC from those who did not, includ-
ing healthy, CH, and LC individuals, while AAR was the
most optimal only for differentiating between HCC and
CH individuals. Nevertheless, the combination of G-test,
AFP and AAR demonstrated the highest diagnostic capa-
bility, suggesting that this was likely the optimal approach
for detecting HCC onset.

Cirrhosis and inflammation during HCC development
complicate the early diagnosis of HCC. Due to the high
rate of false negatives from AFP for HCC, biomarkers
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Fig. 2 Receiver operating characteristic (ROC) curves for G-test, AFP, and AAR, both singly and in combination, among A healthy, B CH, and C LC with
respect to HCC. D ROC curve for G-test and AAR, both singly and in combination, for AFP-negative HCC, compared to HCC.

for AFP-NHCC have recently become a significant topic
of interest. A study from Li et al. found that the gamma-
glutamyl transpeptidase (GGT) to alkaline phosphatase
ratio, combined with GGT to AST ratio and AAR, were
effective diagnostic markers for AFP-NHCC [12]. In
our study, we further analyzed the diagnostic ability of
G-test and AAR for AFP-NHCC, and found that G-test,
as well as the combination of G-test and AAR, was able
to effectively detect AFP-NHCC. By contrast, AAR was
significantly less effective for diagnosing AFP-NHCC.

Furthermore, although both approaches used AAR levels
as part of diagnosing HCC, our method was able to diag-
nose HCC onset using G-test and AFP, on top of AAR.
The Li et al. method focused on detecting AFP-NHCC,
while our method focused more on diagnosing HCC in
general, being able to predict the occurrence of HCC
[12], whether AFP-positive or negative (AFP-NHCC),
among healthy, cirrhotic, and hepatitis (non-cancerous)
patients. In addition, the Li et al. method was most effec-
tive during the early stages of AFP-NHCC, when the
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Table 4 Areas under the curve (AUC), sensitivity, and specificity measurements for G-test, AFP, and AAR (single and combination)

AUC Cut-offs  Sensitivity (%) Specificity (%) Youden +LR -LR +PV -PV p
index value

Healthy vs.

HCC

G-Test 0.953 473 90.9 (82.2-96.3) 100.0 0.909 0.091 100.0 74.1 <0.001
(0.890-0.986) (83.2-100.0) (0.04-0.2) (58.5-85.3)

AFP 0.827 5.28 61.0 (49.2-72.0) 95.0 (75.1-99.9)  0.560 12.2 04 979 38.8 <0.001
(0.736-0.896) (1.8-83.2) (0.3-0.6) (87.3-99.7) (32.0-46.0)

AAR 0.546 1.75 70.1 (58.6-80.0) 474 (24.4-71.1) 0.175 13 0.63 84.4 28.1 0.552
(0.441-0.648) (0.8-2.1) (04-1.1) (77.5-89.4) (17.9-41.2)

G- 0.958 0.839 88.3(79.0-94.5) 100.0 0.883 0.12 100.0 67.9 <0.001

Test+AFP+AAR  (0.896-0.988) (82.4-100.0) (0.06-0.2) (53.3-79.6)

Hepatitis vs.

HCC

G-Test 0.786 447 90.9 (82.2-96.3) 77.8(524-93.6) 0.687 4.1 0.1 94.6 66.7 <0.001
(0.690-0.864) (1.7-9.7) (0.06-0.2) (88.0-97.7) (48.6-80.9)

AFP 0.652 96.14 584 (46.6-69.6) 77.8(524-936) 0362 26 0.5 91.8 304 0.013
(0.547-0.746) (1.1-64) (04-0.8) (82.3-96.5) (23.3-38.6)

AAR 0.850 1.53 96.1 (89.0-99.2) 72.2 (46.5-90.3) 0.683 35 0.1 93.7 81.2 <0.001
(0.762-0.915) (16-73) (002-02) (87.5-96.9) (57.9-93.2)

G- 0.898 0.83 81.8(71.4-89.7) 88.9 (65.3-98.6) 0.707 74 0.2 96.9 533 <0.001

Test+AFP+AAR  (0.818-0.950) (20-273) (0.1-0.3) (89.5-99.2) (40.9-65.4)

Cirrhosis vs.

HCC

G-Test 0.792 558 844 (744-91.7) 73.0(55.9-86.2) 0574 3.1 02 86.7 69.2 <0.001
(0.705-0.862) (1.8-53) (0.1-04) (79.1-91.8) (56.3-79.7)

AFP 0.655 201.8 36.4 (25.7-48.1) 94.6 (81.8-99.3) 0.31 6.7 0.8 933 41.7 0.003
(0.561-0.742) (1.7-26.7) (0.6-0.8) (77.9-98.2) (37.2-46.2)

AAR 0.544 058  33.8(234-454) 81.1(64.8-92.0) 0.149 18 08 7838 370 0427
(0448-0.638) (09-37) (07-10)  (640-886) (32.0-424)

G- 0.808 0.62 89.6(80.6-954) 67.6(50.2-82.0) 0572 2.8 0.2 85.2 75.8 <0.001

Test+AFP+AAR (0.723-0.876) (1.7-44) (0.08-03) (782-90.2) (61.0-86.2)

+LR: positive/negative likelihood ratio; £PV: positive/negative predictive value; AAR: aspartate aminotransferase to alanine aminotransferase ratio; AFP: alpha-
fetoprotein; AUC: area under the curve; G-test: serum oligosaccharide chain; HCC: hepatocellular carcinoma

Table 5 Areas under the curve (AUC), sensitivity, and specificity measurements for G-test and AAR (single and combination) between

AFP-NHCC versus HCC

Variables AUC Cut-offs Sensitiv-  Specificity Youden +LR -LR +PV -PV p value
ity (%) (%) index
G-Test 0.855 473 83.8 87.5 0.713 6.7 (3.1- 0.19 93.8 87.5 <0.001
(0.762-0.922) (68.0-93.8) (74.8-95.3) 14.4) (009-  (70.7-91.7) (77.0-93.6)
04)
AAR 0.500 1.34 54.0 532 0.072 12 0.86 476 595 0.996
(0.389-0611) (36.9-70.5) (38.1-67.9) (08-1.8) (06-13) (37.3-582) (48.6-69.6)
G-Test+AAR 0.852 044 83.8 87.2 0.710 6.6(3.1- 0.19 83.8 87.2 <0.001
(0.758-0.920) (68.0-93.8) (74.3-95.2) 14.0) (0.09-  (70.7-91.7) (76.5-93.5)
04)

+LR: positive/negative likelihood ratio; £PV: positive/negative predictive value; AAR: aspartate aminotransferase to alanine aminotransferase ratio; AFP: alpha-
fetoprotein; AFP-NHCC: alpha-fetoprotein negative hepatocellular carcinoma; AUC: area under the curve; G-test: serum oligosaccharide chain; HCC: hepatocellular

carcinoma

tumor size is small [12]. Nevertheless, additional studies
are needed to unravel the true association between AAR
and AFP-NHCC.

Changes in IgG antibody-linked oligosaccharides, in
terms of both types and levels, have also been used as
diagnostic markers for the onset and progression of vari-
ous types of cancer. For instance, Kanoah et al. found

that NSCLC progression was associated with significant
decreases in mono- (Frl) and digalactosyl (Fr2) IgG oli-
gosaccharide levels, coupled with increases in agalac-
tosyl IgG oligosaccharide (Fr4) [29]. Similar changes,
entailing decreased Frl and F2, coupled with increased
Fr4, were previously observed among that research
group for prostate cancer [30]. More recently, changes in
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glycosylation patterns were observed in epithelial ovarian
cancer patients, compared to healthy ones, with respect
to IgG1, 2 and 3. In particular, IgG1 had significantly
lower sialylation, and higher fucosylation, among cancer
patients, while those patients also had increased agalac-
tyosylation, along with decreased digalactosylation and
sialylation, for IgG3. These alterations, especially for aga-
lactosylation, were also found to be positively correlated
with the widely utilized diagnostic marker CA125 [31].
However, the methods used to identify the oligosaccha-
ride chains, such as fluorophore-associated carbohydrate
electrophoresis and matrix-assisted laser desorption/ion-
ization coupled with time-of-flight mass spectrometry
are approaches that may be difficult to apply for wide-
spread clinical use. Therefore, less cumbersome methods
may need to be developed before IgG oligosaccharide
chains could be utilized as a clinical diagnostic marker.

Moreover, it is worth noting that other methods for
diagnosing HCC through serum diagnostic markers,
such as exosomal DNA containing the TP53 gene muta-
tion [32], phenylalanyl-tryptophan [33], miRNAs, such
as miR-10b [34], prothrombin induced by vitamin K
deficiency or antagonist-II [35], IncRNA-D16366[36],
des-gamma-carboxyprothrombin [37], and dickkopf-1
[38], etc., have been documented. However, the wide-
spread adoption for a number of these biomarkers as a
diagnostic tool has been limited, owing to low sensitivity,
which is exacerbated by HCC often being found along-
side chronic liver disease and inflammation [39]. Fur-
thermore, determining the appropriate cut-off values for
detecting HCC onset with high specificity and sensitivity,
as well as developing cost-effective approaches for mea-
suring serum miRNA, IncRNA, and exosomal DNA lev-
els, is a continued work in progress [39].

Our results provide a new predictor for diagnosing
HCC, particularly AFP-NHCC. However, there are still
a number of limitations in our study, one of which is its
retrospective nature, which may reduce the predictive
value of the results. Additionally, the sample size was
small, possibly resulting in sampling biases. Lastly, there
is a lack of sufficient HCC staging and follow-up data,
limiting our ability to evaluate the association between
the screening value of indicators with different HCC
stages and follow-up findings. Therefore, future prospec-
tive studies with large sample sizes, multiple centers and
adequate follow-up data collection are needed to validate
the results.

Conclusion

The biomarkers of G-test, AFP and AAR were examined
as diagnostic indicators for HCC onset, and their pre-
dictive value was confirmed. Out of those 3 biomarkers,
G-test had the highest predictive ability among healthy,
LC, and AFP-NHCC patients, while AAR was the most
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predictive among CH. However, the combination of
G-test, AFP and AAR has the highest diagnostic capabil-
ity, sensitivity, and specificity for HCC, suggesting a pos-
sible new approach for screening and early detection of
HCC. This finding thus facilitates interventions against
HCC in its early stages among patient populations.
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