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Abstract

Background: Alpha-fetoprotein (AFP), routinely used for diagnosis of hepatocellu-
lar carcinoma (HCC), is limited with relatively low sensitivity and high false positiv-
ity in HBV-related HCC (HBV-HCC). Thus, an alternative approach was explored to
improve specificity/sensitivity for diagnosis of HBV-HCC, using the combination of
AFP, inflammatory score, and liver function.

Methods: Chronic hepatitis B (CHB) (n = 510) and HBV-HCC (n = 473) patients
were identified retrospectively for this study. The diagnostic value of single vs com-
bined biomarkers for HBV-HCC was analyzed, using ROC curve.

Results: It was observed that elderliness, male sex, cirrhosis, HBeAg+ or no-anti-
viral therapy, and elevation of ALT, AST, neutrophil-lymphocyte ratio (NLR), and
AFP were associated with developing HBV-HCC. However, the cut-off ALT defined
by Chinese standard, but not by AASLD, was a risk factor. Interestingly, AFP of
HBeAg HBV-HCC patients without cirrhosis was significantly higher than that of
the HBeAgJr patients. AUC values for AFP, ALT, AST, or NLR were 0.84 (95% CI:
0.815-0.862), 0.533 (95% CI: 0.501-0.565), 0.696 (95% CI: 0.666-0.725), or 0.684
(95% CI: 0.654-0.713) with optimal cut-off at 7.21 ng/mL, 43 IU/mL, 38 IU/mL,
or 2.61, respectively. Combination of AFP with ALT, AST, and NLR improved the
diagnostic performance for HBV-HCC, compared to any of the single biomarkers or
any other combinations among these patients (except no-cirrhosis).

Conclusions: Elderliness, male sex, elevated ALT, AST, NLR, AFP, cirrhosis,
HBeAg", and no-antiviral treatment were independent risk factors for HBV-HCC.
AASLD standard of ALT cut-off value may not be suitable for the Chinese popula-
tion. Regular monitoring of HCC among HBeAg patients with abnormal AFP may
improve the management of HBV-HCC. The diagnostic performance of AFP com-
bined with ALT, AST, and NLR for HBV-HCC was superior to single biomarker or
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for nearly 85%
of liver cancers with a poor prognosis,l’2 mainly due to the
lack of specific symptoms and/or signs at the early stages of
HCC.? The majority of HCC is related to the underlying liver
diseases, particularly hepatitis B virus (HBV) infection in
China.>* Therefore, it is critical to improve the detection of
HCC at an early stage with reliable sensitivity and specificity,
which could have a significant impact on the management of
HBV-HCC.

Serum tumor biomarkers are routinely used for surveil-
lance and diagnosis of HCC, because of their noninvasive
nature with relative objective and reproducible quantifica-
tion.” Serum alpha-fetoprotein (AFP), probably the most
commonly used for the auxiliary diagnosis of HCC, is as-
sociated with HCC size, differentiation, invasion, and me-
tastasis.® Serum AFP, however, is sometimes not entirely
trustworthy, because AFP is often below the diagnostic
value in some early-stage or even a few late-stage HCC
cases.’” In contrast, AFP is elevated substantially in some
patients with chronic hepatitis B (CHB), liver cirrhosis, and
benign hepatic tumor diseases.®” Thus, AFP is a biomarker
for reference only in the early diagnosis HCC without other
supporting clinical information.

To overcome this problem, imaging techniques are being
developed, such as computed tomography (CT) or magnetic
resonance imaging (MRI), in an attempt to enhance both sen-
sitivity and specificity in the accuracy of early diagnosis.ﬁ’8
However, the main limitation of using CT and/or MRI is its
high cost, as well as, a relative lack of sufficient competent
technicians and specialists, which is more of a challenge in
rural regions without adequate support.7’9

It is well known that the progression of HBV-HCC
is closely associated with inflammatory response and
immune status of the microenvironment.'® It has been
demonstrated that neutrophil-lymphocyte ratio (NLR)
and platelet-lymphocyte ratio (PLR) are associated with

neutrophil-lymphocyte ratio

any other combinations among these patients, and its diagnostic equation can be used
as useful tool for differentiation of HBV-HCC from CHB.

alanine aminotransferase, alpha-fetoprotein, aspartate aminotransferase, hepatocellular carcinoma,

the prognosis of cancers in the lung, colorectum, stomach,
and esophagus.' 112 Systemic immune-inflammation index
(SII) is another parameter that integrates lymphocytes,
neutrophils, and platelets for evaluating inflammation ob-
jectively.13 Both NLR and PLR are good in predicting the
prognosis of lung, colorectum, stomach, esophagus, and
HCC in a small cohort.'* Although SII is considered to be
an independent prognostic predictor for nonsmall cell lung
cancer (NSCLC) and HCC,13 it is unknown whether the
combination of AFP, NLR, PLR, and SII could improve
the sensitivity and specificity in the diagnosis and/or pre-
diction of HBV-HCC.

The aim of the current study was to explore the diagnostic
value of SII, NLR, and PLR in HBV-HCC patients, and to
further evaluate if the combination of SII, NLR, and PLR
with AFP during the development of HBV-HCC could im-
prove the diagnostic value. Alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), both classic routinely
used clinical serum biomarkers for determination of liver
function were also included as references to the incidence of
HBV-HCC.

2 | MATERIAL AND METHODS

2.1 | Study design

CHB and HBV-HCC patients were identified in the Ruijin
Hospital (Shanghai, China) from December 2007 and
March 2019. The definition of CHB was based on American
Association for the Study of Liver diseases (AASLD) 2018
Hepatitis B Guidance, that is,IS the persistent presence of
hepatitis B surface antigen (HBsAg) for more than 6 months.
The exclusion criteria of CHB for the current study were as
follows: hepatitis C virus (HCV) infection (n = 303), autoim-
mune hepatitis (AIH, n = 176), primary biliary cholangitis
(PBC, n = 14), HCC (n = 36), and undetermined liver dis-
ease (n = 334). The total number of chronic liver diseases
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identified originally was 3064, but only 2201 CHB patients
remained after exclusion based on the above-mentioned
criteria. Furthermore, the patients without complete data
(n = 1675) or who had other liver diseases (n = 16) were
excluded. Thus a total of 510 CHB patients remained in the
current study (Figure 1).

In this study, the eligible HCC patients (n = 1107) (includ-
ing both HBV and other causes) who were treatment-naive
and complete clinical characteristic and laboratory data at the
time of diagnosis of HCC, based on AASLD guidelines for
the treatment of HCC.'® Moreover, patients (n = 151) with
the following causes for the development of HCC were ex-
cluded for the current study: alcoholic liver disease (n = 3),
AIH (n = 1), PBC (n = 3), parasitic liver disease (n = 4), un-
determined liver diseases (n = 104), HCV infection (n = 35),
HBV/HCV coinfection (n = 1), patients who received sur-
gery (n = 152), intervention therapy (n = 308), or patients
who had incomplete data (n = 23). The finally eligible CHB-
related HCC patients were 473 (Figure 2).

2.2 | Data collection

Serum AST, ALT, and AFP, the numbers of neutrophils
lymphocytes and platelets, and virologic examination re-
sults were collected from the clinical archived data base.
SII = platelet count X neutrophil/lymphocyte count;
NLR = neutrophil-lymphocyte ratio, and PLR = platelet-
lymphocyte ratio. The normal cut-off ALT was defined as
such: ALT < 64 IU/L, AST < 40 IU/L, AFP < 8.78 ng/
mL, based on The Chinese National criteria.'’ According
to AASLD 2018 Hepatitis B Guidance, the normal cut-off
was as such: ALT < 35 U/L for males and ALT < 25 U/L
for females. The normal cut-off for SII < 303.9/>303.9,
NLR < 2.07/>2.07, or PLR < 97.5/>97.5, respectively.

Chronic liver disease (n = 3064)
Dec 2007 - Mar 2019

. Chronic hepatitis C infection (n = 303)
Excluding | peyeloped HCC (n =36)
Autoimmune hepatitis (n =176)

Primary biliary cirrhosis (n=14)
Undetermined liver disease (n = 334)

[ Chronic hepatitis B (n = 2201)]

W Incomplete clinical data (n =1675)
Chronic hepatitis B combined with ‘

other liver diseases (n =16)

Chronic hepatitis B patients finally met
inclusion criteria (n =510)

FIGURE 1

CHB Patients’ selection procedures
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Liver cirrhosis was confirmed based on the results of im-
aging examinations such as ultrasound or CT or MRI.

2.3 | Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 22.0 software (SPSS Inc, Chicago, IL, USA). Data
were presented as mean =+ standard derivation for normally
distributed continuous data, as median (interquartile range,
Q25-Q75) for abnormally distributed continuous data, or as
actual values for categorical data. Baseline characteristics
were summarized, using descriptive statistics. Groups were
compared using X2 tests for categorical, Mann-Whitney U
tests for continuous variables and one-way ANOVA tests
for compare three or more independent groups. Binary lo-
gistic regression analysis was applied to determine the best
equation for probability prediction of HBV-HCC from
CHB. Receiver operation characteristic (ROC) curves were
used to compare the diagnostic performance for each bio-
marker. The area under the ROC curve (AUC) of each bio-
marker for distinguishing HBV-HCC and CHB patients, as
well as, the optimal cut-off value, sensitivity, specificity,
positive likelihood ratio (LR+), negative likelihood ratio
(LR-), 95% confidence interval (95% CI) were calculated
by MedCalc statistical software. Combinations of markers
and other parameters were analyzed, by SPSS 22. A value
of P < .05 was considered to indicate a statistically signifi-
cant difference.

HCC patients (n = 1107)
Dec 2007 - Mar 2019

. Alcoholic liver disease (n = 3)
Excluding | Aytoimmune hepatitis (n = 1)
Primary biliary cholangitis (n = 3)

Parasitic liver disease (n =4)

Excluding Undetermined liver disease(n =104)
Infected HCV only (n = 35) ]

xcluding
E\ﬂ Co-infected with HBV/HCV (n=1) |

HCC infected with HBV only
(n=956)

Excluding

Interventional therapy (n = 308)
Incomplete clinical data(n = 23)

Underwent surgery (n = 152) }

HBV-HCC patients
identified in the current

study (n =473)

FIGURE 2 HBV-HCC Patients’ selection procedures
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3 | RESULTS

3.1 | Clinical characteristics of the CHB and
HBV-HCC participants

Among a total of 983 patients, 510 or 473 were CHB or HBV-
HCC in this study, respectively. The clinical characteristics
of all of these patients are shown in Table 1. The average age
of CHB or HBV-HCC patients was 39.9 or 55.33, respec-
tively. Male vs female in CHB or HBV-HCC group were
336 vs 174 or 409 vs 64, respectively. The average level of
ALT was 35 or 38 IU/L in CHB or HBV-HCC groups; while
the average level of AST was 30 or 52 IU/L in these two
groups, respectively. The average level of AFP, NLR, PLR
from the HBV-HCC group was significantly higher than the
CHB group. However there was no significant difference of
SII between CHB and HBV-HCC groups (Figure 3).
Among CHB or HBV-HCC groups, 50 (~10%) of 510 or
377 (~80%) of 473 had developed cirrhosis at the time of
CHB or HBV-HCC diagnosed, respectively. In addition, 264
(>51%) or 349 (>73%) of patients were HBeAg™ in CHB or
HBV-HCC groups. Among CHB or HBV-HCC patients, only
252 (~50%) or 207 (>43%) patients received antiviral treat-
ment, including nucleos(t)ide analogs (NAs) or interferon
therapy or NAs plus interferon therapy, respectively. Finally,
234 (>45%) or 185 (~40%) of 510 CHB or 473 HBV-HCC

TABLE 1 Clinical characteristics

patients, respectively, had HBV DNA >2000 IU/mL at the
time of CHB or HCC diagnosis (Table 1).

3.2 | Key parameters related to HBV-HCC
in this study

In order to identify the key risk factor(s) for the onset of
HBV-HCC, the univariate analysis was applied and showed
as follows: age (odds ratio, 1.114 [95% CI, 1.099-1.13],
P < .05), sex (3.309 [95% CI: 2.401-4.561], P < .05), serum
ALT > 64 TU/L (2.145 [95% CI. 1.639-2.806], P < .05),
serum AST > 40 IU/L (3.504 [95% CI. 2.693-4.56],
P < .05), AFP > 8.78 ng/mL (24.238 [95% CI: 16.811-
34.945], P < .05), SII > 303.9 (1.077 [95% CI: 0.837-1.385],
P =.563), NLR >2.07 (0.34 [95% CI: 0.263-0.443], P < .05),
PLR >97.5 (0.872 [95% CI: 0.678-1.122], P = .288), cirrho-
sis (36.129[95% CI: 25.007-52.198], P < .05), HBeAg™ (3.02
[95% CI: 2.309-3.951], P < .05), and with antiviral (0.804
[95% CI: 0.625-1.033], P = .088) and HBV DNA > 2000 U/
mL (1.309 [95% CI: 1.016-1.688], P < .05) (Table 2).

To minimize the interference from other factors, multivar-
iate analysis was also applied to identify the significant fac-
tors. It was observed that age (1.103 [95% CI: 1.077-1.129],
P < .05), sex (2.547 [95% CI: 1.387-4.676], P < .05), serum
ALT > 64 TU/L (11.997 [95% CI: 5.074-29.665], P < .05),

Chronic hepatitis B
Parameter Total (N = 983) (n = 510) HBV-HCC (n = 473) P value
Age (years) 47.33 +13.69 399+ 11.78 55.33+10.8 <.001
Sex: Male 745 (75.79%) 336 (65.88%) 409 (86.47%) <.001
Sex: Female 238 (24.21%) 174 (34.12%) 64 (13.53%)
ALT (IU/L) 37 (24-64.5) 35 (22-64) 38 (25-67) NS
AST (IU/L) 37 (26-70) 30 (24-46.25) 52 (32-107) <.001
Neutrophil count (x10°/L) 3.15(2.2-4.3) 3.2(2.42-4.17) 3(1.9-4.7) NS
Lymphocyte count (x10%/L) 1.5 (1-1.98) 1.8 (1.4-2.2) 1.14 (0.8-1.5) <.001
Platelet count (x10°/L) 149 (100-199) 173.5 (135.5-212) 116 (69-170) <.001
AFP (ng/mL) 491 (2.71-60.2) 3.2(2.37-4.8) 64.45 (6.9-1713) <.001
SII 303.9 (171-485.6) 309.6 (200.9-445.2) 288 (133.9-638.6) NS
NLR 2.07 (1.48-3.28) 1.82 (1.35-2.44) 2.66 (1.71-4.3) <.001
PLR 97.5 (68.44-133.2) 96.35 (72.17-123.6) 103.2 (64.37-151) NS
Cirrhosis 427 (43.44%) 50 (9.8%) 377 (79.7%) <.001
HBeAg negative 370 (37.64%) 246 (48.24%) 124 (26.22%) <.001
HBeAg positive 613 (62.36%) 264 (51.76%) 349 (73.78%)
With antiviral therapy 459 (46.69%) 252 (49.41%) 207 (43.76%) NS
HBV DNA < 2000 IU/mL 564 (57.38%) 276 (54.12%) 288 (60.89%) <.05
HBV DNA > 2000 IU/mL 419 (42.62%) 234 (45.89%) 185 (39.11%)

Abbreviations AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHB, chronic hepatitis B; HCC, hepatocellular carcinoma;
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; HBeAg, hepatitis B e antigen; SII, systemic immune-inflammation index.
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FIGURE 3 Distribution of serum biomarkers value in CHB and HBV-HCC group

serum AST > 40 IU/L (4.901 [95% CI: 2.204-10.899],
P < .05), AFP > 8.78ng/mL (23.552 [95% CI. 12.275-
45.19], P < .05), NLR > 2.07 (0.424 [95% CI: 0.253-0.709],
P < .001), cirrhosis (19.046 [95% CI: 10.763-33.705],
P < .05), and HBeAg*(2.004 [95% CI: 1.13-3.554], P < .05),
with antiviral (0.407 [95% CI: 0.234-0.708], P < .001)
were significantly correlated with HBV-HCC (Table 2).
Interestingly, ALT was not considered as a risk factor for the
development of HBV-HCC among these Chinese patients if
the AASLD standard was applied, using either univariate or
multivariate analysis.

Finally, elderliness, male, cirrhosis, HBeAg+, or no-anti-
viral therapy, and elevation of ALT, AST, neutrophil-lympho-
cyte ratio (NLR), and AFP were all be independent predictors
of HBV-HCC occurring in these CHB patients (Table 2).

3.3 | Baseline characteristics of each
subgroup biomarkers in this study

Based on the univariate and multivariate analysis, these CHB
and HBV-HCC patients were divided into six subgroups:

cirrhosis, without cirrhosis, HBeAg+, HBeAg’, with, and
without antiviral treatment.

After comparing the levels of ALT, AST, AFP, and NLR
in patients, respectively, we found that HBeAg" and antivi-
ral therapy had significant effects on ALT levels (P < .0001)
(Figure 4A-C), while cirrhosis, HBeAg® and antiviral
treatment had significant effects on AST, AFP, and NLR
(P <.0001) (Figure 4D-L). In CHB patients, the level of ALT
was ~1.6-fold higher in the HBeAg* group than that in the
HBeAg™ group (P < .0001), and the level of ALT was ~1.2-
fold lower in the CHB with antiviral treatment compared to
that in the group without antiviral (P < .01). Among HBV-
HCC patients, ALT in the HBeAg™ group and antiviral group
was 14% lower than that in the antiviral group and HBeAg™"
group (P < .05) (Figure 4B,C). Serum AST levels were ~1.3-
fold higher in the HBeAg™ group than that in the HBeAg™
group among CHB patients (P < .0001), and the AST levels
of the with cirrhosis group or the HBeAg* group in HBV-
HCC patients were ~ 1.4-fold or ~1.5-fold higher than those in
the group of without cirrhosis (P < .001) and HBeAg™ group
(P < .05), while the AST level of the antiviral group, was still
30% lower than that in the group without antiviral (P < .05)
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(Figure 4D-F). In addition to 1.2-fold increasing AFP in HBV
patients with cirrhosis compare to CHB patients without cir-
rhosis (P < .05), the level of AFP in HBV-HCC patients with
antiviral therapy was ~60% lower than those in the patients
without no-antiviral (P < .05). Moreover, there was no signif-
icant decrease in the AFP levels of CHB-HCC patients with
HBeAg or with cirrhosis compared to patients with HBeAg™*
or with cirrhosis (P > .05) (Figure 4G-I). Although NLR has
no significant difference in each subgroup of CHB (P > .05),
antiviral therapy in HBV-HCC patients reduce >19% NLR
scores (P < .001) (Figure 4J-L).

Among HBeAg* CHB patients, the AFP of the cirrhotic
group was ~1.2-fold higher than those in the without cirrhotic
group (P < .05) (Figure S1E-H). Among CHB patients with
or without antiviral, AFP of cirrhotic group was 1.2- or 1.7-
fold higher than no-cirrhotic group (P < .05) or (P = .01), but
there was no significant difference in AFP between HBeAg
and HBeAg™ groups (Figure S11-L).

Among HBV-HCC patients (Figure S2), AFP of antiviral
group was 68% lower than no-antiviral group in patients with
cirrhosis (P = .005). Although there was no significant dif-
ference in AFP between HBeAg™ and HBeAg™ groups among
cirrhotic patients, AFP was ~1.1-fold higher in the HBeAg
group than that in the HBeAg* group among patients with-
out cirrhosis (P = .01) (Figure S2A-D). Among HBeAg"
patients, the AFP was 87% lower in the antiviral group than
that in the group without antiviral (P < .01) (Figure S2E-
H). Among patients without antiviral, serum AFP of cirrhotic
group was ~5.2-fold higher than that group without cirrhosis
(P < .05) (Figure S2I-L).

3.4 | Diagnostic accuracy of serum
biomarkers for detecting HBV-HCC

AUC, sensitivity, specificity, LR+, and LR-, as well as,
optimal cut-off for serum biomarkers (ALT, AST, AFP,
and NLR) for diagnosing HBV-HCC are shown in Table 3.
AUC values for ALT, AST, AFP, and NLR were 0.533
(0.501-0.565), 0.696 (0.666-0.725), 0.84 (0.815-0.862),
and 0.684 (0.654-0.713) with optimal cut-off values of
43 TU/mL, 38 TU/mL, 7.21 ng/mL, and 2.61, respectively
(Table 3). Among them, AFP showed the highest sensitiv-
ity (0.874) and specificity (0.744), while NLR individually
showed the second highest sensitivity (0.807) and specific-
ity (0.513).

Moreover, due to relatively lower sensitivity (0.616 or
0.675) and specificity (0.459 or 0.641) of ALT and AST,
the diagnostic value of combined biomarkers was evalu-
ated. The different combinations of these biomarkers were
summarized in Table 4. Among all the alternative combi-
nations of two biomarkers for diagnosis of HBV-HCC, AFP
combined with NLR was the highest AUC (0.865) with a

significantly higher specificity (0.739) compared to other
combinations of biomarkers. However, the suboptimal com-
bination of AFP plus ALT or AST demonstrated the highest
sensitivity (0.918 or 0.926) with relatively lower specific-
ity (0.724 or 0.693). Considering the limited sensitivity or
specificity of the combination of the two markers, we tried
to utilize AFP combined with more biomarkers for detect-
ing HBV-HCC. Among all of the combinations with three
biomarkers, AUC of the combination of AFP, ALT, and
AST was 0.89, with the highest sensitive (0.888) and high-
est specificity (0.777) (Table 4). Furthermore, AFP plus
ALT, AST, and NLR, showed the highest AUC (0.897)
among all the three-marker combinations, with sensitivity
(0.877) and highest specificity (0.777). Based on these pa-
rameters and binary logistic regression analysis, the final
equation was established: Y = —2.044 + 0.027 x AFP-
0.029 x ALT+0.036 x AST+0.309 x NLR (Table S1), which
could be used for prediction of HBV-HCC among CHB
patients.

In the subgroup analysis, it was tested whether com-
bination of multi-indicator could provide better diagnos-
tic value, compared with single one. After stratification
of different age patients into subgroups, it was observed
that the AUC value of AFP combined with ALT, AST,
and NLR was 0.769 (95% CI: 0.727-0.808), significantly
better than AFP (P < .0001) alone or any joint indicators
in 40-60 years group. However, the diagnostic value of
this combination in other age group did not achieve sig-
nificance (Figure 5A). In the cirrhosis group, the AUC of
AFP plus ALT, AST, and NLR was 0.873 (95% CI: 0.836-
0.903); with a sensitivity of 0.898 and a specificity of
0.769, better than any single use of AFP (P = .0052) or any
indicator combination (Figure 5B). In the HBV-HCC pa-
tients without cirrhosis group, the AUC of joint biomarker
was 0.853 (95% CI: 0.82-0.882); but AUC values did not
reach significant difference between joint biomarkers and
AFP (P = .0513) (Figure 5C). In the HBeAg" group, the
AUC of AFP combined with ALT, AST, and NLR was
0.928 (95% CI: 0.896-0.952), superior to single use of AFP
(P = .0145) (Figure 5D). Moreover, the AUC of uniting
AFP with ALT, AST, and NLR was 0.885 (95% CI: 0.856-
0.91) in HBeAg™ group, offering more optimal value than
AFP (P = .0005) or other united indicators (Figure SE). In
addition, the AUC of AFP combined with ALT, AST, and
NLR was 0.876 (95% CI: 0.841-0.905) in antiviral group,
which was higher than the single diagnostic value of AFP
(P = .02) or any other combinations (Figure 5F). Among
the no-antiviral group, the AUC of the combined indicator
was 0.915 (95% CI: 0.887-0.938), provided higher diagnos-
tic performance than AFP (P = .0002) (Figure 5G).

In the present study, there were 181 (35.49%) HBV-
HCC and 481 (94.31%) CHB patients whose serum AFP
were lower than 20 ng/mL. Thus we further evaluated if the
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TABLE 2  Univariate and multivariate
analysis of risk factors associated with
HBV-HCC

Parameter
Age
Sex: male/female
ALT: <64/>64 IU/L
AST: <40/>40 IU/L
ALT: <35/>35 U/L
M),
<25/>25 U/L(F)
AFP:
<8.78/>8.78 ng/
mL
SII: <303.9/>303.9
NLR: <2.07/>2.07
PLR: <97.5/>97.5
Cirrhosis: No/Yes

HBeAg negative/
positive

Without/with
antiviral therapy

HBYV DNA:
<2000/>2000
IU/mL
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Univariate analysis P Multivariate analysis P

OR (95% CI) value OR (95% CI) value
1.114 (1.099-1.13) <.05 1.103 (1.077-1.129) <.05
3.309 (2.401-4.561) <.05 2.547 (1.387-4.676) <.05
2.145 (1.639-2.806) <.05 11.997 (5.074-29.665)  <.05
3.504 (2.693-4.56) <.05 4.901 (2.204-10.899)  <.05
1.008 (0.783-1.297) NS NA
24.238 (16.811-34.945) <.05 23.552 (12.275-45.19) <.05
1.077 (0.837-1.385) NS NA
0.341 (0.263-0.443) <.05 0.424 (0.253-0.709) <.001

0.872 (0.678-1.122) NS NA

36.129 (25.007-52.198)  <.05 19.046 <.05
(10.763-33.705)
3.02 (2.309-3.951) <.05 2.004 (1.13-3.554) <.05
0.804 (0.625-1.033) NS 0.407 (0.234-0.708) <.001
1.309 (1.016-1.688) <.05 NA

Abbreviations AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NLR,

neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio, HBeAg, hepatitis B e antigen.; SII, systemic

immune-inflammation index.

combined biomarkers could improve the diagnostic accuracy
for HBV-HCC. The AUC of AFP combine with ALT, AST,
and NLR was 0.807 (95% CI 0.774-0.836), showing diagnos-
tic value was significantly better than other indicators and
any other combinations (P < .001) (Figure 5SH). Thus, AFP
combination of ALT, AST, and NLR was superior to any sin-
gle indicator or any combinations of each biomarkers, except
in the CHB patients without cirrhosis group, and displayed a
good diagnostic performance for detecting HBV-HCC among
almost all subgroups.

4 | DISCUSSION
AFP is still routinely used in clinical practice as a conven-
tional and relatively highly effective promising biomarker for
surveillance and diagnosis for HCC over the past decades,
despite small false positive or negative rates.®’ Although
there are some biomarkers developed, such as des-y-carboxy
prothrombin (DCP),"® Glypican-3 (GPC3),'® and alpha-feto-
protein-L.3 (AFP-L3),% there is room to improve the diag-
nostic value for HCC, partially due to technique demand.”!
Our current study observed that AFP accurately predicts the
development of HBV-HCC in CHB patients with a diagnostic

accuracy that was superior to any single test, including ALT,
AST, or NLR, suggesting that AFP still has a relatively high
and stable diagnostic value for the HBV-HCC in the Chinese
population. Thus, the importance of AFP is not replaceable by
other novel biomarkers yet, mainly due to economic/financial
reason. This is supported by another study that reveals the com-
bination of AFP plus ultrasonography is higher sensitivity than
ultrasonography alone for early HCC detection in patients with
cirrhosis ? further suggesting that other combinations may pos-
sibly improve the diagnostic accuracy of HBV-HCC.

Our univariate and multivariate analysis revealed that
abnormal serum ALT, AST, AFP level, NLR and age, sex,
cirrhosis, HBeAg*, or therapy were all individual indepen-
dent risk factors for HBV-HCC. Thus, regular monitoring of
these biomarkers may be very useful in predicting the inci-
dence of development of HBV-HCC. This is consistent with
0thers,6’22'24 showing that ALT, AST, AFP, NLR, age, sex,
cirrhosis, HBeAg*, and antiviral therapy probably are inde-
pendent predictors for the development of HBV-HCC. Thus,
regular screening of these CHB patients could improve the
success in predicting/discovering HBV-HCC.

In our current study, AFP in HBV-HCC patients receiv-
ing antiviral treatment was significantly lower than that in
the no-antiviral group, despite the observation that antiviral
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therapy did not alter serum AFP of CHB patients, suggesting
that antiviral therapy will not be able to abolish completely
the incidence of HBV-HCC.

However, it has been reported that antiviral therapy im-
proves the prognosis of HBV-HCC patients,25 which is in line
with our data, showing that antiviral therapy also reduced
serum AFP. Interestingly, we also found that the AFP of the
cirrhotic group was significantly higher than that of the non-
cirrhosis group among CHB patients, but AFP showed no
significant difference between the cirrhosis and without cir-
rhosis groups in HBV-HCC patients. Our explanation is that

AFP is also regulated by persistence of HBV activation, sex,
and tumor size. Our finding may reflect that AFP level is also
regulated by other factors, such as HBV sustained activity,
supported by the literature.>” Thus, AFP may not be used
as the only indicator for predicting/ diagnosis of HBV-HCC.

Through subgroup analysis, we found that antiviral ther-
apy significantly reduced AFP in HBV-HCC patients with
HBeAg+, as well as, in the HBV-HCC patients with cirrhosis
compare to patients without these factors. Among no-cir-
rhotic patients, the average level of AFP in the HBeAg™ group
was significantly higher than that in the HBeAg" group,
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FIGURE 5 ROC curves of AFP and AFP combined ALT, AST,
and NLR diagnosis for HBV-HCC. ROC curves for AFP and AFP
combined ALT, AST, and NLR in predicting the presence of HBV-
HCC in the 40-60 years group (A), cirrhosis group (B), no-cirrhosis
group (C), HBeAg* group (D), HBeAg group (E), antiviral group (F),
no-antiviral group (G), AFP < 20 ng/mL group (H)

suggesting we should be wary about the possibility to de-
velop HCC among these CHB patients. According to a large
scale study in Greece, HCC risk remains increased in ente-
cavir-treated HBeAg" CHB patients with cirrhosis, particu-
larly of older age, at least for the first 5 years of antiviral
initiation.”® The data from our current study and the above
results, indicate the advantage of regular monitoring of HCC
among HBeAg™ patients to improve the management of HBV-
HCC.” 1t has also been reported that the majority of HBV-
HCC with low to normal HBV DNA, but without antiviral
treatment were HBeAg’, suggesting that antiviral therapy
is critical even in these patients with normal HBV DNA.*®

Taken together antiviral therapy can effectively reduce the
incidence of HCC among HBeAg" CHB patients. It is nec-
essary to be wary about the development of HCC among
HBeAg  patients with abnormal AFP, because of the similar
HCC incidence between HBeAg™ and HBeAg* patients.

Abnormal ALT is another predictor for HCC development
222930 which is confirmed by our study, showing that ele-
vated ALT was a key risk factor for CHB-HCC. This is sup-
ported by other reports that long-term abnormalities in serum
levels of ALT are independent predictors for HCC.?%*3 In
addition, abnormal serum ALT levels after antiviral therapy
are significant risk factor for the development of HCC, while
rapidly normalized ALT might minimize the risk of HCC
development in patients with HBV-associated cirrhosis.?>*?
Therefore, sustained antiviral therapy is needed to reduce ab-
normal serum ALT level and decrease the risk of HBV-HCC.
Additionally, it is worth noting that the cut-off value of ALT
was 38 IU/mL in our current study which is lower than the
Chinese national standard at 65 IU/L. Once AASLD standard
(the ALT cut-off 35 IU/L in male and 25 IU/L in female) was
applied,15 abnormal ALT was not the risk factor for HBV-
HCC, suggesting that AASLD standard may not be the best
to be used in the Chinese population.

A high level of AST correlates with a greater influx of
HBYV, that is associated with decreased overall survival in
HCC patients.3 3 In the present study, we determined that ab-
normal AST level is an independent factor associated with
HBV-HCC. Although serum AST concentration was not sig-
nificantly different between CHB patients with cirrhosis and
without cirrhosis in the current study, the level of AST in
HBV-HCC patients was significantly higher in the patients
with cirrhosis than those without cirrhosis. However, the
literature shows that AST levels are significantly different
between patients with CHB and those with cirrhosis, and
AST could be an independently predictor in cirrhosis CHB
patients.33 Such discrepancy between our data and the litera-
ture may be due to the difference in races, and/or difference
in viral genotypes.

NLR, a simple biomarker, is available through routine
clinically examination.** In the present study, NLR was an
independent biomarker in predicting HBV-HCC within a
larger cohort. In addition, the combination of NLR, ALT,
AST, and AFP improves the diagnostic accuracy for HBV-
HCC. However, there was no benefit in diagnostic accuracy
when any of these two biomarkers was applied. Interestingly,
it is reported that the combination of NLR plus AFP is a re-
liable predictive biomarker in the diagnosis of HCC with any
original etiology."* Thus, our explanation for the difference
between ours and other studies may be due to: we focused
on HBV-HCC only with large patients size, whereas theirs
are any causes with relatively smaller patient size. We re-
vealed that the significantly elevated NLR was observed in
the HBV-HCC compare to CHB only patients, but antiviral
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therapy significantly reduced NLR scores among HBV-HCC
patients. This is in line with others showing that elevated
NLR correlated with higher risk of HCC 3* and antiviral
treatment decreases the risk of HCC in patients with CHB.>>
37 Furthermore, Pinato et al show that elevated NLR is asso-
ciated with HCC stage, particularly the patients with a higher
NLR level tending to have greater possibility of extrahepatic
spread.38 However, our data suggest NLR has good diagnostic
performance for detecting HBV-HCC, which might indicated
that NLR performs as potential critical role for diagnosis of
different HBV-HCC stages.

Although ALT, AST, and NLR could not be used alone as a
surrogate biomarker for HBV-HCC screening in CHB patients,
our studies provided some evidence that adding ALT, AST,
and NLR to AFP outperformed the diagnosis for HBV-HCC
compared with AFP alone or any other combinations. This
observation is consistent with several other studies,24’27’39‘4(J
showing that both CHB and HBV-HCC had a strong male
(65.88% or 86.47%) preponderance. It is implied that due
attention should be paid to elderly male CHB patients who
have higher risk for HBV-HCC. Moreover, AFP combine with
ALT, AST, and NLR achieved significantly better diagnostic
performance only in 40-60 years patients for HBV-HCC than
AFP and any other combinations among different age patients,
which might mean that application value of AFP is still not
the best indicator in young or over 60-year-old patients. Apart
from the noncirrhosis group, we found that the diagnostic value
of AFP combined with ALT, AST, and NLR was superior to
AFP only for HBV-HCC among almost every subgroup. Such
combination achieved the best diagnostic performance with
highest AUC (0.807) with a sensitivity of 0.755 and specificity
of 0.726 in AFP < 20 ng/mL group in our study. Interestingly,
it is reported that the diagnostic value of AFP plus NLR pro-
vides optimal diagnostic value (AUC 0.762) in HCC." Our
study was to clarify the diagnostic role of AFP combine with
ALT, AST, and NLR among different subgroups. Thus, our
study may have a better clinical practice reference value for
diagnosis of HBV-HCC.

The strength of our current study is large patients’ group
size, adoption of stringent exclusion criteria and univariate
and multivariable analysis to minimize possible bias. Data
from the real world represent narrower spectrum of patients
than those in other clinical trials, in which chronic liver dis-
ease patients with several etiology are often included.

There are some limitations in the current studies: first, se-
lection bias could not be avoided in the retrospective study.
Second, further research is needed to clarify the diagnostic
value of elevated ALT, AST, and NLR in patients with different
clinical stages of HBV-HCC. Third, HBV-HCC stage and HBV
family history were not collected, which might influence the
screening value of AFP and HCC stage in the above subgroups.

We cautiously draw a conclusion that elder age, male, el-
evated AFP, ALT, AST, and NLR, cirrhosis, HBeAg+, and
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no-antiviral therapy were independent risk factors of HBV-
HCC. Additionally, AFP is still a relatively high sensitivity
and specificity biomarker for surveillance and diagnosis for
HBV-HCC, AASLD standard of ALT may not be most ap-
propriate for used in the Chinese population. The level of
AST and NLR has certain diagnostic value in HBV-HCC.
The diagnostic performance of AFP combined with ALT,
AST, and NLR for HBV-HCC is significantly superior to
single biomarkers or any other combinations among all pa-
tients and most subgroups, especially in normal serum AFP
concentration group and 40-60 years group, which will be
performed in further clinical practice.

5 | CONCLUSIONS

Elderliness, male, elevated ALT, AST, NLR, AFP, cirrho-
sis, HBeAg+, and no-antiviral treatment were independent
risk factors for HBV-HCC. AASLD standard of ALT cut-off
value may not be used as ideally as an option in the Chinese
population. Regular monitoring of HCC among HBeAg™ pa-
tients with abnormal AFP to improve the management of
HBV-HCC is recommended. The diagnostic performance
of AFP combined with ALT, AST, and NLR for HBV-HCC
was superior to single biomarker or any other combinations
among these patients.
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