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Abstract

Background and Aims: Chronic hepatitis B virus (HBV)
infection is a serious health problem worldwide. Evaluating
liver injury in patients with hepatitis B e antigen (HBeAg)-
negative chronic hepatitis B (CHB) with detectable HBV
DNA and normal alanine aminotransferase (ALT) is crucial
to guide their clinical management. We aimed to investi-
gate the stages of liver inflammation and fibrosis as well
as the predictive accuracy of gamma-glutamyl transpepti-
dase-to-platelet ratio (GPR) in these patients. Methods:
A total of 184 treatment-naive HBeAg-negative CHB pa-
tients with detectable HBV DNA and normal ALT were en-
rolled. The Scheuer scoring system was used to classify
liver inflammation and fibrosis. Results: The distribution
of patients with different liver inflammation grades were
as follows: GO, 0 (0%); G1, 97 (52.7%); G2, 68 (37.0%);
G3, 12 (6.5%); and G4, 7 (3.8%). The distribution of pa-
tients with different liver fibrosis stages were as follows:
S0, 22 (12.0%); S1, 72 (39.1%); S2, 42 (22.8%); S3,
19 (10.3%); and S4, 29 (15.8%). The areas under the re-
ceiver operating characteristic (AUROC) curves of GPR in
predicting significant inflammation, severe inflammation,
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and advanced inflammation were 0.723, 0.895, and 0.952,
respectively. The accuracy of GPR was significantly superior
to that of ALT in predicting liver inflammation. The AUROCs
of GPR in predicting significant fibrosis, severe fibrosis, and
cirrhosis were 0.691, 0.780, and 0.803, respectively. The
predictive accuracy of GPR was significantly higher than
that of aminotransferase-to-platelet ratio index (APRI) and
fibrosis index based on four factors (FIB-4) in identifying
advanced fibrosis and cirrhosis, and it was superior to FIB-
4 but comparable to APRI in identifying significant fibrosis.
Conclusions: Nearly half of the HBeAg-negative CHB pa-
tients with detectable HBV DNA and normal ALT levels had
significant liver inflammation or fibrosis. GPR can serve as
an accurate predictor of liver inflammation and fibrosis in
these patients.
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Introduction

Chronic hepatitis B virus (HBV) infection is a serious health
problem worldwide, and it can cause a series of manifes-
tations, including liver cirrhosis, liver failure, and hepato-
cellular carcinoma.! Antiviral therapy can prevent disease
progression and reduce the risk of adverse events in pa-
tients with chronic hepatitis B (CHB).2:3 Patients with either
hepatitis B e antigen (HBeAg)-positive or -negative immune
active phase are recommended antiviral treatment, accord-
ing to current guidelines.23 However, a substantial number
of HBeAg-negative CHB patients with detectable HBV DNA
and normal alanine aminotransferase (ALT) levels are not
recommended antiviral treatment.2:3 Previous studies have
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reported that normal ALT levels do not mean the absence of
significant liver injury.#-¢ In addition, high HBV DNA levels
were associated with significant liver inflammation and fi-
brosis in HBeAg-negative CHB patients with normal ALT lev-
els.” A retrospective study that enrolled 286 patients with
HBeAg-negative CHB showed that nearly a third of patients
with normal ALT levels had significant liver inflammation or
fibrosis.8 Choi et al.® reported that untreated HBeAg-nega-
tive CHB patients with normal ALT and high HBV DNA levels
had a higher risk of advanced events than treated immune-
active CHB patients did. Thus, identifying the stages of liv-
er inflammation and fibrosis in these patients is crucial to
guide their clinical management.

Liver biopsy (LB) is considered the gold standard to
evaluate liver injury in chronic liver diseases.'® Nonethe-
less, LB cannot be widely used in clinical practice owing to
limitations such as high cost, potential complications, and
sampling errors.10-13 Transient elastography (TE) was re-
ported as a promising method to evaluate liver fibrosis in
patients with CHB.1#4-16 However, the accuracy of TE could
be affected by various factors, including liver inflammatory
activity, obesity, and operator skills.1” In addition, nonin-
vasive indexes have been established by simple serologi-
cal markers to assess liver fibrosis and inflammation. The
aspartate aminotransferase-to-platelet ratio index (APRI)
and the fibrosis index based on the four factors (FIB-4) are
widely used to assess fibrosis in viral hepatitis,8-22 while
ALT is generally regarded as an indicator of liver inflam-
mation. However, numerous studies have demonstrated an
inconsistency between liver inflammation grade and ALT
levels in patients with CHB.8:23

Previous studies have reported that the gamma-glutamyl
transpeptidase (GGT)-to-platelet ratio (GPR) serves as a
simple and accurate index for predicting liver inflammation
and fibrosis in patients with CHB.2425 Lemoine et al.?4 re-
ported that GPR was more accurate than APRI and FIB-4 in
distinguishing liver fibrosis among patients with CHB. Our
previous study also reported that the accuracy of GPR in
predicting significant liver inflammation was superior to that
of ALT in patients with CHB.25 However, the predictive value
of GPR in HBeAg-negative CHB patients with detectable HBV
DNA and normal ALT levels is unclear. Therefore, through
this study, we investigated the stages of liver inflammation
and fibrosis in HBeAg-negative CHB patients with detect-
able HBV DNA and normal ALT levels, and assess the diag-
nostic accuracy of GPR in liver inflammation and fibrosis in
these patients.

Methods
Patients

Consecutive patients with CHB who underwent LB at Huai’an
No. 4 People’s Hospital (Huai’an, China) and Nanjing Drum
Tower Hospital (Nanjing, China) between April 2004 and
September 2020 were retrospectively enrolled. Patients who
had CHB concurrent with other viral hepatitis, consumed a
significant amount of alcohol (=30 g of alcohol per day for
men and =20 g of alcohol per day for women), had nonal-
coholic fatty liver disease, primary biliary cirrhosis, autoim-
mune hepatitis, and other chronic liver diseases, had CHB
concurrent with malignant tumors before and at the time of
LB, and had undergone organ transplantation before enroll-
ment were excluded.

Written informed consent was obtained from all patients
prior to enrolment. The study was performed according to
the Declaration of Helsinki and approved by the Ethics Com-
mittees of the Nanjing Drum Tower Hospital and Huai’ No.
4 People’s Hospital.
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LB and laboratory test

Ultrasonographic-guided LB was routinely performed in pa-
tients with CHB. All the LB specimens were processed by
formalin fixation, paraffin-embedded, and stained with he-
matoxylin and eosin. Histological specimens were reviewed
by experienced pathologists who were blinded to the clini-
cal characteristics of the patients according to the Scheuer
scoring system.26 The clinical and laboratory data were col-
lected from the electronic medical charts of the above two
centers. The upper limit of normal (ULN) of ALT in the study
was 40 U/L. The cut-off value of detectable HBV DNA was
500 IU/mL in Huai‘an No. 4 People’s Hospital, while the cut-
off value of detectable HBV DNA was 20 IU/mL in Nanjing
Drum Tower Hospital. Autoantibody screening was routinely
performed to exclude concomitant autoimmune liver dis-
eases, including antinuclear antibody, anti-smooth muscle
antibody, and antimitochondrial antibody.27-2°

Noninvasive prediction indexes and calculation for-
mulae

The calculation formulae of noninvasive prediction indexes
were as follows: GPR = (GGT [U/L]/ULN of GGT)/platelet
count (109/L) x 100;2430 APRI = (AST [U/L]/ULN of AST)/
platelet count (10°/L) x 100;3! FIB-4 = (age [years] x AST
(U/L))/ (platelet count [109/L] x (ALT [U/L])Y/2).31

Statistical analyses

Continuous variables are presented as the median (inter-
quartile range) and categorical variables as percentages.
The predictive values of GPR for liver inflammation and
fibrosis were evaluated using the area under the receiver
operating characteristic curve (AUROC). Differences be-
tween the AUROCs were tested using the z-test. The cut-off
values were determined by Youden’s index, which was the
optimal combination of sensitivity and specificity. Data were
analyzed using SPSS version 22.0 software (IBM Corp., Ar-
monk, NY, USA) and SigmaPlot version 12.5 (Systat Soft-
ware Inc., San Jose, CA, USA). A p-value <0.05 was consid-
ered statistically significant.

Results

Patient characteristics

In total, 1,241 consecutive patients with CHB were includ-
ed, of whom 1,057 were excluded according to the exclu-
sion criteria (Fig. 1). Finally, a total of 184 HBeAg-negative
CHB patients with detectable HBV DNA and normal ALT
levels were included for analysis. The clinical characteris-
tics of the patients are shown in Table 1. The median pa-
tient age was 43 years, and 52.2% of them were male. The
median HBV DNA and hepatitis B surface antigen (HBsAg)
levels were 3.7 log,, IU/mL and 2,567.6 IU/mL, respec-
tively. The liver inflammation grades of the patients were
distributed as follows: GO, 0 (0%); G1, 97 (52.7%); G2,
68 (37.0%); G3, 12 (6.5%); and G4, 7 (3.8%), respec-
tively. The liver fibrosis stages of the patients were distrib-
uted as follows: SO, 22 (12.0%); S1, 72 (39.1%); S2, 42
(22.8%); S3, 19 (10.3%); and S4, 29 (15.8%) (Fig. 2).
About 47.3% of patients had significant liver inflammation
(=2G2) and 48.9% of patients had significant liver fibrosis
(=S2).
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Fig. 1. Flow diagram describing the selection of the study population.

Table 1. Baseline characteristics of the study population

Characteristics Patients with CHB, n=184

Age (years) 43.0 (36.0-50.0)

Male (%) 96 (52.2)

Hb (g/L) 136.4 (123.0-150.0)
PLT (x 10%/L) 173.8 (135.0-208.5)
ALT (U/L) 23.7 (16.0-30.9)
AST (U/L) 23.2 (18.8-27.7)
GGT (U/L) 27.6 (12.5-28.0)
Tbil (umol/L) 14.0 (9.1-17.0)

ALB (g/L) 43.4 (40.8-46.2)

HBsAg (IU/mL)
HBV DNA (log,, IU/mL)

2,567.6 (191.2-3,494.4)
3.7 (1.7-5.1)

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CHB, chronic hepatitis B; GGT, gamma-glutamyl transferase; GLB, globulin; Hb,
hemoglobin; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; PLT,
platelet; Tbil, total bilirubin; PT, prothrombin time.
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Comparisons of AUROCSs for predicting liver inflam-
mation grades between GPR and other indexes

The ROC curves of GPR and ALT for predicting significant
liver inflammation (=G2), severe liver inflammation (=G3),
and advanced liver inflammation (G4) are shown in Figure
3 (panels A, B, and C, respectively). The predictive accu-
racy of GPR was compared with that of ALT, as shown in
Table 2. The AUROCs of GPR in predicting significant liver
inflammation, severe liver inflammation, and advanced liv-
er inflammation were 0.723 (95% confidence interval [CI]:
0.647 to 0.800, p<0.001), 0.895 (95% CI: 0.831 to 0.959,
p<0.001), and 0.952 (95% CI: 0.915 to 0.988, p<0.001),
with optimal cut-off values of 0.240, 0.534, and 0.671, re-
spectively. The AUROCs of GPR were significantly higher
than those of ALT in predicting significant liver inflamma-
tion (p=0.042), severe liver inflammation (p=0.001), and
advanced liver inflammation (p=0.026).

Comparisons of AUROCSs for predicting liver fibrosis
stages between GPR and other indexes

The ROC curves of GPR, APRI, and FIB-4 for predicting sig-
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Fig. 2. Distribution of liver inflammation grades and fibrosis stages among the HBeAg-negative CHB patients with detectable HBV DNA and normal
ALT levels. ALT, alanine aminotransferase; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus.
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Fig. 3. ROC curves for predicting liver inflammation and fibrosis between GPR and other indexes in the HBeAg-negative CHB patients with detectable
HBV DNA and normal ALT levels. ALT, alanine aminotransferase; CHB, chronic hepatitis B; GPR, gamma-glutamyl transpeptidase-to-platelet ratio; HBeAg, hepatitis
B e antigen; HBV, hepatitis B virus; ROC, receiver operating characteristic.
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Table 2. Diagnostic accuracy of different indexes for prediction of liver inflammation in HBeAg-negative CHB patients with detectable HBV DNA and

normal ALT levels

optimized  sensitivity (%) Specificity (%) AUC (95%CI) p-value P-value of ROC

G>2

ALT (U/L)  25.9 52.87 68.04 0.630 (0.550, 0.710) 0.002  0.042

GPR 0.240 68.60 72.63 0.723 (0.647, 0.800) <0.001 -
G=3

ALT (U/L)  30.9 52.63 79.19 0.732 (0.622, 0.841)  <0.001  0.001

GPR 0.534 78.95 90.59 0.895 (0.831, 0.959) <0.001 -
G4

ALT (U/L)  28.9 71.43 71.35 0.748 (0.567, 0.929) 0.025  0.026

GPR 0.671 100.00 89.56 0.952 (0.915, 0.988) <0.001 -

*Compared with GPR. ALT, alanine aminotransferase; AUROC, area under the receiver operating characteristic curve; CI, confidence interval; GPR, gamma-glutamy!l

transpeptidase-to-platelet ratio.

0.614 to 0.768, p<0.001), 0.780 (95% CI: 0.703 to 0.857,
p<0.001), and 0.803 (95% CI: 0.721 to 0.884, p<0.001),
with optimal cut-off values of 0.208, 0.240, and 0.277, re-
spectively. GPR was significantly superior to APRI and FIB-4
in predicting advanced liver fibrosis (p=0.022 and p=0.022)
and cirrhosis (p=0.028 and p=0.010), while it was superior
to FIB-4 (p=0.035) but comparable to APRI (p=0.088) in
predicting significant liver fibrosis.

Discussion

Current treatment guidelines do not recommend HBeAg-
negative patients with CHB with normal ALT and detect-
able HBV DNA levels as candidates for antiviral therapy.2:3
However, previous studies have reported that these pa-
tients present significant liver injury and are at a high risk
of adverse events.32 A retrospective study that enrolled 126
HBeAg-negative CHB patients with normal ALT and detect-
able HBV DNA levels showed that 23.1% of patients had
significant liver inflammation and 10.8% of patients had

significant liver fibrosis.® Another study reported that un-
treated HBeAg-negative patients with CHB with high HBV
DNA levels and without significant ALT elevation had a high-
er risk of adverse clinical events than treated active-phase
patients with elevated ALT did.® We also found that 47.3%
of patients had significant liver inflammation and 48.9% of
patients had significant liver fibrosis. The proportion of sig-
nificant liver injury in our study was higher than that in
the study by Alam et al.® A possible explanation is that the
median age of patients (43.0 years) in our study was signifi-
cantly higher than the median patient age in the previous
study (26.8 years).8 Thus, early assessment of liver inflam-
mation and fibrosis plays an important role in the evaluation
of disease severity and may help in deciding the antiviral
therapy in these patients.

Although LB is the gold standard for detecting liver injury,
it is not appropriate for all patients with CHB, owing to its
invasiveness and lack of repeatability.33 Given the short-
comings of LB, it is necessary to identify a simple noninva-
sive biomarker to estimate liver fibrosis and inflammation.
Several noninvasive predicting indexes of liver fibrosis have

Table 3. Diagnostic accuracy of different indexes for prediction of liver fibrosis in HBeAg-negative CHB patients with detectable HBV DNA and normal

ALT levels
optimized  sensitivity (%) Specificity (%)  AUC (95%CI) p-value ~P-value of ROC
5>2
APRI  0.357 55.32 70.00 0.623 (0.542, 0.702)  0.003 0.088
FIB-4 2.486 21.28 1.000 0.593 (0.511, 0.676)  0.027 0.035
GPR  0.208 69.89 63.64 0.691 (0.614, 0.768) <0.001 -
5>3
APRI  0.382 62.50 69.85 0.691 (0.595, 0.788) <0.001  0.022
FIB-4 2.256 37.50 94.12 0.674 (0.579, 0.768)  <0.001  0.022
GPR  0.240 81.25 65.41 0.780 (0.703, 0.857) <0.001 -
s4
APRI  0.622 41.38 92.90 0.710 (0.597, 0.823) <0.001  0.028
FIB-4 2.256 41.38 90.97 0.671 (0.554, 0.788)  0.003 0.010
GPR  0.277 82.76 67.11 0.803 (0.721, 0.884) <0.001 -

*Compared with GPR. APRI, aspartate aminotransferase-to-platelet ratio index; AUROC, area under the receiver operating characteristic curve; CI, confidence interval;
FIB-4, fibrosis index based on the four factors; GPR, gamma-glutamyl transpeptidase-to-platelet ratio.
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been reported during the past decade. APRI and FIB-4 are
the most widely used surrogate indexes for predicting liver
fibrosis in patients with CHB.3435 However, these two in-
dexes showed only moderate accuracy for assessing liver
fibrosis in these patients.36:37 Although ALT is widely used to
evaluate liver inflammation activity, its accuracy has always
been controversial.*> Thus, there has been a lack of effec-
tive markers to predict liver inflammation.

GPR was initially developed to predict liver fibrosis in pa-
tients with CHB with a higher accuracy than that of APRI
and FIB-4.2% Our previous study also demonstrated that the
predictive performance of GPR was significantly superior to
that of ALT in patients with CHB.25:38 However, the predic-
tive accuracy of GPR in predicting liver inflammation and fi-
brosis remains unclear in HBeAg-negative CHB patients with
normal ALT and detectable HBV DNA levels. In this study,
we demonstrated that the accuracy of GPR was superior to
that of APRI and FIB-4 in predicting advanced fibrosis and
cirrhosis, as well as to ALT in predicting significant inflam-
mation, severe inflammation, and advanced inflammation.
Our results suggested that GPR could not only predict liver
fibrosis but also assess liver inflammation activity in HBeAg-
negative patients with CHB with normal ALT and detectable
HBV DNA levels.

GPR contains two simple serological markers of GGT and
platelet count. GGT is a microsomal enzyme that is widely
distributed in human tissues.3® Serum GGT is mainly de-
rived from hepatocytes and bile duct cell. Numerous hepa-
tobiliary diseases that induce hepatocyte injury can cause
GGT elevation, including viral hepatitis, nonalcoholic fatty
liver disease, and alcoholic liver disease.49:4! Ethanol intake
is an independent predictor of LC in patients with chron-
ic HCV infection and an independent predictor of death in
patients with hepatitis C virus or HBV infection.42 Platelet
counts have been verified to be associated with the sever-
ity of liver diseases.*344 Numerous studies have reported
that platelet counts were correlated with the degree of liver
injury.43.44

Although our study demonstrated that GPR is a promising
index for predicting liver inflammation and degree of fibro-
sis in HBeAg-negative CHB patients with normal ALT and
detectable HBV DNA levels, it has several limitations that
should be considered. First, this was a retrospective study,
and all data were obtained from just two centers. Second,
the sample size was relatively small. Third, the long-term
prognosis of these patients was unclear. The predictive val-
ue of GPR for adverse clinical events in these patients needs
to be evaluated in future studies. Fourth, the HBV geno-
types were unavailable, which may have affected the results
of our study. Fifth, the dynamic change of GPR was not ob-
served continuously. Therefore, our results should be fur-
ther validated by prospective and multicenter studies with
a larger sample size. Sixth, the lower limit of normal HBV
DNA was inconsistent between these two medical centers.
Thus, potential selection bias might exist in this study. Last,
although this study excluded patients with significant alco-
hol consumption, a few occasional-drinkers were enrolled.
Bedogni et al.*? reported that irrespective of the quantity
or frequency, alcohol consumption is able to aggravate liver
injury, which is a predictor of death in subjects with chronic
HBV infection. Thus, our results need to be validated in fu-
ture studies.

In summary, we observed that approximately half of
the HBeAg-negative CHB patients with normal ALT and de-
tectable HBV DNA levels presented significant liver inflam-
mation or fibrosis. GPR showed a high diagnostic accuracy
for liver inflammation and fibrosis in these patients. Thus,
use of GPR as a predictive index may reduce the need
for unnecessary LB and help assess liver injury in these
patients to identify those who would benefit from antiviral
therapy.
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