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Abstract

Background and Aims: Evaluation of significant liver fibro-
sis is important for treatment decision and treatment re-
sponse evaluation in patients with chronic hepatitis B. Since
liver biopsy is invasive and transient elastography (TE) has
limited availability, various non-invasive blood parameters
need evaluation for their capabilities for detection of signifi-
cant fibrosis. Methods: In this retrospective study, records of
patients who had undergone liver biopsy for treatment-naïve
chronic hepatitis B were evaluated to obtain various non-in-
vasive blood parameters (aspartate aminotransferase-to-pla-
telet ratio index [referred to as APRI], Fibrosis-4 score
[referred to as FIB-4], gamma-glutamyl transpeptidase-to-
platelet ratio [referred to as GPR], and gamma-glutamyl
transpeptidase-to-albumin ratio [referred to as GAR]), in ad-
dition to TE, to assess significant liver fibrosis and compare
these to fibrosis stage in liver biopsy. Results: A total of 113
patients were included in the study (median age 33 [inter-
quartile range: 11-82 years], 74% males). Most (75%) pa-
tients were HBeAg-negative. The liver biopsy revealed
significant fibrosis (Ishak $3) in 13% of the patients and nil
or mild fibrosis (Ishak <3) in 87% of the patients. TE findings
were available for 85 patients, APRI and FIB-4 for 95 patients,
GPR for 79 patients, and GAR for 78 patients. The median
values of all the parameters were significantly higher in pa-
tients with significant fibrosis, as compared to patients with
non-significant fibrosis, and all the blood parameters as well
as TE were able to identify patients with significant fibrosis
significantly well (p<0.05). All non-invasive parameters had
low positive predictive value but negative predictive value
above 92%. Compared to TE, all the non-invasive blood pa-
rameters had similar area under the curve for detecting sig-
nificant fibrosis, with excellent negative predictive value
($93%). Conclusions: Non-invasive blood parameters
(APRI, FIB-4, GPR, and GAR) with negative predictive values
above 93% are excellent parameters for ruling-out significant

fibrosis in patients with chronic hepatitis B. These can be used
at bedside in place of TE.
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Introduction

Of approximately 2 billion people who have been infected with
hepatitis B virus (HBV) worldwide, more than 248 million (5–
7% of the world’s population) suffer from chronic HBV
infection (CHB) and about 1 million of these die per year.1

India has over 40 million HBV carriers, accounting for 10-
15% of the total HBV carriers in the world.2

HBV has a complex natural history, and the interaction
between viral proteins and the immune system leads to a
cycle of hepatocyte damage and tissue repair.3 This repair
leads to progressive liver fibrosis over time, which can be
rapid, slow, or sporadic depending on disease state and the
degree of active liver inflammation and injury. The assess-
ment of liver fibrosis is vital to disease prognostication and
to determining the need for treatment as well as the response
to therapy. Studies in Asia and the USA have revealed that
20% to 30% of HBV carriers with persistently normal alanine
aminotransferase (ALT) levels and HBV DNA levels >10000
copies/mL have grade $2 inflammation and stage $2 fibrosis
on liver biopsy.4,5 A fair proportion of patients with CHB infec-
tion with normal ALT have HBV DNA $5 log copies/mL and
significant histologic fibrosis.5 At present, the gold standard
for assessment of liver fibrosis is liver histology using the
Ishak6 or METAVIR7 systems. However, liver biopsy is prone
to sampling error and substantial intra- and inter-observer
variability, leading to over- or under-staging of fibrosis;8 in
addition, the procedure also has significant morbidity, includ-
ing infections, major bleeding, and ascites leakage, and can
lead to mortality.9 Consequently, there is a need for non-inva-
sive methods to accurately diagnose the presence of liver
fibrosis and cirrhosis, especially while making a decision to
start antiviral therapy.

Transient elastography (TE) has been shown to be an
excellent non-invasive modality for assessment of fibro-
sis;10,11 however, it has limited availability, especially in
resource-poor countries. So various non-invasive blood
parameters need evaluation to find the most useful parame-
ter for ruling out significant fibrosis.
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A number of non-invasive models containing serum
markers, such as serum aspartate aminotransferase (AST)
to platelet ratio index (APRI),12–14 Fibrosis 4 score (FIB-4),15

gamma-glutamyl transferase (GGT)-to-platelet ratio
(GPR),16 and GGT-to-albumin ratio (GAR)17 have been
described in the literature. Among these markers, the FIB-4
and APRI12,18 are widely used to assess patients with chronic
hepatitis but their value for assessing patients who are
chronically infected with HBV remains controversial.19–22

Recently, GPR showed better performance than FIB-4 and
APRI in detecting liver fibrosis in CHB West African patients;
however, this was not true for French populations.23

There has been no published data from India evaluating
the performance of these non-invasive blood parameters for
ruling out significant fibrosis in patients with CHB. The aim of
the present study was to evaluate and find out the most useful
non-invasive blood parameter for ruling out significant fib-
rosis in CHB and to compare it with TE.

Methods

Patients

This was a retrospective study conducted in the Institute of
Liver, Gastroenterology & Panceatico-Biliary Sciences of Sir
Ganga Ram Hospital, New Delhi, India. Records of patients
with CHB who had undergone liver biopsy between February
2009 and May 2017 were analyzed. The study included
consecutive patients who fit the following inclusion criteria:
treatment-naïve CHB; age between 10 and 70 years; and had
undergone pre-treatment liver biopsy. The following patients
were excluded from the study: with co-infection with hepatitis
C virus, hepatitis A virus, hepatitis E virus or human immu-
nodeficiency virus; with significant cardiac and/or pulmonary
co-morbidities; renal dysfunction (serum creatinine >1.5 mg/
dL); grade 3-4 hepatic encephalopathy; with hepatocellular
carcinoma or other malignancies; with acute-on-chronic liver
failure; or with acute flare of hepatitis (serum bilirubin >4
mg/dL, AST or ALT >300 U/L).

The study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki. The study being a retro-
spective analysis of data did not require Ethics Committee
approval. Also, the retrospective analysis of data, without
revealing any patient’s identity, precluded requirement of
informed consent from patients.

Liver biopsy

Liver tissue (1.5-2 cm) was obtained by percutaneous or
transjugular biopsy by the Gastroenterologist and sent to the
Histopathology Department, where it was stained with hem-
atoxylin and eosin. Fibrosis staging was done according to the
modified Ishak grading system.6 Significant fibrosis was
defined as Grade III or more by modified Ishak grading.

Liver stiffness measurement by TE

Liver stiffness measurement was performed using a
FibroScanÒ device (Echosens, Paris, France), in accordance
with the manufacturer’s recommendations. Measurements
were made on the right lobe of the liver through intercostal
spaces, with the patient lying in a supine position with the
right arm in maximal abduction. The tip of the transducer
probe was covered with coupling gel and placed on the skin

between the rib bones at the level of the right lobe of the liver.
When the target area was located, the operator pressed the
probe button to commence the measurements. The measure-
ment depth was between 25 mm and 65 mm. Ten successful
measurements were performed on each patient. The results
were expressed in kPa. The median value was considered as
the liver stiffness. Interquartile range/median <30% and
success rate >60% were considered as good quality criteria
for TE. Patients with significant ascites underwent large
volume paracentesis before liver stiffness measurement. All
liver stiffness measurements were performed by a single
operator.

Laboratory tests

All blood samples were obtained within 1 day of liver biopsy.
Blood biochemical parameters included bilirubin, ALT, AST,
GGT, albumin, prothrombin time, and platelets. Virological
parameters included HBV serological markers and HBV DNA.
Non-invasive blood parameters were calculated as per the
recommended formulae:12,15–17

� APRI = (AST/ [upper limit of normal]/platelet [109/L]) X
100

� FIB-4 = (age [year] X AST [U/L]) / {(platelet [109/L]) X
(ALT [U/L]) 1/2}

� GPR = (GGT/upper limit of normal) X 100/platelet
� GAR = GGT/albumin

Statistical analysis

Quantitative data were expressed as median (interquartile
range) and compared using the Mann-Whitney U test or
Wilcoxon signed-rank test. Qualitative data were expressed
as number (%) and compared using Fisher’s exact test or
Pearson’s chi-square test. A p value of <0.05 was consid-
ered significant. Statistical analysis was conducted using
the SPSS 17.0 statistical package (SPSS Inc., Chicago, IL,
USA).

Results

Patients

A total of 129 patients were enrolled in the study; however,
16 patients were excluded due to following reasons: co-
infection with human immunodeficiency virus (n=1); renal
dysfunction (serum creatinine >1.5 mg/dL) (n=3); acute-
on-chronic liver failure (n=6); and acute flare of hepatitis
(n=6). Hence, the remaining 113 patients were included in
the study.

The demographic and biochemical parameters of the
included patients is given in Table 1. The median age was 33
(interquartile range of 14) years, and 77% were males. The
median HBV DNA was 23103 (interquartile range of 13105)
IU/dL, and 25% of the patients were positive for hepatitis B
e antigen. According to the modified Ishak grading system,
98 (87%) had non-significant fibrosis (Ishak stage <3),
while 15 (13%) of patients had significant fibrosis (Ishak
stage $3). Values of platelet count, GGT, albumin and pro-
portion of patients with hepatitis B e antigen positivity were
significantly different between patients with non-significant
and significant fibrosis (Table 1).
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Performance of TE in detecting significant fibrosis

TE findings were available for 85 patients, APRI and FIB-4 for
95 patients, GPR for 79 patients, and GAR for 78 patients. All
of the five parameters were available for 60 patients. Table 2
shows the comparison of median values of TE, APRI, FIB-4,
GPR, and GAR in patients with non-significant fibrosis to those
with significant fibrosis. The median values of all the param-
eters were significantly higher in patients with significant fib-
rosis, as compared to patients with non-significant fibrosis.

TE had an area under the curve of 0.793 (95% confidence
interval of 0.665, 0.921) in the receiver operating character-
istic curve for detecting significant fibrosis (Fig. 1). The area
under the curve values of APRI, FIB-4, GPR and GAR ranged
between 0.723 and 0.764 (Fig. 2), and these values were not
significantly different from the area under the curve of TE.
Thus APRI, FIB-4, GPR, or GAR can be used in place of TE
with similar accuracy.

Table 3 shows the best cut-off values along with positive
predictive values (PPVs) and negative predictive values
(NPVs) for all the non-invasive parameters for detecting sig-
nificant fibrosis. All parameters had NPV above 93%. TE had
the highest NPV (100%) at a cut-off of <5.35 kPa. Among the
blood parameters, GPR had highest NPV (95%) at a cut-off of
<0.444. The PPV of all the parameters were low; thus, all

these non-invasive tests can be best utilized for ruling out
significant fibrosis, rather than ruling in.

Table 4 shows a sub-group analysis of only those patients
which had data on all the 5 non-invasive parameters. There
were a total of 60 patients, and the AUC of all the parameters
was still above 0.690.

Discussion

In this study, we compared the diagnostic value of non-
invasive blood parameters (APRI, FIB-4, GPR, and GAR) for
assessing liver fibrosis in a patients with CHB and found that
these blood parameters have NPVs above 93% and are
excellent parameters for ruling-out significant fibrosis.
These data indicate that these parameters can be used at
bedside in place of TE, especially if the latter is not available.

Assessment of significant fibrosis is an important step for
decision-making of antiviral treatment in chronically HBV-
infected patients.24 The Indian National Asssociation for the
Study of the Liver (INASL) guidelines recommend that in
patients with hepatitis B e antigen-negative states, if ALT is
<80 U/L (i.e. <23upper limit of normal), HBV DNA is 2,000-
20,000 IU/mL, and if non-invasive or invasive assessment of
liver fibrosis does not show significant fibrosis, antiviral treat-
ment need not be started and these patients may be kept
under observation.2 Similarly, in patients with hepatitis B e

Table 1. Demographic and biochemical parameters of the study population

Parameters All patients, n=113
Patients with
Ishak <3, n=98

Patients with
Ishak $3, n=15 p value

Age in years 33 (14) 32 (12) 45 (24) 0.138

Sex
Males
Females

87 (77%)
26 (23%)

74 (76%)
24 (24%)

13 (87%)
2 (13%)

0.514

Hemoglobin in g/L 14.3 (2.1) 14.3 (2.2) 14.0 (3.7) 0.637

White blood cells as 3103/L 7.0 (3.3) 7.0 (3.1) 5.9 (6.0) 0.992

Platelets as 3106/L 184 (92) 187 (96) 160 (94) 0.013

Creatinine in mg/dL 0.8 (0.3) 0.8 (0.3) 0.8 (0.5) 0.159

Bilirubin in mg/dL 0.7 (0.4) 0.7 (0.4) 0.7 (0.4) 0.615

Aspartate aminotransferase in U/L 32 (22) 32 (19) 69 (114) 0.080

Alanine aminotransferase in U/L 38 (40) 36 (29) 85 (144) 0.064

Gamma-glutamyl transpeptidase in U/L 21 (23) 20 (20) 41 (46) 0.019

Serum alkaline phosphatase in U/L 90 (45) 88 (44) 98 (48) 0.089

Albumin in g/L 4.3 (0.5) 4.3 (0.6) 4.2 (1.3) 0.041

International normalized ratio 1.1 (0.2) 1.1 (0.1) 1.1 (0.2) 0.178

HBV DNA in IU/dL 23103 (13105) 23103 (53104) 23104 (53107) 0.512

Hepatitis B e antigen-positive 25% 17% 53% 0.006

Ishak fibrosis stage
0
1
2
3
4
5
6

69 (61%)
25 (22%)
4 (4%)
4 (4%)
2 (2%)
5 (4%)
4 (4%)

69 (70%)
25 (26%)
4 (4%)

4 (27%)
2 (13%)
5 (33%)
4 (27%)

-

All values are median (interquartile range) or number (%).
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antigen-positive state, if ALT is 40-80 U/L, HBV DNA is
>20,000 IU/mL, and if non-invasive or invasive assessment
of liver fibrosis does not show significant fibrosis, antiviral
treatment need not be started as these patients are consid-
ered to be in the immune-tolerant phase.2

In the past (over one decade), TE has gained importance
as one of the best non-invasive tests to assess liver fibrosis.
In our study, TE had the best area under the receiver
operating characteristic curve (0.793) compared to the
blood parameters. In addition, our cut-off of 5.35 kPa for TE
for significant fibrosis was similar to that in a previous French
study on 1307 patients which gave a cut-off of 5.2 kPa25 and
another study from India which gave a cut-off of 6 kPa.26 We
found TE to have the best NPV of 100% when using this cut-
off. However, TE has many disadvantages. It is not universally
available, especially in resource-poor settings; its applicabil-
ity is approximately 80%, which is lower than that of serum
biomarkers, especially when used in the presence of ascites,

obesity, and limited operator experience. It can also lead to
false positive values in the case of acute hepatitis, extra-
hepatic cholestasis and liver congestion. Finally, it is unable
to discriminate between intermediate stages of fibrosis, it
requires a dedicated device, and it does not allow for a
region of interest to be chosen.27 In contrast, non-invasive
serum biomarkers have many advantages: They do not
require extra cost and are widely available, can be assessed
both in in-patient and out-patient settings, have good repro-
ducibility and high applicability, and most are well validated.27

However, with the multitude of blood parameters, with
varying sensitivities and specificities, the best parameter for
detection of or for ruling-out significant fibrosis needed eval-
uation. Hence, in this study, we included commonly used
parameters which are available even in most resource-poor
settings.

We found that the NPVs of all non-invasive blood param-
eters were nearly similar and $93%. So, all these parameters
were found to have similar and excellent performance in
ruling-out significant fibrosis in CHB patients (in comparison
to liver biopsy). The best cut-off values of GPR, APRI, FIB-4
and GAR, especially for ruling-out of significant fibrosis, were
0.935, 2.324, 0.444 and 17.848. However, the ruling-in
performance of these parameters was low, with PPVs of
GPR, APRI, FIB-4 and GAR at 28%, 33%, 37% and 35%
respectively. GPR was found to have slight superiority
because of the highest NPV of 95%, while the NPVs of APRI,
FIB-4 and GAR were 93%, 93% and 92% respectively.

APRI is the oldest and probably the most widely used non-
invasive parameter to assess liver fibrosis,12,22,28 and even
portal hypertension.13,14 In our study, we found the area
under the receiver operating characteristic curve of APRI for
significant fibrosis was 0.723, and 0.935 was the best cut-off.
Our results are similar to a meta-analysis of 17 studies29

(n=3,573) that assessed APRI, and found the area under
the summary receiver operating characteristic curve to be
0.77, which is almost similar to the area under the receiver
operating characteristic curve in our study of 0.723. Another
meta-analysis of five studies found that a cut-off of 0.5 for
APRI gave a specificity of 41%, while a cut-off of 1.5 of APRI
gave a specificity of 84% for detection of significant fibrosis.28

After APRI, the next non-invasive parameter which
became popular was FIB-4.15 In a meta-analysis29 of 10
studies assessing the FIB-4 for the prediction of significant
fibrosis (n=1,996), the area under the summary receiver
operating characteristic curve was 0.75, which is similar to
the area under the receiver operating characteristic curve of
0.764 in our study.

Fig. 1. Receiver operating characteristic curve for TE for detecting sig-
nificant fibrosis.

Abbreviations: AUC, area under the curve; CI, confidence interval; TE,
transient elastography.

Table 2. Comparison of non-invasive tests between patients with and without significant fibrosis

Patients with Ishak <3, n=98 Patients with Ishak $3, n=15 p value

Transient elastography, n=85 5.4 (2.8) 12.0 (12.6) 0.004

APRI, n=95 0.45 (0.35) 0.79 (2.34) 0.013

FIB-4, n=95 0.94 (0.68) 1.92 (3.00) 0.003

GPR, n=79 0.24 (0.22) 0.46 (1.03) 0.009

GAR, n=78 4.87 (4.64) 17.98 (21.44) 0.013

All values are median (IQR).

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, Fibrosis-4; GAR, gamma-glutamyl transpeptidase-to-albumin ratio; GPR, gamma-glutamyl
transpeptidase-to-platelet ratio.
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APRI and FIB-4 have been compared in many previous
studies and meta-analyses and FIB-4 was found to be slightly
superior. In a study Lin et al.,30 FIB-4 and APRI were com-
pared to evaluate their diagnostic values in identifying signifi-
cant fibrosis and cirrhosis among 631 CHB patients. FIB-4 had
a significantly higher area under the receiver operating char-
acteristic curve than APRI to identify significant fibrosis and
cirrhosis. Using FIB-4 outside the 0.87-3.40 range, significant
fibrosis could be excluded in 69.2% of patients and cirrhosis
could be diagnosed in 84.4%.30 Another meta-analysis of 39
studies found that the mean area under the summary receiver
operating characteristic curve value of FIB-4 was higher than
that of APRI (0.76 vs. 0.72) for predicting significant fibro-
sis.21 Similar results were shown by Houot et al.31 in their
meta-analysis, where FIB-4 had better performance than
APRI. A recent large study of almost 4000 patients (the

SONIC-B study aimed at ruling-out cirrhosis) also found
FIB-4 performing better than APRI.22 In contrast to these
studies, a small Indian study found APRI to be superior to
FIB-4 and Forn’s index. The study found NPV of APRI to be
95% for excluding significant liver fibrosis, while FIB-4 with a
PPV of 61% showed fair correlation with significant fibrosis.32

Moreover, the World Health Organization recommend the use
of APRI for estimating liver fibrosis in patients with CHB,
where limited availability of resources was an issue.24

The next non-invasive parameter was GPR, which was
developed in France and Western Africa to evaluate fibrosis in
subjects with HBV, particularly in low-resource settings. The
investigators had compared GPR with APRI and FIB-4 and
found that the area under the receiver operating character-
istic curve value of GPR was significantly superior to APRI and
FIB-4 at identifying $F2 and $F3 in the African training and

Fig. 2. Receiver operating characteristic curves for detecting significant fibrosis. (A) APRI, (B) FIB-4, (C) GPR, and (D) GAR.

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, Fibrosis-4; GAR, gamma-glutamyl transpeptidase-to-albumin ratio;
GPR, gamma-glutamyl transpeptidase-to-platelet ratio.
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validation cohorts.23 Another comparative evaluation of GPR
versus APRI and FIB-4 in predicting different levels of liver
fibrosis of CHB also found that GPR had the best performance
among the three. Using a cut-off of GPR >0.50 as standard,
the sensitivities and specificities of GPR in predicting signifi-
cant fibrosis in hepatitis B e antigen-positive patients were
59.6% and 81.2%, and those of hepatitis B e antigen-nega-
tive patients were 60.3% and 78.3% respectively. The
authors suggested that this cut-off is almost similar to our
cut-off of 0.444 for ruling-out significant fibrosis.33

The most recent of the non-invasive blood parameters
assessed in our study was GAR, which was developed by Li
et al.17 in 2017. The investigators had compared GAR to APRI
and FIB-4 and had found GAR to have the highest area under
the receiver operating characteristic curve for $F2, $F3, and
$F4 fibrosis. The area under the receiver operating character-
istic curve for GAR in our study was 0.734.

There are several limitations to our study. First, the
performance of these non-invasive methods was assessed
in a low fibrosis setting (13%), which is assumed to be
reflective of the HBV population in India. Performance in
higher fibrosis settings could be different from our results.
Second, our results may not apply to patients in the immune-
tolerant phase. Since this was a retrospective study con-
ducted on patients who had undergone pre-treatment liver
biopsy most patients in the immune-tolerant phase, who do
not merit treatment, were excluded. Third, many confounding
variables, such as coexisting obesity, metabolic syndrome
and metabolic associated fatty liver disease, could have
influenced the results. Fourth, GPR and GAR, both of which

use GGT, can be affected by biliary tract disease and by some
types of drugs, and this had not been evaluated in the
reported studies. As such, our results of GPR and GAR need
further evaluation in prospective studies.

In conclusion, we found that non-invasive blood parameters
such as GPR, APRI, FIB-4 and GAR could be a useful param-
eters for screening of CHB patients who are at risk for
developing liver fibrosis, especially in resource-poor settings
and when TE is not available. Despite significant advances in
developing non-invasive biomarkers that will help in evaluating
hepatic fibrosis in patients with CHB, further large, prospective
studies remain essential to validate accuracy, particularly for
patients with mild hepatic fibrosis.34 In addition, a combination
of these non-invasive biomarkers with or without TE may help
to establish an algorithm to increase diagnostic accuracy of
non-invasive assessment of liver fibrosis.
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