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Article History: Introduction and objectives: Evaluation of liver fibrosis is important for treatment decisions, complications
Received 28 January 2021 and to predict prognosis in patients with chronic hepatitis B (CHB). Our aim was to develop a new non-inva-
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sis in patients with CHB.
Patients and methods: Our study included 273 chronic hepatitis B patients who underwent liver biopsy from
February, 2007 to February, 2019 with medical records retrospectively reviewed. Preparations of these
patients were divided into two groups as < 3 no-low grade fibrosis (n=236) and > 4 advanced fibrosis (n=37)
according to histological ISHAK fibrosis scoring system.
Results: The newly developed AGAP score and other non-invasive fibrosis scores; Fibrosis-4 index, Aspartate
aminotransferase to platelets ratio, Gamma glutamyl transpeptidase to platelet ratio, Goteborg University
Cirrhosis Index, King's score, Albumin-bilirubin index, Fibrosis cirrhosis index, Fibrosis index, Fibrosis quo-
tient, Lok score and mean and/or median values of Fibroindex were significantly higher in the advanced
fibrosis group compared to the no/low grade fibrosis group (p<0.001). However, there was no significant dif-
ference in AAR score among the groups (p=0.265). With cut-off value of 4.038, AUROC value of 0.803, sensi-
tivity of 75.7%, specificity of 73.7% and accuracy of 0.740, AGAP score showed the best performance in
advanced fibrosis differentiation compared to 12 other non-invasive fibrosis scoring methods.
Conclusions: The newly developed AGAP score showed better performance in patients with CHB compared to
12 other non-invasive fibrosis scores in differentiation of no/low grade fibrosis and advanced fibrosis.

© 2021 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction liver cirrhosis and hepatocellular cancer. Approximately 30-40% of all

deaths due to complications from cirrhosis and hepatocellular carci-

Hepatitis B virus (HBV) infection is a serious health problem
occurring in different geographical regions in the world with differ-
ent frequencies despite effective vaccine and antiviral drugs. The
global estimated prevalence of HBV infection is 3.9% and affects
291 million individuals, and is more commonly seen in Africa and the
Western Pacific [1]. Chronic HBV infection can cause complications
ranging from no/low grade fibrosis in the liver to decompensated

Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBVDNA,
hepatitis B virus DNA; HDV, hepatitis D virus; HCV, hepatitis C virus; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase;
ALP, alkaline phosphatase; TB, total bilirubin; PT, prothrombin time; INR, international
normalized ratio; HIV, human immunodeficiency virus; Fib-4, fibrosis-4 index; APRI,
aspartate aminotransferase to platelets ratio; GPR, gamma glutamyl peptidase platelet
ratio; GUCI, Goteborg University Cirrhosis Index; ALBI, albumin-bilirubin index; FCI,
fibrosis cirrhosis index; Fl, fibrosis index; FibroQ, fibrosis quotient
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noma develop as a result of chronic HBV infection. These developing
complications are the cause of higher costs in health systems [2].
Evaluation of liver fibrosis is very important for both prognosis and
treatment because many complications such as advanced fibrosis cir-
rhosis and hepatocellular carcinoma are quite common [3]. Invasive
or non-invasive methods are used in order to evaluate liver fibrosis,
and liver biopsy is the gold standard for evaluating fibrosis. However,
as liver biopsy is performed invasively with percutaneous, transjugu-
lar or endoscopic ultrasound, it can increase the cost and may cause
many complications such as pain, bleeding, infection, perforation,
and even death. In addition, sampling error, inconsistency in histo-
logical evaluation, and limited and contraindicated cases in dynamic
liver fibrosis follow-up are major disadvantages for biopsy [4]. Of the
non-invasive methods, transient elastography performed radiologi-
cally is the most widely used. However, this is a costly method used
in limited centers, and this method has a limited diagnostic defined
as patients with chronic hepatitis B infection. Serum markers,
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another common method among non-invasive methods, are simple,
useful and inexpensive. Serum markers, which have been used espe-
cially in recent years, were initially limited to hepatitis C, and then
they began to be used extensively to evaluate fibrosis in other liver
diseases such as HBV and non-alcoholic fatty liver disease [5]. In
recent years, an increasing number of non-invasive fibrosis scores
have been used and new scores have been developed to evaluate
inflammation, fibrosis and treatment response in patients with CHB.
There are many studies regarding liver fibrosis evaluation, treatment
and follow-up and aspartate aminotransferase-to-platelet ratio index
(APRI) and Fibrosis-4 index (Fib-4) in the literature [6—8]. In a study
conducted by Teshale et al. it was shown that APRI and Fib-4 markers
distinguished F2—F4 from FO with higher sensitivity and specificity
compared to F1 and are beneficial in following the progression of
fibrosis [8]. Gamma-glutamyl transpeptidase to platelet ratio (GPR), a
recently used non-invasive fibrosis score, was found to be more accu-
rate in evaluating liver fibrosis in chronic HBV infection compared to
APRI and FIB-4 [9]. In a study conducted by Dong et al. GPR and King’s
scores were found to be the most successful scores in distinguishing
significant fibrosis in patients with chronic HBV infection [10].
Although there are many studies regarding non-invasive fibrosis
scores used in the evaluation of fibrosis in chronic HBV infection, var-
ious discussions still continue [11]. New non-invasive scores are
needed in order to evaluate advanced fibrosis, since the diagnostic
performances of APRI, Fib-4, GPR and others, which are among the
non-invasive fibrosis scoring methods, are not completely satisfac-
tory. In this study, our aim was to evaluate the clinical importance of
non-invasive scoring methods used in the diagnosis of liver fibrosis
and to determine the new non-invasive fibrosis scoring method with
high accuracy.

2. Materials and methods
2.1. Study design and patients

The patients who had positive hepatitis B surface antigen (HBsAg)
and underwent liver biopsy from February, 2007 to February, 2019
were determined retrospectively from the medical records of our
hospital. Of these patients, those who had at least 6 months of HBsAg
positivity and whose HBV-DNA was higher than 2000 IU/ml were
defined as patients with chronic hepatitis B infection. Patients who
had received hepatitis B treatment, patients who had acute viral
infection, other chronic viral infections other than hepatitis B [hepati-
tis C virus (HCV), hepatitis D virus (HDV), human immunodeficiency
virus (HIV)], hepatocellular cancer, chronic liver disease (autoim-
mune, genetic, drug-induced, and nonalcoholic fatty) and patients
with a history of alcohol use (20 grams of alcohol each day) were
excluded from this study. A total of 273 patients who complied with
these criteria were included in the study. The study was conducted in
accordance with the 1975 Helsinki Declaration guidelines and was
approved by Ethics Committee of Cumhuriyet University Faculty of
Medicine, Turkey (dated: 07/04/2019, issue no: 2019-07/49).

2.2. Liver biopsy and histological evaluation

Liver biopsy was performed using a 16-gauge needle under ultra-
sound. These specimens were fixed with 10% formalin, embedded in
paraffin and then stained with hematoxylin-eosin. These biopsy
materials were stained with histochemical Masson's trichrome and
reticular fiber dyes. These preparations were evaluated by two liver
pathologists and concluded by a joint decision. Histological necroin-
flammatory activity and fibrosis staging were performed in biopsy
samples according to ISHAK scoring system. ISHAK staging according
to fibrosis severity is as follows: FO, absence of fibrosis; F1, Fibrous
expansion of some portal areas, with or without short fibrous septa;
F2, Fibrous expansion of most portal areas, with or without short
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fibrous septa; F3, Fibrous expansion of most portal areas with occa-
sional portal to portal bridging; F4, Fibrous expansion of portal areas
with marked bridging as well as portal to central; F5, marked bridg-
ing with occasional nodules (incomplete cirrhosis); F6, cirrhosis,
probable or definite [12]. According to ISHAK fibrosis scoring, fibrosis
was evaluated in two groups as FO-3 no/low grade fibrosis (=META-
VIR FO-2) and F4-6 advanced fibrosis (=METAVIR F3-4) [13].

2.3. Serum markers, new non-invasive fibrosis scoring method AGAP
and others

When biopsy was performed, age, sex, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma glutamyl transpepti-
dase (GGT), alkaline phosphatase (ALP), total bilirubin (TB), albumin,
gamma globulin, platelet count (PLT), prothrombin time (PT), and
international normalized ratio (INR) values of the patients were
recorded. In addition, hepatitis B serological markers and serum HBV
DNA were measured using COBAS AmpliPrep/COBAS TagMan (CAP-
CTM; Roche, Branchburg, NJ, USA) and the lower limit value was con-
sidered to be 20 IU/mL. In many studies, especially AST, GGT and PLT
were widely used in non-invasive fibrosis scoring formulas. The for-
mula of AGAP = [AST (IU/L) x GGT(IU/L)] x [Age (years) | PLT?| was
developed by using these parameters. In this formula, a non-invasive
scoring method, and compare it with other non-invasive fibrosis
scores in patients with no/low grade and advanced fibrosis (Table 1).

2.4. Statistical analysis

The data obtained in our study was loaded to the SPSS 22.0 statis-
tical program (SPSS Inc. Chicago, IL, USA) for the statistical analysis,
and Kolmogorov-Smirnov Z test was used in order to select the cor-
rect test regarding the numerical data in the evaluation. The compari-
son of the two categories in the variables suitable for normal
distribution found as a result of the test was carried out with Inde-
pendent Sample t Test, and the comparison of the two categories in
variables that were not suitable for normal distribution as a result of
the test was performed with the Mann-Whitney U Test. The cutoff
values of non-invasive fibrosis markers in the determined groups
were calculated by ROC Analysis. The superiority of non-invasive
fibrosis markers over each other was demonstrated by calculating
Accuracy, LR +, LR-, PPV and NPV statistics with the values obtained
as a result of the analysis. The examination of the differences of

Table 1
Non invasive scores (14-17).

Fibrosis tests  Calculations

Fib-4 index [10 x Age (years) x AST(IU/L)]/PLT(10°/L) x ALT(IU/L)

AGAP [AST (IU/L) x GGT(IU/L)] x [Age (years) | PLT?]

APRI [AST (IU/L)/AST (ULN) / PLT (10°/L)] x 100

GPR GGT (IU/L) / [GGT (IU/L) ULN) x PLT (10°/L)]

AAR AST (IU/L) | ALT(IU/L)

Gucl [AST(IU/L) | AST (IU/L) ULN x INR x 100]/ PLT (10°/L)

King's [Years x AST (IU/L) x INR] / PLT (10°/L)

ALBI [log bilirubin (x«mol/L) x 0.66) + Albumin (g/L) x —0.085

Fl 8-0.01 x PLT (10% /1) —Albumin (g/dL)]

FCI [ALP(U/L) x bilirubin (xmol/L)] / [Albumin (g/L) x PLT(10°/L)]

FibroQ [10 x age(years) x AST (IU/L) x INR] / [PLT (10°/L) x ALT (IU/L)]

Fibro index [1.738—0.064 x PLT + 0.005 x AST(IU/L) + 0.463 x gamma glob-
ulin (g/dL)]

Lok index [-5.56—0.0089xPLT(10°/L) + 1.26 x AST/ALT (IU/L) + 5.27x INR]

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma
glutamyl transpeptidase; ALP: Alkaline phosphatase; PLT: Platelet; INR: Interna-
tional normalized ratio; Fib-4: Fibrosis-4 index; APRI: AST/PLT ratio index; GPR:
Gamma-glutamyl transpeptidase to platelet ratio; AAR: aspartate alanine amino-
transferase ratio; AST/PLT ratio; GUCI:Goteborg University Cirrhosis Index; ALBI:
Albumin-bilirubin score; FI: Fibrosis index; FCI: Fibrosis cirrhosis index; FibroQ:
Fibroquotient; ULN; upper limit of normal.
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categorical variables was performed with the help of Chi-Square test.
All analyzes were interpreted at p<0.05 significance level.

3. Results
3.1. Patients characteristic

A total number of 273 patients who underwent liver biopsy from
February, 2007 to February, 2019 were included in our study. Histo-
logically, liver biopsies of these patients were divided into two
groups as noflow grade and advanced fibrosis. Of the patients, 134
(49.1%) were female and 139 (50.9%) were male and there was no dif-
ference between the fibrosis groups in terms of sex (p=0.680). In
addition, the mean age of the patients was 48.7+15.2. It was 47.2+
15.5 and 52.1£13.3 in no/low grade and advanced fibrosis group,
respectively. The mean age was no difference between the fibrosis
groups in terms of age (p=0.07) (Table 2).

3.2. Laboratory values and non-invasive fibrosis variables of no/low
grade and advanced fibrosis groups

Among the laboratory values, ALT, AST, GGT, ALP, TB, PLT, INR,
gamma globulin and albumin were significantly higher in the
advanced fibrosis group compared to no/low grade fibrosis group
(p<0.05) (Table 2). Non-invasive fibrosis scores; Fib-4, APRI, GPR,
GUCI, King's, ALBI, FCI, FI, FibroQ, Lok and Fibroindex values that are
evaluated in many studies in the literature were found to be signifi-
cantly higher in the advanced fibrosis group compared to the no/low
grade fibrosis group (p<0.001), however, there was no significant dif-
ference between the groups in terms of AAR values (p=0.265) The
AGAP score that we developed was significantly higher in the

Table 2
Demographic and clinical data and fibrosis score values between no/low grade
and advanced fibrosis groups.

Parameters No/Low grade Advanced fibrosis P
fibrosis (n: 236) (n:37)
Age. (years)"* 4721+ 155 52.11+13.34 0.070
Sex (male/female).n  115/121 24/13 0.680
ALT (IU/L)** 42 (24.5-73.5) 1(25-100) 0.001
AST (IU/L)** 34(24-61.5) 53(36-93) 0.004
GGT(IU/L)** 27.5(16-50) 3(39-117) <0.001
ALP (IU/L)™ 75 (61.5-97.5) 92 (81-121) 0.001
TB (mg/dL)** 0.66 (0.5-0.93) 0.94(0.7-1.2) 0.001
Gamma globuling/  2.79 £0.58 3.08 £0.86 0.055
dL*

Albumin g/dL* 4,06 +0.52 3.80 +0.58 0.004
PLT(x10°/L)* 207.8 + 64.1 154.7 + 653 <0.001
INR* 1.04 £ 0.09 1.13+£0.13 <0.001
Fib-4** 1.22(0.77-2.14) 3.03(1.57-4.3) <0.001
APRI™ 0.56 (0.34-1.05) 1.24(0.64-1.94) <0.001
GPR*™* 0.31(0.18-0.71) 1.1(0.64-2.6) <0.001
AGAP** 1.14(0.36-4.39) 12.47 (4.06-28.84) <0.001
AAR™ 0.87(0.65-1.14) 0.92 (0.66-1.43) 0.265
Guci* 0.59(0.34-1.1) 1.39(0.74-2.12) <0.001
King's** 7.66 (4.67-18.28) 26.03(11.72-33.43)  <0.001
ALBI* -2.74 + 047 -2.44 4+ 0.52 <0.001
FI** 1.86 (-0.67-4.79) 2.80 (0.06-4.45) <0.001
FCI* 0.11(0.07-0.18) 0.21(0.15-0.43) <0.001
FibroQ** 1.89(1.11-3.39) 469 (1.79-5.98) <0.001
Lok™* 0.29(0.18-0.43) 0.63 (0.34-0.79) <0.001
Fibroindex* 0.74 + 0.55 140 £ 1.19 <0.001

ALT: Alanine aminotransferase. AST: Aspartate aminotransferase. GGT: Gamma-
glutamyl transpeptidase. ALP: Alkaline phosphatase. TB: total biluribin. PLT:
platelet. INR: International normalised ratio. Fib-4: Fibrosis-4 index. APRI:
Aspartate aminotransferase to platelets ratio. GPR: Gamma-glutamyl transpepti-
dase to platelet ratio; AAR: Aspartate alanine aminotransferase ratio. GUCI:
Goteborg University Cirrhosis Index. ALBI: Albumin. bilirubin index. FibroQ:
Fibrosis quotient. FI: Fibrosis index. FCI: Fibrosis cirrhosis index.

* Mean % SD.

** Median.
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advanced fibrosis group compared to no/low grade fibrosis group
(p<0.001) (Table 2).

3.3. Comparison of AUROC values between no/low grade and advanced
Fibrosis groups

AGAP, a non-invasive fibrosis score, that we developed was found
to have the highest AUROC value in ROC analysis compared to other
scores [AUROC=0.803 (95% CI: 0.728-0.878); P<0.001]. After the
AGAP score, GPR, Fib-4 and King’s (0.791, 0.774 and 0.773, respec-
tively; P <0.001) scores were detected to have the best AUROC values.
Other non-invasive scores; APRI, GUCI, ALBI, FI, FCI, FibroQ, Lok and
Fibroindex were statistically significant to predict advanced fibrosis
(p<0.001). However, there was no significant difference between
AAR score in no/low grade fibrosis and advanced fibrosis groups
(p=0.265) (Table 3). Comparison of ROC curves has been shown for
the diagnostic precision of Fib-4, APRI, GPR, AGAP, AAR, GUCI, King's,
ALBI, FI, FCI, FibroQ, Lok and Fibroindex between no/low grade fibro-
sis and advanced fibrosis groups in chronic hepatitis B patients
(Figure 1).

3.4. Threshold values of non-invasive fibrosis scores

Threshold values for non-invasive fibrosis scores are presented in
Table 4. Cut-off values for Fib-4, APRI, GPR, AGAP, AAR, GUCI, King's,
ALBI, FI, FCI, FibroQ, Lok and Fibroindex scoring methods were found
to be 1.995, 1.002, 0.627, 4.038, 0.898, 1.030, 16.700, -2.650, 2.215,
0.171, 3.226, 0.385 and 0.984, respectively. In our study, AGAP, which
is a new scoring method, had the highest sensitivity and specificity
(75.7% and 73.7%), whereas, the AAR score was the lowest (59.5% and
55.1%). The sensitivity and specificity of the other non-invasive fibro-
sis scoring methods such as Fib-4, APRI, GPR, GUCI, King's, ALBI, FI,
FCI, FibroQ, Lok and Fibroindex were found to be (67.6% and 73.7%),
(70.3% and 72.5%), (73.4% and 71.6%), (70.3% and 72.9%), (70.3% and
73.3%), (67.6% and 59.7%), (73.4% and 65.7%), (70.3% and 72.9%),
(67.6% and 72%), (73% and 68.6%) and (70.3% and 69.1%), respectively.
After this new AGAP score, the GPR, King’s and Fib-4 scores were
observed to perform well. When the positive and negative predictive
values of non-invasive fibrosis scores were examined, the AGAP score
had the highest (95.1% and 31.1%, respectively), while the AAR score
had the lowest value (89.6% and 17.1%, respectively). In addition,
among these scoring methods, the AGAP score had the highest diag-
nostic accuracy rate with a value of 0.740. This accuracy rate was

Table 3

Areas under the curve of noninvasive scoring.
Scores AUROC  (95%CI) P
Fib-4 0.774 0.697-0.851 <0.001
APRI 0.743 0.659-0.827  <0.001
GPR 0.791 0.715-0.868  <0.001
AGAP 0.803 0.728-0.878  <0.001
AAR 0.557 0.449-0.665  0.265
GUCI 0.751 0.669-0.834  <0.001
King’s 0.773 0.697-0.848  <0.001
ALBI 0.668 0.571-0.765  0.001
FI 0.731 0.633-0.829  <0.001
FCI 0.751 0.668-0.835  <0.001
FibroQ 0.718 0.623-0.812  <0.001
Lok index 0.765 0.678-0.851 <0.001
Fibroindex  0.744 0.650-0.837  <0.001

Fib-4: Fibrosis-4 index. APRI: Aspartate aminotrans-
ferase to platelets ratio. GPR: Gamma-glutamy! trans-
peptidase to platelet ratio; AAR: Aspartate
aminotransferase. GUCI: Goteborg University Cirrho-
sis Index. ALBI: Albumin. bilirubin index. FibroQ:
Fibrosis quotient. FI: Fibrosis index. FCi: Fibrosis cir-
rhosis index.
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Fig. 1. ROC curve of non-invasive fibrosis scores between no/low grade and advanced fibrosis groups.

followed by Fib-4, FCI and APRI scores (0.729, 0.729 and 0.722,
respectively).

The comparison of the AUROC, cut-off, sensitivity, specificity, PPV
and NPV values of the noninvasive fibrosis scores evaluated in our
study with the current studies in the literature are presented in
Table 5.

4. Discussion

Liver fibrosis is extremely important in treatment and in terms of
complications in patients with CHB. Although liver biopsy is the gold
standard for evaluating liver fibrosis, invasive intervention that may
cause serious complications, high cost and limitations such as the
heterogeneous distribution of histopathological changes within the
parenchyma have led to the search for alternative methods. There-
fore, non-invasive, simple and inexpensive scoring methods have
been developed to evaluate fibrosis in patients with CHB. The 2015
WHO guideline recommends some non-invasive fibrosis markers

such as APRI and Fib-4 in the evaluation of fibrosis in patients with
CHB, however, their diagnostic values are still controversial [14]. In
our study, we divided 273 patients with CHB who underwent liver
biopsy into no/low grade and advanced fibrosis groups in order to
determine a new scoring method for advanced fibrosis detection. For
this purpose, we planned a retrospective study comparing 12 non-
invasive serum markers used practically in the evaluation of liver
fibrosis in patients with CHB and the new AGAP score that we devel-
oped.

According to the results of ROC analysis in our study, while non-
invasive fibrosis scoring methods; Fib-4, APRI, GPR, AGAP, GUC],
King’s, ALBI, FI, FCI, FibroQ, Lok and Fibroindex were successful in the
differentiation of advanced and no/low grade fibrosis, the AAR score
was unsuccessful. In our study, the highest AUROC value was
observed in the AGAP score (0.803, P<0.001) and then in GPR, Fib-4
and APRI scores (0.791, 0.774, and 0.743 respectively P<0.001) and
the lowest value was observed in AAR score (0.557, P=0.265). In the
study carried out by Wang et al., the AUROC values of GPR, Fib4 and

Table 4

Performances of non-invasive fibrosis scores according to threshold values.
Scores Cut-off  Sen(%) Spe(%) PPV(%) NPV(%) +LR —LR Accuracy
Fib-4 1.995 0.676 0.737 0.935 0.287 2,570 0440 0.729
APRI 1.002 0.703 0.725 0.940 0.286 2556 0410 0.722
GPR 0.627 0.734 0.716 0.934 0.296 2761 0302 0.718
AGAP 4.038 0.757 0.737 0.951 0.311 2.878 0330 0.740
AAR 0.898 0.595 0.551 0.896 0.171 1325 0735 0553
GUCI 1.030 0.703 0.729 0.935 0.281 2594 0407 0.722
King’s 16.70 0.703 0.733 0.940 0.292 2633 0405 0.729
ALBI -2.650 0.676 0.597 0.917 0.184 1.677 0543  0.538
FI 2215 0.734 0.657 0.951 0.264 2286 0329 0.674
FCI 0.171 0.703 0.729 0.935 0.287 2594 0407 0.729
FibroQ 3.226 0.676 0.72 0.934 0.275 2414 0450 0.714
Lok 0.385 0.73 0.686 0.942 0.267 2325 0394  0.692
Fibroindex = 0.984 0.703 0.691 0.937 0.263 2275 0430 0.692

Fib-4: Fibrosis-4 index. APRI: Aspartate aminotransferase to platelets ratio. GPR: Gamma-glutamyl
transpeptidase to platelet ratio; AAR: Aspartate aminotransferase. GUCI: Goteborg University Cirrhosis
Index. ALBI: Albumin. bilirubin index. FibroQ: Fibrosis quotient. FI: Fibrosis index. FCI: Fibrosis cirrhosis
index. Sen: sensitivity. Spe: specificity. PPV: positive predictive value. NPV: negative predictive value.
+LR: positive likelihood ratio. —LR: negative likelihood ratio.

4
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Table 5
Comparison of the noninvasive fibrosis scores in detecting advanced fibrosis.
Index Author Cut-off ~AUROC  Sensitivity(%)  Specificity(%)  PPV(%)  NPV(%)
AGAP * 4.038 0.803 75.7 73.7 95.1 29.6
GPR * 0.627 0.791 73.4 71.6 95.4 29.6
Wang RQ 0.53 0.836 76 81 61 89
Huang 0413 0.801 84.6 703 NA NA
Hu 0.548 0.826 74 91 NA NA
Lu 0.58 0.686 79 58 67 72
Fib-4 * 1.995 0.774 67.6 73.7 93.5 28.6
Wang RQ 1.19 0.803 69 77 56 85
Huang 1.095 0.781 75.6 734 NA NA
Wu 1.48 0.790 62.86 85.53 449 92.4
Kayadibi 1.45 0.863 783 81.1 46.2 94.7
APRI * 1.002 0.743 70.3 72.5 94 28.6
Wang RQ 0.43 0.758 85 58 46 90
Huang 0.751 0.672 743 703 NA NA
Wu 0.22 0.730 65.71 73.37 31.9 91.8
Kayadibi 1.0 0.795 55.3 91.2 46.2 94.7
AAR * 0.898 0.557 59.5 55.1 89.6 171
Sha 0.411 0.542 63 45 NA NA
Karacaer 0.600 0.493 52.5 47 17.6 82.1
Gudl * 1.030 0.751 70.3 72.9 94 29
Sebastiani 1.0 0.560 21.4 91.2 82.4 81.4
King's * 16.7 0.773 70.3 733 94 29.2
Celik 7.76 0.881 64.9 84.7 NA 97
Karacaer 5.76 0.807 73 73 36.3 92
ALBI * -2.650 0.668 67.6 59.7 91.7 184
Alsabaey -2.70 0.698 42.6 91 73.6 66.2
FI * 2.215 0.731 734 65.7 95.1 26.4
Sayar 10.34 0.620 62 65.3 11.8 95.8
FibroQ * 3.226 0.718 67.6 72 93.4 27.5
Celik 2.69 0.682 59.5 61.4 NA 95.4
WangHW 33 0.855 74.7 79.3 54.7 90.3
Lok * 3.226 0.765 67.6 72 93.4 27.5
Wang HW  0.46 0.833 79.9 733 50.1 91.6
Fibroindex * 0.984 0.744 703 69.1 93.7 26.3
Wu 3.25 0.722 80.00 57.61 26.4 93.8

* Results of the present study. Fib-4: Fibrosis-4 index. APRI: Aspartate aminotransferase to platelets ratio.
GPR: Gamma-glutamyl transpeptidase to platelet ratio; AAR: Aspartate alanine aminotransferase ratio. GUCI:
Goteborg University Cirrhosis Index. ALBI: Albumin bilirubin index. FibroQ: Fibrosis quotient. FI: Fibrosis
index. Se: sensitivity. Sp: specificity. PPV: positive predictive value. NPV: negative predictive value. +LR: posi-
tive likelihood ratio. —LR: negative likelihood ratio. NA: not available.

APRI scores between the groups of METAVIR FO-2 and F3-4 were
0.836, 0.803 and 0.758, respectively (P<0.001) [15]. The AUROC val-
ues of GPR, Fib-4 and APRI scores in previous studies are similar to
those of our study, and the highest AUROC value among these is that
of GPR [15-18]. There was no significant difference in AUROC value
compared to the AAR score, advanced fibrosis, no [ low grade fibrosis
group as in our study [19,20]. According to our study, GUCI and King’s
scores could be used in the differentiation of advanced fibrosis and
mild fibrosis in chronic hepatitis B patients and were found to be sig-
nificant (AUROC values were 0.751 and 0.773 respectively). In the
studies conducted, there was a significant difference in GUCI and
King's scores in terms of AUROC value compared to advanced fibrosis
and no / low grade fibrosis group [20-22]. In our study, the AUROC
values of ALBI, FI, FibroQ and Lok scores were found 0.668, 0.731,
0.718 and 0.765, respectively. In studies published, ALBI, FI, FibroQ
and Lok scores were found to be significant and to have AUROC val-
ues similar to our study compared to advanced fibrosis, no |/ low
grade fibrosis group [22-26]. In our study, the AUROC values of Fibro
index was found to be 0.7644, and the AUROC value was 0.722
(p<0.001) in the study by Wu et al [16].

According to our study, the AGAP score with cut-off value of
4,038, and sensitivity, specificity and accuracy values of 75.7%, 73.7%
and 0.740, respectively, was the scoring method with the highest
sensitivity among the non-invasive fibrosis scores. Cut-off values for
non-invasive fibrosis scores; Fib-4, APRI and GPR were 1.995, 1.002
and 0.627, respectively and their sensitivity, specificity and accuracy
values were (67.6%, 73.7%, 72.9%), (70.3%, 72.5%, 72.2%) and (73.4%,

71.6%, 71.8%), respectively. In the studies published, cut-off values for
Fib-4, APRI ve GPR were similar to the values that we found in our
study, with alternating rates of 1.48 - 1.45, 0.75-1.0 and 0.41-0.53
respectively. In addition, the values of sensitivity and specifity are
similar to our study [15-17,27]. In our study, the cut-off values for
GUCI, ALBI and FibroQ scores were 1.030, -2.650 and 3.226, respec-
tively, and the sensitivity and specificity were found to be 70.3% and
72.9%, 67.6% and 59.7%, and 67.6% and 72%, respectively. In previous
studies, the cut-off values of 1.0, -2.7, 2.69-3.3 for the GUCI, ALBI and
FibroQ scores were similar to the values in our study, but the sensitiv-
ity values were low [21-23,26]. In our study, the cut-off values of
King's and Lok scores were 16.7 and 0.385. In the studies conducted,
the cut-off values for both King's and Lok scores were 5.76-7.76 and
0.46, respectively, and were lower compared to the results of our
study. However, the sensitivity and specificity values of these scores
were similar to our study [20,22,26]. The cut-off values for FI and
Fibroindex in our study were 2.215 and 0.984. The cut-off values
were 10.34 and 3.25 in previous studies and were higher than our
study, but their sensitivity and specificity values were similar [16,25].
In our study, from non-invasive fibrosis scores, FCI AUROC value was
0.751, cut-off values were 0.171 and the sensitivity and specificity
were 70.3% and 72.9%, respectively. There was a significant difference
between the advanced fibrosis and no/low grade fibrosis group.

In our study, the AUROC values of FCI score was 0.751 and the cut-
off value, sensitivity and specificity were 0.171, 70.3%, 72.9%, respec-
tively, but in the literature, there was no study comparing advanced
fibrosis and noflow grade fibrosis groups in patients with chronic
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hepatitis B. Instead, there was a significant difference in the literature
on patients with chronic hepatitis C compared to the advanced fibro-
sis and no/low grade fibrosis group [28].

5. Conclusion

In our study, non-invasive fibrosis markers; Fib-4, APRI, GPR,
AGAP, GUCI, KING, ALBI, FI, FCI, FibroQ, Lok and Fibroindex were
shown to be successful in the differentiation of advanced fibrosis in
patients with CHB. However, the other score, AAR, was found to be
unsuccessful in detecting fibrosis. In our study, the most successful of
the 12 scores used in the differentiation of fibrosis was the AGAP
score that we developed. The AUROC value, sensitivity and specificity,
positive predictive and negative predictive values and accuracy rates
of this score were very successful compared to other scores. How-
ever, more extensive and detailed studies are needed regarding these
scores. This AGAP score that we developed is quite sensitive, simple
and has a low-cost in differentiation of advanced fibrosis in patients
with CHB.
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