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Background. Invasive percutaneous liver parenchymal biopsy is the best test used to evaluate liver stiffness and fibrosis in the
follow-up and treatment of chronic hepatitis B (CHB) patients. In this study, we aimed to indirectly evaluate the severity of liver
parenchymal fibrosis with tests used in the laboratory. Methods. This retrospective study was conducted with 201 patients
diagnosed with CHB who underwent liver biopsy between 2021 and 2022. Preprocedural examination information, laboratory
tests, and histopathological data of the patients were taken from the hospital database and examined. “Aspartate aminotransferase
(AST)-platelet ratio index” (APRI), “4 factor-based fibrosis index” (FIB-4) score, and “5 factor-based fibrosis index” (FIB-5) score
were calculated and compared with liver histopathological features. Results. Of the 201 CHB patients, 76 were females and 125
were males. The average age of the patients was 38.05+ 12.63 years. A weak, statistically significant correlation was observed
between FIB-4 and APRI scores. The patients’ significant fibrosis scores were 31.3% and 33.8%, respectively (r=0.313; r=0.338;
p =0.001; p<0.01). The very weak negative correlation of 17.4% between the patients’ FIB-5 score and fibrosis score was
statistically significant (r=-0.174; p = 0.014; p <0.05). Conclusions. According to the data we obtained in our study, while the
APRI score and FIB-4 score can be used safely, more comprehensive studies are needed for the reliability of the FIB-5 score.

1. Introduction

Chronic hepatitis B virus (CHB) is a chronic disease that can
progress to liver fibrosis and cirrhosis. Liver cirrhosis can
cause potentially life-threatening complications. The degree
of fibrosis needs to be determined in the prognosis and
treatment plans of CHB patients. The reliable and gold
standard test for grading liver fibrosis is percutaneous liver
biopsy. A liver biopsy is histopathologically important in the
evaluation of inflammation, necrosis, and fibrosis [1].
However, this process is a costly, laborious method that
carries the risk of serious complications and may cause
sampling errors [2, 3]. The fact that liver biopsy carries these
risks has led us to investigate noninvasive tests (NITs). The
use of noninvasive laboratory and radiological methods in
the evaluation of liver stiffness has become an alternative to

liver biopsy in the follow-up and treatment of CHB patients.
According to current guidelines, we can identify liver fi-
brosis based on laboratory or radiological tests with NIT
systems. Among laboratory tests, the “aspartate amino-
transferase (AST)-platelet ratio index” (APRI) and “4 factor-
based fibrosis index” (FIB-4) scoring systems are two widely
used scoring systems in determining chronic liver diseases
[4]. The “5-factor fibrosis index” (FIB-5) scoring system is
a scoring system that has recently started to be used in CHB
patients and needs to be studied further [5]. Although APRI,
FIB-4, and FIB-5 scoring systems have low sensitivity, their
use in patient follow-up is an alternative to an unnecessary
liver biopsy. Due to its positive predictive values, it has been
found in some studies to be insufficient to distinguish early
stage fibrosis from advanced fibrosis [6]. Our study was
planned to evaluate how effective the APRI, FIB-4, and FIB-5
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scoring systems are in predicting significant fibrosis in CHB
patients who underwent liver biopsy, which is the gold
standard in treatment decisions.

2. Methods

2.1. Patients and Study Design. This retrospective study was
conducted with 201 patients followed in the gastroenter-
ology outpatient clinic between 2021 and 2022. All adult
patients over the age of 18 who participated in the study were
diagnosed with CHB and had previously undergone liver
parenchymal biopsy. Exclusion criteria of the study included
patients coinfected with hepatitis C virus, delta virus, or
human immunodeficiency virus; patients with alcohol-
related liver disease; patients with nonalcoholic fatty liver
disease; patients with autoimmune liver disease; patients
with primary or secondary liver tumors; patients with portal
vein or hepatic vein thrombosis; patients whose laboratory
values could not be obtained before biopsy; patients who
refuse liver biopsy or have any contraindications to liver
biopsy; and patients with decompensated cirrhosis. The
body mass index of the patients was between 25 and 30.

2.2. Liver Biopsy and Pathological Evaluation. Each patient
included in the study had a percutaneous liver biopsy
performed by a gastroenterologist using a Menghini needle
(Hepafix kit 1.4 or 1.6mm, Braun) under ultrasound
guidance, which we routinely apply. While patients with at
least 8-10 portal areas in their biopsy materials were in-
cluded in the study, those with portal areas below this value
were not included in the study. Biopsy materials were
evaluated by a hepatopathologist blinded to the patient’s
clinical and laboratory data. The evaluation was made
according to the internationally accepted modified Knodell
scoring system [7]. Liver fibrosis (F) was graded on a scale of
0-6: FO—no fibrosis; F1—fibrous expansions in some portal
areas; F2—fibrous expansions in most portal areas;
F3—fibrous expansion in most portal areas with some
bridging from portal to portal; F4—fibrous expansion with
prominent bridging in most portal areas; F5—nodular
bridging rarely (incomplete cirrhosis); and F6—cirrhosis
with significant bridging. When evaluating the fibrosis stage,
we divided it into two: nonsignificant low-grade fibrosis and
significant high-grade fibrosis.

2.3. Noninvasive Evaluation. Demographic characteristics,
anamnesis, physical examination, and laboratory tests such
as a complete blood count, liver function tests, and ab-
dominal ultrasound were examined for all patients who
underwent liver parenchymal biopsy. The degree of fibrosis
in liver biopsies and NIT (“aspartate aminotransferase
(AST)-platelet ratio index” (APRI), “4-factor-based fibrosis
index” (FIB-4) score, “5-factor-based fibrosis index” (FIB-5),
and AST\ALT ratio (AAR)) results were evaluated statisti-
cally. Blood tests of CHB patients before biopsy: alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
platelet (PLT), alkaline phosphatase (ALP), and albumin
values were taken from the hospital automation system and
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recorded. In addition, the AAR, APRI score, FIB-4 score,
and FIB-5 score calculated from these values were calculated
and recorded.

2.4. Noninvasive Tests We Evaluated in Our Study.
AAR=AST\ALT ratio [8].

APRI score = [(AST/upper limit of normal AST range)
x 100]/platelet count [9].

FIB-4 score=age (years)xAST (U/L)/[PLT(10°/L)
x ALTY? (U/L)] [10].

FIB-5 score =albumin (g/1) x 0.3 + platelet count (10°/1)
% 0.05 —alkaline phosphatase (IU/I) x0.014 + AST/ALT
ratiox 6 + 14 [5].

2.5. Research Ethics. This study was approved by the local
ethics committee (Turgut Ozal University Ethics Committee,
acceptance: decision dated 04.04.2022 and numbered
2022\65). The guidelines of the Declaration of Helsinki were
followed.

2.6. Statistical Analysis. The SPSS 26 (Statistical Package for
the Social Sciences) program was used for statistical analysis.
Descriptive statistical methods (mean, standard deviation,
median, frequency, percentage, minimum, and maximum)
were used when evaluating the study data. The suitability of
quantitative data for normal distribution was tested using the
Shapiro-Wilk test and graphical analysis. Student-t test was
used for comparisons of normally distributed quantitative
variables between two groups, and the Mann-Whitney U test
was used for comparisons of nonnormally distributed
quantitative variables between two groups. Spearman cor-
relation analysis was used to evaluate the relationships be-
tween quantitative variables. Diagnostic screening tests
(sensitivity, specificity, PPV, and NPV) and ROC analysis
were used to determine the predictive value of the parameters.
Statistical significance was accepted as p < 0.05 (Table 1).

Sensitivity: the quality of the test to identify patients
among real patients.

Specificity: the quality of the test to detect healthy
people among truly healthy people.

Positive predictive value (PPV): a measure of the
conditional probability that the subject is truly sick
when the test returns a positive (sick) result.

Negative predictive value (NPV): the probability that
the subject is truly healthy when the test gives a negative
(healthy) result.

3. Results

This study was carried out with a total of 201 patients di-
agnosed with CHB, 37.8% (n =76) of whom were female and
62.2% (n=125) of whom were male, who applied to the
gastroenterology outpatient clinic between 2021 and 2022.
The ages of the participants in the study ranged between 18
and 68 years, and the average was 38.05+ 12.63 years. The
average FIB-4 score of the patients participating in the study
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TaBLE 1: Rule considered when interpreting the size of the cor-
relation coefficient.

r Comment
0.00-0.19 Very weak
0.20-0.39 Weak
0.40-0.59 Medium
0.60-0.79 Strong
0.80-1.00 Very strong

Evans, J. D. (1996). Straightforward statistics for the behavioral sciences.
Pacific Grove, CA: Brooks/Cole Publishing.

was 1.11 + 1.18, the average APRI score was 0.83 +1.91, the
average FIB-5 score was 5.00+4.03, and the average liver
fibrosis was 1.25 +1.08 (Table 2).

A weak positive correlation of 31.3% between the pa-
tients’ FIB-4 score and fibrosis score (as the FIB-4 score
increases, the fibrosis score increases) was found to be
statistically significant (r=0.313; p =0.001; p<0.01)
(Figure 1(a)). A weak positive correlation of 33.8% between
the patients’ APRI score and fibrosis score (as the APRI score
increases, the fibrosis score increases) was found to be
statistically ~significant (r=0.338; p=0.001; p<0.01)
(Figure 1(b)). A very weak negative correlation of 17.4% was
found between the patients’ FIB-5 score and fibrosis score
(as the FIB-5 score increases, the fibrosis score decreases)
(r=-0.174; p = 0.014; p <0.05). A weak positive correlation
was found between the patients’ ALT and AST measure-
ments and their fibrosis scores (as ALT and AST values
increase, the liver fibrosis score increases) at a level of 20.8%
and 28%, respectively (r=0.208; p=0.003; p<0.01)
(r=0.280; p =0.001; p<0.01) (Figure 1(c)). A very weak
negative correlation of 19.6% was found between the pa-
tients’ PLT measurements and fibrosis score (as the PLT
value increases, the fibrosis score decreases) (r=-0.196;
p =0.005 p<0.01). A very weak negative correlation of
16.9% was found between the patients’ albumin measure-
ments and fibrosis score (as albumin value increases, fibrosis
score decreases) (r=-0.169; p = 0.016; p <0.05) (Table 3).

The FIB-4 score, APRI score, and AST value of patients
with significant liver fibrosis were found to be statistically
significantly higher than those of patients with non-
significant fibrosis (p = 0.001; p <0.01). Again, the ALT
value of patients with significant liver fibrosis was found to
be statistically significantly higher than that of patients with
nonsignificant fibrosis (p = 0.008; p <0.01). However, the
patients’ FIB-5 score, AAR, PLT, ALP, and albumin mea-
surements did not show a statistically significant difference
according to liver fibrosis levels (p >0.05) (Table 4).

The cutoff point for the FIB-4 score according to liver
fibrosis levels was 0.90 and above. For the FIB-4 score cutoff
value of 0.90, the sensitivity was 62.5% and the specificity
was 63.5% (PPV =44.4%, NPV =78.4%). The area under the
ROC curve obtained was 65.6%, with a standard error of
4.3% (Figure 2(a)). The cutoft point for the APRI score
according to liver fibrosis levels was 0.29 and above. For the
APRI score cutoff value of 0.29, the sensitivity was 87.5% and
the specificity was 46.72% (PPV =43.40%, NPV =88.90%).
The area under the ROC curve obtained was 68.9%, with
a standard error of 3.9% (Figure 2(b)). The cutoff point for

TaBLE 2: Distribution of descriptive characteristics.

Mean +Sd
FIB-4 score 1.11+1.18
APRI score 0.83+1.91
FIB-5 score 5.00 £4.03
HAI 6.07 +2.49
Liver fibrosis 1.25+1.08
ALT (U/L) 108.67 +£209.72
AST (U/L) 65.64 + 129.56
PLT (cell/mL) 227.37 £63.30
ALP (IU/) 84.35 + 26.05
Albumin (g/dL) 4.42 +0.41
AAR 0.73+0.27

FIB-4: 4-factor-based fibrosis index; APRI: aspartate aminotransferase
(AST)-platelet ratio index; FIB-5: 5-factor-based fibrosis index; HAI: his-
tological activity index; ALT: alanine transferase; AST: aspartate amino-
transferase; PLT: platelet; ALP: alkaline phosphatase;
AAR=AST\ALT ratio.

ALT measurement according to liver fibrosis levels was 37
and above. For the ALT measurement cutoff value of 37, the
sensitivity was 79.69% and the specificity was 42.34%
(PPV =39.20%, NPV =81.70%). The area under the ROC
curve obtained was 61.6%, with a standard error of 4.1%
(Figure 3(a)). The cutoff point for AST measurement
according to the liver fibrosis levels was 34 and above. For
the AST measurement cutoff value of 34, the sensitivity was
68.75% and the specificity was 59.85% (PPV =44.4%,
NPV =80.4%). The area under the ROC curve obtained was
65.9%, with a standard error of 4% (Figure 3(b)) (Table 5).

4. Discussion

Because liver biopsy has limitations such as being invasive
and sampling inaccurately, various NITs have been de-
veloped [11-19]. NITs are not as accurate enough as liver
parenchymal biopsy in evaluating liver stiffness and fibrosis
in CHB patients [20]. Although NITs such as Fibroscan are
very useful in demonstrating liver stiffness and fibrosis, these
devices are not available in every clinic [21]. Most guidelines
recommend assessing and monitoring liver stiffness and
fibrosis with inexpensive and accessible NITs [22]. AAR,
APRI, and FIB-4 scores derived as an alternative to liver
parenchymal biopsy were the first NITs identified based on
laboratory tests [23]. Following these NITs, publications
have been published stating that the FIB-5 score, which
evaluates liver stiffness and fibrosis based on blood tests, can
also be used in studies [24, 25]. The FIB-6 score, which is also
used to evaluate liver fibrosis, is the NIT created as a result of
the integration of blood tests with artificial intelligence [26].
These NITs are tests developed as an alternative to liver
parenchymal biopsy and aim to find optimal accuracy in the
early detection of patients with cirrhosis [20]. Recent studies
and meta-analyses have highlighted that NITs with optimal
threshold values, good diagnosis, and accuracy for mea-
suring liver fibrosis at different stages in CHB patients have
not been identified [27, 28]. The large discrepancy between
significant liver fibrosis cutoff values in NIT is due to the
number of samples in the studies, fibrosis score differences,
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F1GURE 1: (a) Relationship between liver fibrosis and the FIB-4 score. (b) Relationship between liver fibrosis and APRI score. (c) Relationship

between liver fibrosis and AST and ALT measurements.

TaBLE 3: Evaluation of the relationship between noninvasive markers according to liver fibrosis and HAI scores.

Liver fibrosis HAI
r p r p
FIB-4 score 0.313 0.001** 0.429 0.001**
APRI score 0.338 0.001** 0.548 0.001**
FIB-5 score -0.174 0.014* —0.185 0.0011*
ALT (U/L) 0.208 0.003** 0.437 0.001**
AST (U/L) 0.28 0.001** 0.534 0.001**
PLT (cell/mL) -0.196 0.005** —0.241 0.001**
ALP (IU/1) 0.059 0.409 0.107 0.142
Albumin (g/dL) -0.169 0.016" -0.211 0.003**
AST/ALT -0.017 0.811 -0.102 0.161

r=Spearman’s correlation coefficient. * p < 0.05; ** p < 0.01. While there was a positive relationship between the participants’ APRI score, FIB-4 score, ALT
measurements, and AST measurements and liver fibrosis, there was a weak negative relationship between the FIB-5 score, albumin value, and PLT value.
Similarly, while there was a positive relationship between the pathologically evaluated histological activity index and APRI score, FIB-4 score, ALT
measurements, and AST measurements, there was a weak negative relationship between FIB-5 score, albumin value and PLT value.

TaBLE 4: Sensitivity of noninvasive tests according to liver fibrosis grading.

Liver fibrosis

ﬁlgl;:)r;?;g(n;flcellglé) Significant fibrosis (n=64) P
FIB-4 score 091+£0.77 1.54+1.7 #0.001**
APRI score 0.66+1.14 1.21+2.92 %0.001**
FIB-5 score 5.43+3.52 4.15+4.87 0.063
ALT (U/L) 98.97 +£210.52 129.44 +208.13 #0.008**
AST (U/L) 57.62+114.74 82.81 +156.29 20.001**
PLT (cell/mL) 232.76 £59.83 215.65+69.32 0.076
ALP (IU/1) 83.61 +27.22 85.94 +£23.47 %0.439
Albumin (g/dL) 4.44+0.43 4.38+0.35 %0.052
AST/ALT 0.72+0.26 0.73+0.3 %0.918

*Mann-Whitney U Test; "Student- test; ** p < 0.01. The FIB-4 score, APRI score, ALT measurement, and AST measurement in cases with significant fibrosis

are significantly higher than those with nonsignificant fibrosis.

more severe hepatic necroinflammatory events, and differ-
ences in laboratory values [27, 28]. The lack of a significant
cutoff value in noninvasive tests has led us to conduct new
studies. We referenced the fibrosis degree of 201 patients
according to the modified Knodell score and compared it

with laboratory values before the biopsy. We found a sta-
tistically significant correlation between liver fibrosis and the
37 cutoff value of the ALT measurement (p = 0.002,
P <0.01). We predicted that the risk of having an ALT value
of 37 and above was 2,880 times higher in patients with
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FiGure 2: (a) ROC curve for FIB-4 score vs. liver fibrosis score. (b) ROC curve for APRI score vs. liver fibrosis score.
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FIGure 3: (a) ROC curve for ALT measurement by fibrosis score. (b) ROC curve for AST measurement by fibrosis score.

significant fibrosis. The odds ratio for ALT measurement was
2.880 (95% CI: 1.435-5.782). We found a statistically sig-
nificant correlation between liver fibrosis and the 34 cutoft
values of the AST measurement (p = 0.001, p<0.01). We
predicted that the risk of having an AST value of 34 and
above was 3.531 times higher in patients with significant
fibrosis. The odds ratio for AST measurement was 3.531
(95% CI: 1.870-6.669). We found a statistically significant
correlation between liver fibrosis and the 0.29 cutoff value of
the APRI score (p = 0.001; p <0.01). We predicted that the
risk of having an APRI score of 0.29 or above was 6.137 times

higher in patients with significant fibrosis. The odds ratio of
the APRI score was 6.137 (95% CI: 2.721-13.841). We found
a statistically significant correlation between liver fibrosis
and the 0.90 cutoff value of the FIB-4 score (p = 0.001;
P <0.01). We predicted that the risk of having a FIB-4 score
of 0.90 or above was 3.102 times higher in patients with
significant fibrosis. The odds ratio of the FIB-4 score was
3.102 (95% CI: 1.672-5.753). In our study, AAR and FIB-5
scores did not show a statistically significant difference
according to the liver fibrosis levels of the patients
(p=0.918; p>0.05 p=0.063; p>0.05, respectively). For
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TaBLE 5: ROC curve results of diagnostic and screening tests according to liver fibrosis levels.
Diagnostic scan ROC curve
Cutoff  Sensitivity ~ Specificity Positive predictive =~ Negative predictive Area 95 /o. confidence p
value value interval
FIB-4 score >0.90 62.5 63.5 44.4 78.4 0.656 0.573-0.739 0.001**
APRI score =0.29 87.5 46.72 43.04 88.9 0.689 0.613-0.765 0.001**
ALT (U/L) =37 79.69 42.34 39.2 81.7 0.616 0.536-0.696 0.008"*
AST (U/L) >34 68.75 59.85 44.4 80.4 0.659 0.582-0.737 0.001**

**p <0.01. According to the fibrosis level, the cut-off value of 0.90 and above was found to be significant for the FIB-4 score (sensitivity 62.5 specificity 63.5
PPV:44.40 NPV:78.4 area under the ROC curve 65.6% standard error 4.3%), while the cut-off value of 0.29 and above was found to be significant for the APRI
score (sensitivity 87.5 specificity 46.72 PPV:43.04 NPV:88.9 area under the ROC curve is 68.9%, standard error is 3.9%). Again, according to the fibrosis level,
the cut-off value of 37 and above was found to be significant for ALT measurement (sensitivity 79.69 specificity 42.34 PPV:39.20 NPV:81.70 area under the
ROC curve 61.6% standard error 4.1%), while the cut-off value of 34 and above was found to be significant for AST measurement (sensitivity 68.75 specificity
59.85 PPV:44.40 NPV:80.40 area under the ROC curve 61.6% standard error 4%).

this reason, the ROC curve could not be drawn and the
cutoff value could not be determined. In our study, the
sensitivity and specificity of the APRI score in predicting
significant fibrosis in CHB patients were 87.5% and 46.72%,
respectively, for an APRI score of 0.29 (PPV =43.40%,
NPV =88.90%). The resulting area under the ROC curve was
68.9%, with a standard error of 3.9%.

In other studies, the sensitivity and specificity of the
APRI score in predicting significant fibrosis in CHB patients
were 73.3% and 55.9%, respectively, for the APRI score of 0.4
[24]. In another meta-analysis, APRI score sensitivity and
specificity values in patients diagnosed with CHB with
advanced fibrosis and cirrhosis were; fibrosis within the
APRI cutoff value of 0.5, 1, and 1.5 was reported as 70% and
60%, 50% and 83%, 36.9% and 92.5% [28]. In a meta-analysis
of the FIB-4 score, the area under the ROC curve for sig-
nificant fibrosis was 0.78 (95% CI=0.74-0.81) [20]. The
recommended cutoff value ranged from 1.45 to 1.62. The
area under the ROC curve for patients with cirrhosis was
0.89 (95% CI=0.85-0.91), and the recommended cutoff
value was 2.9-3.6 [20]. In a study on FIB-5 scores in CHB
patients, when the cutoff value was determined as 7.05, the
specificity in distinguishing significant fibrosis was found to
be 98.8% and the sensitivity was 23.1% [25]. However, in our
study, the power and cutoff value of the FIB-5 score to detect
significant fibrosis could not be determined. On the other
hand, one of the factors that may affect the relationship
between the FIB-5 score and liver fibrosis is the score’s
relationship with ALP. It should not be ignored that ALP
may be affected by many bone metabolism diseases, such as
vitamin D deficiency, and may cause erroneous results in the
FIB-5 score.

Although it is important for the clinician that NITs
eliminate the need for percutaneous liver biopsy, the lack of
predictive values and lack of sensitivity and specificity cause
clinicians to have difficulties in patient follow-up and treat-
ment. In many publications and in our own study, although
the APRI score and FIB-4 score are not specific and sensitive,
they are effective NITs in predicting the severity of liver fi-
brosis. However, since there are not enough data on other
liver diseases, especially CHB, more prospective, multicenter
studies are needed on the usability of the FIB-5 score.

The most important limitations of our study are that it is
a retrospective study, our number of patients is small, and it
does not include liver fibrosis in CHB patients at different
stages. Additionally, another limitation of our study is that
there are no globally accepted standard cutoff values for the
APRI score, FIB-4, and FIB-5 score tests. This has limited us
in terms of not having standards to which we can take
reference. Therefore, multicenter, large sample sizes, and
prospective studies are needed to standardize NITs that we
can use in the follow-up and treatment of liver fibrosis and
cirrhosis in CHB patients.

5. Conclusion

NITs such as the APRI score and FIB-4 score have been
reported in various guidelines for the detection of liver fibrosis
in CHB patients, although standardized cutoft values have not
been optimized. In our study, we did not find a significant
relationship with the FIB-5 score, which is the NIT, in
evaluating the liver fibrosis of patients diagnosed with CHB.

Data Availability

The dataset utilized and analyzed in the current research is
accessible from the corresponding authors upon reasonable
request.

Ethical Approval

This retrospective study was approved by the Turgut Ozal
University Ethics Committee with the decision dated April
4, 2022, and numbered 2022\65. Helsinki Declaration:
Recommendations Guiding Medical Doctors in Biomedical
Research Involving Human Subjects.

Consent

Since it was a retrospective study, a voluntary consent form
was not taken.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

3SUS01 7 suoWILWOD AR a|cedt|dde ay3 Aq pausench afe sapie YO ‘9sn Jo 3Nl 1oy ARrig 1 auluQ A3 |1\ UO (SUOIIPUOD-PpUe-SLWLB)W0D AB | 1M AReiq 1 pU1|UO//SdNIY) SUOIPUOD pUe SWid | 3Y) 39S *[7202/80/.2] uo Ariqiauliuo Aim ‘Aseaiun jodipe N (nquess| Aq 8901SS/7202/SSTT 0T/10p/wod A8 |1m Arelq 1 puljuoy/sdiy wouy papeojumod ‘T ‘v2oz ‘dplt



International Journal of Clinical Practice

Authors’ Contributions

A.Y. was responsible for concept and design, data collection,
and original draft preparation. A.Y. and M.A. were re-
sponsible for critical feedback and revision of the manuscript
and data analysis and interpretation.

References

(1]

(2]

(3]

[4

[10

(11]

(12]

(13]

P. Sharma, G. B. McDonald, and M. Banaji, “The risk of
bleeding after percutaneous liver biopsy: relation to platelet
count,” Journal of Clinical Gastroenterology, vol. 4, no. 5,
pp. 451-454, 1982.

J. E. Cadranel, P. Rufat, and F. Degos, “Practices of liver biopsy
in France: results of a prospective nationwide survey,” Hep-
atologyBaltimore, Md, vol. 32, no. 3, pp. 477-481, 2000.
The French Metavir Cooperative Study Group, “Intraobserver
and interobserver variations in liver biopsy interpretation in
patients with chronic hepatitis C. The French METAVIR
cooperative study group,” Hepatology Baltimore, Md, vol. 20,
no. 1, pp. 15-20, 1994.

European Association for Study of Liver and Asociacion
Latinoamericana para el Estudio del Higado, “EASL-ALEH
Clinical Practice Guidelines: non-invasive tests for evaluation
of liver disease severity and prognosis,” Journal of Hepatology,
vol. 63, no. 1, pp. 237-264, 2015.

A. M. Attallah, G. E. Shiha, M. M. Omran, and K. R. Zalata, “A
discriminant score based on four routine laboratory blood
tests for accurate diagnosis of severe fibrosis and/or liver
cirrhosis in Egyptian patients with chronic hepatitis C,”
Hepatology Research, vol. 34, no. 3, pp. 163-169, 2006.

T. G. Amorim, G. J. Staub, C. Lazzarotto et al., “Validation
and comparison of simple noninvasive models for the pre-
diction of liver fibrosis in chronic hepatitis C,” Annals of
Hepatology, vol. 11, no. 6, pp. 855-861, 2012.

K. Ishak, A. Baptista, L. Bianchi et al., “Histological grading
and staging of chronic hepatitis,” Journal of Hepatology,
vol. 22, no. 6, pp. 696-699, 1995.

A. L. Williams and J. H. Hoofnagle, “Ratio of serum aspartate
to alanine aminotransferase in chronic hepatitis. Relationship
to cirrhosis,” Gastroenterology, vol. 95, no. 3, pp. 734-739,
1988.

C. T. Waj, J. K. Greenson, R. J. Fontana et al., “A simple
noninvasive index can predict both significant fibrosis and
cirrhosis in patients with chronic hepatitis C,” Hepatology,
vol. 38, no. 2, pp. 518-526, 2003.

A. Vallet-Pichard, V. Mallet, B. Nalpas et al., “FIB-4: an in-
expensive and accurate marker of fibrosis in HCV infection.
comparison with liver biopsy and fibrotest,” Hepatology,
vol. 46, no. 1, pp. 32-36, 2007.

V. Leroy, N. Sturm, P. Faure et al., “Prospective evaluation of
FibroTest®, FibroMeter®, and HepaScore® for staging liver
fibrosis in chronic hepatitis B: comparison with hepatitis C,”
Journal of Hepatology, vol. 61, no. 1, pp. 28-34, 2014.

L. A. Adams, M. Bulsara, E. Rossi et al., “Hepascore: an ac-
curate validated predictor of liver fibrosis in chronic hepatitis
Cinfection,” Clinical Chemistry, vol. 51, no. 10, pp. 1867-1873,
2005.

M. Vigano, S. Paggi, P. Lampertico et al, “Dual cut-off
transient elastography to assess liver fibrosis in chronic
hepatitis B: a cohort study with internal validation,” Ali-
mentary Pharmacology and Therapeutics, vol. 34, no. 3,
pp. 353-362, 2011.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

J. Boursier, V. de Ledinghen, J. P. Zarski et al., “Comparison of
eight diagnostic algorithms for liver fibrosis in hepatitis C:
new algorithms are more precise and entirely noninvasive,”
Hepatology, vol. 55, no. 1, pp. 58-67, 2012.

P. Calés, F. Oberti, S. Michalak et al., “A novel panel of blood
markers to assess the degree of liver fibrosis,” Hepatology,
vol. 42, no. 6, pp. 1373-1381, 2005.

F. Imbert-Bismut, V. Ratziu, L. Pieroni, F. Charlotte,
Y. Benhamou, and T. Poynard, “Biochemical markers of liver
fibrosis in patients with hepatitis C virus infection: a pro-
spective study,” The Lancet, vol. 357, no. 9262, pp. 1069-1075,
2001.

V. Leroy, M. N. Hilleret, N. Sturm et al, “Prospective
comparison of six non-invasive scores for the diagnosis of
liver fibrosis in chronic hepatitis C,” Journal of Hepatology,
vol. 46, no. 5, pp. 775-782, 2007.

J. P. Zarski, N. Sturm, J. Guechot et al., “Comparison of nine
blood tests and transient elastography for liver fibrosis in
chronic hepatitis C: the ANRS HCEP-23 study,” Journal of
Hepatology, vol. 56, no. 1, pp. 55-62, 2012.

W. M. Rosenberg, M. Voelker, R. Thiel et al., “Serum markers
detect the presence of liver fibrosis: a cohort study,” Gas-
troenterology, vol. 127, no. 6, pp. 1704-1713, 2004.

Y. Li, Y. Chen, and Y. Zhao, “The diagnostic value of the FIB-4
index for staging hepatitis B-related fibrosis: a meta-analysis,”
PLoS One, vol. 9, no. 8, p. e105728, 2014.

European Association for the Study of the Liver, E. Tsochatzis,
]. Boursier et al., “EASL Clinical Practice Guidelines on non-
invasive tests for evaluation of liver disease severity and
prognosis-2021 update,” Journal of Hepatology, vol. 75, no. 3,
pp. 659-689, 2021.

N. A. Terrault, A. S. F. Lok, B. J. McMahon et al., “Update on
prevention, diagnosis, and treatment of chronic hepatitis B:
AASLD 2018 hepatitis B guidance,” Hepatology, vol. 67, no. 4,
pp. 1560-1599, 2018.

W. R.Kim, T. Berg, T. Asselah et al., “Evaluation of APRI and
FIB-4 scoring systems for non-invasive assessment of hepatic
fibrosis in chronic hepatitis B patients,” Journal of Hepatology,
vol. 64, no. 4, pp. 773-780, 2016.

F. P. Sapmaz, G. Biytikturan, Y. S. Sakin, 1. H. Kalkan, and
P. Atasoy, “How effective are APRI, FIB-4, FIB-5 scores in
predicting liver fibrosis in chronic hepatitis B patients?”
Medicine, vol. 101, no. 36, p. e30488, 2022.

K. Metwally, M. Elsabaawy, M. Abdel-Samiee, W. Morad,
N. Ehsan, and E. Abdelsameea, “FIB-5 versus FIB-4 index for
assessment of hepatic fibrosis in chronic hepatitis B affected
patients,” Clinical and Experimental Hepatology, vol. 6, no. 4,
pp. 335-338, 2020.

G. Shiha, R. Soliman, N. N. H. Mikhail et al., “Development
and multicenter validation of FIB-6: a novel, machine
learning, simple bedside score to rule out liver cirrhosis and
compensated advanced chronic liver disease in patients with
chronic hepatitis C,” Hepatology Research, vol. 52, no. 2,
pp. 165-175, 2022.

K. Patel and G. Sebastiani, “Limitations of non-invasive tests
for assessment of liver fibrosis,” JHEP Reports, vol. 2, no. 2,
2020.

G. Xiao, J. Yang, and L. Yan, “Comparison of diagnostic
accuracy of aspartate aminotransferase to platelet ratio index
and fibrosis-4 index for detecting liver fibrosis in adult pa-
tients with chronic hepatitis B virus infection: a systemic
review and meta-analysis,” Hepatology, vol. 61, no. 1,
pp. 292-302, 2015.

3SUS01 7 suoWILWOD AR a|cedt|dde ay3 Aq pausench afe sapie YO ‘9sn Jo 3Nl 1oy ARrig 1 auluQ A3 |1\ UO (SUOIIPUOD-PpUe-SLWLB)W0D AB | 1M AReiq 1 pU1|UO//SdNIY) SUOIPUOD pUe SWid | 3Y) 39S *[7202/80/.2] uo Ariqiauliuo Aim ‘Aseaiun jodipe N (nquess| Aq 8901SS/7202/SSTT 0T/10p/wod A8 |1m Arelq 1 puljuoy/sdiy wouy papeojumod ‘T ‘v2oz ‘dplt



	Noninvasive Tests to Assess Liver Stiffness in Patients with Chronic Hepatitis B: APRI, FIB-4, and FIB-5 Scores
	1. Introduction
	2. Methods
	2.1. Patients and Study Design
	2.2. Liver Biopsy and Pathological Evaluation
	2.3. Noninvasive Evaluation
	2.4. Noninvasive Tests We Evaluated in Our Study
	2.5. Research Ethics
	2.6. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	References




