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Abstract
Background and Aim: Fibrotic stage (FS) assessment is essential in chronic hepatitis
C treatment cascade. Liver stiffness measurement (LSM) using transient elastography
(TE) is reliable and correlated with liver biopsy. However, TE may not be widely
available. This study aimed to evaluate the diagnostic performances of aspartate ami-
notransferase to platelet ratio index (APRI) and fibrosis 4 (FIB-4) scores compared
with TE.
Methods: We conducted a multicenter, cross-sectional study, including all chronic
hepatitis C virus (HCV) monoinfection patients with successful and reliable LSM, at
10 centers in Thailand from 2012 to 2017. Characteristics and laboratory data within
3 months of TE were retrospectively reviewed. Using TE as a reference standard, the
diagnostic performances of APRI and FIB-4 were evaluated. TE cut-off levels of 7.1
and 12.5 kPa represented significant fibrosis (SF) and cirrhosis, respectively.
Results: The distribution of FS by TE in 2000 eligible patients was as follows: no SF
28.3%, SF 31.4%, and cirrhosis 40.3%. APRI ≥ 1 provided 70.1% sensitivity and
80.6% specificity, with an area under the receiver operator characteristics curve
(AUROC) of 0.834 for cirrhosis. The specificity increased to 96.3% when using a
cut-off level of APRI ≥ 2. FIB-4 ≥ 1.45 provided a sensitivity, specificity, and
AUROC of 52.4%, 91.0%, and 0.829 for cirrhosis, respectively. For SF, APRI per-
formed better than FIB-4, with an AUROC of 0.84 versus 0.80 (P < 0.001). APRI
score < 0.5 and FIB-4 score > 1.45 yielded sensitivities of 82.3% and 74.4% and
specificities of 65.4% and 69.8%, respectively.
Conclusions: APRI and FIB-4 scores had good diagnostic performances for FS
assessment compared with TE, especially for cirrhosis. APRI may be used as the non-
invasive assessment in resource-limited settings for HCV patients’ management.

Introduction
The assessment of hepatic fibrosis stage is essential in the man-
agement of patients with chronic liver diseases of various etiolo-
gies. For example, the determination of cirrhotic status (F4 by
METAVIR staging) triggers the management bundle of cirrhosis
care, such as surveillance for portal hypertension complications

and hepatocellular carcinoma (HCC)1; significant fibrosis
(SF) (≥F2 by METAVIR staging) should be present prior to the
initiation of antiviral treatment in chronic hepatitis B patients in
many guidelines,2–4 and it is also a significant surrogate marker
for the progression to cirrhosis in other chronic liver diseases
such as chronic hepatitis C (CHC), non-alcoholic fatty liver
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disease (NAFLD),5 etc. In CHC patients, in compliance with the
2030 World Health Organization (WHO) global hepatitis C virus
(HCV) elimination target,6 despite the fact that all CHC patients
should be treated, treatment prioritization for patients with SF
(≥F2 fibrosis by METAVIR score) is still the mainstay of
resource allocation in low- and middle-income countries.7

Although liver biopsy is the gold standard for the histolog-
ical assessment of fibrosis status,8 it is an invasive method, with
uncommon but potentially life-threatening complications.
Recently, liver stiffness measurement (LSM) using transient
elastography (TE) has become the most common noninvasive
method to assess hepatic fibrosis in many countries.9,10 TE is
widely used because of its reproducibility and excellent inter-
and intraobserver agreement, and it has been validated in enor-
mous numbers of studies, which showed a very good correlation
to histological assessment by liver biopsy.11–14 However, TE has
some disadvantages; it requires a specific device that is costly for
many centers, and failure to obtain the measurement has been
reported in some particular groups of patients, for instance, asci-
tes, obesity, narrow rib space, etc.8

Another currently available noninvasive method is the
serum biomarkers of liver fibrosis.8 Several biomarkers have been
reported in literature; some are patented, for example, Fibrotest®

and Hepascore, while some are composed of unpatented clinical
and laboratory parameters. Aspartate aminotransferase to platelet
ratio index (APRI) and fibrosis 4 (FIB-4) scores are among the
unpatented biomarkers using clinical and laboratory values that are
routinely monitored or so-called “bedside” investigations in
chronic hepatitis patients, which make these scoring systems more
likely to be applicable in general practice. APRI and FIB-4 scores
are also recommended by WHO to be used in the assessment of
hepatic fibrosis in resource-limited settings where cost and avail-
ability of TE are the barriers.7 FIB-4 and APRI scores have been
validated in some specific groups of patients and showed a good
correlation with liver biopsy.15–19 However, the data regarding
diagnostic performances of FIB-4 and APRI score compared with
TE are limited. This study aims to evaluate diagnostic perfor-
mances of FIB-4 and APRI scores compared with fibrosis staging
by TE in Thai CHC patients.

Methods

Study design and data collection. This is a multicenter,
cross-sectional study from 10 centers across different regions of
Thailand. We included All CHC patients who underwent suc-
cessful LSM using Fibroscan® (Echosens, France) from the tran-
sient elastography database in each center in 2012–2017, who
were not treated with Peginterferon and Ribavirin or direct ant-
iviral agents (DAA) at the time of LSM. Chronic HCV infection
was defined by the presence of a serum HCV antibody (anti-
HCV+) and detectable viremia by HCV RNA. Exclusion criteria
were: (i) known coinfection with the human immunodeficiency
virus (HIV) or hepatitis B virus (HBV); (ii) no available labora-
tory results of aspartate aminotransferase (AST), alanine amino-
transferase (ALT), and platelet level within 3 months of LSM;
(iii) patients with coexisting diseases of either active hemolysis
at the time of AST/ALT measurement, immune-mediated throm-
bocytopenia, or hematological malignancies that may interfere
with the results of APRI and/or FIB-4 calculation; (iv) patients

with AST or ALT > 5 times above the upper normal limit
(ULN); and (v) the subsequent TE measurement(s) in the same
patients after the first enrollment (to avoid repeated measurement
data in the same patient that will subsequently generate corre-
lated data among independent observations).

Data from medical records were retrieved for baseline
characteristics, HCV genotype, HCV RNA, and laboratory
results within 3 months of LSM. The TE results were retrieved
from each center’s TE database.

The study protocol was approved by the Human Research
Ethics Committee (HREC) of all participating centers. Informed
consent was waived as the data were retrospectively retrieved and
analyzed in a deidentified format, and the case record form was
also approved by the HREC of all participating centers.

Transient elastography and biomarkers. All transient
elastography was carried out with a Fibroscan® (Echosens,
France), and successful TE was defined if the following criteria
were fulfilled3: (i) a number of valid shots of at least 10; (ii) a
success rate (the ratio of valid shots to the total number of shots)
>60%; and (iii) an interquartile range (IQR) < 30% of the median
liver stiffness measurements (M) value (IQR/M < 0.30).

Using TE as the reference standard, the diagnostic perfor-
mances of APRI and FIB-4 scores were then evaluated. The TE
cut-off levels of 7.1 kPa and 12.5 kPa were defined as character-
istic of SF (F ≥ 2) and cirrhosis (F = 4),20 respectively. APRI and
FIB-4 scores were calculated from baseline laboratory data using
the standard formula15,17 shown below. The normal upper limit
of AST levels was defined according to local laboratory values
in each center. The previous recommended cut-off values for SF
(APRI 0.5, 1.5, FIB-4 1.45) and cirrhosis (APRI 1, 2, FIB-4
1.45, 3.25) were used to define the positive results of tests.7,15,17

APRI =
AST U=L�=AST upper limit of normal ½U=L½ �

platelet 109=L
� � × 100

FIB-4 score =
age age½ �×AST U=L½ �

platelet 109=L
� �

×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ALT U=L½ �p

Statistical analysis. Descriptive statistics was used for
baseline demographic data. Quantitative measurements were
shown as mean � SD or median with IQR according to the dis-
tribution of observed values. Categorical variables were
expressed using numbers and percentages. Correlation analysis
was used to compare the liver stiffness (in kPa) with APRI and
FIB-4 scores. Using TE as the reference standard, the diagnostic
performances of APRI and FIB-4 scores were evaluated through
the calculation of the area under the receiver operator characteris-
tics curve (AUROC) and were also reported as sensitivity and
specificity of different cut-off values. DeLong’s test was used to
compare between two receiver operator characteristics curve
(ROC) curves of APRI and FIB-4 for cirrhosis and SF stage.

Results
Of 2242 patients from 10 centers’ TE database, 242 patients were
excluded according to exclusion criteria (known coinfection with
HIV or HBV = 70, no available AST or ALT or platelet
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results = 115, coexisting significant hematologic disease = 1, and
AST/ALT level > 5 times ULN = 56). Hence, a total of 2000 eli-
gible patients were included in the analysis. The demographic
and clinical characteristics of the study population are shown in
Table 1. The mean age was approximately 52 years, with a slight
male predominance (59%); the majority of patients had HCV
RNA of less than 600,000 IU/mL, and around 40% of the entire
study population had cirrhosis according to TE criteria.

The APRI and FIB-4 scores showed a significant correla-
tion with TE results (r = 0.489, P < 0.001; and r = 0.519,
P < 0.001, respectively).

Diagnostic performances for APRI and FIB-4
scores in cirrhosis. An ROC was created to depict the
trade-off between sensitivities and specificities of cirrhosis at dif-
ferent thresholds of APRI and FIB-4 score cut-off values. The
AUROC was 0.835 for APRI (95% confidence interval [CI],
0.82–0.85) and 0.829 for FIB-4 (95% CI, 0.81–0.85) as shown
in Figure 1. There was no significant difference between
AUROC of APRI and FIB-4 for cirrhosis (P = 0.3721).

The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) at the cut-off points
of APRI and FIB-4 score for predicting cirrhosis are shown in
Table 2. An APRI score ≥ 2 (WHO high cut-off value for
predicting cirrhosis) provided a specificity for classifying cirrho-
sis as high as 96.3%. However, an APRI score of less than
1 (WHO low cut-off value for cirrhosis) provided only 70.1%
sensitivity (NPV 80%) for ruling out cirrhosis. For the better sen-
sitivity to rule out cirrhosis, we evaluated the ROC analysis and
detected that a cut-off value of APRI score < 0.5 provided better
sensitivity and NPV (Table 2).

Diagnostic performances for APRI and FIB-4 score
in SF. For SF (TE ≥ 7.1 kPa), APRI performances were signifi-
cantly better than FIB-4 scores as the AUROCs were 0.844 for
APRI (95% CI, 0.83–0.86) and 0.804 for FIB-4 (95% CI,
0.78–0.82), P < 0.001 (Fig. 2). The sensitivity, specificity, PPV,
and NPV at the cut-off points of APRI and FIB-4 scores for
predicting cirrhosis are shown in Table 3. An APRI score ≥ 1.5
(WHO high cut-off value) provided a specificity for predicting
SF stage as high as 97.7%. However, an APRI score of less than
0.5 (WHO low cut-off value) provided only 59.3% NPV for
ruling out SF. For the better sensitivity to rule out SF stages in
CHC patients, we evaluated the ROC analysis and detected that a
cut-off APRI score < 0.3 provided better sensitivity and NPV
(Table 3).

Discussion
Hepatic fibrosis assessment is mandatory in the clinical manage-
ment of patients with CHC in terms of both cirrhosis care and
prioritizing patients with SF who are at high risk of progression
to cirrhosis to be treated with DAAs, especially in low- and
middle-income countries where treatment of all CHC patients,
despite being an ultimate goal, might not be practical in the real-
world practice. Currently, TE plays a major role in hepatic fibro-
sis assessment in many countries due to its excellent correlation
with liver biopsy for each stage of fibrosis and poses an
extremely low risk of procedure-related complication. TE is now
also an acceptable alternative standard for hepatic fibrosis assess-
ment in CHC patients by many guidelines.21–23 Notwithstanding
the benefits of TE, in a resource-limited setting, the cost and the
access to the centers where equipment is available are still the
barriers to TE. WHO recommends using APRI and FIB-4 scores
to assess hepatic fibrosis in resource-limited setting rather than
TE; however, with a low-quality of evidence.7 In this study, we
conducted a large nationwide cross-sectional study to evaluate
the bedside noninvasive biomarkers APRI and FIB-4 scores com-
pared with TE in the assessment of cirrhosis and SF stage in
CHC patients.

We found that both APRI and FIB-4 performed well in
predicting cirrhosis with an AUROC of 0.835 and 0.829, respec-
tively, and the results are similar to the AUROC of APRI and
FIB-4 score for cirrhosis in the previous meta-analysis using liver
biopsy as the reference standard.24 However, regarding the pre-
diction of SF status, the APRI score yielded a significantly better
diagnostic performance over FIB-4 score with the AUROC of
0.844 and 0.804 (P < 0.001), respectively. Both AUROCs
are numerically higher than the previous meta-analysis;24

Table 1 Baseline characteristics of enrolled patients (n = 2000)

Characteristics n (%)

Region in Thailand
Northern
Chiang Mai University 93 (4.7)

Central
Siriraj Hospital 624 (31.2)
Chulalongkorn University 376 (18.8)
Rajvithi Hospital 323 (16.2)
Ramathibodi Hospital 168 (8.4)
Bamrasnaradura Infectious Diseases Institute 77 (3.8)
Thammasart University 35 (1.8)
Tropical Medicine 3 (0.2)

Northeastern
Srinagarind Hospital 110 (5.5)

Southern
Prince of Songkla University 191 (9.6)

Age, years (mean � SD) 51.7 � 10.5
Gender, male 1183 (59.2)
HCV genotype (of 1684 available data)
Genotype 1 700 (41.6)
Genotype 3 776 (46.1)
Genotype 6 193 (11.5)
Genotype 2 or 4 15 (0.8)

HCV RNA (of 1610 available data)
≤600 000 IU/mL 1363 (84.7)
≥600 000 IU/mL 247 (15.3)

Liver stiffness, kPa (median, IQR) 10.2 (6.7, 17.3)
AST level, U/L (median, IQR) 52 (33, 81)
ALT level, U/L (median, IQR) 62 (36, 102)
Platelet, *109/L (mean � SD) 190 � 75.55
Fibrosis stage by TE
No significant fibrosis (F0-1) 566 (28.3)
Significant fibrosis (F2-3) 628 (31.4)
Cirrhosis (F4) 806 (40.3)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV,
hepatitis C virus; IQR, interquartile range; TE, transient elastography.
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nevertheless, both low and high cut-off values of APRI score
provide sensitivity and specificity similar to the previous report.
Given the simpler calculation formula and better diagnostic per-
formance, we suggest that the APRI score be used for hepatic
fibrosis assessment in the management of CHC patients over the
FIB-4 score.

For clinical application, the prespecified high cut-off
points proposed by WHO yielded satisfactory results for defining
both cirrhosis and SF. In order to start treatment with DAA in
CHC patients, an APRI ≥ 1.5 (high cut-off value for ≥F2 by
WHO) yielded a PPV of 97.4% to ensure that the patients had
SF, and an APRI score ≥ 2 (high cut-off value for cirrhosis by
WHO) provided a specificity of 96.3%, which could aid the pri-
mary doctors to trigger cirrhosis care bundles for the patients
right away including HCC surveillance. Nonetheless, the
prespecified WHO criteria (low cut-off) did not yield satisfactory
high sensitivity and NPV as the NPV were only 80 and 59.3% to
rule out cirrhosis and SF, respectively, meaning that a significant
proportion of patients may not receive the appropriate manage-
ment if these low cut-off values are used as a screening tool to
rule out cirrhosis or SF status.

For a better sensitivity to rule out cirrhosis and SF, in our
study, we have found that lower cut-off values of APRI of 0.5
and 0.3 yielded a sensitivity of 90.0 and 95% to rule out cirrhosis
and SF, respectively. The result of the lower cut-off value of
APRI of 0.5 to exclude cirrhosis in our study is similar to the
recent study from Australia,25 where a cut-off level of 0.49
yielded an impressive NPV of 99%. However, because we used
TE as the reference standard in our research, and it was not a
gold standard, this lower cut-off value of 0.5 and 0.3 to rule out
cirrhosis and SF cannot be recommended at this time. Further
studies to define the appropriate low cut-off values as a screening
tool to rule out cirrhosis and SF and the validation of those cut-
off values are needed.

The strengths of our study are as follows: to date, this is
the study including the largest number of CHC patients to evalu-
ate the diagnostic performances of APRI and FIB-4 scores for
fibrosis assessment, and we included the data from all major cen-
ters across the country with a wide spectrum of liver diseases in
CHC patients in Thailand. Nonetheless, we acknowledged that
there are some limitations to our analysis. First, the data were
collected from participant centers, which are mostly tertiary care

Figure 1 Area under the receiver operator characteristics curve analysis for the diagnosis of cirrhosis using APRI and FIB-4 scores. AUC, area
under the receiver operator characteristics curve; APRI, aspartate aminotransferase to platelet ratio index; CI, confidence interval; FIB-4, fibrosis 4.

Table 2 Diagnostic performances of APRI and FIB-4 scores for predicting cirrhosis

Cut-off value Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

APRI ≥ 1 (WHO low cut-off value) 70.1 (66.8–73.2) 80.6 (78.2–82.8) 70.9 (67.6–74.0) 80 (77.6–82.2)
APRI ≥ 2 (WHO high cut-off value) 36.2 (32.9–39.7) 96.3 (95.1–97.3) 86.9 (82.8–90.3) 69.1 (66.8–71.3)
FIB-4 ≥ 3.25 49 (45.5–52.5) 92 (90.3–93.4) 80.4 (76.7–83.9) 72.8 (70.4–75.0)
APRI ≥ 0.5 (the present study’s lower cut-off value) 90.9 (88.7–92.8) 46.1 (43.3–49) 53.3 (50.6–55.9) 88.3 (85.5–90.7)

APRI, aspartate aminotransferase to platelet ratio index; CI, confidence interval; FIB-4, fibrosis 4; NPV, negative predictive value; PPV, positive pre-
dictive value; WHO, World Health Organization.
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centers; hence, there might be referral bias of the patients leading
to a greater proportion of cirrhosis observed in our study. Sec-
ond, we use TE as the reference standard, not the gold standard,
of liver biopsy; thus, some variabilities may exist. However, TE
has been validated in enormous numbers of studies, which
showed a very good correlation to histological assessment by
liver biopsy.11–14 Furthermore, we also obtained only successful
TE data using predefined criteria and exclude patients with AST
or ALT > 5 times above ULN, which might interfere with the
interpretation of fibrosis level from TE, minimizing the chance of
unreliable results. Third, due to retrospective data collection,
there were some missing data, for example, data regarding his-
tory of drug and herbal/alternative medicine use that might affect
ALT level were not systematically obtained, and controlled atten-
uation parameter (CAP) for fat quantification data from
Fibroscan® were not available in all patients as a result of differ-
ent versions of the devices used across centers in the study. We
could only exclude patients with known HIV/HBV coinfection,
and the anti-HIV and HBsAg tests might not be performed in all
patients.

In conclusion, from this large cross-sectional study, both
APRI and FIB-4 scores were found to have good diagnostic perfor-
mances in the diagnosis of cirrhosis and SF stage, with a slightly
but significantly better AUROC of APRI over FIB-4 scores in the
prediction of SF. We suggest that the WHO high cut-off values
could be used in determining both cirrhosis and SF stage in real-
world resource-limited setting; however, to rule out significant liver
disease, the low cut-off values might need to be revised.

Acknowledgments
This study was funded by the Thai Association for the Study of
the Liver (THASL). The work was also supported by the
Thailand Research Fund (TRF) Senior Research Scholar
(RTA5980008).

References

1 Ge PS, Runyon BA. Treatment of patients with cirrhosis. N. Engl.
J. Med. 2016; 375: 767–77.

Figure 2 Area under the receiver operator characteristics curve analysis for the diagnosis of significant fibrosis using APRI and FIB-4 scores. AUC,
area under the receiver operator characteristics curve; APRI, aspartate aminotransferase to platelet ratio index; CI, confidence interval; FIB-4,
fibrosis 4.

Table 3 Diagnostic performances of APRI and FIB-4 scores for predicting significant fibrosis

Cut-off value Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

APRI ≥ 0.5 (WHO low cut-off value) 82.3 (80.2–84.2) 65.5 (61.3–69.3) 85.8 (83.8–87.6) 59.3 (55.3–63.2)
APRI ≥ 1.5 (WHO high cut-off value) 34.4 (32–37) 97.7 (96.1–98.8) 97.4 (95.7–98.6) 37 (34.6–39.5)
FIB-4 ≥ 1.45 (WHO low cut-off value) 74.4 (72.1–76.6) 69.8 (65.8–73.5) 86.2 (84.1–88.1) 51.8 (48.2–55.4)
FIB-4 ≥ 3.25 (WHO high cut-off value) 33.1 (30.7–35.6) 97.2 (95.4–98.4) 96.7 (94.8–98.1) 36.4 (34–38.9)
APRI ≥ 0.3 (the present study’s lower cut-off value) 95 (93.8–96.1) 35 (31.1–39.1) 78.7 (767–80.6) 73.6 (67.9–78.8)

APRI, aspartate aminotransferase to platelet ratio index; CI, confidence interval; FIB-4, fibrosis 4; NPV, negative predictive value; PPV, positive pre-
dictive value; WHO, World Health Organization.

P Sripongpun et al. Validation of biomarkers in hepatitis C

JGH Open: An open access journal of gastroenterology and hepatology 4 (2020) 69–74

© 2019 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

73



2 Sarin SK, Kumar M, Lau GK et al. Asian-Pacific clinical practice
guidelines on the management of hepatitis B: a 2015 update. Hepatol.
Int. 2016; 10: 1–98.

3 European Association for the Study of the Liver. EASL 2017 Clinical
Practice guidelines on the management of hepatitis B virus infection.
J. Hepatol. 2017; 67: 370–98.

4 Terrault NA, Bzowej NH, Chang KM et al. AASLD guidelines for
treatment of chronic hepatitis B. Hepatology. 2016; 63: 261–83.

5 Angulo P, Kleiner DE, Dam-Larsen S et al. Liver fibrosis, but no
other histologic features, is associated with long-term outcomes of
patients with nonalcoholic fatty liver disease. Gastroenterology.
2015; 149: 389.e10–97.e10.

6 World Health Organization. Global Health Sector Strategy on Viral Hep-
atitis 2016–2021. Geneva: WHO Document Production Services; 2016.

7 World Health Organization. Guidelines for the Care and Treatment
of Persons Diagnosed with Chronic Hepatitis C Virus Infection.
Geneva: WHO Document Production Services; 2018.

8 European Association for Study of Liver. EASL-ALEH Clinical Prac-
tice guidelines: non-invasive tests for evaluation of liver disease
severity and prognosis. J. Hepatol. 2015; 63: 237–64.

9 Sebastiani G, Ghali P, Wong P, Klein MB, Deschenes M, Myers RP.
Physicians’practices for diagnosing liver fibrosis in chronic liver dis-
eases: a nationwide, Canadian survey. Can. J. Gastroenterol.
Hepatol. 2014; 28: 23–30.

10 Lim JK, Flamm SL, Singh S, Falck-Ytter YT; Clinical Guidelines
Committee of the American Gastroenterological Association. Ameri-
can Gastroenterological Association Institute guideline on the role of
elastography in the evaluation of liver fibrosis. Gastroenterology.
2017; 152: 1536–43.

11 Talwalkar JA, Kurtz DM, Schoenleber SJ, West CP, Montori VM.
Ultrasound-based transient elastography for the detection of hepatic
fibrosis: systematic review and meta-analysis. Clin. Gastroenterol.
Hepatol. 2007; 5: 1214–20.

12 Stebbing J, Farouk L, Panos G et al. A meta-analysis of transient
elastography for the detection of hepatic fibrosis. J. Clin.
Gastroenterol. 2010; 44: 214–9.

13 Friedrich-Rust M, Ong MF, Martens S et al. Performance of transient
elastography for the staging of liver fibrosis: a meta-analysis. Gastro-
enterology. 2008; 134: 960–74.

14 Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E,
Davidson BR, Burroughs AK. Elastography for the diagnosis of

severity of fibrosis in chronic liver disease: a meta-analysis of diag-
nostic accuracy. J. Hepatol. 2011; 54: 650–9.

15 Wai CT, Greenson JK, Fontana RJ et al. A simple noninvasive index
can predict both significant fibrosis and cirrhosis in patients with
chronic hepatitis C. Hepatology. 2003; 38: 518–26.

16 Xiao G, Yang J, Yan L. Comparison of diagnostic accuracy of aspar-
tate aminotransferase to platelet ratio index and fibrosis-4 index for
detecting liver fibrosis in adult patients with chronic hepatitis B virus
infection: a systemic review and meta-analysis. Hepatology. 2015;
61: 292–302.

17 Sterling RK, Lissen E, Clumeck N et al. Development of a simple
noninvasive index to predict significant fibrosis in patients with HIV/-
HCV coinfection. Hepatology. 2006; 43: 1317–25.

18 Vallet-Pichard A, Mallet V, Nalpas B et al. FIB-4: an inexpensive
and accurate marker of fibrosis in HCV infection, comparison with
liver biopsy and fibrotest. Hepatology. 2007; 46: 32–6.

19 Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G. Comparison of labo-
ratory tests, ultrasound, or magnetic resonance elastography to detect
fibrosis in patients with nonalcoholic fatty liver disease: a meta-analy-
sis. Hepatology. 2017; 66: 1486–501.

20 Castéra L, Vergniol J, Foucher J et al. Prospective comparison of
transient elastography, Fibrotest, APRI, and liver biopsy for the
assessment of fibrosis in chronic hepatitis C. Gastroenterology. 2005;
128: 343–50.

21 European Association for the Study of the Liver. EASL recommenda-
tions on treatment of hepatitis C 2018. J. Hepatol. 2018; 69:
461–511.

22 AASLD-IDSA. Recommendations for Testing, Managing, and
Treating Hepatitis C. Available from URL: http://www.
hcvguidelines.org [Accessed 14th September 2018]

23 Omata M, Kanda T, Wei L et al. APASL consensus statements and
recommendations for hepatitis C prevention, epidemiology, and labo-
ratory testing. Hepatol. Int. 2016; 10: 681–701.

24 Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrhosis in
patients with chronic hepatitis C virus infection: a systematic review.
Ann. Intern. Med. 2013; 158: 807–20.

25 Kelly ML, Riordan SM, Bopage R, Lloyd AR, Post JJ. Capacity of
non-invasive hepatic fibrosis algorithms to replace transient
elastography to exclude cirrhosis in people with hepatitis C virus
infection: a multi-centre observational study. PLoS One. 2018; 13:
e0192763.

Validation of biomarkers in hepatitis C P Sripongpun et al.

74 JGH Open: An open access journal of gastroenterology and hepatology 4 (2020) 69–74

© 2019 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

http://www.hcvguidelines.org
http://www.hcvguidelines.org

	 Evaluation of aspartate aminotransferase to platelet ratio index and fibrosis 4 scores for hepatic fibrosis assessment com...
	Introduction
	Methods
	Study design and data collection
	Transient elastography and biomarkers
	Statistical analysis

	Results
	Diagnostic performances for APRI and FIB-4 scores in cirrhosis
	Diagnostic performances for APRI and FIB-4 score in SF

	Discussion
	Acknowledgments
	References


