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Background and Aim. Aspartate aminotransferase-to-platelet ratio index (APRI) is widely used in the assessment of fibrosis and
cirrhosis, especially in patients with chronic hepatitis. However, the prognostic value of APRI in patients with chronic hepatitis
with regard to the prediction of hepatocellular carcinoma (HCC) occurrence remains controversial. The objective of this meta-
analysis is to investigate the association between APRI and HCC risk on the basis of cohort studies. Methods. We systematically
reviewed PubMed, EMBASE, Web of Science, and Chinese National Knowledge Infrastructure databases for relevant cohort
studies up to May 1, 2019. Pooled hazard ratios (HRs) with 95% confidence intervals (CIs) for total and subgroup analyses were
calculated with Stata 12.0 software for the assessment of the relationship between APRI and HCC risk. Results. A total of 13
studies, involving 8897 patients, were included in the meta-analysis, of which 11 explored the association between pretreatment
APRI and HCC risk and four reported the relationship between posttreatment APRI and HCC risk. Pooled results showed that
an elevated level of pretreatment APRI was associated with increased HCC risk (HR =2.56, 95% CI: 1.78-3.68). When stratified
by hepatitis type, high pretreatment APRI predicted HCC development in patients with chronic hepatitis B (CHB) and C
(CHC) but not in alcoholic liver cirrhosis (ALC). In the subgroup analyses of study region, cut-off value, sample size, and
analysis method, the relationship between high pretreatment APRI and increased HCC risk was significant. Meanwhile, patients
with a high level of posttreatment APRI suffered from high HCC risk (HR =3.69, 95% CI: 2.52-5.42). Conclusion: Results
revealed a significant association between elevated APRI and HCC development in patients with chronic hepatitis, suggesting
that APRI might serve as a valuable predictor for HCC risk in patients with chronic hepatitis.

1. Introduction

Hepatocellular carcinoma (HCC) is the second most com-
mon cause of cancer-related deaths worldwide [1]. Globally,
approximately two billion people are infected with hepatitis
B virus (HBV) and 71 million people are infected with
hepatitis C virus (HCV) which are thought to be the impor-
tant causes of HCC [2, 3]. The development of HCC is also
associated with chronic liver disease caused by alcohol

consumption and metabolic syndrome [4]. Among patients
diagnosed with early stage HCC, tumor resection and liver
transplantation improve prognosis with a five-year survival
rate of more than 30% [5]. However, many patients with
HCC are already in advanced disease during diagnosis and
have poor prognosis with median survival of less than a year
and a five-year survival rate of approximately 10% [6, 7].
Therefore, risk prediction and early HCC diagnosis should
be given utmost attention in patients with chronic hepatitis.
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Patients with advanced fibrosis and cirrhosis are at high
risk of developing HCC [8, 9]. Liver biopsy has been consid-
ered as the golden standard for determining the extent of
fibrosis and cirrhosis. However, liver biopsy is not widely
used in clinical practice because of its invasive nature and
potential complications; thus, noninvasive methods for the
evaluation of liver fibrosis and cirrhosis have been developed
[10]. Several serum markers, such as aspartate aminotrans-
ferase- (AST-) to-platelet ratio index (APRI), AST/alanine
aminotransferase, platelets, AST, albumin, total bilirubin,
and alkaline phosphatase, which are changeable depending
on disease activities representing different clinical signifi-
cance, have been investigated to assess liver fibrosis and
cirrhosis [11, 12].

APRI showed higher accuracy than other serum markers
in predicting advanced fibrosis and cirrhosis in patients with
chronic hepatitis and significantly differentiated the F3 and
F4 stages [13]. According to the guideline of the Asian Pacific
Association for the Study of the Liver, APRI score is the most
cost-effective noninvasive tool for assessing cirrhosis and
active hepatitis, which may even be an alternative to liver
biopsy [14]. Recently, studies have investigated whether
APRI can assess the risk of HCC in patients with chronic
hepatitis [15-27]. However, results have been inconsistent.
Herein, to further clarify the relationship between APRI
and the risk of HCC, we performed a systematic review and
meta-analysis using available evidence from cohort studies.

2. Materials and Methods

2.1. Search Strategy. This meta-analysis was conducted in
accordance to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses. We comprehensively searched
the electronic databases of PubMed, EMBASE, Web of
Science, and Chinese National Knowledge Infrastructure for
updates until May 1, 2019 to assess the relationship between
APRI and HCC risk in patients with chronic hepatitis. Com-
binations of medical subject heading terms and text words
((“aspartate aminotransferase-to-platelet ratio index” or
“APRI”), and (“chronic hepatitis”) and (“hepatocellular car-
cinoma” or “HCC”)) were used in the searches. In addition,
we manually searched the records of identified articles to
further identify potential studies.

2.2. Inclusion and Exclusion Criteria. Literature search, study
selection, and validation were systematically conducted by
two independent reviewers (CMZ and JYW) who were
blinded to authors and publication years. The reviewers
addressed disagreements by discussion, and the arbitrator
(JY) adjudicated any unsolved disagreement. Studies were
selected for the meta-analysis according to the following cri-
teria: (1) cohort studies investigated the association between
APRI and the risk of HCC in chronic hepatitis regardless of
the testing time; (2) literature provided sufficient data for
the extraction or calculation of the hazard ratio (HR); and
(3) studies were written in full text. Studies were excluded
according to any of the following exclusion criteria: (1)
cross-sectional or case-control studies, reviews, letters, case
reports, and expert opinions and (2) studies that did not
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provide risk estimates and 95% ClIs. If multiple studies had
a similar cohort of participants, only the study with the larg-
est sample size was included for any given result [28].

2.3. Data Extraction and Quality Assessment. Data were inde-
pendently extracted from each eligible study by two authors
(CMZ and SSX), and any disagreement was resolved through
consensus. The following information, if available, was
recorded: first author’s name, year of publication, study
country, sample size, hepatitis type, therapeutic approach,
follow-up period, number of HCC, and HRs with the corre-
sponding 95% Cls. In studies where HR estimations of uni-
variate and multivariate analyses were both provided, the
results of multivariate analysis were preferentially selected.
If HRs and 95% Cls were not provided directly, we attempted
to estimate these points.

The Newcastle-Ottawa Scale (NOS) was applied to evalu-
ate the quality of each included article [29]. NOS scores
ranged from 0 to 9, and the study with a score of more than
6 was considered of high quality.

2.4. Statistical Analysis. In this meta-analysis, the relationship
between APRI and HCC risk in patients with chronic hepati-
tis was evaluated by calculating pooled HRs and 95% Cls. An
HR of >1 with 95% ClIs exceeding 1 indicated an increased
risk of HCC in patients with evaluated APRI. Subgroup anal-
yses were conducted according to study region, hepatitis
type, cut-off value, sample size, and analysis method.

The Chi square-based Q test and I were used in
the assessment of heterogeneity between the studies. A
P value < 0.05 or I*>50% indicated significant heteroge-
neity, and a random-effect model was used for the calcula-
tion of the pooled results [30]; otherwise, a fixed-effect
model was selected [31]. Metaregression analysis was con-
ducted to determine the potential source of heterogeneity.
Sensitivity analysis was also conducted by omitting each
study to access the stability of the results. Publication bias
was estimated by visually assessing the asymmetry of the fun-
nel plot and then quantitatively by Begg’s and Egger’s tests
[32]. If there was significant publication bias, the trim-and-
fill method was then applied to assess its influence on the
dependability of the results of our meta-analysis [33]. Stata
12.0 (Stata Corporation, College Station, TX, USA) was used
in the statistical analyses. All P values were two-tailed, and
statistical significance was defined as P < 0.05 for all tests.

3. Results

3.1. Description of Included Studies. A total of 292 records
were retrieved from the databases, of which 241 papers were
removed because of duplicates and apparent irrelevance.
After careful review, 24 studies were further excluded, of
which eight were reviews and 16 reported survival of HCC.
From the full-text articles reviewed for eligibility, the follow-
ing 14 papers were removed after evaluation: seven articles
that were cross-sectional or case-control studies, four papers
that did not provide sufficient data for HR calculation, and 3
reports that did not divide APRI into two groups. Finally, 13
studies with 16 cohorts were included [15-27], of which 11



Disease Markers

Records identified through
database searching (n = 292)

N

removed (n = 207)

Records after duplicates

Records excluding obvious irrelevance
(n=156)

A

Records screened (n

51)

Records excluded:
Reviews (n = 8)
HCC survival (n = 16)

N

eligibility (n = 27)

Full-text articles assessed for

Records excluded:

Cross-sectional or case-control (n = 7)
No data for calculation of HR and
95% CI (1 = 4)

No divide into two grops for APRI
(n=3)

N

Studies included in the
meta-analysis (n = 13)

|
v

v

Pretreatment APRI and HCC
risk (n =11, including 11 cohorts)

Posttreatment APRI and HCC
risk (n = 4, including 5 cohorts)

FiGure 1: Flow diagram of the study selection process and specific reasons for exclusion in the meta-analysis.

studies with 11 cohorts reported the relationship between
pretreatment APRI and HCC risk [15-25] and four papers
with five cohorts reported the relationship between posttreat-
ment APRI and HCC risk [20, 23, 26, 27]. This is because two
studies reported the relationship between APRI and HCC
risk before and after treatment [20, 23], and one study ana-
lyzed the association between posttreatment APRI and
HCC risk in patients with chronic hepatitis C (CHC), with
and without sustained virological response (SVR) separately
[26]. The process of literature selection is illustrated in
Figure 1.

The main characteristics of the included studies are sum-
marized in Table 1. For pretreatment APRI, a total of 7398
patients with chronic hepatitis were included in the meta-
analysis, of which 494 individuals developed HCC [15-25].
Among these 11 estimates, five were derived from patients
with chronic hepatitis B (CHB) [15, 16, 19, 21, 25], five from
patients with CHC [17, 20, 22-24], and only one from a
patient with alcoholic liver cirrhosis (ALC) [18]. Most of
the included studies were conducted in Taiwan [17, 23, 24]
and Korea [15, 16, 21, 22], whereas other publications were
from Japan [19], China [20], and the USA [25]. Sample sizes

ranged from 34 to 1351, and the cut-off values ranged from
0.5 to 2. The HRs with 95% CIs were directly extracted from
multivariate analyses in seven cohorts [15-19, 24, 25],
whereas other cohorts were obtained from univariate analy-
ses or Kaplan-Meier curves [20-23]. Meanwhile, five cohorts
with 2884 patients reported the association between post-
treatment APRI and HCC risk [20, 23, 26, 27]. All partici-
pants were CHC patients, and the studies were conducted
in Taiwan and China.

3.2. Quality Assessment. The assessment of methodological
quality of the included studies is shown in Table 2. On the
basis of the NOS system, quality scores ranged from 6 to 8,
which indicated the reliable overall quality of studies.

3.3. APRI and Risk of HCC. The main results of the analysis
on the association between APRI and HCC risk are shown
in Table 3. As shown in Figure 2, nine individual cohorts
showed significant associations between pretreatment APRI
and HCC risk, whereas the other two reported null associa-
tions. The final result showed that patients with high
pretreatment APRI had increased risk of HCC with a pooled
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TaBLE 3: Summary of the meta-analysis results.

Categories Trials HR (95% CI) I? (%) Py Z P, P,
Pretreatment 11 (7398) 2.56 (1.78-3.68)F 71.5 <0.001 5.06 <0.001
Study region 0.245
Taiwan 3 (2256) 2.71 (1.78-4.12) 10.4 0.327 4.67 <0.001
Korea 5 (4084) 2.80 (1.44-5.46)R 86.4 <0.001 3.03 0.002
Others 3 (1058) 1.90 (1.23-2.93) 0.0 0.657 291 0.004
Hepatitis type 0.542
CHB 5 (3586) 3.16 (1.77-5.63)R 67.1 0.016 3.89 <0.001
CHC 5 (2888) 2.17 (1.42-3.32)R 57.9 0.050 3.56 <0.001
ALC 1(924) 1.46 (0.73-2.94)R NA NA 1.06 0.287
Cut-off value 0.600
>1.0 5 (2461) 1.62 (1.35-1.95) 36.8 0.176 5.15 <0.001
<1.0 5 (4251) 3.79 (2.15-6.67)F 55.7 0.060 4.61 <0.001
NR 1 (686) 2.04 (1.10-3.79)% NA NA 2.26 0.024
Sample size 0.643
>800 5 (5095) 2.79 (1.76-4.42)R 52.2 0.079 4.35 <0.001
<800 6 (2303) 2.37 (1.36-4.13)k 77.2 0.001 3.03 0.002
Analysis method 0.373
Multivariate 7 (4873) 2.37 (1.82-3.09) 412 0.116 6.36 <0.001
Univariate 4 (2525) 2.90 (1.30-6.46)F 86.3 <0.001 2.60 0.009
Posttreatment 5 (2884) 3.69 (2.52-5.42) 7.8 0.362 6.68 <0.001

CHB: chronic hepatitis B; CHC: chronic hepatitis C; ALC: alcoholic liver cirrhosis; NR: none reported; Py;: P value for heterogeneity based on the Q test;
P,: P value for statistical significance based on the Z test; P,,,: P value for statistical outcome based on multivariate metaregression analysis; X: random-effect model.

Study
ID HR (95% CI) % weight
Song BG (2018) + 2.57 (1.31,5.02)  9.86
Paik N (2018) 3—0— 6.10 (2.74,13.50) 8.66
Chang KC (2018) —’§— 2.31(1.44,3.68) 1191
Kim JH (2018) — 1.46 (0.73,2.94)  9.61
Nishikawa H (2017) - 1.13(0.34,3.71)  5.70
Ji FP (2017) —’§— 2.08 (1.03,4.21) 9.54
Kim JH (2016) P 6.20 (3.32,11.58) 10.32
Lee K (2016) - 3 1.44 (1.16,1.80) 14.08
Wu CK (2016) _._ 4.85(1.51,15.60) 5.87
NgKj (2016) : 5.55(1.19,25.86) 4.06
Hann HW (2015) - 2,04 (1.10,3.79)  10.39
Overall (I-squared = 71.5%, P = 0.000) <> 2.56 (1.78,3.68) 100.00
Note: weights are from random effects analysis 3

T T

.0387 1 259

FIGURE 2: Forest plots of the overall outcomes for HCC risk of pretreatment APRI. Hazard ratios (HRs) for each trial are represented by the
squares, and the horizontal lines crossing the square stand for the 95% confidence intervals (CIs). The diamonds represent the estimated
pooled effect of the overall outcome for risk of HCC in patients with chronic hepatitis. All P values are two sided.

HR of 2.56 (95% CI: 1.78-3.68; I* =71.5%; Pheterogeneity APRI was associated with increased risk of HCC in Taiwan

<0.001). When the included studies were stratified into (HR=2.71, 95% CIL 1.78-4.12, fixed effects), Korea
subgroup analyses according to regions, high pretreatment  (HR =2.80, 95% CI: 1.44-5.46, random effects), and others
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Study

ID HR (95% CI) % weight
Ji FP (2017) —0‘— 2.69 (1.35,5.38) 30.74
Wu CK (2016) —’1— 2.94 (1.51,5.74)  32.95
Chen TM (non-SVR) (2016) ———————— 1091 (2.49,47.70) 6.7
Chen TM (SVR) (2016) _— 4.40 (1.46,13.23)  12.09
Yu ML (2006) —— 578 (2.31,14.45) 17.48
Overall (I-squared = 7.8%, P = 0.362) @ 3.69 (2.52,5.42) 100.00

Note: weights are from fixed effects analysis

T
.021

1

T
47.7

F1GURE 3: Forest plots of the overall outcomes for HCC risk of posttreatment APRI. Hazard ratios (HRs) for each trial are represented by the
squares, and the horizontal lines crossing the square stand for the 95% confidence intervals (CIs). The diamonds represent the estimated
pooled effect of the overall outcome for risk of HCC in patients with chronic hepatitis. All P values are two sided.

(HR =1.90, 95% CI: 1.23-2.93, fixed effects). On the basis of
hepatitis type, higher APRI predicted HCC development in
patients with CHB (HR =3.16, 95% CI: 1.77-5.63, random
effects) and CHC (HR=2.17, 95% CI: 1.42-3.32, random
effects) but not in patients with ALC (HR =1.46, 95% CI:
0.73-2.94, random effects). The stratification based on the
cut-off value indicated that high pretreatment APRI was still
an unfavorable risk of HCC. Similarly, in the subgroup anal-
ysis of sample size, high APRI was related to increased risk of
HCC not only in a large sample size (>800) (HR =2.79, 95%
CI: 1.76-4.42, random effects) but also in a small sample size
(<800) (HR =2.37, 95% CI: 1.36-4.13, random effects). For
the analysis method, the predictive role of high APRI on
higher risk of HCC did not change in multivariate analysis
(HR =2.37, 95% CI: 1.82-3.09, fixed effects) and univariate
analysis (HR =2.90, 95% CI: 1.30-6.46, random effects).

Additionally, four studies with five estimations evaluated
the association between posttreatment APRI and risk of
HCC, of which the pooled result indicated that a high level
of posttreatment APRI was significantly corrected with
increased risk of HCC (HR=3.69, 95% CI 2.52-5.42,
Figure 3).

3.4. Metaregression Analysis. Metaregression was performed
to investigate the potential source of heterogeneity among
studies of pretreatment APRI. Results demonstrated that
study region (P =0.245), hepatitis type (P =0.542), cut-off
value (P=0.600), sample size (P=0.643), and analysis
method (P = 0.373) cannot explain the source of heterogene-
ity. We did not conduct metaregression analysis concerning
the risk of HCC posttreatment APRI because of insufficient
studies.

3.5. Sensitivity Analysis and Publication Bias. Sensitivity
analysis indicated that the corresponding pooled HRs for
risk of HCC pretreatment (Figure 4(a)) or posttreatment
(Figure 4(b)) APRI did not significantly change by ignoring

any signal cohort study. Thus, results of our meta-analysis
were stable.

Although Begg’s test (P = 0.533) did not show significant
publication bias concerning pretreatment APRI, a significant
publication bias was found by Egger’s test (P = 0.039). Addi-
tionally, the funnel plot showed a certain degree of apparent
asymmetry (Figure 5(a)). After adjustment using trim-and-
fill analysis, three nonpublished studies were added to
balance the funnel plot (Figure 5(b)). The recalculated HR
and 95% CI were slightly changed but remain significant
(HR=1.94, 95% CI: 1.32-2.83), indicating the robustness
of the results. As for the HCC risk of posttreatment APRI, a
significant publication bias was observed by Egger’s test
(P =0.031) but not by Begg’s test (P = 0.221), which was also
confirmed by the funnel-plot shape (Figure 5(c)). After
adjusted by the trim-and-fill analysis, two more studies were
needed to add into the funnel plot (Figure 5(d)) and the
recalculated results did not significantly change (HR =3.03,
95% CI: 2.14-4.27), indicating that potential publication bias
had minimal impact on the overall outcome.

4. Discussion

As a simple and noninvasive marker, APRI consists of two
routinely available biochemical and clinical parameters,
aspartate aminotransferase (AST) and platelets (PLT),
which can be calculated according to the following for-
mula: (AST/the upper limit of normal value)/PLT (10°/L) x
100 [34]. Thus, APRI, as a composite biomarker, is less
expensive and widely available [16, 35, 36] and its clinical
value can be enhanced due to its stability and reliability
[28]. APRI was originally proposed to predict the degree
of liver fibrosis stage and liver function reserve [37, 38].
The liver fibrosis stage is one of the main factors affecting
treatment decision for patients with chronic hepatitis. The
main reason is that liver disease progresses more slowly in
patients without fibrosis or with minimal fibrosis, and
treatment does not necessarily need to be started for these



Meta—analysis estimates, given named study is omitted

Disease Markers

Song BG (2018) I .............................................. ) .......................................................................
PalkN (2018) I ...................................... O .......................................................
Chang KC (2018) | |-+ 1o TSSO PRSP TSRO [SSTRIOSR |
Kim IH (2018) I .................................................. O ............................................................................ I
Nishikawa H (2017) SOOI [ USSR ISR |
Il FP (201’7) I ............................................... O ........................................................................... I
Klm IH (2016) ................................. O ............................................... I
Lee K (2016) I .............................................. O ................................................................... i
Wu CK (2016) I ....................................... O ........................................................... I
Ng KJ (2016) I... ....................................... O ............................................................... I
Hann HW (2015) I ............................................. O ............................................................................. I
1
1.63 1.78 2.56 3.68 4.05
| Lower CI limit
O Estimate
| Upper CI limit
(@
Meta—analysis estimates, given named study is omitted
Il FP (201’7) I ......................................... O ...................................................................
Wu CK (2016) | | [ L 1RSSO OSSO |
Chen TM (non-SVR) (2016) | |-+ wwrvrererererieenn o TS O |
Chen TM (SVR) (2016) | |-
Yu ML (2006) .............................. O ............................................... I
1
2.20 2.52 3.69 5.42 6.74
| Lower CI limit
O Estimate
| Upper CI limit
(b)
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Begg’s funnel plot with pseudo 95% confidence limits

Filled funnel plot with pseudo 95% confidence limits
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FIGURE 5: Begg’s funnel plots assessing potential publication bias in studies of APRI in patients with chronic hepatitis. Each study is
represented by one circle. The horizontal line represents the pooled effect estimate. (a) Funnel plot of publication bias for studies reporting
risk of HCC pretreatment APRI. (b) Funnel plot adjusted with trim-and-fill methods for studies reporting risk of HCC pretreatment
APRL (c) Funnel plot of publication bias for studies reporting risk of HCC posttreatment APRI. (d) Funnel plot adjusted with trim-and-

fill methods for studies reporting risk of HCC posttreatment APRI.

patients. In contrast, patients with moderate or severe
fibrosis should be treated timely because of the risk of evolu-
tion from cirrhosis to HCC and its associated complications.
Liver biopsy is currently regarded as the gold standard for the
extent of liver fibrosis in patients with chronic hepatitis.
However, biopsy is an invasive procedure with potential
complications, and sampling error can result in substantial
misdiagnosis and staging inaccuracies, which lead to the
development of noninvasive methods for the evaluation of
liver fibrosis and cirrhosis. Borsoi Viana et al. reported that
APRI has satisfactory sensitivity and specificity together with
a high predictive value for the evolution of CHC [39]. Kurger
et al. found that APRI was a simple bedside marker for
advanced fibrosis that can avoid liver biopsy in patients with
nonalcoholic steatohepatitis [40]. Therefore, APRI can be an
alternative to liver biopsy to evaluate liver fibrosis status.
Liver fibrosis is closely associated with HCC, and liver
cirrhosis is an important risk factor for the development of
HCC [41, 42]. APRI, as a reliable index for liver fibrosis,
may be a prospective predictor of HCC risk in patients with
chronic hepatitis. Paik et al. reported that patients with high
APRI had higher risk of developing HCC [16], whereas Kim
et al. showed that there was no statistical difference in the
prediction of HCC development by APRI [18]. Given the

extreme inconsistency of the results, the predictive value of
APRI for the occurrence of HCC in patients with chronic
hepatitis is still controversial. Thus, we conducted the meta-
analysis to evaluate the association between APRI and the
risk of HCC in patients with chronic hepatitis.

We included 13 studies with 16 cohorts in the meta-
analysis to explore the relationship between APRI and HCC
risk. In the pooled results of 11 individual studies, patients
with high pretreatment APRI have a high risk of HCC with
apooled HR of 2.56 (95% CI: 1.78-3.68). On the basis of sub-
group analyses results, the overall outcomes did not change
significantly in terms of the grouping of study region, cut-
oft value, sample size, and analysis method. However, when
groups were based on hepatitis type, the relationship between
a high level of pretreatment APRI and an increased risk of
HCC remained significant in patients with CHB and CHC
but not in patients with ALC. However, because of the small
sample size, this result should be explained in caution. Thus,
additional articles involving ALC patients are required to
consolidate or overthrow the conclusion. However, chronic
hepatitis had increased platelets and decreased AST after
treatment and baseline APRI before treatment, which may
be less precise than posttreatment APRI [23, 43]. In the
present study, studies reported that dynamic APRI or
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posttreatment APRI helped to predict HCC development
[20, 23, 26, 27]. For posttreatment APRI, the pooled HR esti-
mate (HR =3.69, 95% CI 2.52-5.42) based on four studies
with five cohorts indicated that high posttreatment APRI
corresponded to an increased risk of HCC. Therefore, APRI
may serve as an independent negative biomarker for HCC
events in patients with chronic hepatitis and may guide clin-
ical strategies for enhancing the effectiveness of treatments
for patients with chronic hepatitis. Patients with chronic hep-
atitis, who had consistently high APRI before and after treat-
ment, had the highest incidence of HCC. Patients with
reduced APRI after treatment had a decreased risk of HCC.
Patients with sustained low APRI before and after treatment
had the lowest risk. Clinical physicians may follow this indi-
vidualized HCC surveillance strategy accordingly [23].

Although sensitivity analyses have confirmed the robust-
ness of the pooled results, there was moderate to extreme het-
erogeneity between studies for HCC risk of pretreatment
APRI. Thus, metaregression was performed to find the
potential source of heterogeneity among studies. However,
none of these factors were able to explain the heterogeneity.
Given the significant publication bias among the studies con-
cerning the risk of HCC pretreatment and posttreatment
APRI (P <0.05), which may have inflated overall results,
trim-and-fill analyses were performed for the recalculation
of the pooled results. Moreover, the adjusted HRs and 95%
CIs were slightly changed but remained statistically signifi-
cant, which indicated that publication bias had limited influ-
ence on the pooled findings. Therefore, the results of this
meta-analysis are robust and reliable.

The mechanism of high APRI that increases the risk of
HCC remains unclear. However, there are some possible
explanations. First, the AST component of APRI can be ele-
vated because of liver stress or damage caused by liver cirrho-
sis: clearance of AST may have been impaired, with the
release of AST from injured mitochondria, which are the
main factors leading to HCC [44, 45]. Meanwhile, Sanad
et al. noted that the average levels of AST increased with
the degree of fibrosis and further increased in cases of HCC
[46]. In addition, a parallel relationship between the serum
level of AST activity and the degree of liver disease in
Egyptian patients with HCV infection has been reported
[47, 48]. In contrast, the PLT component of APRI can be
decreased because of progressive liver fibrosis and the
progressive destruction of an enlarged spleen [49, 50]. Mean-
while, it has been well documented that the PLT level
decreased with the progression of liver fibrosis [51]. There-
fore, taken together, APRI is closely linked to the risk of
HCC in patients with chronic hepatitis.

Several limitations must be taken into account. First, the
current meta-analysis mainly focused on an Asian popula-
tion, and the results may not be applied to other populations.
Second, the cut-off values for defining high or low APRI were
inconsistent, which might cause heterogeneity to some
extent. Third, all the included cohort studies were retrospec-
tive, except for the study by Yu et al. [27], which was a bidi-
rectional cohort study. Therefore, more prospective studies
are required for the assessment of the relationship between
APRI and HCC risk in patients with chronic hepatitis. Third,
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some individual HR estimations were obtained from univar-
iate analysis and were not adjusted for potential confounders,
which might have caused bias toward the overestimation
of the effect size. Some other factors may affect AST and
PLT, such as antiviral drugs, which should also be noted.
Finally, all the included studies were limited to published
studies, and unpublished reports or ongoing studies were
not included in this review.

5. Conclusion

The results of our meta-analysis identified a significant asso-
ciation between high APRI and increased risk of HCC in
patients with chronic hepatitis. APRI can serve as a conve-
nient, inexpensive, simple, and reproducible biomarker for
HCC risk in patients with chronic hepatitis because of its
availability as a blood routine test in daily clinical practice.
In the future, larger prospective studies are required to verify
and strengthen our findings.

Data Availability

The data supporting this meta-analysis are from previously
reported studies and datasets, which have been cited. The
processed data are available within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This study was supported by the Taizhou Technology Sup-
port Program (Social Development) of 2017 (SSF20170218,
TS201730), the Taizhou Technology Support Program
(Social Development) of 2018 (TS201813), and the 2018
Taizhou People’s Hospital Mandatory Project (ZL201809).

References

[1] S. Dang, J. Zhou, Y. Chen et al, “Dynamic expression of
ZNF382 and its tumor-suppressor role in hepatitis B virus-
related hepatocellular carcinogenesis,” Oncogene, vol. 38,
no. 24, pp. 4804-4819, 2019.

[2] S.L.Chan, V. W. S. Wong, S. Qin, and H. L. Y. Chan, “Infec-
tion and cancer: the case of hepatitis B,” Journal of Clinical
Oncology, vol. 34, no. 1, pp. 83-90, 2016.

[3] S. Blach, S. Zeuzem, M. Manns et al., “Global prevalence and
genotype distribution of hepatitis C virus infection in 2015: a
modelling study,” The Lancet Gastroenterology & Hepatology,
vol. 2, no. 3, pp. 161-176, 2017.

[4] H. A. Chung, J. H. Kim, Y. Hwang et al., “Noninvasive fibrosis
marker can predict recurrence of hepatocellular carcinoma
after radiofrequency ablation,” Saudi Journal of Gastroenterol-
ogy, vol. 22, no. 1, pp. 57-63, 2016.

[5] H. E. Blum, “Hepatocellular carcinoma: therapy and preven-
tion,” World Journal of Gastroenterology, vol. 11, no. 47,
pp. 7391-7400, 2005.

[6] M. Sayiner, P. Golabi, and Z. M. Younossi, “Disease burden of
hepatocellular carcinoma: a global perspective,” Digestive Dis-
eases and Sciences, vol. 64, no. 4, pp. 910-917, 2019.



Disease Markers

(7]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

S. F. Altekruse, K. A. Mcglynn, and M. E. Reichman, “Hepato-
cellular carcinoma incidence, mortality, and survival trends in
the United States from 1975 to 2005,” Journal of Clinical
Oncology, vol. 27, no. 9, pp. 1485-1491, 2009.

F. M. Sou, C. K. Wu, K. C. Chang et al., “Clinical characteris-
tics and prognosis of HCC occurrence after antiviral therapy
for HCV patients between sustained and non-sustained
responders,” Journal of the Formosan Medical Association,
vol. 118, 1, Part 3, pp. 504-513, 2019.

H. Toyoda, T. Tada, Y. Tachi et al., “Liver fibrosis indices for
identifying patients at low risk of developing hepatocellular
carcinoma after eradication of HCV,” Antiviral Therapy,
vol. 22, no. 3, pp. 185-193, 2017.

K. Zachou, S. Gabeta, Z. Shums et al., “COMP serum levels: a
new non-invasive biomarker of liver fibrosis in patients with
chronic viral hepatitis,” European Journal of Internal Medicine,
vol. 38, pp. 83-88, 2017.

G. Xiao, F. Zhu, M. Wang et al., “Diagnostic accuracy of APRI
and FIB-4 for predicting hepatitis B virus-related liver fibrosis
accompanied with hepatocellular carcinoma,” Digestive and
Liver Disease, vol. 48, no. 10, pp. 1220-1226, 2016.

C. M. Huang, T. H. Hu, K. C. Chang et al., “Dynamic noninva-
sive markers predict hepatocellular carcinoma in chronic
hepatitis C patients without sustained virological response
after interferon-based therapy,” Medicine, vol. 96, no. 46,
article 8696, 2017.

C. S. Lin, C. S. Chang, S. S. Yang, H. Z. Yeh, and C. W. Lin,
“Retrospective evaluation of serum markers APRI and
AST/ALT for assessing liver fibrosis and cirrhosis in chronic
hepatitis B and C patients with hepatocellular carcinoma,”
Internal Medicine, vol. 47, no. 7, pp. 569-575, 2008.

G. Shiha, A. Ibrahim, A. Helmy et al,, “Asian-Pacific Associa-
tion for the Study of the Liver (APASL) consensus guidelines
on invasive and non-invasive assessment of hepatic fibrosis:
a 2016 update,” Hepatology International, vol. 11, no. 1,
pp. 1-30, 2017.

B. G. Song, D. H. Sinn, S. Chi et al., “Additional role of liver
stiffness measurement in stratifying residual hepatocellular
carcinoma risk predicted by serum biomarkers in chronic hep-
atitis B patients under antiviral therapy,” European Journal of
Gastroenterology & Hepatology, vol. 30, no. 12, pp. 1447-
1452, 2018.

N. Paik, D. H. Sinn, J. H. Lee et al., “Non-invasive tests for liver
disease severity and the hepatocellular carcinoma risk in
chronic hepatitis B patients with low-level viremia,” Liver
International, vol. 38, no. 1, pp. 68-75, 2018.

K. C. Chang, Y. H. Ye, C. K. Wu et al., “Risk factors for devel-
opment of hepatocellular carcinoma in patients with chronic
hepatitis C without sustained response to combination ther-
apy,” Journal of the Formosan Medical Association, vol. 117,
no. 11, pp. 1011-1018, 2018.

J. H. Kim, M. Lee, S. W. Park et al., “Validation of modified
fibrosis-4 index for predicting hepatocellular carcinoma in
patients with compensated alcoholic liver cirrhosis,” Medicine,
vol. 97, no. 48, article e13438, 2018.

H. Nishikawa, N. Nishijima, H. Enomoto et al., “Comparison
of FIB-4 index and aspartate aminotransferase to platelet ratio
index on carcinogenesis in chronic hepatitis B treated with
entecavir,” Journal of Cancer, vol. 8, no. 2, pp. 152-161, 2017.
F.Ji, R. Zhou, W. Wang et al., “High post-treatment a-fetopro-
tein levels and aspartate aminotransferase-to-platelet ratio
index predict hepatocellular carcinoma in hepatitis C virus

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

11

decompensated cirrhotic patients with sustained virological
response after antiviral therapy,” Journal of Interferon & Cyto-
kine Research, vol. 37, no. 8, pp. 362-368, 2017.

J. H. Kim, J. W. Kim, J. W. Seo, W. H. Choe, and S. Y. Kwon,
“Noninvasive tests for fibrosis predict 5-year mortality and
hepatocellular carcinoma in patients with chronic hepatitis
B,” Journal of Clinical Gastroenterology, vol. 50, no. 10,
pp. 882-888, 2016.

K. Lee, D. H. Sinn, G. Gwak et al., “Prediction of the risk of
hepatocellular carcinoma in chronic hepatitis C patients after
sustained virological response by aspartate aminotransferase
to platelet ratio index,” Gut and Liver, vol. 10, no. 5,
pp. 796-802, 2016.

C. Wu, K. Chang, C. Hung et al., “Dynamic a-fetoprotein,
platelets and AST-to-platelet ratio index predict hepatocellular
carcinoma in chronic hepatitis C patients with sustained
virological response after antiviral therapy,” Journal of Antimi-
crobial Chemotherapy, vol. 71, no. 7, pp. 1943-1947, 2016.

K. Ng, C. Tseng, T. Chang et al., “Aspartate aminotransferase
to platelet ratio index and sustained virologic response are
associated with progression from hepatitis C associated liver
cirrhosis to hepatocellular carcinoma after treatment with
pegylated interferon plus ribavirin,” Clinical Interventions in
Aging, vol. 2016, pp. 1035-1041, 2016.

H. Hann, S. Wan, Y. Lai et al.,, “Aspartate aminotransferase to
platelet ratio index as a prospective predictor of hepatocellular
carcinoma risk in patients with chronic hepatitis B virus infec-
tion,” Journal of Gastroenterology and Hepatology, vol. 30,
no. 1, pp. 131-138, 2015.

T. Chen, C. Lin, P. Huang, and C. F. Wen, “High post-
treatment absolute monocyte count predicted hepatocellular
carcinoma risk in HCV patients who failed peginterferon/-
ribavirin  therapy,” Tumor Biology, vol. 37, mno. 6,
pp. 7129-7137, 2016.

M. Yu, S. Lin, C. Lee et al., “A simple noninvasive index for
predicting long-term outcome of chronic hepatitis C after
interferon-based therapy,” Hepatology, vol. 44, no. 5,
pp. 1086-1097, 2006.

J. Chen, Q. Yuan, Y. Ma, S. H. Zhen, and D. L. Wen, “Relation-
ship between bone mineral density and the risk of breast can-
cer: a systematic review and dose-response meta-analysis of
ten cohort studies,” Cancer Management and Research,
vol. 11, pp. 1453-1464, 2019.

A. Stang, “Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses,” European Journal of Epidemiology, vol. 25,
no. 9, pp. 603-605, 2010.

R. Dersimonian and N. Laird, “Meta-analysis in clinical trials,”
Controlled Clinical Trials, vol. 7, no. 3, pp. 177-188, 1986.

J. N. Darroch, “The Mantel-Haenszel test and tests of marginal
symmetry; fixed-effects and mixed models for a categorical
response, correspondent paper,” International Statistical
Review, vol. 49, no. 3, pp. 285-307, 1981.

M. Egger, G. Davey Smith, M. Schneider, and C. Minder, “Bias
in meta-analysis detected by a simple, graphical test,” BM]J,
vol. 315, no. 7109, pp. 629-634, 1997.

S. Duval and R. Tweedie, “Trim and fill: a simple funnel-plot-
based method of testing and adjusting for publication bias in
meta-analysis,” Biometrics, vol. 56, no. 2, pp. 455-463, 2000.
Y. Zhang and X. Zhang, “Prognostic value of aspartate amino-
transferase to platelet ratio index as a noninvasive biomarker



12

(35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

(44]

[45]

[46]

(47]

(48]

in patients with hepatocellular carcinoma: a meta-analysis,”
Cancer Management and Research, vol. 10, pp. 3023-3032,
2018.

European Association For Study of Liver, Asociacion Latinoa-
mericana 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.

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 patients
with chronic hepatitis B virus infection: a systemic review and
meta-analysis,” Hepatology, vol. 61, no. 1, pp. 292-302, 2015.

A. Baranova, P. Lal, A. Birerdinc, and Z. M. Younossi, “Non-
invasive markers for hepatic fibrosis,” BMC Gastroenterology,
vol. 11, no. 1, article 91, 2011.

J. Vergniol, J. Boursier, C. Coutzac et al., “Evolution of nonin-
vasive tests of liver fibrosis is associated with prognosis in
patients with chronic hepatitis C,” Hepatology, vol. 60, no. 1,
pp. 65-76, 2014.

M. S. Borsoi Viana, K. Takei, D. C. Collarile Yamaguti, B. Guz,
and E. Strauss, “Use of AST platelet ratio index (APRI Score)
as an alternative to liver biopsy for treatment indication in
chronic hepatitis C,” Annals of Hepatology, vol. 8, no. 1,
pp. 26-31, 2009.

F. Kruger, C. Daniels, M. Kidd et al., “APRI: a simple bedside
marker for advanced fibrosis that can avoid liver biopsy in
patients with NAFLD/NASH,” South African Medical Journal,
vol. 101, no. 7, pp- 477-480, 2011.

The Korean Association for the Study of the Liver (KASL),
“KASL clinical practice guidelines: management of chronic
hepatitis B,” Clinical and Molecular Hepatology, vol. 22,
no. 1, pp. 18-75, 2016.

A. Sangiovanni, G. M. Prati, P. Fasani et al., “The natural
history of compensated cirrhosis due to hepatitis C virus: a
17-year cohort study of 214 patients,” Hepatology, vol. 43,
no. 6, pp. 1303-1310, 2006.

J. Garcia-Sudrez, C. Burgaleta, N. Hernanz, F. Albarran,
P. Tobaruela, and M. Alvarez-Mon, “HCV-associated throm-
bocytopenia: clinical characteristics and platelet response after
recombinant a2b-interferon therapy,” British Journal of
Haematology, vol. 110, no. 1, pp. 98-103, 2000.

F. Rossler, G. Sapisochin, G. Song et al., “Defining benchmarks
for major liver surgery: a multicenter analysis of 5202 living
liver donors,” Annals of Surgery, vol. 264, no. 3, pp. 492-500,
2016.

R. Y. Maj, J. Z. Ye, Z. R. Long et al., “Preoperative aspartate
aminotransferase-to-platelet-ratio index as a predictor of
posthepatectomy liver failure for resectable hepatocellular
carcinoma,” Cancer Management and Research, vol. 11,
pp. 1401-1414, 2019.

S. Sanad, A. Mangoud, A. Hendawy, and G. E. Saadon,
“Assessment of liver fibrosis in HCV infection in Egyptian
patients,” Life Science Journal, vol. 8, pp. 1068-1077, 2011.

E. El-Shorbagy, A. Afefy, I. Ibrahem et al., “Non-invasive
markers and predictors of severity of hepatic fibrosis in HCV
patients at Sharkia Governorate, Egypt,” Journal of the
Egyptian Society of Parasitology, vol. 34, Supplement 1,
pp. 459-478, 2004.

I. Abdelgawad, “Clinical utility of simple non-invasive liver
fibrosis indices for predicting hepatocellular carcinoma

(50]

(51]

Disease Markers

(HCC) among Egyptian patients,” Journal of Clinical Pathol-
ogy, vol. 68, no. 2, pp. 154-160, 2015.

T. Kurokawa, S. Murata, and N. Ohkohchi, “Stable liver func-
tion during long-term administration of eltrombopag, a
thrombopoietin receptor agonist, in patients with chronic liver
disease,” The Tohoku Journal of Experimental Medicine,
vol. 240, no. 4, pp. 277-279, 2016.

R. Dhiman, R. Kurmi, K. Thumburu et al., “Diagnosis and
prognostic significance of minimal hepatic encephalopathy in
patients with cirrhosis of liver,” Digestive Diseases and Sci-
ences, vol. 55, no. 8, pp- 2381-2390, 2010.

M. Lemoine, Y. Shimakawa, S. Nayagam et al., “The gamma-
glutamyl transpeptidase to platelet ratio (GPR) predicts signif-
icant liver fibrosis and cirrhosis in patients with chronic HBV
infection in West Africa,” Gut, vol. 65, no. 8, pp. 1369-1376,
2016.



	Association between Aspartate Aminotransferase-to-Platelet Ratio Index and Hepatocellular Carcinoma Risk in Patients with Chronic Hepatitis: A Meta-Analysis of Cohort Study
	1. Introduction
	2. Materials and Methods
	2.1. Search Strategy
	2.2. Inclusion and Exclusion Criteria
	2.3. Data Extraction and Quality Assessment
	2.4. Statistical Analysis

	3. Results
	3.1. Description of Included Studies
	3.2. Quality Assessment
	3.3. APRI and Risk of HCC
	3.4. Metaregression Analysis
	3.5. Sensitivity Analysis and Publication Bias

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

