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Abstract
The occurrence and acuteness of liver cirrhosis were strongly associated with the hepato-

carcinogenesis and the prognosis of hepatocellular carcinoma (HCC). This study compared

the prognostic significance of non-invasive fibrosis panel containing 15 indices in hepatitis-

B-associated HCC patients’ post-curative resection. Four hundred and five consecutive

hepatitis-B-related HCC patients who went through curative hepatectomy were investigat-

ed retrospectively. The multivariate Cox proportional hazard model was used to evaluate

independent prognostic factors for overall survival (OS). The accuracy in diagnosis of each

non-invasive fibrosis index in cirrhosis detection was determined by the area under receiver

operating characteristic (AUC) curve. Preoperative AST to platelet ratio index (APRI),

Goteburg University Cirrhosis Index (GUCI), and King Score all exhibited a superior perfor-

mance in diagnosis of cirrhosis detection with AUC> 0.7. APRI and Fibro-a Score were the

risk factors that behaved independently in predicting the OS of HCC patients, with an

hazard ratio (HR) value of 1.550 (P¼ 0.012) and 1.420 (P¼ 0.033), respectively.

Preoperative APRI was a relatively accurate predictor of cirrhotic status and prognosis in

HCC due to hepatitis-B among the 15 non-invasive fibrosis indices.
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Introduction

Worldwide, among cancer-associated death, hepatocellular
carcinoma (HCC) ranks as the third leading cause and is the
fifth most prevalent cancer. According to the statistics of
global cancer, in 2012, nearly 782,500 new liver cancer
cases and 745,500 deaths took place globally, out of which
50% of deaths were reported from China alone.1 Cirrhosis,
especially that associated with hepatitis C virus (HCV) and
hepatitis B virus (HBV) infections, is a prevalent and

predominant risk factor for the development of HCC.2

Majority of Chinese HCC patients are diagnosed as positive

for chronic HBV infection. Long-standing HBV infection

frequently results in liver fibrosis and cirrhosis which can

eventually lead to hepatocarcinogenesis. Moreover, previ-

ous studies also suggested that post curative resection, a

manor risk factor for HCC recurrence and survival is the

degree of fibrosis.3–5 Surgical resection is currently consid-

ered as a potential HCC treatment, but has unsatisfactory
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long-term survival because of high rates of recurrence and
distant metastasis. These findings may implicate that the
occurrence, as well as the intensity of liver cirrhosis associ-
ated strongly with the hepatocarcinogenesis and the prog-
nosis of HCC.

The risk factors related to the postoperative outcomes
have been extensively studied, including serum a-fetopro-
tein (AFP) levels, the number and size of tumors, vascular
invasion, and the extent of functional reserve of the liver.6–9

The majority of these factors depend on the postoperative
histopathological and biochemical examinations.
Meanwhile, molecular markers for HCC prognosis have
been widely studied, but these are not cost-effective inves-
tigations in healthcare practice. Non-invasive fibrosis bio-
markers are now widely used to evaluate the prognosis
of HCC, as they are economical and have enhanced diag-
nostic utility.

Regarding other investigations, the benchmark for the
assessment of liver fibrosis is histopathology of liver
biopsy, although it has limitations in clinical setup due to
certain factors like life-threatening complications, invasive
procedure, error in sampling, interobserver variations, high
cost, and less than average tolerance.10–12 Of late, several
studies have reported that indices based on non-invasive
fibrosis, regular laboratory, and clinical data could be
useful in evaluating liver fibrosis in chronic hepatitis
patients. However, the function of these biomarkers in pre-
dicting the outcome of HBV-associated HCC in patients is
still unclear.

Thus, this study evaluated the performance of 15 simple
and non-invasive fibrosis-associated indices to predict cir-
rhosis occurrence and the prognosis of overall survival in
hepatitis-B-related HCC patients’ post-curative resection.

Materials and methods

Study population

We retrospectively reviewed the patient records of 405
cases of histopathology-confirmed HCC, treated with rad-
ical hepatectomy from 2004 to 2010 in the Chinese People’s
Liberation Army (PLA) General Hospital. The study
adhered to current ethical guideline, the Helsinki
Declaration standards and, with a prior approval of the
protocol from PLA General Hospital, Research Ethics
Committee.

The inclusion criteria were the cases that were: (1) HBV-
positive; (2) Child-Pugh A or B; (3) without portal vein
main trunk involvement and distant metastasis; (4) no anti-
cancer therapy for HCC prior to surgery; (5) fully available
data of laboratory, clinical, and follow-up tests; and (6)
patient survived for a minimum of 30 days after operation.
Moreover, patients who underwent palliative surgery,
accompanied with other malignancies or less than three -
years’ follow-up time were not included.

Collection of data and non-invasive fibrosis indices
calculation

Demographics (including gender and age), routine assess-
ments including a complete physical examination and

laboratory investigations (serum level of a-fetoprotein
(AFP), platelet count (PLT), alanine aminotransferase
(ALT), albumin, gamma-glutamyl transferase (c-GT),
aspartate aminotransferase (AST), total bilirubin (TB),
international normalized ratio (INR)), postoperative histo-
pathological data (differentiation and number of nodules of
tumor, maximal tumor diameter, liver cirrhosis, capsula-
tion, micro-vascular tumor thrombus (MVTT), Child-
Pugh classification, and the 7th TNM stage), abdominal
ultrasound and magnetic resonance imaging (MRI) or com-
puted tomography (CT) observations were obtained from
electronic medical records.

Non-invasive fibrosis-associated indices, i.e. the AAR
(aspartate aminotransferase to alanine aminotransferase),
AARP (AAR-platelet score), AARPRI (AAR-to-platelet
ratio index), API (age-platelet index), APRI (AST-to-platelet
ratio index), FIB-4 Index (fibrosis index based on the four
factors), CDS (cirrhosis discriminant score), Fibro-a Score,
fibrosis index, fibro-quotient (Fibro Q), GUCI (Goteburg
University Cirrhosis Index), King Score, P2/MS, platelet-
AST-age (PLASA), and Pohl Scores were determined from
preoperative biochemical and baseline demographic data
by using the published formulas presented in Table 1.

Histopathological examination

Resected para-cancerous and tumor tissue were brought to
the pathology department in our hospital after surgical
resection. An experienced pathologist, blinded to the
patients’ clinical and diagnostic data confirmed the diagno-
sis of liver cirrhosis and HCC.

Follow-up

After hepatectomy, all patients had routine follow-up
examinations which consisted of a detailed physical evalu-
ation, tests for liver function, and AFP, CT (ultrasound or
dynamic contrast-enhanced), or MRI at 90- to 180-day inter-
vals. The OS was determined from the date of surgery until
the final follow-up visit or death. Death of patients due to
HCC was classified as tumor-related death. The patients
lost to follow-up were not included.

Statistical analysis

SPSS (version 19.0) and MedCalc (version 13.1.2.0) statisti-
cal software were applied to assess the data. Categorical
variables were described in terms of the frequencies, and
the expression of continuous data was done as the median
and range. Life tables were used to determine the cumula-
tive OS rates. The Kaplan-Meier method was used for uni-
variate survival analysis and differentiated by the Log-rank
test. Significant variables in the univariate analysis were
included into the multivariate analysis through the step-
wise forward selection method. The independent risk fac-
tors for OS were assessed through multivariate Cox
proportional hazard model. The accuracies in the diagnosis
of all non-invasive fibrosis indexes and cut-off values were
determined by the receiver operating characteristic (ROC)
curve and the area under the ROC (AUROC) curve. To
evaluate the sensitivity and specificity for the five-year
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OS by the ROC curve, the cut-off value that was the best
and the closest to maximum sensitivity as well as specificity
through MedCalc statistical software was noted and were
used to classify into high- or low-risk groups. Briefly, an
event was noted if death occurred within 60months, and in
the case of non-events, the patients survived more than
60months; the patients who did not participate in follow-
up were not included in the analysis.

The AUROC values for outcome prediction between dif-
ferent indices were contrasted as per the method suggested
by McNeil and Hanley. Each statistical testing was two-
tailed at a 5% level, and a P-value of less than 0.05 was
deemed significant statistically.

Results

Baseline clinicopathologic features

The baseline features of all 405 HBV-HCC patients are listed
in Table 3. This includes a total of 356 males (87.9%) and 49
female patients (12.1%) with 52 years median age (ranged
from 22 to 78 years). The majority (96%) of patients were in
Child-Pugh grade A, while only 16 (4%) patients were in
grade B. On assessing tumor features, single tumor nodule
was present in 345 (85.2%) patients, while 33 (8.1%) pre-
sented two or three, and 27 (6.7%) presented greater than
three tumor nodules. The maximal tumor diameter median
value was 4.8 cm (0.8–26). Inherent liver cirrhosis and
microvascular tumor thrombus were found, respectively,
in 323 (79.8%) and 21 (5.2%) patients. As per American
Joint Committee on Cancer (AJCC) 7th edition, TNM stag-
ing system, 340 (84%) were stage I patients, 3 (7.4%) were in
stage II, and 35 (8.6%) were at stage III of HCC. The types of
fibrosis indices such as AAR, AARP, AARPRI, API, APRI,

CDS, FIB-4 Index, Fibro-a Score, fibrosis index, fibro Q,
GUCI, King Score, P2/MS, PLASA, and Pohl Score were
calculated following the formula shown in Table 1 and pre-
sented in Table 2.

Diagnostic performance in predicting hepatic cirrhosis

The accuracies in the diagnosis of 15 non-invasive fibrosis
indices for predicting cirrhosis in HCC patients are pre-
sented in Table 3. Among these indices, GUCI, King
Score, and APRI had a superior diagnostic performance
for the detection of cirrhosis with AUC> 0.7 in patients of
HCC on whom curative resection was done. To be specific,
the AUC values of GUCI, King Score, and APRI were 0.722
(95% CI, 0.676–0.765) with 55.7% sensitivity and 80.5% spe-
cificity, 0.711 (95% CI, 0.664 to 0.755) with 77.7% sensitivity,
and 54.9% specificity, 0.707 (95% CI, 0.660 to 0.751) with
56.7% sensitivity and 76.8% specificity, respectively. The
ROC curves of GUCI, King Score, and APRI are shown in
Figure 1.

Univariate analysis of prognostic factors

During a 60.7-month median follow-up (ranged from 36 to
117.8months), 167 out of 405 (41.2%) patients died after
curative hepatic resection. The rates of OS of one, three
and five years were 81%, 64%, and 56%, respectively; the
median OS was 96.23months.

The univariate analysis of non-invasive indices showed
that APRI (P¼ 0.000), FIB-4 Index (P¼ 0.014), Fibro-a Score
(P¼ 0.000), GUCI (P¼ 0.001), King Score (P¼ 0.002), and
PLASA Score (P¼ 0.006) correlated with OS (Table 2). The
clinicopathologic and biochemical parameters were also
subjected to univariate analysis. As shown in Table 2,

Table 1. The formulas of 15 non-invasive fibrosis indices included in the current study.

Index Calculation

AAR13 AST/ALT

AARP14 1: AAR �1 or PLT<150 (�109/L) or else, the score¼ 0

AARPRI15 AAR/[PLT (�109/L)/150]

API16 Age (years): <30¼ 0; 30–39¼ 1; 40–49¼ 2; 50–59¼ 3; 60–69¼ 4; >70¼ 5

PLT (�109/L): 225¼ 0; 200 – 224¼ 1; 175 – 199¼ 2; 150 – 174¼ 3; 125 – 149¼ 4; <125¼ 5

API is the sum of the above (possible value 0–10).

APRI17 {[AST (U/L)/ULN]/PLT (�109/L)}� 100

CDS18 PLT (�109/L): >340¼ 0; 280 – 339¼ 1; 220 – 279¼ 2; 160 – 219¼ 3;

100–159¼ 4;40–99¼ 5; <40¼ 6

ALT/AST ratio: >1.7¼ 0; 1.2–1.7¼ 1; 0.6–1.19¼ 2; <0.6¼ 3

INR: <1.1¼ 0; 1.1–1.4¼ 1; >1.4¼ 2

CDS is the sum of the above (possible value 0–11)

FIB-4 Index19 Age (years)�AST/[PLT (109/L)� (ALT)1/2]

Fibro-a Score20 1.35þAFP (IU/ml)� 0.009584þAST/ALT� 0.243–PLT (�109/L)� 0.001624

Fibrosis Index21 8–0.01� PLT (�109/L) –albumin (g/dL)

Firbro Q22 [10�Age (y)�AST (U/L)� INR]/[PLT (�109/L)� ALT (U/L)]

GUCI23 Normalized AST� INR� 100/ PLT (�109/L)

King Score24 Age (years)�AST (U/L)� INR/ PLT (�109/L)

P2/MS25 PLT(�109/L)2/(monocyte fraction� segmented neutrophil fraction)

PLASA Score26 0.067�Age (years)þ 0.020�AST(U/L)–0.004�PLT(�109/L) – 3.028

Pohl Score27 1: AAR �1 and PLT <150 (�109/L) or else, the score¼ 0

AAR: aspartate aminotransferase to alanine aminotransferase ratio; AST: aspartate aminotransferase; ALT: alanine aminotransferase; PLT: platelet count; AARP:

AAR-platelet score; AARPRI: AAR-to-platelet ratio index; API: age-platelet index; APRI: AST to platelet ratio index; ULN: upper limit of normal; CDS: cirrhosis

discriminant score; INR: international normalized ratio;FIB-4 Index: fibrosis index based on the four factors; AFP: alpha-fetoprotein; Fibro Q: fibro-quotient; GUCI:

Goteburg University Cirrhosis Index; PLASA: platelet-AST-age.
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Table 2. Demographics of 405 patients included in the study.

Variables N5 405

Univariate analysis

P value

Multivariate analysis

Hazard ratio (95% CI) P

Gender (male/female) 356/49 0.067

Age (years) 52 (22–78) 0.769

Child-Pugh grade (A/B) 389/16 0.005 2.548 (1.374–4.726) 0.003

ALT (U/L) 33.5 (6–344.5) 0.002

AST (U/L) 30.4 (12.8–355.7) 0.000

c-GT (U/L) 52.7 (8.6–1588.60) 0.000

Total bilirubin (Umol/L) 15.1 (4.4–248.9) 0.060

INR 1.11 (0.83–1.58) 0.927

Albumin (g/L) 40.9 (23.5–52.6) 0.056

PLT (109/L) 160 (40–466) 0.160

AFP (IU/mL) 51.89 (0.61–24,200) 0.001

Tumor number (1/2–3/>3) 345/33/27 0.000

Maximal tumor diameter (cm) 4.8 (0.8–26) 0.000 1.482 (1.263–1.738) 0.000

Cirrhosis (yes/no) 323/82 0.914

Capsulation (yes/no) 101/301 0.429

MVTT (yes/no) 21/384 0.012

TNM stage (I/II/III) 340/30/35 0.000 1.655 (1.348–2.032) 0.000

AAR 0.92 (0.35–6.09) 0.106

AARP (0/1) 138/267 0.942

AARPRI 0.85 (0.22–7.75) 0.540

API 6 (0–10) 0.498

APRI 0.4511 (0.11–3.23) 0.000 1.550 (1.101–2.183) 0.012

CDS 6 (1–9) 0.161

FIB-4 Index 1.80 (0.49–12.98) 0.014

Fibro-a Score 1.83 (1.02–233.25) 0.000 1.420 (1.030–1.960) 0.033

Fibrosis Index 2.26 (0.25–4.42) 0.263

Firbro Q 3.4 (0.73–40.55) 0.247

GUCI 0.50 (0.12–4.04) 0.001

King Score 11.61 (2.65–99.13) 0.002

P2/MS 63.50 (4.13–506.9) 0.193

PLASA Score 0.52 (–1.74–5.26) 0.006

Pohl Score (0/1) 318/87 0.351

ALT: alanine aminotransferase; AST: aspartate aminotransferase; c-GT: c-glutamyl transpeptidase; INR: international normalized ratio; PLT: platelet count; AFP:

alpha-fetoprotein; MVTT: micro-vascular tumor thrombus; AAR: aspartate aminotransferase to alanine aminotransferase ratio; AARP: AAR-platelet score; AARPRI:

AAR-to-platelet ratio index; API: age-platelet index; APRI: AST to platelet ratio index; CDS: cirrhosis discriminant score; FIB-4 Index: fibrosis index based on the four

factors; Fibro Q: fibro-quotient; GUCI: Goteburg University Cirrhosis Index; PLASA: platelet-AST-age; CI: confidence interval.

Table 3. The diagnostic performance of 15 non-invasive fibrosis indices in the detection of cirrhosis in hepatitis-B-related HCC.

Variable Cut-off value AUC 95% CI Sensitivity (%) Specificity (%) P

AAR 0.6362 0.509 0.459 to 0.559 18.6 87.8 0.7908

AARP 0 0.592 0.543 to 0.640 69.7 48.8 0.0026

AARPRI 0.9245 0.622 0.572 to 0.669 50.2 72.0 0.0002

API 5 0.651 0.602 to 0.697 60.4 68.3 <0.0001

APRI 0.4511 0.707 0.660 to 0.751 56.7 76.8 <0.0001

CDS 5 0.661 0.613 to 0.707 58.8 63.4 <0.0001

FIB-4 Index 1.5597 0.686 0.638 to 0.731 66.6 64.6 <0.0001

Fibro-a Score 1.3548 0.528 0.478 to 0.578 83.2 29.3 0.4682

Fibrosis Index 2.25 0.692 0.645 to 0.737 57.0 75.6 <0.0001

Fibro Q 3.1624 0.642 0.593 to 0.689 58.2 64.6 <0.0001

GUCI 0.5105 0.722 0.676 to 0.765 55.7 80.5 <0.0001

King Score 8.254 0.711 0.664 to 0.755 77.7 54.9 <0.0001

P2/MS 78.6612 0.683 0.635 to 0.728 67.8 62.2 <0.0001

PLASA Score 0.2671 0.616 0.567 to 0.664 87.3 35.4 0.0019

Pohl Score 0 0.566 0.516 to 0.615 24.1 89.0 0.0018

AAR: aspartate aminotransferase to alanine aminotransferase ratio; AST: aspartate aminotransferase; PLT: platelet count; AARP: AAR-platelet score; AARPRI: AAR-

to-platelet ratio index; API: age-platelet index; APRI: AST to platelet ratio index; CDS: cirrhosis discriminant score; FIB-4 Index: fibrosis index based on the four

factors; Fibro Q: fibro-quotient; GUCI: Goteburg University Cirrhosis Index; PLASA: platelet-AST-age; AUC: area under the receiver operating characteristic curve;

CI: confidence interval.
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Child-Pugh grade (P¼ 0.005), serum AFP (P¼ 0.001), ALT
(P¼ 0.002), AST (P¼ 0.000), c-GT (P¼ 0.000), tumor
number (P¼ 0.000), maximum size of tumor (P¼ 0.000),
MVTT (P¼ 0.012), and TNM classification (P¼ 0.000)
were the associated risk factors in patients for survival in
HBV-HCC post-hepatectomy.

Multivariate analysis of the prognostic value of
non-invasive fibrosis indices

Significant factors in the univariate analysis were included
into a multivariate Cox proportional hazards model as
covariates by forward stepwise selection. Multivariate
analysis show that Child-Pugh classification (HR: 2.548;
95%CI: 1.374–4.726, P¼ 0.005), maximum tumor size (HR,
1.482; 95%CI, 1.263–1.738, P¼ 0.000), TNM stage (HR,
1.655; 95%CI, 1.348–2.032, P¼ 0.000) were the independent
prognostic predictors of OS (Table 2). However, APRI (HR,
1.550; 95%CI, 1.101–2.183, P¼ 0.012), Fibro-a Score (HR,
1.420; 95%CI, 1.030–1.960, P¼ 0.033) were the only inde-
pendent indices to predict OS among the 15 non-invasive
fibrosis indices analyzed.

Subgroup analysis according to cirrhosis status

The prognostic values of APRI and Fibro-a Score were fur-
ther assessed by grouping the patients according to the cir-
rhosis status. Figure 2(a) shows a significant variation in
two groups in terms of OS of APRI <0.39 and �0.39
(P¼ 0.003 and P¼ 0.002), respectively.

As shown in Figure 2(b), patients with a Fibro-a Score of
<1.78, the OS, respectively, were significantly improved
than the � 1.78 group (P¼ 0.002 and P¼ 0.04). In short,
APRI and Fibro-a Score were both able to segregate the
patients with different OS rates.

Discussion

Hepatitis virus infections and/or heavy alcohol consump-
tion are the critical milestones for the global occurrence of
cirrhosis and HCC. In China, it is predicted greater than
80% cases of HCCs arise from acute HBV infection-related
liver cirrhosis.28 Chronic liver injury, necroinflammation,
hepatocellular regeneration, advanced fibrosis, cirrhosis,
and malignant transformation of proliferating hepatocyte
might involve in the process of hepatocarcinogenesis.29

Until now, liver biopsy was deemed as the benchmark in
assessing hepatic fibrosis,30 but its clinical use is limited
due to certain drawbacks. Over- or underestimation of
fibrosis can be possible due to the sampling errors and sub-
jectivity in interpretation.12,31 Also, it is an expansive and
invasive process which may lead to complications includ-
ing pain, bleeding, and injury to the bile duct, or perfora-
tion of the abdominal viscera. These disadvantages may
directly or indirectly lead to the patient’s poor compliance
or follow-up. Consequently, alternative non-invasive pro-
cesses to predict fibrosis have been an attractive field of
research. To date, at least 30 different kinds of non-
invasive fibrosis panels have been established in chronic
liver disease patients, various etiologies including virus
infection (HBV and/or HCV), alcohol, non-alcoholic fatty
liver disease. However, most non-invasive indices were
originally proposed for the use in HCV-infected patients;
the application of indices to the cohort of HBV patients
remains controversial.32,33 And more importantly, these
markers are used less frequently in patients with HBV-
related HCC. Despite showing that advanced fibrosis or
cirrhosis causes a significant effect on HCC patients’ prog-
nosis following surgical resection,5,34 the performance of
these non-invasive indices associated with cirrhosis in the
prediction of survival has not been elaborately studied.
Therefore, we finally selected 15 fibrosis indices, including
AA,13 AARP,14 AARPRI,15 API,16 APRI,17 CDS,18 FIB-4
Index,19 Fibro-a Score,20 fibrosis index,21 fibro Q,22

GUCI,23 King Score,24 P2/MS,25 PLASA Score,26 and Pohl
Score27 which were derived to start with from assessment
of HCV-associated fibrosis, routinely available clinical
parameters, and easily monitored with repeated calcula-
tions to evaluate their diagnostic performance for the pre-
diction of cirrhosis as well as their role in the patient
prognosis with HBV-HCC post-curative resection.

Recently, Pang et al.35 investigated the prognostic signif-
icance of 12 cirrhosis-related non-invasive HCC models.
They demonstrated that GUCI and APRI could predict cir-
rhosis status and prognosis in patients with HCC at signif-
icantly accurate level. Our findings identified preoperative
APRI and Fibro-a Score as factors that acted independently
in predicting the outcome of HBV-HCC patients at a long-
term post-hepatectomy, besides Child-Pugh classification,
size of tumor, and TNM stage findings, which were also
consistent with previous studies. GUCI, King Score, and
APRI had a superior diagnostic performance in detecting
cirrhosis with AUC> 0.7. According to the consensus,
APRI and GUCI are non-invasive indices that are directly
correlated with cirrhosis status in HCC patients after hep-
atectomy, but APRI is also a self-sufficient risk factor for

Figure 1. The diagnostic efficiency of GUCI, King Score, and APRI in predicting

cirrhosis in Hepatitis-B-associated HCC patients’ post-curative resection. The

AUC values of GUCI, King Score, and APRI were 0.722, 0.711 and 0.707,

respectively. (A color version of this figure is available in the online journal.)
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HCC patient survival. The differences in our study popu-
lations seem to provide an explanation to reconcile the dis-
crepancies. Our study enrolled HBV-related HCC patients
undergoing curative hepatectomy, but other studies inves-
tigated the patients without a single etiology. Additionally,

we analyzed 15 non-invasive cirrhosis-related indices
which were inconsistent in previous studies.

APRI was reported and used to predict cirrhosis and
acute fibrosis in chronic hepatitis C cases.17 The utility of
APRI is enhanced because it is determined using only two

Figure 2. The impact of APRI and Fibro-a Score on OS in 405 hepatitis-B-associated HCC patients’ post-curative resection. Plotting of survival curves was done by

Kaplan-Meier methods along with log-rank test comparison. (a) Overall survival (OS) rates stratified by APRI using 0.38 as the cut-off value. Higher APRI resulted in

poorer overall survival rates. (b) The rates of OS stratified by Fibro-a Score using a cut-off value of 1.78. Patients with a Fibro-a Score <1.78 had longer overall survival

than those with Fibro-a Score �1.78. (c, d) The APRI <0.38 group exhibited a statistically better prognosis in cases with or without cirrhosis than the �0.38 group.

(e) and (f) In patients with or without cirrhosis, a significant difference in OS between Fibro-a Score <1.78 and the �1.78 groups was observed. (A color version of this

figure is available in the online journal.)
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routine laboratory parameters that are tested in each
patient. The APRI reveals significant performance in pre-
dicting fibrosis associated with HCV, but its role in predict-
ing the fibrosis stage of HBV patients is controversial.36,37 In
our study, the ROC of APRI was 0.707 which is not consis-
tent with previous studies. It could be due to our different
inclusion criteria. The current study showed a good APRI
discriminating potential to predict patient OS with HBV-
associated HCC going through curative resection, concur-
rent with other studies.38,39 Hung et al.38 reported that
APRI� 0.47 indicates higher survival and lower recurrence
rate in solitary small HBV-related HCC patients who
underwent resection. Later, another study further con-
firmed that APRI correlates with poor prognosis in hepati-
tis B-induced HCC patients.39 In comparison with the two
studies, the strengths of our study include a relatively large
sample size (n¼ 405) with a heterogeneous population of
HBV infection patients and a longer duration of prospective
follow-up.

Presumably, no previous study has assessed the prog-
nostic value of Fibro-a Score in HBV-related HCC. Our
study suggested that Fibro-a Score is another independent
factor that influenced the OS rate of HCC patients after
hepatectomy. Also, in subgroups of cirrhosis or non-
cirrhosis, Fibro-a Scores were able to differentiate patients
with good prognosis from those with poor outcome. This
result would guide clinicians to take up preventive and
therapeutic methods for the high-risk patients. The Fibro-a
Score was first proposed for the prediction of acute liver
fibrosis.20 The formula of the Fibro-a Score integrates AFP
with AST/ALT and PLT. The researchers had thought that
the elevated AFP levels were also detected in chronic hep-
atitis C cases and labeled it as the most efficient marker
among others in acute liver fibrosis patients. Our findings
were not consistent with the other AFP study which
showed its superior efficacy in detecting cirrhosis in HCC
patients compared to the other non-invasive indices.

In contrast with the APRI and Fibro-a Score, the status of
liver cirrhosis was not associated with postoperative sur-
vival rates in the current study. Meanwhile, subgroup anal-
ysis indicates that APRI and Fibro-a Score were
significantly affecting the OS independently in HCC
patients whether cirrhosis was present or not. The results
suggested that the HCC outcomes may more significantly
correlate with cirrhosis severity, potentially indicated more
by these non-invasive indices than cirrhosis itself.
Certainly, this discrepancy between the non-invasive
assessment and the histopathological assessment of the
resected specimen observed in our study might be
explained in effective ways. The histopathological exami-
nation of liver fibrosis was based on non-cancerous liver
tissue at the periphery of HCC and may not reflect each
time the degree of entire liver fibrosis. Usually, fibrosis can
be overestimated due to direct extrapolation from the sur-
gical sample.40 Furthermore, Child-Pugh classification
which affects OS more may have abrogated the influence
of cirrhosis on OS. These explanations also suggest that the
non-invasive indices may indicate fibrosis severity of the
remaining liver more effectively than histopathological
assessment.

It is beyond doubt that there are certain limitations in
our study. Several non-invasive indices such as Fibro Test,
APGA, PAPAS, Forns index, Lok’s model, Hepascore,
Fibros Spect, Fibro meters, and the European liver fibrosis
index were not evaluated in our study. Some of them are
based on rare tests, which are not readily available in clin-
ical practice and is also costly. Moreover, the formula is also
complicated and not suitable for clinical use. All the
patients were ethnically Chinese and restricted to those
infected with HBV. It is important to confirm our findings
in patients with HCC due to other etiologies. Further, the
study was conducted only at one institution. Therefore,
there is a need of a larger-scale, multicenter and prospective
study to validate the results.

To conclude, the results demonstrated that APRI and
Fibro-a Scores inversely correlate with patients OS with
HBV-related HCC. Meanwhile, GUCI, King Score, and
APRI had a superior diagnostic performance for cirrhosis
status. Therefore, APRI can likely act as a surrogate index in
evaluating hepatic cirrhosis and OS prediction for HBV-
related HCC patients after curative hepatectomy.
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