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Abstract

Purpose Although advanced liver fibrosis is crucial in

the development of hepatocellular carcinoma (HCC) for

patients with chronic hepatitis B, whether it is associated

with the recurrence of HCC after resection remains

obscure. This study was aimed to compare the outcomes

for patients with minimal or advanced fibrosis in solitary

small hepatitis B virus (HBV)-related HCC.

Methods This study enrolled 76 patients with small (\5 cm)

solitary HBV-related HCC who underwent resection. The

outcomes of patients with minimal and advanced fibrosis in

non-tumor areas were compared. Serum markers were tested

to assess the stage of hepatic fibrosis and to predict prognosis.

Results Fourteen patients with an Ishak fibrosis score of

0 or 1 were defined as having minimal fibrosis; the remaining

62 patients were defined as having advanced fibrosis.

During a follow-up period of 77.0 ± 50.7 months, 41

patients died. The overall survival rate was significantly

higher (P = 0.018) and recurrence rate was lower
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(P = 0.018) for patients in the minimal fibrosis group.

Aspartate aminotransferase–platelet ratio index (APRI)

exhibited the most reliable discriminative ability for pre-

dicting advanced fibrosis. The overall survival rate was

significantly higher (P = 0.003) and recurrence rate was

lower (P = 0.005) for patients with an APRI of 0.47 or less.

Conclusions For patients with solitary small HBV-related

HCC who underwent resection, minimal fibrosis is asso-

ciated with a lower incidence of recurrence and with better

survival. APRI could serve as a reliable marker for

assessing hepatic fibrosis and predicting survival.

Keywords Aspartate aminotransferase–platelet ratio

index � Fibrosis � Hepatitis B virus � Hepatocellular

carcinoma � Recurrence

Introduction

Hepatocellular carcinoma (HCC) is one of the leading

causes of cancer mortality in the world [1, 2]. In Taiwan,

hepatitis B virus (HBV) infection is the most common

etiological factor in the development of HCC [3, 4]. Cur-

rently, surgical resection is the best treatment modality for

long-term cancer-free survival [5, 6]. However, the long-

term outcome after resection is still not satisfactory [1, 5].

Post-operative recurrence is common and accounts for the

main cause of mortality for HCC patients who underwent

resection surgery. Several factors, including tumor size, the

number of tumors, presence of venous invasion and degree

of liver functional reserve were demonstrated to determine

post-operative tumor recurrence [1, 2, 7–10]. Advanced

liver fibrosis is one of the most important factors in the

development of HCC for patients with chronic hepatitis B

(CHB) [11]. Nevertheless, whether the stage of fibrosis

would also be associated with the recurrence of HCC after

resection has not been well addressed. As large tumor size

and multinodularity might confound the impact of back-

ground fibrosis on tumor recurrence, we deduced that the

stage of fibrosis might play an important role in recurrence

for small and solitary HCC patients who underwent

resection surgery.

Currently, there are two widely applied tests for the

evaluation of liver reserve for HCC patients before surgery:

measuring the hepatic venous pressure gradient for the

assessment of the degree of portal hypertension, or testing

for indocyanine green (ICG) retention rate at 15 min

(ICG-15R) [2]. However, these tests are either too invasive

or too expensive for daily practice. How to choose an easy,

reliable and inexpensive method as a surrogate for pre-

operative evaluation of liver reserve is crucial in a clinical

setting.

Recently, several noninvasive tools have been intro-

duced to assess the degree of liver fibrosis in patients with

chronic hepatitis; these include using serum biochemical

markers and transient elastography [12–16]. Among them,

the aspartate aminotransferase–platelet ratio index (APRI)

appears to be a reliable, simple test that is easy to

interpret [16–18]. It has been validated in assessing the

stage of fibrosis, evaluating the reserve of liver function,

as well as predicting prognosis. However, this test has

seldom been applied for the evaluation of liver reserve

before surgery and for prediction of prognosis for HCC

patients. The aim of this study was to compare the out-

comes of patients with minimal or advanced fibrosis in

small and solitary HBV-related HCC. We also aimed to

validate APRI as a surrogate marker in assessing the stage

of hepatic fibrosis, as well as in predicting recurrence and

prognosis.

Materials and methods

Patients and follow-up

This study is the subsequent cohort analysis from one pro-

spectively conducted, retrospectively analyzed study, which

enrolled 193 HBV-related HCC patients who underwent

tumor resection in Taipei Veterans General Hospital

from 1990 to 2002 [19]. We further analyzed a total of

76 patients with small and solitary HCC in this cohort.

The inclusion criteria were as follows: (a) Child’s classifi-

cation of liver function of A or B; (b) patients with solitary

small tumors (\5 cm in size) without portal vein main

trunk involvement or distant metastasis; (c) the absence

of other major diseases, which may complicate surgery;

(d) available post-operative pathology-verified HCC

samples and adjacent non-tumor liver specimens for analy-

sis. Patients with concurrent infection of hepatitis C virus

(HCV) were excluded from this study. As nucleoside/

nucleotide analogs had not yet been approved for the treat-

ment of CHB by National Health Insurance in Taiwan before

2003, none of the cases in this cohort received anti-viral

therapy before surgery. The latest laboratory data before

surgery was recorded for analysis. They were all within

1 week of surgery. The grade of hepatic inflammation and

stage of fibrosis in non-tumor parts of the specimen was

graded according to the Ishak scoring system by a single

pathologist (Lai CR) who was blind to clinical information

[20]. Serum samples were collected from each subject with

informed consent prior to operation and stored at -70�C.

The study complies with the standards of Declaration of

Helsinki and current ethical guideline. This protocol

was reviewed and approved by the institutional review

board.
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All patients were followed regularly every 3 months

after surgery. Tumor recurrences were suspected if eleva-

tion of serum alpha-fetoprotein (AFP) level was noted or

new lesions were found by surveillance ultrasonography.

Recurrences were confirmed with dynamic computed

tomography (CT) scans or magnetic resonance imaging

(MRI) studies showing contrast enhancement during arte-

rial phase and washout in venous phase.

Biochemical and serological markers

Serum hepatitis B surface antigen (HBsAg), hepatitis B e

antigen (HBeAg), and antibody against HBeAg (anti-HBe

Ab) were tested using a radioimmunoassay kit (Abbott

Laboratories, North Chicago, IL, USA). Anti-HCV was

measured by means of a second-generation enzyme immu-

noassay kit (Abbott Laboratories, North Chicago, IL, USA).

Serum biochemistries including albumin, bilirubin, alanine

aminotransferase (ALT), aspartate aminotransferase (AST),

alkaline phosphatase (Alk-P), gamma-glutamyltransferase

(GGT), blood urea nitrogen (BUN), creatinine and glucose

were measured by a systemic multiautoanalyser (Technicon

SMAC, Technicon Instruments Corp., Tarrytown, NY,

USA). APRI was calculated as the ratio of [(AST/upper limit

of normal value: 45 IU/L)/platelet counts (109/L)] 9 100.

Serum AFP level was measured using a radioimmunoassay

kit (Serono Diagnostic SA, Coinsin/VD, Switzerland).

Detection and quantification of HBV DNA

and genotyping and sequencing of HBV

Serum HBV DNA was detected by semi-nested polymerase

chain reaction (PCR) as previously described and HBV

DNA levels were measured by a Cobas Amplicor HBV

monitor (Roche Diagnostic System, Basel, Switzerland)

[19, 21]. The detection limit of this assay was 300 copies/

mL. Genotyping of HBV was performed by PCR restric-

tion fragment length polymorphism of the surface gene of

HBV and further verified by sequencing [19, 21].

Statistical analysis

All statistical analyses were performed using the Statistical

Package for Social Sciences (SPSS 17.0 for Windows,

SPSS. Inc., Chicago, IL, USA). The baseline characteristics

to be evaluated with outcomes were selected according to

the 2001 EASL guidelines [22]. Pearson chi-square analysis

or Fisher’s exact test were used for the comparison of

categorical variables, while continuous variables were

compared with the Mann–Whitney U test. The accuracy of

noninvasive markers for advanced fibrosis was determined

by calculating the area under the curve from corresponding

receiver operating curves (AUROC). The AUROC was

expressed as plots of the test sensitivity versus 1-specificity.

The cutoff value of AUROC was determined by MedCalc

(version 4.20, MedCalc Software, Mariakerke, Belgium).

Cumulative recurrence rates and overall survival rates were

estimated by the Kaplan–Meier method and compared

using the log-rank test or Cox’s proportional hazards model.

Variables with statistical significance (P \ 0.05) or close to

it (P \ 0.1) in univariate analysis were submitted to mul-

tivariate analysis using a forward stepwise logistic regres-

sion model. A two-tailed P value of less than 0.05 was

considered to be statistically significant for all tests.

Results

Baseline clinical characteristics of all patients

The baseline demographic data are shown in Table 1.

Among the 76 patients included in this study, there were 64

males and 12 females. The median age at surgery was 57.0

(range 29–82) years. The majority (90.8%) of patients was

in Child grade A, and only seven (9.2%) patients were in

grade B. Most patients had negative HBeAg in serum at

enrollment. The median serum HBV DNA levels was

453,500 (range: undetectable to 2 9 109) copies/mL. Aside

from the three patients with undetectable serum HBV

DNA, 38 patients were infected with genotype B HBV and

35 patients with genotype C.

Comparison of clinical demographic data

between HCC patients with minimal and advanced

fibrosis in non-tumor parts

The distribution of the scores of Ishak fibrosis in non-tumor

parts was as follows: 0, 6 patients; 1, 8 patients; 2, 6

patients; 3, 6 patients; 4, 4 patients; 5, 11 patients; and 6,

35 patients. Fourteen patients with an Ishak fibrosis score

of 0 or 1 were placed into the minimal fibrosis group; the

remaining 62 patients were in the advanced fibrosis group.

In comparison to those in the advanced fibrosis group,

patients in the minimal fibrosis group had significantly

higher serum albumin levels and platelet counts, and lower

ALT, AST, APRI and ICG-15R levels and inflammation

scores (Table 1). With regard to tumor factors, these two

groups were similar in the incidence of macroscopic

venous invasion (detected by image study), microscopic

venous invasion (confirmed by histological examination),

cell differentiation by Edmondson grading, capsule for-

mation and satellite lesions. Similarly, the baseline viral

factors, including the status of HBeAg, genotype and serum

HBV DNA levels were also comparable between these two

groups.
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Validation of serum markers for predicting the stage

of hepatic fibrosis in non-tumor parts

We further assessed the correlation between serum markers

and the stage of fibrosis. The levels of APRI and ICG-15R

were significantly higher, while platelet count and albumin

were lower for patients in the advanced fibrosis group

(Table 1; Fig. 1a). Receiver operating curves of the serum

markers used for predicting advanced fibrosis are shown in

Fig. 1b and Table 2. APRI, ICG-15R, platelet count and

albumin levels all exhibited reliable discriminative ability

for predicting advanced fibrosis. Indeed, the APRI yielded

the highest AUROC with a level of 0.867 at a cutoff value

of 0.47.

Factors associated with overall survival in univariate

and multivariate analyses

During a median follow-up period of 77.0 ± 50.7 (range

4.7–226.6) months, 41 patients died and 35 remained alive

at the last visit. In addition, 45 patients had tumor recur-

rence after surgery. The median time of recurrence was

23.0 ± 38.4 (range 2–225) months.

As shown in Table 3, univariate analysis demonstrated

that older age (P = 0.017), higher serum AST levels

(P = 0.019), higher APRI values (P = 0.003), lower

platelet counts (P = 0.042), higher serum AFP levels

(P = 0.040), higher Ishak inflammation scores (P = 0.028)

and advanced fibrosis in non-tumor parts (P = 0.018) were

associated with poor overall survival.

Figure 2a illustrated the overall survival rate stratified

by the stage of fibrosis. The overall survival rate was sig-

nificantly higher for patients in the minimal fibrosis group

than their counterparts in the advanced fibrosis group. The

cumulative survival rates at 1, 3, 5 and 10 years were 100,

92.9, 92.9 and 78.6% for patients in the minimal fibrosis

group, and 91.9, 71.0, 59.7 and 29.2% for patients in the

advanced fibrosis group, respectively (P = 0.018).

The overall survival rate was also significantly higher

for patients with an APRI of 0.47 or less (Fig. 2b). The

cumulative survival rates at 1, 3, 5 and 10 years were 91.7,

83.3, 79.2 and 79.2% for patients with an APRI of 0.47

or less, and 94.2, 71.2, 59.6 and 23.3% for those with an

APRI more than 0.47, respectively (P = 0.003). In multi-

variate analysis (Table 3), age more than 65 years [hazard

ratio (HR) 2.374, P = 0.010] and APRI larger than 0.47

Fig. 1 a Box and whisker graph

shows the relationship between

the stage of fibrosis and the

APRI. The middle horizontal
line inside each box depicts the

median, and the width of each

box represents the 25th and 75th

percentiles. Vertical lines
represent the 10th and 90th

percentiles. b Receiver

operating curves (ROCs) of

APRI, ICG-15R, albumin,

bilirubin, platelet count and

prothrombin time INR for the

prediction of advanced fibrosis

in patients with small and

solitary HCC

Table 2 Comparison of area under receiver operating curves for APRI, ICG-15R, platelet count, albumin, bilirubin and prothrombin time INR

for advanced fibrosis

Cutoff AUROC 95% CI Standard error P

APRI 0.47 0.867 0.769–0.934 0.043 \0.001*

ICG-15R (%) 9 0.848 0.745–0.921 0.048 \0.001*

Platelet count (mm-3) 131,000 0.743 0.630–0.836 0.081 0.005*

Albumin (g/dL) 4.0 0.718 0.603–0.816 0.083 0.011*

Bilirubin (mg/dL) 1.0 0.650 0.532–0.756 0.076 0.080

PT INR 0.9 0.577 0.453–0.694 0.083 0.284

AUROC area under receiver operating curve, CI confidence interval, APRI aspartate aminotransferase–platelet ratio index, ICG-15R indocyanine

green retention rate at 15 min, PT prothrombin time, INR international normalized ratio

* P \ 0.05 versus AUROC 0.5
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(HR 3.639, P = 0.004) were the independent risk factors

associated with poor overall survival. If APRI was not

enrolled in the multivariate analysis, age more than

65 years (HR 2.177, P = 0.020), AFP larger than 20 ng/

mL (HR 2.233, P = 0.024) and advanced liver fibrosis

(HR 3.004, P = 0.039) were the independent risk factors to

predict poor overall survival.

Predictive value of hepatic fibrosis and APRI for tumor

recurrence after resection surgery

With regard to recurrence, patients in the minimal fibrosis

group had lower incidences of tumor recurrence after sur-

gery for small and solitary HCC patients (Fig. 2c). The

cumulative recurrence rates at 1, 3, 5 and 10 years were

7.1, 21.4, 21.4 and 28.6% for patients in the minimal

fibrosis group, and 24.4, 49.6, 60.3 and 72.6% for patients

in the advanced fibrosis group, respectively (P = 0.018).

Figure 2d also shows that patients with an APRI of 0.47

or less had a lower incidence of developing tumor recur-

rence after resection surgery. The cumulative recurrence

rates at 1, 3, 5 and 10 years were 16.7, 25.0, 25.0 and

34.7% for patients with an APRI of 0.47 or less, and 25.2,

53.6, 66.3 and 76.9% for patients with an APRI more than

0.47, respectively (P = 0.005).

Discussion

For patients with HCC who underwent resection surgery,

tumor factors, viral factors and the degree of liver func-

tional reserve were associated with recurrence [7–10, 23].

We recently found that tumor factors were predictive of

early recurrence within 2 years after surgery, while viral

factors and ‘‘field factors’’ in non-tumor parts influenced

late recurrence [19]. The impact of field factors may be

overwhelmed by the tumor factors in advanced HCC. From

the current study, univariate analysis revealed that age,

serum AST, APRI, AFP levels, platelet counts, as well as

Ishak inflammation scores and the degree of fibrosis in

non-tumor part were associated with overall survival.

Additionally, age and APRI levels were the independent

risk factors by multivariate analysis. It demonstrated that

the confounding effect of tumor factors was minimized,

and background liver fibrosis played a more important role

in the prognosis for patients with small and solitary HCC.

Table 3 Univariate and multivariate analysis of factors associated with poor overall survival after resection surgery for small solitary HCC

Variable Case no. Univariate analysis Multivariate analysis

Hazard ratio

(95% confidence interval CI)

P Hazard ratio

(95% confidence interval CI)

P

Age [ 65/ B 65 y/o 23/53 2.227 (1.157–4.290) 0.017 2.374 (1.233–4.570) 0.010

Sex (Male/female) 64/12 1.456 (0.570–3.717) 0.432

Albumin B4/[4 g/dL 39/37 1.531 (0.819–2.857) 0.182

Bilirubin [1.5/B1.5 mg/dL 11/65 0.993 (0.416–2.369) 0.987

ALT [40/B40 U/L 45/31 1.214 (0.642–2.294) 0.551

AST [45/B45 U/L 35/41 2.125 (1.131–3.992) 0.019

APRI [0.47/B0.47 52/24 3.472 (1.454–8.286) 0.003 3.639 (1.524–8.691) 0.004

Platelet B105/[105/mm3 23/53 1.938 (1.025–3.663) 0.042

PT INR [1.2/B1.2 15/55 1.621 (0.791–3.325) 0.187

HBeAg positive/negative 9/56 1.602 (0.614–4.176) 0.335

HBVDNA [105/B105 copies/mL 48/27 0.471 (0.420–1.493) 0.792

AFP [20/B20 ng/mL 46/30 2.069 (1.034–4.143) 0.040

Tumor size [2 cm/B2 cm 48/28 0.831 (0.448–1.542) 0.556

Macroscopic venous invasion (yes/no) 5/71 1.558 (0.475–5.102) 0.464

Microscopic venous invasion (yes/no) 58/18 1.685 (0.843–3.371) 0.140

Cut margin B1 cm/1 cm 39/24 1.754 (0.831–3.704) 0.140

Ishak inflammation [6/B6 34/42 2.013 (1.078–3.757) 0.028

Advanced fibrosis/minimal fibrosis 62/14 3.226 (1.144–9.096) 0.018

If APRI was not enrolled in the multivariate analysis, age[65 years [hazard ratio (HR) 2.177, 95% CI: 1.131–4.478, P = 0.020], AFP[20 ng/mL

(HR 2.233, 95% CI: 1.113–4.478, P = 0.024) and advanced fibrosis (HR 3.004, 95% CI: 1.059–8.521, P = 0.039) were the independent risk factors

associated with poor overall survival

ALT alanine aminotransferase, AST aspartate aminotransferase, APRI aspartate aminotransferase–platelet ratio index, PT prothrombin time,

INR international normalized ratio, AFP alpha-fetoprotein
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Consequently, it is implied that treatment to attenuate

fibrosis might help to decrease recurrence for such patients.

It may be a target for adjuvant therapy after surgery.

Adachi et al. [24] found that serum albumin and ALT

levels were independent risk factors associated with

recurrence in patients with small HCC who underwent

resection surgery. Tumor factors, such as size, histological

grade and AFP levels, were not significant in their study. It

was demonstrated that liver reserve, but not tumor factors,

was the predominant factor for predicting recurrence of

small HCC. However, platelet count, ICG-15R and cir-

rhosis were not significant in predicting recurrence. This

could be due to the fact that the majority of patients in their

cohort were cirrhotic in non-tumor areas. The mean values

of platelet count were lower (91,000 vs. 146,315/mm3) and

ICG-15R values were higher (17.7 vs. 14.7%) than in our

patients. This would imply that the stages of fibrosis in

their patients were more advanced. Consequently, the

effect of fibrosis on tumor recurrence might be diminished

in the statistical analysis due to the limited number of

patients with early stage fibrosis in their study. Moreover,

they did not provide data for patients with minimal fibrosis;

therefore, we could not evaluate the role of minimal

fibrosis in recurrence from their study. Additionally, only

20.6% of patients in their cohort had chronic hepatitis B.

The diversity between etiologies, stages of fibrosis and

degree of liver reserve in these two studies might account

for the discrepancies. However, both our group and Adachi

demonstrated that ‘‘field factors’’ play an important role in

determining tumor recurrence in patients with small HCC

who underwent resection surgery.

Liver biopsy is the gold standard for the assessment of

liver fibrosis for patients with chronic hepatitis. However, it

is costly and carries risks of complications such as pain,

bleeding, hemothorax, bile duct injury or penetration of

abdominal viscera. Also, sampling errors and inter-observer

Fig. 2 Cumulative overall survival and recurrences stratified by the

stage of fibrosis and serum APRI level at the time of surgery. The

cumulative curves were plotted using the Kaplan–Meier method and

compared by a log-rank test. Patients with advanced fibrosis had

poorer overall survival (a, P = 0.018), as well as a significantly

higher incidence of recurrence (c, P = 0.018) than those with

minimal fibrosis in non-tumor parts. Patients with serum APRI levels

of more than 0.47 at the time of surgery had poorer overall survival

(b, P = 0.003), and a higher incidence of recurrence (d, P = 0.005)

than their counterparts with serum APRI levels of \0.47
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variation decrease the reliability of liver biopsy [25].

Recently, several noninvasive serum markers were used as

surrogates for evaluating the stage of liver fibrosis in

chronic hepatitis patients. However, these markers are less

widely used for patients with HCC. Previous studies dem-

onstrated that the presence of cirrhosis or portal hyperten-

sion was not an independent risk factor of mortality or

developing recurrence after surgery for small HCC [24, 26,

27]. However, they only evaluated the impact of cirrhosis

and advanced fibrosis on the post-operative prognosis. The

novelty of the current study is that we assessed the role of

minimal fibrosis in the prognosis of patients with small

solitary HCC who underwent resection surgery. Addition-

ally, we provide an easy and feasible tool, APRI, which not

only exhibits greater discriminative ability for the stage of

liver fibrosis than other serum markers, but also predicts

recurrence and survival for patients with small HCC. We

expect it would help clinical physicians to predict outcomes

before resection and to arrange adequate antiviral therapy

after surgery for such patients.

We acknowledge several limitations in this study. First,

the patients enrolled in this study were all infected with

HBV. For HCC patients from other etiologies, both the

impact of fibrosis and the application of APRI for assessing

the stage of fibrosis and predicting outcomes need further

prospective study with more patients to be elucidated.

Second, the number of patients enrolled in our cohort is

relatively small. Although minimal fibrosis is closely

related to better overall survival for patients with small and

solitary HCC by univariate analysis, it failed to predict

outcomes in multivariate analysis. However, APRI was an

independent risk factor to be associated with overall sur-

vival. If APRI was not enrolled in the multivariate analysis,

the degree of hepatic fibrosis was still an independent risk

factor to predict survival. It may be attributed to the fol-

lowing: APRI not only serves as a surrogate for assessing

the degree of hepatic fibrosis, but also reflects liver func-

tional reserve [28] causing minimal fibrosis, which was

excluded by multivariate analysis. Accordingly, APRI is a

simple and powerful predictor of prognosis for patients

with small HCC who underwent resection surgery.

Several newly developed noninvasive serum models,

such as FibroTest, the European liver fibrosis test, FIB-

ROSpect, Hepascore and FibroMeter, have been introduced

for assessing the stage of liver fibrosis in chronic hepatitis

patients [17]. As this is a retrospective study, another

limitation of our study is that we could not compare the

APRI to these new models. However, these models com-

bine several non-routine tests, including hyaluronic acid,

tissue inhibitor of metalloproteinase 1, alpha-2 globulin,

alpha-2 microglobulin and apolipoprotein A. They are not

readily applicable in daily practice and require additional

costs. Besides, they often need complicated formula. We

think that APRI still has an important role in the evaluation

of liver fibrosis status because it is clinically available and

easy to compute. Nevertheless, further prospective studies

to evaluate the application of these newly developed serum

markers for predicting prognosis of patients with small

HCC are still needed.

In conclusion, our study demonstrated that for small and

solitary HBV-related HCC patients who underwent resec-

tion surgery, the degree of liver fibrosis is associated with

tumor recurrence as well as with overall survival. APRI

could serve as a surrogate for the evaluation of liver

functional reserve, assessment of hepatic fibrosis and pre-

diction of survival for such patients.
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