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ABSTRACT

Background/Aims: Tumor recurrence after curative therapy is common for patients with hepatocellular
carcinoma (HCC). As fibrosis and chronic inflammation contribute to the progression of HCC, we aimed
to identify the predictive value of inflammatory and fibrosis markers for HCC recurrence after curative
therapy using radiofrequency ablation (RFA). Materials and Methods: We retrospectively reviewed the
records of patients with HCC treated with RFA between October 2005 and September 2013. The median
duration of follow-up was 40 months (4-95 months). Inflammatory and fibrosis markers and demographic
and clinical data were analyzed by Cox proportional hazards model using univariate and multivariate
analyses and longitudinal analysis. Results: A total of 98 patients were included for analysis. There
were 54 cases of HCC recurrence (55.1%). The aspartate aminotransferase-to-platelet ratio index (APRI;
2.3+1.8vs.1.3+1.4, P =0.018) was significantly higher in the recurrence group than in the recurrence-free
group. In multivariate analysis, APRI (hazard ratio, 2.64; confidence interval, 1.488-4.714; P = 0.001) was
an independent risk factor for tumor recurrence. In particular, patients with APRI >1.38 showed a higher
recurrence rate than patients with APRI<1.38 (P <0.001). Longitudinal analysis showed persistently higher
APRI values when assessed 12 months after RFA in patients who developed recurrence during follow-up
than those who remained recurrence-free. Conclusions: These findings show that a high APRI value is
associated with HCC recurrence after RFA. Therefore, APRI could play an important role in predicting
HCC recurrence after RFA.
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Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, and its incidence is increasing in Asia
and in the United States.!"! I[ts development is linked to the
occurrence of a chronic liver disease due to chronic infection
of hepatitis B virus (HBV) or hepatitis C virus (HCV),
alcohol consumption, and metabolic syndrome. The
underlying liver parenchyma is rarely normal and shows
various histological changes including inflammation and
fibrosis leading to cirthosis. These histological changes of
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the underlying liver and the multicentric origin of tumors
hamper the possibility of curative treatments including
radiofrequency ablation (RFA), partial liver resection, and
liver transplantation.?) The cumulative 5-year recurrence
rate is approximately 67-80%.1*°! Furthermore, most
patients with HCC are not candidates for surgical resection
because of poor hepatic reserve. In this perspective, several
minimally invasive techniques were studied, such as
RFA, ethanol or acetic acid injection. RFA was gradually
replaced by ethanol injection, which is the most widely used
percutaneous treatment.®!

Recurrence of HCC after RFA occurs frequently as a result
of local tumor progression (LI'P) or intrahepatic distant
recurrence (IDR). EI'P can occur along the peripheral margin
of the ablative lesion when the primary tumor has not been
controlled completely after RFA. In contrast, IDR is thought
to be the result of the multicentric origin of the HCC." IDR
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may be related more to systemic factors, such as fibrosis
and chronic inflammatory processes, than to local factors.®!
In addition, some noninvasive inflammatory and fibrosis
markers may reflect the severity of fibrosis and inflammation
in the background liver tissue.”'") Hence, to determine
the appropriate treatment modality and optimal follow-up
interval, it is important to identify surrogate markers that
can predict HCC recurrence after RFA.

The aim of this study was to evaluate the correlation between
inflammatory and fibrosis markers and HCC recurrence
after RFA.

MATERIALS AND METHODS

Study population

This cohort study retrospectively reviewed patients with
HCC who underwent curative RFA at our center between
October 2005 and September 2013. After a review of
medical records, 98 consecutive patients who fulfilled the
inclusion criteria were enrolled in this study. Inclusion
criteria for performing RFA with or without transarterial
chemoembolization (TACE) in patients with HCC were
as follows: (1) RFA as the first treatment modality for
curative intent; (2) a tumor or tumors visible on computed
tomography (CT) or magnetic resonance imaging (MRI)
and accessible via the percutancous route; (3) a single
tumor <5 cm in the largest dimension or three tumors
or less that are <3 cm each; (4) a grade of A or B in the
Child-Pugh (CP) classification of liver function; and (5) no
portal venous thrombosis and extrahepatic metastasis. For
all patients, proof of I1ICC malignancy was determined by
its characteristic enhancement pattern (hypervascularization
in the hepatic arterial phase and washout pattern in the
delayed phase) using contrast-enhanced multiphasic CT
and/or triphasic MRI. If imaging was inconclusive, the
diagnosis was confirmed by ultrasonography-guided biopsy.
Diagnosis was supported by the presence of the tumor
markers serum o-fetoprotein (AFP) and protein induced by
vitamin K absence Il (PIVKA 1I). This study was approved
by the institutional review board of the Konkuk University
School of Medicine (KUH1010600), and it complies with
the standards of the Declaration of Helsinki and current
cthical guidelines.

Treatment and follow-up

RFA was performed in all patients with curative intent.
All patients were followed-up for at least three months or
more, as required. Patients were examined through physical
examination, triphasic C'T and/or MR, laboratory tests, and
identification of serum tumor markers, such as AFP and
PIVKA 1I, at the initial and follow-up visits. In this study,
tumor recurrence was suspected if a new lesion was detected
on surveillance imaging study. These were confirmed and

58 The Saudi Journal of
Volume 22, Number 1 | Gaslroenterology
Rabi Al Thany 1437 H
January 2016

diagnosed on a dynamic CT scan or MRI scan. The primary
outcome of this study was recurrence-free survival, defined
as the time between treatment with RFA and detection of
the first intrahepatic recurrence during follow-up, in the case
of recurrence, or the last follow-up visit, when there was no
HCC recurrence by the time of this analysis. Intrahepatic
recurrence was subclassified into two categories: LI'P and
IDR. LTP was defined as tumor recurrence within 2 cm of
the ablation margin, whereas IDR was defined as tumor
recurrence beyond 2 cm from the treated margin.!"! Upon
confirmation of recurrence, salvage treatments, including
RFA, TACE, further surgery, or liver transplantation, were
applied where appropriate.

Data collection and calculation of noninvasive
inflammatory and fibrosis indices

Demographic, clinical, and laboratory data of the study
population were collected from electronic medical records
and reviewed at the beginning of and during the study period.
Demographic variables collected for this study include
age, gender, and alcohol consumption. Liver cirthosis was
diagnosed using imaging studies. These findings include
hepatic morphologic changes such as medial segment
atrophy of left lobe, caudate lobe enlargement, a nodular
surface of the liver, and presence of regenerative nodules,
splenomegaly, ascites, and varix or collaterals.!"! Next, levels
of noninvasive serum inflammatory and fibrosis markers,
known to be correlated to the degree of hepatic fibrosis
and inflammation, were calculated from the baseline
demographic and laboratory data. Detailed formulae for
the calculation of the noninvasive serum fibrosis markers,
L.c., aspartate aminotransferase (AST)-to-platelet ratio
index (APRI), fibrosis-4 score (FIB-4), the Forns index,
and the Lok score, as well as the inflammatory markers
P2/MS {platelet count?’/[monocyte fraction (%) X segment
neutrophil fraction (%)]} and neutrophil-to-lymphocyte
ratio (NTLR), are presented in Table 1.1

Statistical analysis

Comparison between groups was performed using the
Student’s t-test for continuous variables with normal
distribution and the Chi-square tests for categorical variables.
The area under the receiver operating characteristic (AUROC)
curve of inflammatory and fibrosis indices was calculated to
predict HCC recurrence. The Youden index was calculated
to select the optimal cut-off value for stratifying patients
with a high risk of tumor recurrence. Recurrence curves
were plotted by using the Kaplan-Meier method, and the
difference between groups was assessed with the log-rank
test. Factors independently related to recurrence were tested
by using a Cox proportional hazards regression analysis
adjusted for variables. Comparisons of continuous repeated
measures were performed with a paired t-test for variables
with normal distribution and with the Wilcoxon signed rank
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Table 1: Formulae for noninvasive serum fibrosis
and inflammatory indices

Table 2: Baseline characteristics of patients with and
without tumor recurrence

Index Formula

APRI ((AST/ULN)/platelet count (10%1)) x 100

FIB-4 Age (years) x AST/[platelet count x (ALT)"?)

P2/MS (Platelet count)?/ [(monocyte fraction (%) x segment
neutrophil fraction (%)]

Forns index  7.811-3.131 x In (platelet count) + 0.781 x In (GGT) +
3.467 x In (age) — 0.014 x cholesterol (mg/dl)

Lok score -5.56 - 0.0089 x platelet count (10%mm?) + 1.26 x
(AST/ALT) + 5.27 x INR

NTLR Neutrophil/lymphocyte

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,

APRI: AST-to-platelet ratio index, ULN: Upper limit of normal of AST,
FIB-4: Fibrosis-4, GGT: Gamma-glutamyl transferase, INR: International
normalized ratio, NTLR: Neutrophil-to-lymphocyte ratio

test for variables with non-normal distribution. A P < 0.05
was considered statistically significant. For the statistical
analysis, SPSS version 17.0 (SPSS Inc., Chicago, IL, USA)

was used.
RESULTS

Patient characteristics and long-term outcome

The baseline demographic features and clinical characteristics
are listed in Table 2. A total of 98 patients were included for
analysis. The median follow-up time among all patients
was 40 months (range, 4-95 months). The average patient
age was 60.5 years (standard deviation, 9.2). Seventy
patients (71.4%) were male and the most common etiology
was hepatitis B. According to the imaging studies, § patients
were considered chronic liver disease, and 90 were considered
liver cirrhosis. Tumor was classified according to the
modified Union for International Cancer Control (mUICC)
classification (stage I, 11, and III).["! The number of
patients with mUICC stage [, 11, and III were 58 (59.1%),
31 (31.6%), and 9 (9.1%), respectively. Recurrence of
HCC was detected in 54 patients (55.1%) over the entire
duration of follow-up. The Model for End-stage Liver
Disease (MELD) score (10.1 £3.0vs.8.6 = 2.2, P =0.005),
APRI (2.2 = 18 vs. 1.3 £ 1.4, P = 0.018), and Forns
index (9.5 = 1.8 vs. 8.5 = 2.0, P = 0.012) were significantly
higher, whereas P2/MS (33.2 £33.6 vs. 53.0 = 42.0,
P = 0.013) was significantly lower in the recurrence group
than in the recurrence-free group [Table 2]. IDR occurred
in 43 of 54 patients (79.6%) during the follow-up period.
Mortality was observed in three patients in the recurrence
group and in four patients in the recurrence-free group.

ROC curve for determination of cut-off for indices

The AUROC for APRI, P2/MS, the Forns index, FIB-4,
the Lok score, and NTLR were 0.708, 0.661, 0.657, 0.654,
0.593, and 0.541, respectively. With a cut-off value of 1.38,

Recurrence(+) Recurrence(-) P
(n=54) (n=44) value
Male, (%) 39 (72.2%) 31 (70.5%) 0.847
Age* 60.649.1 60.41+9.5 0.915
Etiology

HBV 30 (55.6%) 28 (63.6%) 0.745

HCV 6 (11.1%) 2 (4.5%)

Alcohol 6 (11.1%) 6 (11.1%)

HBV+Alcohol 7 (13.0%) 6 (13.3%)

HCV+Alcohol 2 (3.7%) 1(2.3%)

Unknown 3(5.6%) 1(2.3%)

BCLC

Very early 26 (48.2%) 26 (59.1%) 0.243

Early 26 (48.2%) 18 (40.9%)
Intermediate 2 (3.7%) 0 (0 %)

Liver cirrhosis 50 (92.5%) 40 (90.9%) 0.201
Modified UICC 0.092

| 31 (57.4%) 27 (61.4%)

Il 15 (27.8%) 16 (36.4%)

1 8 (14.8%) 1(2.3%)

Size (cm)* 20+1.0 1.8+0.7 0.163
AFP (ng/mL)f 11.4 (0.5-1093.0) 8.4 (1.0-31522.0) 0.157
Child-Pugh class 0.434

A 42 (77.8%) 38 (86.4%)

B 12 (22.2%) 6 (13.6%)
Child-Pugh score* 5.7+1.1 5.4+0.7 0.106
MELD* 10.1£3.0 8.6+2.2 0.005
MELD-Na* 11.8+3.3 10.4+2.9 0.030
Follow-up duration 42.3+26.1 32.8+17.7 0.036
(months)*

WBC* 4648.7£1735.2 5064.7+1819.8  0.251
Monocyte (%)* 7.242.3 6.242.3 0.035
Monocyte count (/p2)* 334.1£159.2. 317.0£158.5 0.597
AST* 72.3+£86.9 52.5+40.1 0.166
ALT* 64.7+114.1 44.8+63.1 0.305
Albumin* 3.5+0.5 3.7+0.5 0.079
Platelet* 96.1+43.2 117.5£50.5 0.026
Total bilirubin* 1.240.8 0.9+0.4 0.013
NTLR* 2.0+1.1 1.9+1.3 0.541
P2/MS* 33.2+33.6 53.0+42.0 0.013
APRI* 2.2+1.8 1.3+1.4 0.018
FIB-4* 7.3+5.7 5.7+5.8 0.133
Forns Index* 9.5+1.8 8.5+2.0 0.012
Lok Index* 1.742.0 1.1£1.6 0.093

*: Mean % standard deviation; T: Median (range). AFP: a-Fetoprotein,
HBV: hepatitis B virus, HCV: hepatitis C virus, BCLC: Barcelona Clinic Liver
Cancer, UICC: Union of International Cancer Control, MELD: Model for End-stage
Liver Disease, MELD-Na: Modified Model for End-stage Liver Disease including
sodium, WBC: white blood cell, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, NTLR: neutrophil-to-lymphocyte ratio, APRI: AST-to-platelet
ratio index, FIB-4: fibrosis4

the sensitivity and specificity of APRI were 66.6% and
68.5%, respectively, and the Youden index was 0.351. The
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diagnostic accuracy of the six variables used to distinguish
between patients with and without risk for HCC recurrence is
indicated by receiver operating characteristic (ROC) analysis,

as shown in Table 3. APRI had the highest AUROC amongst
the six variables.

Risk factors for HCC recurrence after RFA

Univariate analysis showed that APRI =1.38, P2/MS <40.65,
Forns index =9.57, MELD, and CP scores were significantly
associated with recurrence-free survival. In a multivariate
analysis with the Cox proportional hazards model, APRI
[hazard ratio (HR), 2.64; confidence interval (CI),
1.488-4.714; P = 0.001] was the only significant predictive
factor for tumor recurrence [Table 4].

Recurrence analysis based on the score risk
categories

The cumulative probability obtained in a Kaplan-Maier
analysis of HCC recurrence was significantly different between
the two risk categories as APRI =1.38 and APRI <1.3§, as
tllustrated in Figure 1. Kaplan-Meier analysis of the data

Table 3: Comparison of area under receiver operating
characteristic curve for prediction of tumor recurrence

Index Cut-off AUROC (95% CI)  Youden index P

APRI 1.38 0.708 (0.578-0.770) 0.351 <0.001
P2/MS 40.65 0.661 (0.559-0.754) 0.244 0.003
Fornsindex 9.57 0.657 (0.551-0.752) 0.313 0.005
FIB-4 3.95 0.654 (0.551-0.747) 0.297 0.005
Lok score 2.38  0.593 (0.489-0.691) 0.196 0.104
NTLR 1.93 0.541(0.437-0.642) 0.117 0.483

Cl: Confidence interval, APRI: Aspartate aminotransferase-to-platelet ratio index,
FIB-4: Fibrosis-4, NTLR: Neutrophil-to-lymphocyte ratio

showed significantly shorter cumulative recurrence-free
survival in patients with APRI =1.38 (P < 0.001).

Factor associated with local and distant intrahepatic
recurrence

Among the 54 patients with tumor recurrence, 11 were
diagnosed with LT'P and 43 with IDR. Multivariate analysis of
patients with LI'P showed that a maximal tumor size longer
than 2.5 cm (HR, 2.068; CI, 1.022-4.184; P = 0.043) was
an independent risk factor associated with LI'P after RFA.
It also showed that a high APRI (IR, 2.82; CI, 1.475-5.411;
P =0.001) was an independent risk factor for IDR.

Longitudinal change of APRI values during follow-up
The average APRI values assessed 12 months after RFA in
patients who developed HCC recurrence (n = 54) were
persistently higher than those who remained recurrence-free
over the complete follow-up period. In addition, APRI values
in patients who were recurrence-free (n = 44) decreased
significantly by the last follow-up [Figure 2].

DISCUSSION

In this study, we found that a high APRI value was associated
with HCC recurrence after RFA. In addition, APRI values
in patients who remained recurrence-free (n = 44) were
significantly decreased during the follow-up period. Our data
suggest that APRI could play an important role in predicting
HCC recurrence after percutaneous ablation.

APRI has primarily been studied in patients with HCV
infection, human immunodeficiency virus and HCV
co-infections, or alcoholic liver disease."*!”! APRI may predict

Table 4: Independent risk factors associated with tumor recurrence after radiofrequency ablation for hepatocellular
carcinoma identified by multivariate analysis using a stepwise Cox hazard regression model

Variable Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% CI) P

Age (>60/<60 years) 1.08 (0.636-1.861) 0.759

Gender (male/female) 1.06 (0.584-1.929) 0.845

Tumor size (>2.5/<2.5 cm) 1.40 (0.723-2.743) 0.314

Tumor number 1.46 (0.869-2.466) 0.152

Liver cirrhosis (yes/no) 1.25 (0.294-5.313) 0.762

Child—Pugh score 1.39 (1.075-1.797) 0.012 1.23 (0.935-1.626) 0.137
MELD 1.09 (1.001-1.195) 0.047 0.96 (0.844-1.103) 0.603
Monocyte (>300/<300/ul) 1.08 (0.988-1.196) 0.086

NTLR (>1.9/<1.9) 1.15 (0.675-1.970) 0.602

P2/MS (> 40.65/<40.65) 1.87 (1.013-3.463) 0.045 1.06 (0.474-2.405) 0.875
APRI (>1.38/<1.38) 2.57 (1.463-4.517) 0.001 2.64 (1.488-4.714) 0.001
FIB-4 (>3.95/< 3.95) 1.43 (0.806-2.563) 0.219

Forns index (>9.57/<9.57) 2.00 (1.145-3.501) 0.015 1.14 (0.560-2.340) 0.710
Lok score (>2.38/<2.38) 1.60 (0.910-2.839) 0.102

APRI: Aspartate aminotransferase-to-platelet ratio index, HR: Hazard ratio, Cl: Confidence interval, MELD: Model for End-stage Liver Disease,

NTLR: Neutrophil-to-lymphocyte ratio, FIB-4: Fibrosis-4
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HCC risk as was scen in a cohort of Japanese patients with
non-alcoholic fatty liver disease.™ A recent study reported
that APRI may be a marker of HCC risk in HBV patients in
cirthosis-dependent and -independent manners.! It is known
that patients with advanced fibrosis have lower production of
thrombopoietin and a higher degree of portal hypertension,
leading to lower production and higher sequestration of
platelets.”) Morcover, impaired sinusoidal clearance of AST
in patients with advanced hepatic fibrosis also leads to a
relative increase in serum AST levels, causing an increase in
APRLPPY We found that high APRI values were associated
with HCC recurrence after RFA. This is consistent with a

Log-rank test p<0.001

’_‘ M APRI< 1.38
- APRI > 1.38

| 4 Censored

ﬁ 4 Censored

Recurrence rates (%)

Months after initial RFA

Figure 1: The Kaplan-Meier curve of two hepatocellular carcinoma
groups with different aspartate aminotransferase (AST)-to-platelet ratio
index values. In particular, patients with an AST-to-platelet ratio index
(APRI) > 1.38 had significantly higher recurrence rates than patients
with an APRI < 1.38 (P = 0.001). The P-values were calculated by
using the log-rank test

Noninvasive fibrosis marker as recurrence predictor of HCC after RFA

Taiwanese study where APRI seems to be a predictive marker
for HCC recurrence after RFA.?2 Another Taiwanese study
also found that APRI could serve as a reliable predictive marker
for recurrence and survival in patients undergoing surgical
resection.!”! In addition, there was a significant correlation
between APRI and liver fibrosis in chronic hepatitis B and C
patients with HCC.? APRI may be an important indicator
for cirrhosis, the most important factor for the development
of HCC in patients with chronic hepatitis.

However, a study from Greece showed that although APRI is
significantly associated with the presence of cirrhosis, it could
not be used to predict the severity of liver fibrosis.”!! Such
results can be partially explained by the fluctuating pattern
of AST in patients with chronic hepatitis. AST levels may
differ according to sinusoidal clearance and mitochondrial
injury. Despite the contradictory result, the Greek study still
supported the potential usefulness of APRI in the evaluation
of liver discase. However, no study has assessed the role of serial
changes in APRIin predicting the risk of HCC recurrence after
RFA. In the present study, we found a significant correlation
between the baseline and follow-up APRI and the risk of
developing HCC in a longitudinally persistent manner.

Previous studies showed that tumor factors and liver
functional reserves determine the long-term outcomes of
HCC patients undergoing RFA.P71 We used an RFA cohort
to validate the power of the six noninvasive parameters in
predicting recurrence. APRI had a fair degree of accuracy with
an area under the curve (AUC) of 0.708 for HCC recurrence
after RFA. Notably, the predictive power of APRI for the risk
of HCC recurrence remained significant, even after adjusting
for cirrhosis. This is consistent with analysis of the observed

Recurrence group (n=54)

p=0.277

APRI

210 ——

Recurrence-free group (n=44)

p=0.029

At study entry (recurrence) 12-month (recurrence)

0 T

At study entry (recurrence-free)  12-month (recurrence-free)

Figure 2: Longitudinal trends of average aspartate aminotransferase (AST)-to-platelet ratio index values. This graph shows the changes of the
individual AST-to-platelet ratio index (APRI) values on recurrence group and on recurrence-free group in all patients from the study entry to the
12-month follow-up. The bold line indicates the trend of the average APRI value on recurrence group (A) and recurrence-free group (B)
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change in APRI during the follow-up period. Persistently
higher APRI values were observed during the follow-up in
the recurrence group (n = 54). However, APRI values in
recurrence-free patients (n = 44) decreased significantly
during follow-up. These results suggest that APRI is suitable
for the prediction of HCC recurrence during follow-up. It
1s uncertain whether reduction of APRI correlates with an
improvement of fibrosis stage. In this study, the AST level
decreased significantly and the platelet count did not change
significantly during the follow-up period in the recurrence
group. APRI scems to be an indicator for fibrosis (both
AST and platelet count), and may also reflect biochemical
responses to hepatocarcinogenesis (the AST component). To
differentiate the effects of the etiology of cirrhosis and control
for potential confounding factors, we restricted the analysis to
HBV patients treated with antiviral drugs during follow-up. No
significant difference was observed in the number of patients
who received antiviral therapy between the two groups in
our cohort. Although this reduced our sample size, the same
general pattern was observed. It has been reported that
antiviral therapy can ameliorate liver inflammation, reduce
fibrosis, and improve the liver functional reserve in patients
with chronic viral hepatitis.®”! However, whether antiviral
therapy can also prevent recurrence of viral hepatitis-related
HCC after RFA remains controversial.l?*?” In a recent study,
long-term therapy with antiviral therapy did not eliminate
the risk of HCC in patients with chronic hepatitis, especially
those with pre-existing cirrhosis.®™ The effect of antiviral
therapy on recurrence in patients undergoing RFA could not
be evaluated in this study and requires further validation in
prospective studies.

In this study, recurrence was further divided into two
patterns: LI'P and IDR. The pathogenesis of local recurrence
Is associated with residual tumor cells after RFA therapy,
leading to re-growth of the primary tumor.”*** IDR may be
related more to systemic factors than to local factors. In this
study, maximal tumor size is an important risk factor for LI'P
recurrence. IDR occurred more frequently than LI'P in our
cohort. We found that a high APRI value was significantly
assoclated with an increased risk of recurrence in a multivariate
analysis adjusting for all major variables. This association
between APRI and recurrence was strengthened for IDR.
Based on our findings, it is clear that APRI does not solely
indicate cirrhosis, and further research is required to elucidate
the specific oncogenic mechanisms. Therefore, potential
risk factors indicative of hepatocarcinogenesis, including
inflammation, fibrosis, APRI, and maximal tumor size, should
be considered significant when predicting HCC recurrence.

CONCLUSION

In conclusion, we demonstrated that a high APRI value is
associated with HCC recurrence after RFA. Regardless of
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cirthosis, APRI is higher in cases of HCC recurrence. We
recommend careful monitoring and long-term follow-up of
patients with high APRI values after percutaneous ablation.
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