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Background: The aim of this study was to evaluate the clinically significant predictors of
hepatocellular carcinoma (HCC) development among hepatitis C virus (HCV) cirrhotic patients
receiving combination therapy.

Patients and methods: One hundred and five compensated cirrhosis patients who received
pegylated interferon plus ribavirin between January 2005 and December 2011 were enrolled.
All the patients were examined with abdominal sonography and liver biochemistry at baseline,
end of treatment, and every 3—6 months posttreatment. The occurrence of HCC was evaluated
every 3—6 months posttreatment.

Results: A total of 105 patients were enrolled (mean age 58.3£10.4 years). The average
follow-up time for each patient was 4.38 years (standard deviation 1.73 years; range
1.13-9.27 years). Fifteen (14.3%) patients developed HCC during follow-up period. Thirteen
of them had high baseline aspartate aminotransferase to platelet ratio index (APRI) (ie, an
APRI >2.0). Multivariate analysis showed that those without sustained virologic response (SVR)
(hazard ratio [HR] 5.795; 95% confidence interval [CI] 1.370-24.5; P=0.017) and high APRI
(HR 5.548; 95% CI 1.191-25.86; P=0.029) had a significantly higher risk of HCC occurrence.
The cumulative incidence of HCC was significantly higher (P=0.009) in patients without SVR
(3-year cumulative incidence 21.4%; 95% CI 7.4%—35.5%; S5-year cumulative incidence 31.1%;
95% CI 11.2%—-51.1%) compared to those with SVR (3- and 5-year cumulative incidence 6.2%;
95% CI10%—1.3%). Further, the cumulative incidence of HCC was significantly higher (P=0.006)
in patients with high APRI (3-year cumulative incidence 21.8%; 95% CI 8.2%—35.3%; 5-year
cumulative incidence 30.5%, 95% CI 11.8%-49.3%) compared to those with low APRI (3- and
S-year cumulative incidence 4.2%, 95% CI 0%—1.0%).

Conclusion: In HC V-infected cirrhotic patients who received combination therapy, APRI and
SVR are the two major predictors of HCC development.

Keywords: aspartate aminotransferase to platelet ratio index, chronic hepatitis C, hepatitis C

virus, hepatocellular carcinoma, liver cirrhosis, sustained virologic response

Introduction

Hepatocellular carcinoma (HCC) is one of the most deadly cancers and is the third
leading cause of cancer-related death among males and the sixth among females
worldwide.! According to a recent national analysis in Taiwan, HCC remains the second
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leading cause of cancer-related death among both males and
females during the past 10 years.? Chronic hepatitis is one of
the most important causes of chronic liver diseases, including
cirrhosis that can lead to subsequent decompensation and
development of HCC.?

The estimated risk of HCC is 15-20 times higher among
persons infected with hepatitis C virus (HCV) compared to
those without infection, and the greatest excess risk occurs in
those with advanced hepatic fibrosis or cirrhosis.** In chronic
HCYV antiviral therapy, a sustained viral response (SVR) had
been a clinically meaningful end point at which viral clear-
ance contributes to reduced inflammation and histologically
identified fibrosis, fewer hepatic complications, lower liver-
related mortality, and a reduced incidence of HCC.*® Even
in patients with advanced liver disease, SVR has been found
to be associated with HCC risk reduction.’

Risk factors for HCV-related HCC include older age,
male sex, coinfection with human immunodeficiency virus
(HIV) or hepatitis B virus (HBV), obesity, hepatic fibrosis,
alcohol abuse, and sex hormone dysregulation.*!®!! The liver
fibrosis stage provides important prognostic information
about the development of HCC. The aspartate aminotrans-
ferase to platelet ratio index (APRI) is a noninvasive marker
that has been validated for the diagnosis of both significant
fibrosis and cirrhosis.'>"* APRI is a useful marker for the
prognosis in chronic hepatitis C (CHC) patients.'* Some recent
studies report that the APRI score could be a predictor of HCC
in chronic hepatitis patients.'>'¢ APRI could be a useful marker
to classify HCC risk in CHC patients who achieved SVR and
predict HCC recurrence after radiofrequency ablation.!”"
However, the prognostic value of APRI in cirrhotic patients
for predicting the occurrence of HCC is uncertain.

Hence, the aim of this study was to evaluate the clini-
cally significant predictors of HCC development among
HCYV cirrhotic patients. These factors may affect physicians’
clinical decisions.

Patients and methods

Selection of patients

HCV patients with Child A cirrhosis without decompensation
and who underwent treatment at the Dalin Tzu Chi General
Hospital with either pegylated interferon (PEG-IFN)-o-2a or
PEG-IFN-0.-2b plus ribavirin (RBV) between January 2005
and December 2011 were enrolled in this retrospective study.
All the patients were positive for antihepatitis C antibody
for more than 6 months, had an alanine aminotransferase
(ALT) level higher than the upper limit of normal, and had
detectable serum HCV RNA. We excluded patients with

posttreatment follow-up <1 year, HCC history, incomplete
medical records, autoimmune diseases, HIV infection,
neutropenia (<1,500 neutrophils/mL), thrombocytopenia
(<<50,000 platelets/mL), anemia (<12 g of hemoglobin/dL
in females and <13 g/dL in males), or poorly controlled
psychiatric disease.

One hundred and twenty compensated cirrhosis patients
who received PEG-IFN plus RBV were initially enrolled
(Figure 1). Five patients had posttreatment follow-up
time <1 year, seven did not have complete medical records,
and three previously had HCC, and all these patients were
excluded from the study. The remaining 105 patients were
finally included. The average follow-up time for each
patient was 4.38 years (standard deviation [SD] 1.73 years;
range 1.13-9.27 years). The study was approved by the
Research Ethics Committee of Dalin Tzu Chi Hospital
(B099010124). Written informed consent was obtained from
each patient, and the Research Ethics Committee of Dalin
Tzu Chi Hospital approved the written consent process.

Regimen of PEG-IFN plus RBV

PEG-IFN-0-2a (Pegasys; Hoffman-La Roche Ltd., Basel,
Switzerland) or PEG-IFN-o-2b (Peglntron; Schering-
Plough Corp., Kenilworth, NJ, USA) plus RBV were
prescribed to eligible patients for 6 months. PEG-IFN-o-2a
(180 ng/kg) or PEG-IFN-0.-2b (1.5 pg/kg) was administered
once per week by subcutaneous injection. The fixed dura-
tion (6 months) without consideration of HCV genotypes
is due to restrictions imposed by the reimbursement policy
of the Bureau of National Health Insurance in Taiwan.

120 patients compensated
cirrhosis, Child A
underwent HCV treatment

Exclusion:

Hepatocellular carcinoma: 3
Posttreatment F/U <1 year: 5
Incomplete medical record: 7

A 4

105 patients

v v

57 patients 48 patients

with SVR without SVR
54 patients 3 patients 36 patients 12 patients
without HCC with HCC without HCC with HCC

Figure | Flow diagram representing the study cohort.

Note: Dalin Tzu Chi Hospital, January 2005-December 201 I.

Abbreviations: HCV, hepatitis C virus; F/U, follow-up; SVR, sustained virologic
response; HCC, hepatocellular carcinoma.
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RBV was prescribed orally at a dose of 800 mg/day for
patients <55 kg, 1,000 mg/day for patients between 55 and
75 kg, and 1,200 mg/day for patients >75 kg. Adjustments
to the dose of PEG-IFN and RBV and treatment with either
erythropoietin or blood transfusion were determined accord-
ing to published practice guidelines.>?22

Clinical monitoring

The primary outcome was time to develop HCC. All patients
were examined at baseline, end of treatment, and every
3—6 months posttreatment with a liver function test and
abdominal sonography at the hospital’s gastrointestinal out-
patient clinic. The serum aspartate aminotransferase (AST),
ALT, total bilirubin, creatinine, hemoglobin, white blood cell
count, and platelet count were measured at each time point.
HCV RNA was quantified at baseline and 24 weeks posttreat-
ment. The diagnosis of liver cirrhosis was made by liver biopsy
or by clinical diagnostic criteria including twice documented
ultrasonographic evidence of a coarse and nodular paren-
chyma, irregular surface, and dull margin with splenomegaly,
ascites, hepatic encephalopathy, or varices.? Liver biopsy with
optional procedure was performed at baseline with patients’
consent. Liver biopsy was obtained from 62 patients (59.6%)
in this study. A diagnosis of fatty liver was based on the results
of biopsy and/or abdominal ultrasound. Other clinical factors,
including diabetes mellitus, chronic hepatitis B (CHB), and
alcoholism, were also evaluated by chart review. The diagnosis
of CHB was based on seropositive status for hepatitis B sur-
face antigen for at least 6 months. HCC was diagnosed either
by biopsy or by imaging in the setting of liver cirrhosis. The
specific imaging pattern was defined by increased contrast
uptake in the arterial phase followed by contrast washout in
the venous/delayed phase as seen via computer tomography
or magnetic resonance.**? In this study, we calculated APRI
using the formula of (JAST/upper limit of normal]/platelet
count [10%L]) x100, and further used it as a noninvasive
marker validated for the diagnosis of both significant fibrosis
and cirrhosis. The cutoff value of APRI >2.0 defined high
APRI and APRI <2.0 defined low APRI.>!2!3

HCYV quantification and genotyping

Serum HCV RNA was quantified at baseline and 24 weeks
posttreatment using real-time polymerase chain reaction
with a detection limitation of 15 TU/mL.?® The threshold
for discriminating low- and high-baseline HCV RNA was
400,000 IU/mL.*> HCV genotyping was performed using
melting curve analysis (Roche LightCycler; Biotronics Tech
Corp., Lowell, MA, USA).”

Sustained virologic response

SVR was defined as an undetectable HCV RNA for at least
24 weeks after the patient completed the combined treatment
of PEG-IFN plus RBV. Patients who were positive for HCV
RNA at week 24 posttreatment were considered non-SVR.

Statistical analysis

SPSS 19.0 for Windows (IBM Corporation, Armonk, NY,
USA) was used for all statistical analyses. The chi-square
test or the Fisher’s exact test was used for nominal variables.
Student’s #-test was used to compare continuous variables
with normal distributions, and the Mann—Whitney U-test was
used for continuous variables with nonnormal distributions.
In competing risk data ratios, we conducted calculations
and comparisons of cumulative incidences using a modified
Kaplan—Meier method. We tested differences in the full
time-to-event distributions between the study groups using
alog-rank test. To determine the independent risk factors for
HCC occurrence, we carried out multivariate analyses and
stratified analyses using HRs with Cox proportional hazards
regression models in the presence of a competing risk event
after adjusting for age, sex, high APRI, SVR, genotype, and
cohepatitis (including hepatitis B coinfection, alcoholism,
or fatty liver). Results were shown as HRs with 95% Cls.
Significances in all analyses were set as P<<0.05.

Results

General characteristics of the patients

A total of 105 patients with HCV-associated Child A cirrhosis
without decompensation were enrolled, consisting of
57 patients (54.3%) with SVR and 48 patients without SVR
(45.7%) by intention-to-treat analysis. Of the 105 patients,
66 (62.9%) were infected with HCV genotype 1, and the
remaining 39 patients (37.1%) were infected with other
genotypes of HCV. There were 47 males and 58 females,
and the mean patient age was 58.3+10.4 years. Thirteen
patients (12.4%) did not complete the full treatment
regimen (mean treatment duration, 61 days). One patient
(1/13) stopped treatment due to major trauma with renal
hemorrhage. Twelve patients (12/13, 92.3%) did not accept
complete treatment due to treatment side effects. Among
those patients, decompensation with jaundice (4/13) was
the most common reason. An intention-to-treat analysis
was performed in this study. No deaths or severe treatment-
related complications were found during the course of
treatment. The average follow-up time for each patient was
4.38 years (SD 1.73 years; range 1.13-9.27 years) (Table 1).
Fifteen (14.3%) patients developed HCC during follow-up
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Table | Baseline characteristics and treatment outcomes between patients with and without progression to HCC

Variable Total Without progression Progression to P-value
(n=105) to HCC (n=90) HCC (n=15)

Follow-up time, years® 4.4%1.7 4.4x1.7 4.8+2.0 0.392
Age, years® 58.3+10.4 57.4+10.7 63.515.7 0.028*
Male, n (%) 47 (44.8) 41 (45.6) 6 (40.0) 0.783
SVR, n (%) 57 (54.3) 54 (60.0) 3(20.0) 0.005*
DM, n (%) 28 (26.7) 24 (26.7) 4 (26.7) 1.000
Cohepatitis, n (%)° 51 (48.6) 46 (51.1) 5(33.3) 0.268
HBYV coinfection, n (%) 10 (9.5) 9 (10) 1 (6.7) 1.000
Fatty liver, n (%) 44 (41.9) 39 (433) 5(33.3) 0.577
Alcoholism, n (%) 10 (9.5) 10 (11.1) 0(0) 0.351
Genotype |, n (%) 66 (62.9) 57 (86.4) 9 (13.6) 0.782
High RNA load, n (%) 76 (72.4) 66 (73.3) 10 (66.7) 0.756
APRI* 24+1.6 22414 4.1£2.0 0.001*
ALT® 122.9+81.7 117.9+84.3 153.3+57.2 0.014%*
AST® 93.2151.4 87.61£50.3 127.0+46.5 0.002*
Platelet® 124.4+49.2 129.1+£50.9 96.5+22.8 0.017%*
AFP: 16.6+23.2 16.2+23.9 19.0+18.9 0.233
Albumin® 4.0+0.4 4.0£0.4 3.9+0.3 0.179
PT/INR® I.120.1 1.120.1 1.10.1 0.762
Total bilirubin® 0.9+0.4 0.9+0.3 1.1+£0.5 0.182

Notes: *Data are expressed as mean + standard deviation; "cohepatitis includes hepatitis B coinfection, alcoholism, or fatty liver; “the cutoff value for discriminating low and
high baseline HCV RNA is 400,000 IU/mL. Student’s t-test and the Mann—Whitney U-test were used to compare continuous variables. The Fisher’s exact test was used to

compare the categorical variables. *P<0.05.

Abbreviations: SVR, sustained virologic response; DM, diabetes mellitus; APRI, aspartate aminotransferase to platelet ratio index; HCC, hepatocellular carcinoma;
HBV, hepatitis B virus; PT/INR, international normalized ratio of prothrombin time; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

HCYV, hepatitis C virus.

period; 13 in this group had high baseline APRI (>2.0) and
two had low APRI (<2.0).

Demographics and clinical features that
predispose to HCC

Table 1 shows the baseline characteristics and treatment
outcomes of the patients with and without progression to
HCC. We performed univariate analyses on the two groups
and found significant differences in age, SVR, baseline
APRI, platelet count, AST, and ALT. No significant dif-
ferences in sex, diabetes, cohepatitis (alcoholism, HBV
coinfection, or fatty liver), HCV genotype, HCV RNA load,
alpha-fetoprotein, albumin, international normalized ratio of
prothrombin time, and total bilirubin were found between
the two groups.

Multivariate stratified analysis

Table 2 shows the results of the Cox regression analysis.
After adjustments for age, sex, high APRI, SVR, genotype,
and cohepatitis (including hepatitis B coinfection, alcohol-
ism, or fatty liver), those without SVR (HR 5.795; 95% CI
1.370-24.5; P=0.017) and those with a high APRI level
(HR 5.548; 95% CI 1.191-25.86; P=0.029) were associated
with a significantly higher risk of HCC occurrence.

Cumulative incidences of HCC

occurrence

The cumulative incidences of HCC among patients with and
without SVR after treatment are shown in Figure 2. The cumu-
lative incidence of HCC was significantly higher (P=0.009) in
patients without SVR (3-year cumulative incidence 21.4%; 95%
CI 7.4%-35.5%; 5-year cumulative incidence 31.1%; 95% CI
11.2%-51.1%) compared to those with SVR (3- and 5-year
cumulative incidence 6.2%; 95% CI 0%—1.3%). The difference
in 5-year cumulative incidence was 24.9%. The unadjusted
number needed to treat associated with 1 less HCC within
5 years was 4, suggesting that four patients who achieved SVR
were associated with 1 less HCC within 5 years of treatment.

Table 2 Adjusted HRs for HCC progression with Cox regression

analysis™*

Variable HR 95% CI P-value
SVR 5.795 1.37-24.52 0.017*
Age, years 1.041 0.98-1.11 0.210
Male 0.772 0.25-2.38 0.653
High APRI® 5.549 1.19-25.86 0.029*

Notes: “The cutoff value for discriminating low and high APRI is 2; *P<<0.05.
Abbreviations: HR, hazard ratio; HCC, hepatocellular carcinoma; SVR, sustained
virologic response; Cl, confidence interval; APRI, aspartate aminotransferase to
platelet ratio index.
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Figure 2 Cumulative risk of hepatocellular carcinoma with and without SVR.
Abbreviations: F/U, follow-up; SVR, sustained virologic response; HCC, hepato-
cellular carcinoma.

Figure 3 shows the cumulative incidence among patients
with high and low APRI values, based on a cutoff value of
2.0. The cumulative incidence of HCC was significantly
higher (P=0.006) in patients with a high APRI value (3-year
cumulative incidence 21.8%; 95% CI 8.2%-35.3%; 5-year
cumulative incidence 30.5%; 95% CI 11.8%—49.3%)
compared to those with low APRI values (3- and 5-year

0.4
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LowAPRI 53 52 47 41 29 13
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Figure 3 Cumulative risk of hepatocellular carcinoma with high and low APRI.
Note: The cutoff value for discriminating low and high APRI is 2.

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; F/U, follow-
up; HCC, hepatocellular carcinoma.

cumulative incidence 4.2%; 95% CI 0%—1.0%). The differ-
ence in 5-year cumulative incidences was 26.3%.

Discussion

HCV is a single-stranded RNA virus, and its genome is
never integrated into the genome of hepatocytes. Although
no known oncogenic properties have been reported with
respect to HCV, the multiple functions of HCV proteins
and their effects on the modulation of intracellular signal-
ing transduction processes may facilitate carcinogenesis via
interactions of viral proteins with host cell proteins.?® HCV
core proteins lead to the promotion of cellular transformation,
and HCV-related chronic inflammation has been responsible
for promoting mutations during hepatocyte regeneration,
thereby contributing to HCC development.?>° Hepatocyte
regeneration and cycling that occur after antiviral therapy
may activate cellular pathways involved in the development
of dysplasia, increasing the risk of hepatocarcinogenesis.’!
Interferon-based therapy was found to reduce the risk of
HCC development, particularly in virologic or biochemical
responders.’?3* Despite the larger magnitude of risk reduc-
tion in patients with SVR, there remains a definite risk of
HCC in SVR patients.'** The risk factors for HCV-related
HCC include older age, male, coinfection with HIV or HBV,
obesity, hepatic fibrosis, alcohol abuse, and sex hormone
dysregulation. %!

A meta-analysis summarized the evidence from 30
observational studies that examined the risk of HCC among
HCV-infected patients and found that SVR was associated
with a reduction in the relative risk of HCC for patients at
all stages of liver disease (HR 0.24; 95% CI 0.18%—0.31%;
P<0.001) and a higher absolute benefit (HCC prevention)
in patients with advanced liver disease who achieved SVR.’
Similarly, in our study, HCC development in cirrhotic HCV
patients was significantly lower in the SVR group. Those
patients without SVR (HR 5.795; 95% CI 1.370-24.5;
P=0.017) were associated with a significantly higher risk of
HCC occurrence. A large cohort study conducted in Taiwan
showed similar results in HCC risk reduction among cirrhotic
HCV patients.'

Notably, our study results found that high APRI (>2) is
an independent risk factor for HCC development (HR 5.548;
95% CI 1.191-25.86; P=0.029). APRI is a noninvasive mea-
surement for diagnosing hepatic fibrosis and cirrhosis and
was recommended by the World Health Organization (WHO)
guidelines for HCV infection published in 2014.* Based on the
WHO recommendation, patients with values above the high
APRI cutoff value (>2) should be treated with higher priority

Clinical Interventions in Aging 2016:1 |
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because they have a high probability of developing F4 cirrho-
sis.> A recent study showed that a higher APRI significantly
increased the risk of HCC in cirrhotic HB V-infected patients,
but this finding was attenuated after multivariate adjustment.'s
More recently, in a cohort of 642 SVR Taiwan patients (13%
cirrhotics), HCC was strongly associated with cirrhosis (HR
4.98; 95% CI 2.32-10.71; P<<0.001) and less strongly with
age (HR 1.06; 95% CI 1.02-1.11; P=0.005) and Gamma-
glutamyl transpeptidase (YGT) (HR 1.01; 95% CI 1.00-1.013;
P<0.001).% This study supports the importance of cirrhosis
as the predictor of HCC in CHC patients and potential role
of APRI. As far as we know, few studies have evaluated the
possible relationship between APRI and HCC development
in HCV-infected patients after SVR.!*171¥ OQur study included
pure cirrhotic cohort and showed that high APRI (>2.0) is
significantly related to HCC development even after multi-
variate adjustment. The data from recent cohort support the
recommendation that a higher treatment priority should be
given to those patients who present with a high APRI.?

Although a high proportion of genotype 1 (62%) and
advanced liver disease with short treatment duration (6 months)
cause lower SVR rate (54.3%), a recent study showed the
achievement of SVR could slow down the rapid progression of
HCC among cirrhotic patients.’ In the era of new, interferon-
sparing, antiviral strategies, the SVR rate for similar patients is
more than 90%. The results of our study support the significant
benefit of SVR achievement in lowering the progression of HCC,
and the APRI score could help us identify patients at higher risk of
HCC development. The direct antiviral agent treatment should be
provided for the cirrhotic patients even though it is expensive.

Our study found no difference between 3- and 5-year
cumulative incidences of HCC in patients with SVR or with
low APRI, as shown in Figures 2 and 3. The stabilization of
cumulative incidences may indicate that HCC development
is more closely related to developments during the first few
years after SVR achievement in low APRI patients. The inter-
action between SVR and APRI appears to be complicated.
A higher fibrosis stage is associated with lower SVR rate, and
typically the fibrosis stage improves after SVR is achieved.
This may be due to high SVR durability with a low relapse
rate, which has been confirmed in HCV-infected liver trans-
plant recipients, hemophiliacs, cirrhotics, those coinfected
with HIV, and children. A durable SVR may improve the
fibrosis stage and decrease the incidence of HCC 3 years
later. Hence, HCV cirrhotic patients (especially those with
a high APRI) should be treated as early as possible because
of potential beneficial effects in HCC prevention.

There are some limitations in our study. First, liver
biopsy is considered the gold standard for cirrhosis

diagnosis. Transient elastography could offer a noninvasive
alternative to biopsy to measure the stage of fibrosis, given
its comparable diagnostic accuracy. Due to the earlier study
period with facility limitation, we could not provide these
data. In our study, 59.6% (62/105) of patients underwent
biopsy and other patients with cirrhosis were diagnosed
using the clinical criteria. However, the diagnosis criteria
combined with twice documented ultrasonographic evidence
of liver cirrhosis with solid clinical end point (splenomegaly,
ascites, hepatic encephalopathy, or varices) could comple-
mentally increase the accuracy of cirrhosis diagnosis in the
current study.'® Second, this is a retrospective, single-center,
observational study, which could lead to selection bias
because patients with severe cirrhosis were probably not
considered for treatment and therefore were not included
in our study.

Conclusion

In cirrhotic HCV-infected patients, SVR is a major predic-
tor of HCC development, whereas APRI may be a potent
predictor of HCC risk among these patients. Further studies
are warranted to validate our findings and their applicability
in clinical practice.
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