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Few studies have conducted follow-up investigations of the clinical course in HCV-related cirrhotic patients who achieved a
sustained virological response (SVR) with pegylated interferon plus ribavirin treatment (PegIFN + RBV). We investigated the
clinical course and laboratory data in a prospective cohort study enrolling HCV-related cirrhotic patients who received PegIFN
+ RBV between August 2008 and July 2013 in China. Complete blood counts, liver function tests, and HCV-RNA were serially
examined. Liver-related complications were recorded. To detect hepatocellular carcinoma (HCC), alpha-fetoprotein assays, and
ultrasound scans were repeated at 6-month intervals. Twenty-five patients were enrolled, including 8 patients with decompensation
events before treatment. Eighteen patients achieved SVR with a mean follow-up period of 25.78 months. During the follow-up
period, only one patient exhibited HCV-RNA positivity and no decompensation events were detected, but 4 patients developed
HCC after SVR. APRI decreased more in patients with SVR than in patients with non-SVR (median, —1.33 versus 0.86, P < 0.001).
The albumin levels and platelet counts significantly increased during the follow-up period after SVR (44.27 +4.09 versus 42.63+4.37,
P = 0.037 and 173.89 + 87.36 versus 160.11 + 77.97, P = 0.047). These data indicated that HCV-related cirrhotic patients with
SVR after PegIFN + RBV may have a favorable clinical course and improvements in laboratory data. Moreover, HCC should be

monitored.

1. Introduction

Approximately 25-50 million Chinese were infected with
hepatitis C virus (HCV) [1]. Without treatment, 16% of
patients with HCV progress to liver cirrhosis within 20 years
after infection, and 41% develop liver cirrhosis within 30
years [2]. As the patients infected with HCV age, the risk of
developing life-threatening complications (decompensated
cirrhosis or hepatocellular carcinoma) is expected to increase
[3]. The annual risk of developing decompensated liver
diseases has been shown to be 4% in cirrhotic patients. The
annual mortality is 13% for patients with decompensated liver
disease, and the ten-year survival rate is only 25% [4]. Thus,

these cirrhotic patients infected with HCV make a significant
burden on public health.

Before the introduction of direct-acting antiviral agents
(DAAs), the combination of pegylated interferon and rib-
avirin (subsequently referred to as PegIFN + RBV) was the
approved treatment for chronic hepatitis C (CHC) [5]. The
incidence of developing hepatic events (decompensation,
hepatocellular carcinoma (HCC) and death) reduced in
patients with sustained virological response (SVR) [6-8]. A
report showed that interferon therapy could be associated
with a reduction of HCC development even in patients
without SVR [8]. Moreover, successful antiviral therapy in
selected patients waiting for liver transplantation could delay
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the disease progression and can prevent the transplanted
liver HCV reinfection, subsequently leading to a decrease
of posttransplant morbidity and mortality [9-12]. Therefore,
eradication of HCV in this population should be urgently
considered.

To date, data focused on this topic in Chinese patients
are scarce. Thus, to determine the impact of SVR on the
clinical outcomes of cirrhotic patients, we conducted this
retrospective analysis of data from a prospective cohort
study enrolling Chinese patients with HCV-related cirrhosis,
treated with PegIFN + RBV and followed up according to
standardized criteria. We serially assessed changes in the
laboratory data from patients achieving SVR.

2. Patients and Methods

2.1. Study Design. Chinese patients with HCV-related liver
cirrhosis who were previously untreated were enrolled into
our study to receive PegIFN + RBV treatment at our depart-
ment between August 2008 and July 2013. Criteria for admis-
sion to our study included a positive serum test of anti-HCV
and HCV-RNA, cirrhosis proved by liver biopsy, or evidence
of an irregular and nodular liver by ultrasonography or
magnetic resonance imaging (MRI) together with impaired
liver synthetic function. Cirrhotic patients with a history
of decompensation events (including ascites, sepsis, variceal
bleeding, and hepatic encephalopathy) were included if the
Child-Turcotte-Pugh (CTP) score < 9 at enrollment. Patients
who met with any of the following criteria were excluded: (1)
coexisting with other liver disorders, (2) a positive test of anti-
HIV, (3) active drug users or ongoing alcohol consumption,
(4) patients with an uncontrolled psychiatric disease, (5)
pregnancy, (6) history of organ transplantation, (7) CTP score
> 9, and (8) laboratory values for creatinine > 1.5 mg/dL,
absolute neutrophil counts < 1000/mL, platelet counts <
50,000/mL, or hemoglobin < 10.0 g/dL.

Patients received a combination of PegIFN-a-2a (Pegasys,
Roche, Basel, Switzerland) plus daily RBV for a duration
of 48 weeks. Patients were initially treated with PegIFNa-
2a (180 pg/week) plus RBV (900 mg/day), and then the dose
was decreased or adjusted as a function of hematologic toler-
ance. Growth factor use (erythropoietin, granulocyte colony-
stimulating factor, and/or recombinant human interleukin-
11) was used to maintain adherence to therapy. Treatment
was discontinued if HCV-RNA loads at week 12 dropped
less than 2 log compared with baseline values, or if HCV-
RNA loads still can be detected at week 24, or viral break-
through existed. All patients were required to undergo the
follow-up program after termination of treatment. The study
was approved by the Ethics Committee of our hospital.
All patients provided written informed consent. The study
conformed to the ethical guidelines of the 1975 Declaration of
Helsinki.

2.2. Assessment of Response to Therapy. A SVR was defined as
HCV-RNA negativity determining by the Roche Amplicor™
HCV test (the lower limit of detection was 151U/mL) for
more than 6 months after therapy, and any other outcome
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was considered as nonsustained virological responses (non-
SVR). Negativity of serum HCV-RNA was assessed at treat-
ment week 4 (rapid virological response, RVR), at treatment
week 12 (early virological response, EVR), at treatment
week 24 (delayed virological response, DVR), and at the
end of treatment (EOT). After EOT, patients who tested
positive for HCV-RNA during the follow-up were defined as
relapsers.

2.3. Laboratory and Imaging Assessment. Evaluation of the
patients involved a medical history, a physical examina-
tion, and laboratory tests (including the complete blood
counts, biochemical tests). Anti-HCV was assessed using
the ARCHITECT system (Abbott Diagnostics, Abbott Park,
IL, USA). HCV-RNA loads were measured using the Roche
Amplicor HCV test (the lower limit of detection was
15IU/mL.) according to the manufacturer’s instructions.
HCV-RNA was detected at baseline (BL), week 4, week 12,
week 24, week 36, EOT, and 24 weeks after treatment and the
follow-up period. INNO-LiPA HCV II kit assay was used to
determine the HCV genotype. Liver biopsy specimens were
evaluated by two liver pathology specialists who were blinded
to the etiology.

2.4. Follow-Up. The length of the follow-up period was
calculated from the starting date of certification of SVR to
the last follow-up visit. Complete blood counts, liver function
tests, HCV-RNA, and physical examinations were performed
every 6 months during follow-up and at the last visit.
Liver-related events (ascites, upper gastrointestinal bleeding,
and hepatic encephalopathy) were recorded. Ascites was
diagnosed by physical examination and/or ultrasound detec-
tion. Portosystemic encephalopathy was defined by clinical
manifestations. Endoscopy was used to confirm the source
of gastroesophageal bleeding if needed. To detect HCC,
alpha-fetoprotein (AFP) assays and ultrasound scans were
repeated every 6 months. If HCC development was suspected,
MRI was performed. HCC was diagnosed according to the
guidelines of the European Association for the Study of the
Liver [13].

2.5. Statistical Analysis. Continuous variables are expressed
as mean and standard deviation or median and range, and
categorical variables are reported as the absolute and relative
frequencies. The Wilcoxon signed-rank test and analysis of
variance (ANOVA) were used to analyze the data. Com-
parisons between groups were conducted by the Mann-
Whitney U test or Student’s ¢ test for continuous variables and
Fisher’s exact probability test for categorical data. Ratios were
examined by Pearson’s chi-square test. A P value less than 0.05
was considered statistically significant. All statistical analyses
were performed using the SPSS 13 software package (SPSS
Inc., IL, USA).

3. Results

3.1 Patient Characteristics. Ofa total of 28 consecutive HCV-
related cirrhotic patients who met the diagnostic criteria,
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TABLE 1: Baseline characteristics of 25 patients with HCV-related cirrhosis stratified based on different responses.

Group All patients (n = 25) SVR (n = 18) Non-SVR (n=7) P (SVR versus Non-SVR)
Age (years) 48.76 +£9.53 46.89 £9.14 53.57 £9.43 0.117
Sex (male, n) 15 11 4 0.856
BMI 23.05 +£2.96 23.12 + 3.26 22.86 +2.21 0.852
Compensated (1) 17 12 5 0.819
CTP score (5/6/7) 19/4/2 14/3/1 5/111 0.769
HGB (g/L) 133.08 + 17.11 134.11 £ 16.49 130.43 + 19.71 0.639
Neutr (x10°/L) 2.30+0.93 2.42 +1.05 1.98 £ 0.43 0.154
PLT (x10°/L) 86 (55-346) 136.5 (55-346) 77.28 + 14.53 0.085
ALT (U/L) 55 (19-174) 60 (19-174) 50 (35-68) 0.449
AST (U/L) 72 (24-217) 70.5 (24-217) 73 (37-157) 0.966
Albumin (g/L) 39.66 + 5.40 40.12 £5.02 38.50 + 6.56 0.513
Thil (umol/L) 18.55 + 8.67 18.35+9.40 19.09 £ 7.05 0.853
APRI 1.98 (0.24-7.86) 1.90 (0.24-7.86) 2.24 (1.05-5.45) 0.270
HCV-RNA (IU/mL) 6.22 +£1.00 6.05+ 1.14 6.65 +0.23 0.183
HCV-RNA > 800,000 (IU/mL) 19 12 7 0.137
Genotype (1/2/3/6, n) 15/3/3/4 9/3/2/4 6/0/1/0 0.323

SVR: sustained virological response; BMI: body mass index; CTP: Child-Turcotte-Pugh score; Neutr: neutrophil; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; Tbil: bilirubin; APRI: aspartate aminotransferase to platelet ratio index. Data are shown as the mean + SD or median (range).

3 were excluded from the final analysis (1 withdrew for
intolerance after the first injection, and 2 were lost to follow-
up). Finally, 25 patients completed the therapy and were
assigned to the study group. Four patients were diagnosed
with cirrhosis by liver biopsy, whereas the other 21 patients
were diagnosed clinically before enrollment. The mean age
was 48.76 + 9.53 (range: 33-65) years; there were 15 (15/25,
60%) males. The majority of patients (15/25, 60%) were
infected with HCV genotype 1. Among them, 8 (32%) patients
had a history of decompensation events (6 patients with
ascites, 2 patients with variceal bleeding). At baseline, 2
patients had Child B class cirrhosis, and 23 patients had
Child A class cirrhosis. Eighteen patients achieved SVR after
a course of therapy, resulting in a SVR rate of 72% (18/25).
Patients with different treatment outcomes (18 patients with
SVR, 7 patients with non-SVR) were similar in terms of the
demographic, biochemical and virological data at baseline
(Table 1). Nine patients in the SVR group received spleen
interventions before therapy (6 with splenectomy and 3 with
splenic embolization); however, no participants in the non-
SVR group received such therapy, resulting in a difference
in platelet counts. The baseline characteristics of the patients
based on the response to treatment are shown in Table 1.

3.2. Response to Therapy. Fatigue, a prolonged flu-like syn-
drome, and abnormalities of hematocytes were the com-
mon subjective adverse events. Symptomatic treatment and
growth factor use were encouraged to maintain adherence
to therapy. 25 patients tolerated the treatment well and com-
pleted it. Eighteen patients achieved SVR (18/25,72%). In the
subgroup of patients with decompensation events, 6 achieved
SVR (6/8,75%). The rate of SVR according to the HCV geno-
type was 60% (9/15) for genotype 1 patients and 90% (9/10) for
non-genotype 1 patients. Nonresponse (NR) was observed in

4 (16%) patients. At treatment week 4, 13 patients (52%) had
undetectable HCV-RNA. At treatment week 12, 20 patients
(80%) had undetectable HCV-RNA. At treatment week 24,
21 patients (84%) had undetectable HCV-RNA. During the
remaining treatment, 3 (12%) patients developed virologic
breakthrough and HCV-RNA became positive at treatment
weeks 36, weeks 36, and weeks 48, respectively. Eighteen
patients (72%) achieved an EOT response and remained
HCV-RNA negative through week 24 after termination of
therapy. Therefore, SVR was observed in 18 (72%) patients.

3.3. Long-Term Outcomes. The eradication of HCV infection
was indicated with a significantly lower rate of cirrhosis-
related complications, HCC, and deaths. The follow-up
period initiated from the time patients achieved SVR. The
average duration of follow-up period was 25.78 + 13.20
months. HCV-RNA was examined every 6 months using the
Roche Amplicor HCV test during the follow-up period. Only
one patient (5%) developed HCV-RNA positivity at 6 months
after the date of SVR confirmation. The long-term clinical
outcomes were assessed at every visit. No decompensation
events were detected in the patients with SVR. Moreover, no
patients died. However, 4 patients (2 males and 2 females)
with SVR developed HCC during the follow-up period. Three
of these patients had a genotype 1 HCV infection, and the
other patient had a genotype 3 infection. Two of these patients
had episodes of decompensation events before enrollment.
Their baseline AFP levels were 9.95 + 1.54 ng/mL, which
is in the normal range (AFP reference range < 20 ng/mL).
Moreover, the AFP levels at the time of the HCC diagnosis
were also normal (6.63 + 1.98 ng/mL). The confirmation time
of HCC diagnosis was different; two patients were diagnosed
at the date of confirmation of SVR, one was diagnosed
within the first year, and the other was diagnosed in the
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FIGURE 1: Changes in ALT values, absolute platelet counts, albumin values, and APRI levels in each group based on different treatment
outcomes. The ALT levels (a) and APRI values (d) significantly reduced in the SVR patients compared with the non-SVR patients. Platelet
counts (b) and albumin levels (c) increased in the patients with SVR and decreased in the non-SVR patients. P values represent comparisons
between values at the initiation of treatment and at the last visit using the Wilcoxon signed-rank test or Student’s ¢-test. ALT: alanine
aminotransferase; PLT: platelet counts; ALB: albumin; APRI: aspartate aminotransferase to platelet ratio index; SVR: sustained virological

response. “P < 0.05; **P < 0.01; ***P < 0.001.

third year after confirmation of SVR. All patients had a
single lesion with a mean diameter less than 3 cm that was
first detected by ultrasound and then confirmed by MRI.
Two cases underwent surgical resection, and others received
radiofrequency ablation.

3.3.1. ALT Values, Absolute Platelet Counts, Albumin Values,
and AST-to-Platelet Ratio Index (APRI) Levels at the Initiation
of Therapy and at the End of Follow-Up. Changes in ALT
values between the end of follow-up and the initiation of ther-
apy significantly decreased in the SVR group than patients
with non-SVR (P = 0.025) (Figure 1(a)). The decreased
value in each group was —19 U/L (-141, 512) in all patients,
—-26.5U/L (-141, 7) in patients with SVR, and 0 U/L (-34,
512) in patients with non-SVR. The platelet counts increased
in patients with SVR and decreased in non-SVR patients
(P = 0.003) (Figure 1(b)). The extent of change in each
group was 18 + 36.48 in all patients, 30.67 + 32.60 in patients
with SVR, and —14.57 + 24.36 in patients with non-SVR. A
significant difference was observed in the values between SVR
and non-SVR patients (P = 0.003), indicating that the platelet
counts elevated only in patients who gained the eradication
of HCV. The albumin levels elevated in SVR patients and

decreased in non-SVR patients (P = 0.215) (Figure 1(c)).
The extent of change in albumin values in each group was
3.2g/L (-17.5, 14.2) in all patients, 3.35g/L (1.1, 14.2) in
patients with SVR, and 1.8 g/L (-17.5, 6.5) in patients with
non-SVR. The AST-to-platelet ratio index (APRI) was used
to evaluate liver fibrosis. High APRI values can represent the
progression of liver fibrosis. APRI was calculated according
to the published formula [14, 15]. In our study, the APRI
values declined significantly in SVR patients compared with
non-SVR patients (P < 0.001) (Figure 1(d)). The extent of
change in APRI levels in each group was —1.09 (-6.90, 10.4)
in all patients, —1.33 (—6.90, 0.04) in patients with SVR, and
0.86 (-1.09, 10.4) in patients with non-SVR. The APRI value
increased in almost all patients with non-SVR (6/7, 86%);
however, the APRI value only increased in one patient with
SVR (5% versus 86%, P < 0.001), suggesting that cirrhosis
may be resolved in patients with HCV eradication.

3.3.2. Serial Changes in ALT Values, Absolute Platelet Counts,
Albumin Values, and APRI Levels in Patients with SVR. We
analyzed the serial changes in ALT values, absolute platelet
counts, albumin values, and APRI levels in the 18 patients
who achieved SVR. The ALT values decreased progressively
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FIGURE 2: Serial changes in ALT values, absolute platelet counts, albumin values, and APRI levels in patients with SVR. ALT levels decreased
progressively after the initiation of treatment until the end of the follow-up period (a). Platelet counts markedly decreased at treatment
week 4 and then gradually increased (b). Albumin levels markedly increased during the follow-up period after the certification of SVR (c).
APRI values decreased progressively during the therapy and tended to decline continuously throughout the follow-up (d). ALT: alanine
aminotransferase; PLT: platelet; ALB: albumin; APRI: aspartate aminotransferase to platelet ratio index; BL: baseline; 4 W: treatment week
4; 12 W: treatment week 12; 24 W: treatment week 24; EOT: end of treatment response; SVR: sustained virological response; EOF: end of

follow-up. *P < 0.05; ** P < 0.01; *** P < 0.001.

after the initiation of treatment until the end of the follow-
up period. The ALT values declined rapidly 12 weeks after
the beginning of treatment and gradually until confirmation
of SVR by 36.5U/L (13, 138) (P = 0.033) and 275 U/L (11,
69) (P = 0.001), respectively. Then, the ALT levels nearly
returned to normal and continued to decrease gradually
until the end of the follow-up period (29.56 + 13.5U/L)
(Figure 2(a)). The mean platelet count was 136.5 X 10°/L (55,
346) at baseline. The platelet counts markedly decreased 4
weeks after the initiation of treatment by 31 + 39.72 (x10°/L)
(P = 0.002) and gradually increased thereafter with a SVR
of 160.11 + 77.97 (P < 0.001). Moreover, the platelet counts
continued to increase gradually until the end of follow-up
compared with the value at SVR (173.89 + 87.36, P < 0.047)
(Figure 2(b)). The albumin levels did not change significantly
during the first 12 weeks after the initiation of treatment
(P = 0.922), but they increased gradually thereafter with a
significant difference at SVR compared with week 12 (42.63 +
4.37 versus 40 + 4.26g/L, P = 0.014). More interestingly,
albumin levels markedly increased during the follow-up

period after certification of SVR (44.27 + 4.09 versus 42.63 +
4.37 g/L, P = 0.037). The mean albumin level was 40.12+5.02
at baseline, 44.00 + 4.26 at week 12, 42.63 + 4.37 at SVR, and
44.27 + 4.09 at the last follow-up, respectively (Figure 2(c)).
The APRI value decreased progressively after initiation of
treatment until the end of follow-up. The APRI value was
1.91 (0.24-7.86) at baseline and 1.35 (0.22-6.27) at week 12
with a significant difference compared with baseline (P =
0.006) and then gradually decreased to a lowest value at SVR
0.58 (0.19-1.15) compared to the baseline value (P < 0.001).
The APRI levels tended to decline continuously throughout
the follow-up period to a value of 0.37 (0.18-1.19), but the
difference was not significant (P = 0.196) (Figure 2(d)).

4. Discussion

Directly acting antiviral agents (DA As) may be the first choice
for HCV-related cirrhotic patients in many western countries.
Studies have shown that DAAs can overcome the drawbacks
of interferon based therapy in HCV-related cirrhotic patients.



Data on compensated cirrhotic patients showed SVR rates
more than 90%, and a little lower SVR rate in decompensated
patients with an optimal safety profile [16]. Moreover, a recent
study reported that the rate of liver transplant wait-listing
for patients with decompensated cirrhosis decreased by over
30% using DAAs therapy [17]. However, in China, clinical
trials focusing on DAA are incomplete, and these agents are
not approved for clinical use. Because of the incidence of
liver decompensation, which is approximately 2-6% per year
[18], cirrhotic patients should be treated in an urgent manner.
Therefore, the combination of PegIFN + RBV remains the
standard of care for cirrhotic patients. Patients with advanced
liver disease typically have a poor response to PeglFN +
RBV. Pooled metaestimates for SVR rates in cirrhotic patients
revealed 17% with PegIFN + RBV [19]. Our results showed a
SVR rate of 72%, slightly high for cirrhotic patients as 32%
patients in our study had a history of decompensation events.
This disparity may be interpreted by the different host genetic
factors which could affect the treatment response. The single
nucleotide polymorphisms near the interleukin (IL) 28B gene
have been recently indicated to be linked with treatment
outcomes and may be a good indicator of SVR. A cross-
sectional observational study conducted in China showed
that the majority of patients (84.1%) carried IL-28B genotype
CC (rs12979860) [20]. The better efficacy of antiviral therapy
in our study may be attributed to the favorable genotype of
IL-28B polymorphisms.

HCYV genotype definitely plays an important role in the
response to PegIFN + RBV. The SVR rate was approximately
40% in North America and 50% in Western Europe patients
infected with HCV genotype 1. Higher SVR rates were
obtained in patients infected with other genotypes (up to
approximately 80%) [21]. But, these data were achieved from
patients with chronic hepatitis C. Consistent with previous
reports [22, 23], HCV genotype 1 patients in our study
developed lower SVR rates compared with other genotypes
(60% versus 90%). Previous studies have reported that the
SVR rate can be predicted by measuring of HCV-RNA at
treatment week 12. Our results were similar to those of
previous studies. In our study, 90% of patients (18/20) who
achieved EVR finally had SVR after treatment, suggesting
a strong positive predictive value for SVR. Several reports
evaluating long-term follow-up studies of chronic hepatitis
C patients achieving SVR have indicated that the incidence
of relapse of HCV-RNA is relatively low, although relapse
is not rare [24, 25]. During the mean follow-up period of
25.78 months, the reappearance of HCV-RNA was detected
in only one patient, suggesting the persistent presence of
undetectable HCV-RNA, which might result in decreased
hepatic inflammation.

The mortality of cirrhotic patients is determined majorly
by decompensation complications or HCC. Therefore, eradi-
cation of HCV by successful antiviral therapy may halt disease
progression and HCC development, finally lowering disease-
related mortality. A recent Japanese study demonstrated that
SVR with successful antiviral therapy decreased the risk ratio
for the overall mortality and disease-related mortality of
HCV patients [26]. In addition, achieving SVR decreased the
risk of HCC, liver decomposition, and all-cause mortality
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in patients with cirrhosis [27, 28]. Achieving SVR before
liver transplantation in patients with advanced cirrhosis has
been shown to reduce the risk for posttransplant HCV virus
recurrence, which is known to limit graft and overall survival
[29]. However, there are little data concerning the long-term
outcomes in patients with HCV-related liver cirrhosis who
achieved SVR, especially in Chinese patients. In our study,
we demonstrated a favorable clinical course in southern
Chinese patients who achieved SVR. In the follow-up period,
no decompensation events were recorded. Furthermore, no
deaths occurred. Therefore, because of its potential benefits,
PegIFN + RBV should be an alternative choice and be
encouraged in selected cirrhotic patients.

The risk of HCC was considered to decrease among
patients who achieved SVR after PegIFN + RBV therapy
[27, 30]. However, several recent reports revealed that viral
eradication induced by DAAs maybe did not reduce the
risk of HCC development in cirrhotic patients; furthermore
patients who were previously treated for HCC still had a high
risk of recurrence [31, 32]. In our study, 4 patients (22%)
who achieved SVR developed HCC within the first 3 years
during the follow-up. A previous study reported that the
AFP levels after interferon treatment were correlated with the
occurrence of HCC among patients with SVR [33]. AFP levels
greater than 6 ng/mL have been shown to be associated with
an increasing risk of HCC. Similarly, this study showed that
the AFP levels were more than 6 ng/mL at baseline, even at
the time of SVR confirmation. Although the AFP level was
normal, 4 patients were suspected of HCC development by
ultrasound, and confirmed by MRI. Because our study was a
retrospective study enrolling small cohort of patients, causal
relationships could not be established. Prospective studies are
needed to define the relationship between HCC and SVR
and to determine the best surveillance options for cirrhotic
patients.

There is little information available concerning changes
in the laboratory parameters of patients with HCV-related
cirrhosis who gained SVR. In our study, ALT levels and APRI
levels reduced in SVR patients in the follow-up period. Abso-
lute platelet counts and albumin values declined in patients
with non-SVR and increased in patients who achieved SVR.
These data indicated that the progression of liver fibrosis
differs between SVR patients and non-SVR patients. Several
studies showed that histological improvement was achieved
in chronic hepatitis C patients who achieved SVR after
antiviral therapy [34, 35]. In a subgroup from the HALT-C
trial, patients with advanced fibrosis or cirrhosis treated with
low-dose PegIFN showed both a histological improvement
and a reduction in portal pressure [36]. The APRI was
considered to be a surrogate marker of fibrosis. The change in
APRI in our study appeared to support this hypothesis. Our
results were based on laboratory data but not on liver biopsy,
providing indirect data regarding the improvement of hepatic
fibrosis.

Furthermore, serial changes in ALT values, absolute
platelet counts, albumin values, and APRI levels in patients
with SVR showed that the ALT levels decreased for only
12 weeks after the initiation of treatment and returned to
nearly normal during the study period. The absolute platelet
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counts continued to elevate significantly. Thus, serial changes
in the absolute platelet counts may be used to estimate the
long-term improvement of liver fibrosis after SVR. Consistent
with the absolute platelet counts, the albumin values elevated
significantly during the follow-up period. Previous long-
term follow-up studies revealed no differences in ALT values,
albumin values, or absolute platelet counts at the last visit
point compared with 24 weeks after the termination of
IFN treatment [37, 38]. However, our results demonstrated
gradual increases in platelet counts after treatment. Previous
reports have revealed that ALT levels normalized in the
majority of CHC patients after SVR [38], although only a few
studies have reported this finding in cirrhotic patients.

To our knowledge, rare studies have conducted a follow-
up of longitudinal changes in APRI levels in HCV-infected
cirrhotic patients who achieved SVR in a long-term study.
Liver biopsy is the most reliable approach to evaluate the
fibrotic stage, although this procedure has some limitations,
such as sampling variability, procedural discomfort, and
added cost. A previous study showed that APRI could be
used to distinguish between FO0-F1 and F2-F4 fibrosis [14].
Moreover, APRI was recently recommended by the WHO
to assess the stage of fibrosis for making decisions regarding
antiviral therapy [15]. The APRI levels were reduced signif-
icantly at treatment week 12 and then gradually decreased
throughout the entire study period, suggesting a histological
improvement in patients with SVR. As we know, rare reports
have demonstrated an improvement of liver fibrosis using
liver biopsy in cirrhotic patients with SVR during the long-
term follow-up period, which may be due to the increasing
risk of bleeding. We demonstrated this improvement by
monitoring the changes of platelet counts and APRI, the
consequential index of fibrosis.

Our study has some limitations. Firstly, histological
confirmation by liver biopsy was only available in a few
patients before treatment; the diagnosis of cirrhosis and its
progression were determined by clinical evidence in most
patients. Secondly, this was a descriptive study and the follow-
up period (median of 25.6 months) was not long enough. In
addition, among 18 patients with SVR, 4 patients developed
HCC during the follow-up period, resulting in a relatively
high incidence of HCC development. Therefore, large sample
cohort studies are needed for further confirmation.

We reported a favorable clinical outcome in patients
who gained SVR after treatment with PegIFN + RBV. HCV-
RNA remained negative in most patients, and the laboratory
parameters including APRI improved during the follow-
up period. Thus, anti-HCV treatment should be urgently
considered when the diagnosis of cirrhosis was established.
Ultimately, HCC development could be detected in several
SVR patients. Therefore, HCV clearance does not mean cure,
and HCC should be closely monitored.

Abbreviations

APRI:  Aspartate aminotransferase to platelet ratio index
PegIFN: Pegylated interferon

RBV:  Ribavirin

SVR:  Sustained virological response.

Competing Interests

The authors declare that they have no competing interests.

Authors’ Contributions

Zhang Geng-lin and Chen You-ming contributed equally to
this work.

Acknowledgments

This study was supported by grants from National Natural
Science Foundation of China (no. 81672701), Science and
Technology Program of Guangzhou, China (no. 1561000155),
Fundamental Research Funds for the Central Universities
(15ykjc05e), and Sun Yat-Sen University Clinical Research
5010 Program (no. 2010011).

References

[1] Y.D.Chen, M. Y. Liu, W. L. Yu et al., “Hepatitis C virus infections
and genotypes in China,” Hepatobiliary ¢ Pancreatic Diseases
International: HBPD INT, vol. 1, no. 2, pp. 194-201, 2002.

[2] H.-H. Thein, Q. Yi, G. J. Dore, and M. D. Krahn, “Estimation
of stage-specific fibrosis progression rates in chronic hepatitis
C virus infection: a meta-analysis and meta-regression,” Hepa-
tology, vol. 48, no. 2, pp. 418-431, 2008.

[3] H. Razavi, I. Waked, C. Sarrazin et al., “The present and future
disease burden of hepatitis C virus (HCV) infection with
today’s treatment paradigm,” Journal of Viral Hepatitis, vol. 21,
supplement 1, pp. 34-59, 2014.

[4] D.B. Strader, T. Wright, D. L. Thomas, and L. B. Seeff, “Diagno-
sis, management, and treatment of hepatitis C,” Hepatology, vol.
39, no. 4, pp. 1147-1171, 2004.

[5] L. C. Casey and W. M. Lee, “Hepatitis C virus therapy update
2013,” Current Opinion in Gastroenterology, vol. 29, no. 3, pp.
243-249, 2013.

[6] Y. Shiratori, Y. Ito, O. Yokosuka et al., “Antiviral therapy for
cirrhotic hepatitis C: association with reduced hepatocellular
carcinoma development and improved survival,” Annals of
Internal Medicine, vol. 142, no. 2, pp. 105-114, 2005.

[7] S. Bruno, T. Stroffolini, M. Colombo et al., “Sustained viro-
logical response to interferon-w is associated with improved
outcome in HCV-related cirrhosis: a retrospective study;,” Hep-
atology, vol. 45, no. 3, pp. 579-587, 2007.

[8] Y. Miyake, Y. Iwasaki, and K. Yamamoto, “Meta-analysis:
reduced incidence of hepatocellular carcinoma in patients
not responding to interferon therapy of chronic hepatitis C,”
International Journal of Cancer, vol. 127, no. 4, pp. 989-996,
2010.

[9] A.TIacobellis, M. Siciliano, F. Perri et al., “Peginterferon alfa-2b
and ribavirin in patients with hepatitis C virus and decompen-
sated cirrhosis: a controlled study;” Journal of Hepatology, vol.
46, no. 2, pp. 206-212, 2007,

[10] G. T. Everson, N. A. Terrault, A. S. Lok et al., “A randomized
controlled trial of pretransplant antiviral therapy to prevent
recurrence of hepatitis C after liver transplantation,” Hepatol-
0gy, vol. 57, no. 5, pp. 1752-1762, 2013.

[11] J. S. Crippin, T. McCashland, N. Terrault, P. Sheiner, and M.
R. Charlton, “A pilot study of the tolerability and efficacy of



(16]

(17]

(18]

[20]

(21]

(22]

(24]

(26]

antiviral therapy in hepatitis C virus-infected patients awaiting
liver transplantation,” Liver Transplantation, vol. 8, no. 4, pp.
350-355, 2002.

X. Forns, M. Garcia-Retortillo, T. Serrano et al., “Antiviral
therapy of patients with decompensated cirrhosis to prevent
recurrence of hepatitis C after liver transplantation,” Journal of
Hepatology, vol. 39, no. 3, pp. 389-396, 2003.

J. Bruix, M. Sherman, J. M. Llovet et al., “Clinical management
ofhepatocellular carcinoma. Conclusions of the barcelona-2000
EASL conference;” Journal of Hepatology, vol. 35, no. 3, pp. 421-
430, 2001.

C.-T. Wai, J. K. Greenson, R. J. Fontana et al., “A simple nonin-
vasive index can predict both significant fibrosis and cirrhosis
in patients with chronic hepatitis C,” Hepatology, vol. 38, no. 2,
pp. 518-526, 2003.

WHO, Guidelines for the prevention, care and treatment of
persons with chronic hepatitis B infection, March 2015. http://
www.who.int/hepatitis/publications/hepatitis-b-guidelines-policy/
en/.

P. Ferenci, K. Kozbial, M. Mandorfer, and H. Hofer, “HCV
targeting of patients with cirrhosis,” Journal of Hepatology, vol.
63, no. 4, pp. 1015-1022, 2015.

J. A. Flemming, W. R. Kim, C. L. Brosgart, and N. A. Terrault,
“Reduction in liver transplant wait-listing in the era of direct-
acting antiviral therapy;,” Hepatology, 2016.

G. D’Amico, G. Garcia-Tsao, and L. Pagliaro, “Natural history
and prognostic indicators of survival in cirrhosis: a systematic
review of 118 studies,” Journal of Hepatology, vol. 44, no. 1, pp.
217-231, 2006.

J. M. Vierling, S. Zeuzem, F. Poordad et al., “Safety and efficacy
of boceprevir/peginterferon/ribavirin for HCV GI compen-
sated cirrhotics: meta-analysis of 5 trials,” Journal of Hepatology,
vol. 61, no. 2, pp- 200-209, 2014.

H. Rao, L. Wei, J. C. Lopez-Talavera et al., “Distribution and
clinical correlates of viral and host genotypes in Chinese
patients with chronic hepatitis C virus infection,” Journal of
Gastroenterology and Hepatology, vol. 29, no. 3, pp. 545-553,
2014.

D. B. Smith, J. Bukh, C. Kuiken et al., “Expanded classification
of hepatitis C virus into 7 genotypes and 67 subtypes: updated
criteria and genotype assignment web resource,” Hepatology,
vol. 59, no. 1, pp. 318-327, 2014.

A. Tacobellis, F. Perri, M. R. Valvano, N. Caruso, G. A. Niro,
and A. Andriulli, “Long-term outcome after antiviral therapy
of patients with hepatitis C virus infection and decompensated
cirrhosis,” Clinical Gastroenterology and Hepatology, vol. 9, no.
3, pp. 249-253, 2011.

H. R. Cheong, H. Y. Woo, J. Heo et al., “Clinical efficacy and
safety of the combination therapy of peginterferon alpha and
ribavirin in cirrhotic patients with HCV infection,” The Korean
Journal of Hepatology, vol. 16, no. 1, pp. 38-48, 2010.

E. G. Giannini, M. Basso, V. Savarino, and A. Picciotto, “Sus-
tained virological response to pegylated interferon and ribavirin
is maintained during long-term follow-up of chronic hepatitis
C patients,” Alimentary Pharmacology and Therapeutics, vol. 31,
no. 4, pp. 502-508, 2010.

S. Maylin, M. Martinot-Peignoux, M.-P. Ripault et al., “Sus-
tained virological response is associated with clearance of
hepatitis C virus RNA and a decrease in hepatitis C virus
antibody;” Liver International, vol. 29, no. 4, pp. 511-517, 2009.
D. Maruoka, F Imazeki, M. Arai, T. Kanda, K. Fujiwara, and
O. Yokosuka, “Long-term cohort study of chronic hepatitis C

[27]

(30

(31]

(33]

[34]

[37]

(38]

BioMed Research International

according to interferon efficacy;” Journal of Gastroenterology and
Hepatology, vol. 27, no. 2, pp. 291-299, 2012.

S. Aleman, N. Rahbin, O. Weiland et al,, “A risk for hepato-
cellular carcinoma persists long-term after sustained virologic
response in patients with hepatitis C-associated liver cirrhosis,”
Clinical Infectious Diseases, vol. 57, no. 2, pp. 230-236, 2013.

A. J. van der Meer, B. J. Veldt, J. J. Feld et al., “Association
between sustained virological response and all-cause mortality
among patients with chronic hepatitis C and advanced hepatic
fibrosis,” Journal of the American Medical Association, vol. 308,
no. 24, pp. 2584-2593, 2012.

E Tekin, F. Gunsar, Z. Karasu, U. Akarca, and G. Ersoz, “Safety,
tolerability, and efficacy of pegylated-interferon alfa-2a plus rib-
avirin in HCV-related decompensated cirrhotics,” Alimentary
Pharmacology and Therapeutics, vol. 27, no. 11, pp. 1081-1085,
2008.

A. K. Singal, A. Singh, S. Jaganmohan et al., “Antiviral therapy
reduces risk of hepatocellular carcinoma in patients with hep-
atitis C virus-related cirrhosis,” Clinical Gastroenterology and
Hepatology, vol. 8, no. 2, pp. 192-199, 2010.

E Conti, F. Buonfiglioli, A. Scuteri et al., “Early occurrence and
recurrence of hepatocellular carcinoma in HCV-related cirrho-
sis treated with direct-acting antivirals,” Journal of Hepatology,
vol. 65, no. 4, pp. 727-733, 2016.

K. Kozbial, S. Moser, R. Schwarzer et al., “Unexpected high
incidence of hepatocellular carcinoma in cirrhotic patients with
sustained virologic response following interferon-free direct-
acting antiviral treatment,” Journal of Hepatology, vol. 65, no.
4, pp. 856-858, 2016.

Y. Asahina, K. Tsuchiya, T. Nishimura et al., “a-Fetoprotein
levels after interferon therapy and risk of hepatocarcinogenesis
in chronic hepatitis C;” Hepatology, vol. 58, no. 4, pp. 1253-1262,
2013.

E Toccaceli, V. Laghi, L. Capurso et al., “Long-term liver his-
tology improvement in patients with chronic hepatitis C and
sustained response to interferon,” Journal of Viral Hepatitis, vol.
10, no. 2, pp. 126-133, 2003.

Y. Shiratori, F. Imazeki, M. Moriyama et al., “Histologic im-
provement of fibrosis in patients with hepatitis C who have
sustained response to interferon therapy, Annals of Internal
Medicine, vol. 132, no. 7, pp. 517-524, 2000.

M. L. Shiffman, A. M. Di Bisceglie, K. L. Lindsay et al., “Pegin-
terferon Alfa-2a and ribavirin in patients with chronic hepatitis
C who have failed prior treatment;” Gastroenterology, vol. 126,
no. 4, pp. 1015-1023, 2004.

S.L. George, B. R. Bacon, E. M. Brunt, K. L. Mihindukulasuriya,
J. Hoffman, and A. M. Di Bisceglie, “Clinical, virologic, histo-
logic, and biochemical outcomes after successful HCV therapy:
a 5-year follow-up of 150 patients,” Hepatology, vol. 49, no. 3, pp.
729-738, 2009.

D. Maruoka, E Imazeki, M. Arai, T. Kanda, K. Fujiwara, and
O. Yokosuka, “Longitudinal changes of the laboratory data of
chronic hepatitis C patients with sustained virological response
on long-term follow-up,” Journal of Viral Hepatitis, vol. 19, no.
2, pp. €97-e104, 2012.


http://www.who.int/hepatitis/publications/hepatitis-b-guidelines-policy/en/
http://www.who.int/hepatitis/publications/hepatitis-b-guidelines-policy/en/
http://www.who.int/hepatitis/publications/hepatitis-b-guidelines-policy/en/

