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Objective: We studied the effect of sustained virologic response (SVR) after treatment with 

pegylated-interferon (PEG-IFN) plus ribavirin on the development of liver cirrhosis in elderly 

patients with chronic hepatitis C (CHC).

Patients and methods: This retrospective study enrolled 145 elderly CHC patients 

(aged $65 years) who were treatment-naïve and were treated with PEG-IFN plus ribavirin for 

6 months between January 2005 and December 2011. Abdominal sonography was performed 

and liver biochemistry was studied at baseline, at the end of treatment, and every 3–6 months 

thereafter. The development of liver cirrhosis and related complications was evaluated at the 

follow-ups. The aspartate aminotransferase-to-platelet ratio index was used as a noninvasive 

maker for fibrosis.

Results: The mean patient age was 69.1±3.3 years, and the average follow-up time was 5.5 years 

(standard deviation: 2.5 years, range: 1.1–12.3 years). Ninety-five patients (65.5%) achieved 

SVR, and 26 (17.9%) discontinued treatment. Twenty-seven patients (18.6%) developed liver 

cirrhosis after treatment. Patients without SVR had significantly greater risk of liver cirrhosis than 

those with SVR (hazard ratio [HR]: 3.39, 95% confidence interval [CI]: 1.312–8.761, P=0.012). 

The difference in 3-year cumulative incidence of liver cirrhosis was 24.8% greater for patients 

without SVR (35.2%, 95% CI: 13.0–57.5, P=0.012) compared with those with SVR (10.4%, 

95% CI: 3.1–17.7). There was a trend of a higher baseline aspartate aminotransferase-to-platelet 

ratio index score in patients who progressed to liver cirrhosis compared with those who did not 

progress (2.1±1.2 vs 1.6±1.3, P=0.055), but the difference failed to reach significance by Cox 

regression (adjusted HR: 1.285, 95% CI: 0.921–1.791, P=0.14).

Conclusion: An SVR following PEG-IFN combination treatment can reduce the risk of liver 

cirrhosis in elderly CHC patients.

Keywords: hepatitis C, sustained virologic response, pegylated interferon, ribavirin, liver 

cirrhosis

Background
Chronic hepatitis C (CHC) is a major cause of chronic liver disease and 

affects .185 million people worldwide.1 The most serious complications of CHC 

are high mortality from decompensated liver cirrhosis and hepatocellular carcinoma 

(HCC).2,3 Age and age at infection are two of the most important risk factors for the 

progression to liver cirrhosis during chronic hepatitis C virus (HCV) infection.4,5 Patient 

age seems to have a greater effect than age at infection, and is especially significant 

for patients older than 65 years.6 Many countries have aging cohorts of people with 

HCV infections because of previous peaks in the incidence of HCV infections.2,4 
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A sustained virologic response (SVR), achieved by 

interferon-based therapies, can slow the progression of liver 

fibrosis7–10 and reduce the development of HCC and liver-

related mortality.11–13 Thus, antiviral treatments may provide 

the greatest benefit for elderly patients.

However, the high prevalence of cirrhosis and comor-

bidities in elderly patients leads to higher rates of treatment 

discontinuation and dose reduction.14,15 In particular, the 

SVR rate is lower in elderly patients than young patients due 

to their poor tolerance to treatment.15 Thus, the decision of 

treatment for an elderly patient must consider the long-term 

benefits and the patient’s life expectancy. Few studies have 

examined the occurrence rate of liver cirrhosis after achiev-

ing SVR in elderly patients with CHC.

The aspartate aminotransferase-to-platelet ratio index 

(APRI) is a noninvasive marker that has been validated for 

the diagnosis of both significant fibrosis and cirrhosis.16,17 

APRI is a useful marker for the prognosis in CHC patients. 

However, the prognostic value of APRI in elderly patients for 

predicting the occurrence of liver cirrhosis is uncertain.

Objectives
The aim of this study was to evaluate the risk of the progres-

sion to liver cirrhosis after combined therapy consisting of 

pegylated interferon (PEG-IFN) plus ribavirin (RBV) in 

elderly patients ($65 years old) with CHC.

Patients and methods
Patient selection
Patients with HCV infection who were aged $65 and 

underwent treatment with either PEG-IFN-α-2a or PEG-

IFN-α-2b plus RBV from January 2005 to December 2011 

were enrolled from the Dalin Tzu Chi General Hospital 

in this retrospective study. All the patients were positive 

for anti-hepatitis C antibody for .6 months, had alanine 

aminotransferase (ALT) levels higher than the upper limit 

of normal (ULN), and had detectable serum HCV RNA. 

Patients with decompensated liver cirrhosis, malignant 

neoplasms, incomplete medical records, autoimmune dis-

eases, HIV infection, neutropenia (,1,500 neutrophils/mL), 

thrombocytopenia (,75,000 platelets/mL), anemia (,12 g 

hemoglobin/dL in females and ,13 g/dL in males), or poorly 

controlled psychiatric diseases were excluded. Two hundred 

and twenty-five patients were initially enrolled (Figure 1). 

Fifty-three patients with compensated liver cirrhosis, five 

patients with HCC, 16 patients with posttreatment follow-up 

times ,1 year, and six patients without complete medical 

records were excluded. The remaining 145 patients were 

finally included. There were 801 person-years of follow-ups, 

and the average follow-up time was 5.5 years (standard 

deviation [SD]: 2.5 years, range: 1.1–12.3 years). This 

study was approved by the Ethics Committee of Dalin Tzu 

Chi General Hospital (B10303008), all patients provided 

written consent, and the local ethics committee approved 

the consent process.

Treatment regimen
Oral RBV plus subcutaneous PEG-IFN-α-2a (180 μg; 

Pegasys®; Hoffmann-La Roche, Basel, Switzerland) or sub-

cutaneous PEG-IFN-α-2b (1.5 μg/kg; PegIntron®; Schering-

Plough Corp., Kenilworth, NJ, USA) was administered to 

eligible patients for 6 months. The fixed duration (6 months) 

without consideration of HCV genotypes is due to restric-

tions imposed by the reimbursement policy of the Bureau 

of National Health Insurance in Taiwan. The dose of oral 

RBV was 800 mg/day for patients who weighed ,55 kg, 

1,000 mg/day for patients who weighed 55–75 kg, and 

1,200 mg/day for patients who weighed .75 kg. Dose 

adjustments of all drugs and administration of supplemental 

erythropoietin or blood transfusion were determined accord-

ing to published practice guidelines.18–20

Clinical monitoring
The primary outcome was time to liver cirrhosis. All patients 

were given liver function tests (serum aspartate aminotrans-

ferase [AST], ALT, total bilirubin, creatinine, hemoglobin, 

white blood cell count, and platelets), and abdominal sonogra-

phy was performed at the gastrointestinal outpatient clinic at 

baseline, end of treatment (6 months), 24 weeks after the end 

of treatment, and every 3–6 months thereafter. Liver cirrho-

sis and associated liver complications were evaluated every 

3–6 months after the end of treatment. Liver cirrhosis was 

diagnosed by liver biopsy or radiologic cirrhosis. Radiologic 

cirrhosis was defined as two documented ultrasonograms of 

liver cirrhosis (included coarse liver echotexture with nodu-

larity and small liver size) combined with features of portal 

hypertension (splenomegaly, ascites, hepatic encephalopathy, 

or varices).21 Liver biopsy was an optional procedure and was 

performed in 108 patients (74.5%) at baseline with consent.

HCV RNA was quantified at baseline and at 24 weeks after 

the end of treatment. A diagnosis of fatty liver was based on 

results from a biopsy and/or abdominal ultrasound. Other clini-

cal factors, including diabetes mellitus, chronic hepatitis B, and 

alcoholism, were recorded by chart review. Chronic hepatitis B 

was diagnosed if a patient had seropositivity for hepatitis B 

surface antigen for at least 6 months. The APRI score was 

calculated as: [(AST/ULN)/platelet count (109/L)] ×100.22 The 

APRI was used as a noninvasive maker for fibrosis.
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HCV quantification and genotyping
Serum HCV RNA was quantified at baseline and at 24 weeks 

after the end of treatment by use of real-time polymerase chain 

reaction, which had a detection limitation of 15 IU/mL.23 The 

threshold for discriminating low and high baseline HCV RNA 

was 400,000 IU/mL.16 HCV genotyping was performed by 

melting curve analysis (Roche LightCycler; Biotronics Tech 

Corp., Lowell, MA, USA).24

sustained virologic response
SVR was defined as undetectable HCV RNA for at least 

24 weeks after completion of the combined treatment. 

Patients who were positive for HCV RNA at week 24 after 

the end of treatment were considered non-SVR.

statistical analysis
SPSS 19.0 for Windows (SPSS Inc, Chicago, IL, USA) 

was used for all statistical analyses. The chi-square test or 

Fisher’s exact test was used for nominal variables. Continu-

ous variables were compared using Student’s t-test for two 

independent groups. Age, sex, diabetes, SVR, other risks of 

hepatitis (alcoholism, hepatitis B virus [HBV] coinfection, 

and fatty liver), HCV RNA load, HCV genotype, and base-

line APRI score were considered as potential confounders 

for cirrhosis progression. In order to identify risk factors for 

cirrhosis, the proportional hazards Cox regression model 

was used to control for those possible confounding factors, 

regardless of whether they were significant predictors in the 

univariate analyses.25 Results were shown as hazard ratios 

(HRs) with 95% confidence intervals (CIs). A P-value ,0.05 

was considered significant in all analyses.

Results
Demographic and clinical characteristics
There were 64 males and 81 females, and the mean patient 

age was 69.1±3.3 years (Table 1). Eighty-nine of 145 patients 

(61.4%) were infected with HCV genotype-1, and 56 patients 

(38.6%) were infected with other HCV genotypes. Ninety-

five patients (65.5%), including 45 with HCV genotype-1 and 

50 with other HCV genotypes, achieved SVR. Twenty-six 

patients (17.9%) did not complete the full 6-month treatment, 

and the patients had mean treatment duration of 84 days. Two 

patients stopped treatment due to lack of virological response. 

Twenty-four patents did not accept complete treatment due to 

Figure 1 Flow diagram representing the study cohort.
Abbreviations: hCV, hepatitis C virus; F/U, follow-up; sVr, sustained virologic response.
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treatment side effect. Among those patients, anemia (11/24) 

was the most common side effect reported. There were no 

deaths or severe treatment-related complications during the 

treatment period.

Baseline characteristics and treatment 
outcomes
Table 1 shows the baseline characteristics and treatment 

outcomes of patients who did and did not progress to 

liver cirrhosis. There were 801 person-years of follow-up 

data, and the average follow-up time was 5.5 years (SD: 

2.5 years, range: 1.1–12.3 years). During the follow-up, 

27 patients (18.6%) developed liver cirrhosis, 12 patients 

developed HCC, three patients developed varices, two 

patients developed ascites, and one patient developed 

spontaneous bacterial peritonitis. One death that was 

unrelated to liver disease occurred during the follow-up 

period. The average age of patients with liver cirrhosis 

was 70.2±3.3 years, and 17 of these patients (62.9%) 

were females. Among patients who progressed to cirrho-

sis (n=27), 14 patients (51.9%) were infected with HCV 

genotype-1, and 14 patients (51.9%) achieved SVR. Uni-

variate analysis of patients who did and did not progress 

to cirrhosis indicated no significant differences in age, sex, 

diabetes, smoking, other risks of hepatitis (alcoholism, 

HBV coinfection, and fatty liver), HCV RNA load, HCV 

genotype, baseline APRI, and SVR. There was a trend of a 

higher baseline APRI score in patients who progressed to 

liver cirrhosis compared with those who did not progress 

(2.1±1.2 vs 1.6±1.3, P=0.055).

Baseline characteristics and progression 
to cirrhosis
Table 2 shows the result of Cox regression analysis with 

adjustment for age, sex, diabetes, other risks of hepatitis 

(alcoholism, HBV coinfection, and fatty liver), HCV RNA 

load, HCV genotype, and baseline APRI. The results show a 

significant association between progression to liver cirrhosis 

and no SVR (HR: 3.39, 95% CI: 1.312–8.761, P=0.012). 

There was also a trend of an association between liver cir-

rhosis and low HCV RNA load (HR: 0.392, 95% CI: 0.152– 

1.009, P=0.052). There was no significant association 

between progression to liver cirrhosis and high baseline 

APRI by Cox regression (adjusted HR: 1.285, 95% CI: 

0.921–1.791, P=0.14). Figure 2 shows the cumulative inci-

dences of liver cirrhosis after treatment. The risk of liver 

cirrhosis was significantly greater in patients without SVR 

(3-year cumulative incidence: 35.2%, 95% CI: 13.0–57.5, 

P=0.012) than in those with SVR (3-year cumulative 

Table 1 Baseline characteristics and outcomes of patients with chronic hepatitis C who progressed or did not progress to liver 
cirrhosis after the end of treatment

Variable All patients  
(n=145)

No progression to cirrhosis  
(n=118)

Progression to cirrhosis  
(n=27)

P-value

Follow-up time (years)† 5.5±2.5 5.4±2.6 6.2±2.1 0.106
Age (years)† 69.1±3.3 68.9±3.3 70.2±3.3 0.069
BMI 24.5±2.95 24.6±2.93 24.2±3.1 0.961
Male (%) 64 (44.1) 64 (54.2) 10 (37.0) 0.410
sVr (%) 95 (65.5) 81 (68.6) 14 (51.9) 0.098
DM (%) 31 (21.4) 26 (22.0) 5 (18.5) 0.688
Other risks of hepatitis (%)* 71 (49.0) 59 (50.0) 12 (44.4) 0.602

hBV coinfection (%) 12 (8.3) 9 (7.6) 3 (11.1) 0.697
Alcoholism (%) 6 (4.1) 6 (5.1) 0 (0) 0.584
Fatty liver (%) 61 (42.1) 51 (43.2) 10 (37.0) 0.667

genotype-1 (%) 89 (61.4) 75 (63.6) 14 (51.9) 0.260
high hCV rnA load# 96 (66.2) 80 (67.8) 16 (59.3) 0.398
APrI† 1.7±1.3 1.6±1.3 2.1±1.2 0.055

Notes: †Data are expressed as mean ± standard deviation. *Other risks of hepatitis include hBV coinfection, alcoholism, and fatty liver. #Threshold for low vs high baseline 
hCV rnA load: 400,000 IU/ml.
Abbreviations: BMI, body mass index; sVr, sustained virologic response; DM, diabetes mellitus; hBV, hepatitis B virus; hCV, hepatitis C virus; APrI, aspartate 
aminotransferase-to-platelet ratio index.

Table 2 Adjusted hrs for progression from chronic hepatitis C 
to liver cirrhosis with adjustment for sex, DM, other risks of 
hepatitis (hepatitis B virus coinfection, alcoholism, and fatty liver), 
and hCV genotype

Variable HR 95% CI P-value

Age 1.087 0.970–1.219 0.152
hCV rnA load 0.392 0.152–1.009 0.052
Without sVr 3.390 1.312–8.761 0.012
APrI 1.285 0.921–1.791 0.140

Abbreviations: hr, hazard ratio; DM, diabetes mellitus; hCV, hepatitis C 
virus; CI, confidence interval; SVR, sustained virologic response; APRI, aspartate 
aminotransferase-to-platelet ratio index.
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incidence: 10.4%, 95% CI: 3.1–17.7). This corresponds to 

a difference in the 3-year cumulative incidence of 24.8%. 

Decrease of progression to liver cirrhosis occurred in one 

patient for every four CHC patients who achieved SVR 

within 3 years.

Discussion
Patients older than 65 years are often excluded in clinical 

trials of HCV therapies because they often have significant 

comorbidities and experience adverse effects during or after 

treatment. Therefore, few studies have examined the progres-

sion of CHC in elderly patients.6,14,15,26–28

Previous research indicated that the progression of 

CHC to liver cirrhosis was associated with certain baseline 

host factors and time-dependent risk factors.2,3,29,30 The 

cumulative nature of fibrosis progression and the potential 

for more rapid progression in patients older than 40 years 

mean that cirrhosis is increasingly significant in elderly 

patients.2,5 In fact, previous research has documented that 

a longer duration of CHC infection and advanced patient 

age are associated with more rapid progression of CHC to 

liver cirrhosis.2,31 Our findings support the rapid progres-

sion of liver cirrhosis in patients aged 65 years and older. 

In particular, the 3-year cumulative risk of liver cirrhosis 

was 35.2% in our elderly patients who had persistent 

viremia.

Previous studies examined the efficacy of PEG-IFN plus 

RBV for treatment of CHC in elderly patients.4,15,26,28,32–35 

Although such patients have higher rates of dose reduc-

tion and adverse effects, some of them achieve SVR.4,15,32,35 

A recent meta-analysis indicated that the overall rate of SVR 

in elderly patients was significantly lower than in young 

patients based on intention-to-treat analysis (42.0% vs 60.1%, 

P,0.00001) and per-protocol analysis (54.4% vs 67.4%, 

P=0.002).15 The rates of drug discontinuation and RBV dose 

reduction in elderly patients were significantly higher than 

in younger patients.15 The poor SVR rate in elderly patients 

may be related to the high prevalence of liver cirrhosis and 

treatment intolerance.4,14,33 Our study demonstrated the effi-

cacy of PEG-IFN plus RBV treatment in elderly patients. 

In particular, 65.5% of patients overall achieved SVR, and 

this included 50.6% of those with HCV genotype-1 and 89.3% 

of those with other HCV genotypes. These data support the 

use of our treatment regimen in elderly patients with CHC 

who do not have liver cirrhosis or HCC. Furthermore, there 

were no deaths or severe treatment-related complications, 

and most patients who could not tolerate treatment stopped 

treatment near the beginning of the regimen (mean treatment 

Figure 2 Cumulative risk of liver cirrhosis following treatment.
Abbreviation: sVr, sustained virologic response.
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duration: 84 days). This suggests that the standard PEG-IFN 

plus RBV treatment is safe in elderly patients if they are 

closely monitored. From our previous study, the patients 

who had absence of liver cirrhosis, low baseline HCV RNA 

levels, high baseline ALT level, no HCV genotype-1, or 

were treated with PEG-IFN-α-2a were good responders to 

PEG-IFN plus RBV treatments.36 Thus, it seems that treat-

ment will be effective in selected elderly patients with CHC, 

such as those with good response predictors (genotype 2/3, 

low viral load, IL28B-CC), good performance status, and 

without major concomitant diseases.

Previous long-term follow-up studies showed the benefits 

of SVR in patients with CHC.7–11 The achievement of an SVR 

through interferon-based therapy slows the progression from 

chronic hepatitis to liver fibrosis7–10 and reduces the subse-

quent development of HCC and liver-related mortality.11–13 

These effects are universal and were stronger in patients with 

advanced fibrosis.11

A large-scale study that followed 1,386 patients with 

CHC but not liver cirrhosis over 5 years reported that the 

annual incidence of liver cirrhosis in untreated patients 

and patients treated with interferon-based therapy (n=892) 

was 2.26% and 1.11% (nonresponders: 1.99%, sustained 

responders: 0.74%), respectively.9 In addition, the 14.5-year 

cumulative incidence of cirrhosis was significantly lower in 

sustained responders (4.8%) than in nonresponders (21.6%, 

P=0.0007) and in untreated patients (36.6%, P,0.0001). 

The present study showed that cirrhosis progressed rapidly 

and that an SVR slowed the progression to fibrosis in elderly 

patients with CHC. In particular, patients without SVR had 

a significantly higher risk of liver cirrhosis than those with 

SVR, and a significantly higher 3-year cumulative incidence 

of liver cirrhosis than those with SVR. These results suggest 

that suppression of HCV RNA can dramatically reduce the 

risk of liver cirrhosis in elderly patients.

A previous study reported that high APRI score was 

associated with significant fibrosis or cirrhosis.22 Our patients 

also had elevated APRI scores (mean ± SD: 1.7±1.3), con-

firming the presence of advanced fibrosis at baseline and 

consistent with the rapid progression of fibrosis in elderly 

patients. In addition, there was a trend of a higher baseline 

APRI score in patients who progressed to liver cirrhosis than 

those who did not progress (2.1±1.2 vs 1.6±1.3, P=0.055). 

Nonetheless, after adjusting for APRI score by Cox regres-

sion, SVR remained the most important factor for progression 

to liver cirrhosis.

Antiviral treatments for CHC have evolved since 2011, 

and several new drugs, including direct-acting antivirals 

and host-targeted agents, are marketed or under clinical 

development. Interferon-free regimens are expected to 

cure .90% of patients with CHC,37 and the newly avail-

able drugs have fewer side effects than interferon-based 

regimens. This may improve compliance and reduce dropout 

rates. However, the new HCV therapies are very expensive 

and have not been thoroughly evaluated in elderly patients. 

Thus, additional research is needed to evaluate the cost-

effectiveness of these new therapies in elderly patients. 

Before adoption of the new therapies in elderly patients, the 

PEG-IFN plus RBV regimen should continue to be used to 

prevent the rapid progression to cirrhosis.

There are several limitations in this study. First, this was 

a retrospective observational study. Some information such 

as age at infection, the number of patients who underwent 

therapy evaluation, the excluded patient number, and the 

reasons for excluding cannot be obtained from this study. 

However, it is difficult to perform a prospective controlled 

trial in elderly patients, so our findings nonetheless provide 

important information regarding treatment decisions in this 

population. Second, only 108 patients (74.5%) underwent 

liver biopsy at baseline, and we cannot provide paired biopsy 

data. Thus, most patients with cirrhosis were diagnosed 

using clinical criteria. However, our diagnostic criteria for 

cirrhosis included two documented ultrasonograms of liver 

cirrhosis with solid clinical end points (splenomegaly, ascites, 

hepatic encephalopathy, or varices).9 Although ultrasound 

is inaccurate in detecting the early stages of liver cirrhosis, 

combination of the morphologic finding can improve the 

performance of ultrasound to detect cirrhosis, reaching an 

accuracy of over 80%.38

In conclusion, liver fibrosis progressed rapidly in elderly 

patients. An SVR following PEG-IFN combination treat-

ment can reduce the risk of liver cirrhosis in elderly CHC 

patients.
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