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Abstract
Due to the progressive aging of the hepatitis C virus 

(HCV) population which have acquired the infection 
during its maximum spread after the Second World War, 
the management of the elderly HCV-infected patient 
is emerging as a hot topic. Unfortunately, although it 
is recognized that the progression of HCV-related liver 
disease gets faster with aging, and that even extra-
hepatic manifestations of HCV infection are probably 
worse in the elderly, till now, treatment attempts in this 
population have been significantly limited by the well-
known contraindications and side effects of interferon 
(IFN). The arrival of several new anti-HCV drugs, and 
the possibility to combine them in safe and effective 
anti-viral regimens, is relighting the hope of a cure 
for many elderly patients who had been cut out of 
IFN-based treatments. However, although these new 
regimens will be certainly more manageable, it should 
be underscored that IFN-free doesn’t mean free from 
any contraindication or side-effect. Moreover, one 
issue which promises to become central is that of the 
possible interactions between antiviral therapy and the 
multiple drugs frequently assumed by elderly patients 
because of comorbidities. In this review, we will revise 
the epidemiology pointing to HCV as an infection of the 
elderly, the evidences that HCV harms the health of the 
aged patient more than that of the young one, and the 
available experiences of HCV treatment in the elderly 
with the “old” IFN-based regimens and with the newer 
drugs. We will conclude that the availability of IFN-
free regimens should prompt us to change our mind 
and consider a significantly larger number of possible 
candidates among elderly patients, who would take 
significant advantage from viral eradication. Rather 
than the anagraphic age, drug-drug interactions and, 
mainly in case of economic restrictions, an evaluation 
of life expectancy dependent on liver disease with 
respect to that dependent on comorbidities, are likely 
to be the key issues guiding treatment indication in the 
next future. The sooner we will change our mind with 
respect to an a priori obstacle for anti-HCV treatment 
in the elderly, the sooner we will begin to spare 
many aged HCV patients from avoidable liver-related 



complications.
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Core tip: Hepatitis C virus (HCV) infection is a significant 
threat to the health of elderly patients, in whom 
liver disease progresses very rapidly and extrahepatic 
complications affect the quality of life. Till now, treatment 
attempts have been substantially limited by the side 
effects of interferon (IFN). Here we discuss how the 
availability of IFN-free regimens should prompt us to 
change our mind when assessing treatment indication 
and to consider a significantly larger number of 
possible candidates among elderly patients. Drug-drug 
interactions and assessment of liver disease-dependent 
vs  comorbidities-dependent life expectancy, rather than 
anagraphic age, are likely to guide the choice of the 
aged HCV patients to be treated in the next future.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a major public 
health problem chronically affecting approximately 
170 million people all over the world. Due to the 
progressive aging of the HCV-infected population, and 
to the lack of a comparable amount of new cases, the 
management of the elderly HCV-infected patient is 
emerging as a hot topic. Old patients are becoming the 
most representative part of those seen in outpatient 
clinic visits for hepatitis C and epidemiological data 
suggest that they will even increase in the next future[1]. 
Given this general background, some country-specific 
differences in the epidemiology of HCV infection can be 
evidenced and, while the estimated global prevalence 
of HCV is around 2%[2], country-specific estimates 
can vary widely, ranging from less than 1% in United 
Kingdom and Scandinavia to 15%-25% in Egypt[3]. 
Similar average prevalences (1.5%-3.5%) can be 
observed in vastly different countries, including United 
States, Australia, Spain, Italy and Japan, but with 
different patterns of age-specific prevalence[3].

According to the National Health and Nutrition 
Examination Survey (NHANES), in the United States, 
the peak in age-specific prevalence of anti-HCV 
antibodies switched from 30-39 to 40-49 years from 
1988-1994 to 1999-2002, while the prevalence of HCV-

infected patients was found to be, respectively, 0.9% 
and 1% in the age groups 60-69 and ≥ 70 years, 
respectively (lower than the 1.6%-1.8% of prevalence 
found in the general population)[4,5]. Indeed, the 
biggest part of the United States HCV patients comes 
from the population born between 1945 and 1965, 
who acquired the infection during the 1970s and 1980s 
from exposure to blood or blood products[6]. The rate of 
new infections decreased sharply after the 1990s, with 
the discovery of HCV and the interventions aimed to 
control blood products and to reduce the transmission 
by intravenous drug use[1]. Although more recent 
epidemiological data are lacking, according to previous 
NHANES, it can be speculated that the peak in age-
specific prevalence has moved more than ten years 
forwards, with a consequent significant increase of HCV 
prevalence in the elderly. A similar age-specific pattern 
of HCV prevalence can be observed also in Australia 
and Western and Northern Europe[7-9].

In countries like Italy, Japan and Egypt, the age-
specific distribution of HCV-patients is even more 
skewed towards old age. Three different studies 
from Italy found a very high HCV prevalence in the 
elderly: 11% of 208 patients aged more than 65 
years[10]; 33.1% of subjects aged more than 60 years 
among a population of 1352 subjects[11]; 18.2% of 
subjects in the 60-70 age-group of a population of 681 
subjects[12]. A similar scenario is observed in Japan. 
In a community-based study, Okayama et al[13] found 
that the prevalence of anti-HCV positivity progressively 
increased with age, reaching 41% in patients aged 
80-89 years. Moreover, Sawabe et al[14] reported 8.8% 
and 13.1% rates of anti-HCV positivity in in-hospital 
and autopsy cases older than 60 years, respectively. 
Even more significant data are available from Egypt: 
in the largest population-based study, carried out in 
2000, HCV prevalence significantly increased with age, 
peaking at over 60% in the fifth decade and around 
40% in subjects older than 60 years, compared to a 
global prevalence of 24.3%[15]. 

Many possible confounding elements should be 
considered when comparing these different studies 
and trying to interpret their different results. First of 
all, for many countries, due to the absence of specific 
data, estimated prevalences are based on weighted 
averages for region rather than individual countries, 
i.e., Northern Europe is the region with the lowest 
estimated prevalence (< 1%), while Northern Africa 
has the highest reported prevalence (> 3%)[3]. Second, 
well-designed population studies are lacking and 
available studies often involve populations which are 
convenient for sampling, such as autopsy or hospital 
series or blood donors, producing biased estimates 
of disease burden and exposures. Furthermore, 
some population studies have been set in rural areas 
historically exposed to factors that may have locally 
influenced HCV incidence and for this reason their 
results could be not representative of the entire 
country. Third, all available epidemiological studies 
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have been conducted more than ten years ago, thus 
they should be interpreted accordingly, in particular 
when considering age-specific prevalences.

The highest prevalence of HCV infection in the 
elderly in countries like Italy, Japan and Egypt can be 
explained only by considering specific factors which 
led to past peaks of infections. For instance, in Italy, 
it has been speculated that the widespread use of 
glass syringes for parenteral treatments after the 
Second World War could have been responsible for 
an earlier boost of HCV-infection compared to United 
States[16]. In Egypt, HCV transmission through blood 
products and illicit drugs has not represented the 
major route of infection: indeed, there is consistent 
evidence for significant transmission through injection 
therapy, with a particular reference to the parenteral 
treatment campaign for schistosomiasis, which took 
place from the 1950s-1960s up to the 1970s[17]. Of 
course, injection therapy for Schistosomiasis cannot 
entirely account for HCV burden in Egypt; however, 
it’s reasonable that it increased the reservoir of HCV 
in the community, accelerating HCV transmission in 
the subsequent years even through unconventional 
routes of infection, such as between spouses[15]. In 
Japan, the peak of HCV spread most likely occurred 
during the turmoil period just after the end of Second 
World War[18]. Illicit intravenous drug abuse was highly 
prevalent at that time in Japanese society and this 
might have contributed to the horizontal transmission 
of HCV[18]. Furthermore, some investigators identified 
some differences in local medical procedures and folk 
remedies as possible explanation for unusual areas of 
high HCV endemicity, which could have had stronger 
and wider diffusion in the half of the twentieth century 
and for this reason could have had a role in the peak 
of HCV incidence in that period[18].

ESTIMATING THE IMPACT OF HCV 
INFECTION ON QUALITY AND 
EXPECTANCY OF LIFE IN ELDERLY 
PATIENTS 
Current guidelines for HCV infection are usually 
focused on the management of a single disease and 
this is a barrier for their application in adults with 
comorbidities[19]. Indeed, unlike patients usually 
included in clinical trials, most elderly patients actually 
have multiple chronic disorders. This is even truer in 
the case of a systemic disease, as HCV infection should 
be considered, with interactions between the virus, 
liver damage and dysmetabolism[20].

Like other chronic diseases, HCV infection may be 
associated since its early stages with impairments in 
health related quality of life, including fatigue, muscle 
and joint pain, depression, etc.[21]. Up to 30% of HCV 
patients have psychological disorders, not limited to 
depression, and up to 67% complain of fatigue[6,22]. 

Overall, it is currently well-recognized that HCV-
infected patients experience poorer quality of life 
compared with the general population[23]. Moreover, it 
is exactly the elderly population, in which depression 
and neuropsychological disorders are common, to 
carry the greater risk for a negative impact of HCV 
infection on the quality of life. Indeed, by examining 
a group of patients with chronic hepatitis C by the 
Fatigue Impact Scale, Hassoun et al[22] found that age 
was significantly associated with fatigue. Moreover, in 
another study investigating the incidence of depression 
in HCV patients undergoing interferon (IFN) treatment, 
Horikawa et al[24] found that and the only risk factor for 
depression was advanced age.

To date, major concerns for the management of 
HCV in elderly patients have been the common side 
effects of treatment with IFN and ribavirin (RBV), 
including anemia, neutropenia and thrombocytopenia, 
which can theoretically trigger cardiac events, and 
promote infectious disease or hemorrhages. Indeed, a 
relevant risk of clinically significant cytopenia has been 
documented in different studies in aged patients, and 
the rate of discontinuation or dose modification in this 
population has been frequently greater than 50%[25,26]. 
Therefore, when facing an elderly HCV patient, the 
first question to answer should be whether this patient 
will progress to liver complications threatening survival 
and, the second, whether the disease is conditioning 
or will condition the health-related quality of life. 

Poynard et al[27] have examined risk factors for 
fibrosis progression in chronic hepatitis C and found 
three independent factors associated with a faster 
course: age at infection, alcohol consumption (more 
than 50 g/d) and male gender. The comparison 
between decades showed that the major acceleration 
was observed after the age of 50 years, independently 
from the age at infection and, consequently, from 
the duration of disease. Therefore, age itself was 
even more important than duration of infection for 
predicting the occurrence of cirrhosis[28]. Also the risk 
of HCC increases significantly with age, and this is not 
only dependent on a prolonged duration of infection, 
since a shorter interval between infection acquired 
at an older age and the diagnosis of HCC has been 
demonstrated[29,30]. The mechanisms underlying this 
particularly rapid course in the elderly population 
have not been clearly understood. From experimental 
studies, it is known that the fibrotic reaction to carbon 
tetrachloride is greater in older than in younger rats[31]. 
The higher vulnerability to environmental factors 
(especially oxidative stress), the reduction in the 
rate of hepatic blood flow, the reduced mitochondrial 
capacity and the impaired immunity are all 
mechanisms possibly involved in a faster progression 
of liver damage[27,32]. 

Some evidence already exists that treatment can 
prevent this aggressive progression of HCV infection 
in elderly patients. In a retrospective study, Arase et 
al[33] reported that long-term low-dose natural IFN 
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about tolerance and effectiveness of these therapies 
in the elderly (in Table 1), data concerning the most 
significant studies on IFN-based regimens in aged 
patients are presented, and a comparison with results 
obtained in younger patients, when available, is 
reported. Safety appears an important limiting factor 
for IFN-based therapies in the elderly, mainly because 
patients more frequently suffer from concurrent 
chronic cardio-pulmonary diseases. Indeed, it appears 
that elderly patients have a tendency to obtain lower 
sustained virological response (SVR) rates compared 
with younger ones, especially in the case of genotype 
1 infection, and that the discontinuation rate due to 
adverse events is higher. In the study by Antonucci 
et al[42] on efficacy and safety of PEG-IFN plus RBV in 
a cohort of HCV patients, patients aged > 40 years 
with genotype 1 or 4 infection had a significantly lower 
chance of achieving SVR compared with younger ones 
(80% vs 32.6%, P = 0.005). 

Conversely, in another small population of 19 
patients aged > 65 years treated with PEG-IFN plus 
RBV, derived from a larger study on 166 elderly 
patients, age didn’t seem associated with a reduced 
virological response and the SVR rate was 42%[43]. 
Recently, Frei et al[44] performed a multiple regression 
model with generalized estimating equations (GEE) 
to assess the influence of age ≥ 60 years on SVR, 
taking confounders into account (stage of fibrosis, 
viral load, genotype, previous treatment, gender). 
The GEE model showed that age had no significant 
influence on SVR (OR = 0.91, P = 0.81), and that only 
well-established factors, such as cirrhosis, genotypes 
1/4/6 and viral load > 600 000 IU/mL had a negative 
impact on SVR[44]. It is also of interest that, in several 
clinical trials, no association was found between age 
and SVR in HCV patients with genotypes 2 or 3[45-47]. 
Kainuma et al[48] found that, for genotype 1 infection, 
the discontinuation rate was significantly higher in 
older patients (42.9% vs 24.4%, P < 0.001). A study 
from Taiwan confirmed that drug discontinuation 
among elderly patients was significantly higher than 
among those younger than 65 years (21% vs 6%, P = 
0.001)[49]. In a meta-regression analysis conducted by 
Zhou et al[49] to explore predictors for dose reduction 
secondary to adverse events in aged HCV patients 
treated by PEG-IFN plus RBV, the overall incidence 
of adverse events was 61.3%, and dose reductions 
due to adverse events was 54.2%. Patients with 
major dose reductions due to adverse events had 
a tendency toward a lower likelihood of obtaining 
SVR, especially in the case of genotype 1. Moreover, 
incidence of hemolytic anemia due to RBV increases 
with age and dose reduction or RBV discontinuation 
are more frequent in patients of ≥ 55 years[42,43,50]. In 
a meta-analysis analyzing non-randomized controlled 
trials on the treatment with PEG-IFN plus RBV in 
older HCV patients, on intention-to-treat analysis, 
patients ≥ 65 years (1057) had a significantly lower 

treatment, without eradicating HCV, was nevertheless 
effective in preventing hepato-carcinogenesis in 
aged patients with chronic hepatitis. In another 
retrospective study analysis of patients older than 60 
years, at 5 and 10 years, hepatocarcinogenesis rates 
were significantly lower in the IFN-treated group, and 
IFN monotherapy was independently associated with a 
longer survival in the subgroup with lower platelets (HR 
= 2.33, P = 0.005)[34]. Finally, another important issue 
is that antiviral treatment is associated with improved 
renal and cardiovascular outcomes in diabetic patients. 
Indeed, the risk of end stage renal disease, stroke 
and acute coronary syndrome is significantly reduced 
in treated patients compared with untreated controls, 
underlying the systemic impact of the virus[35]. However, 
it should be noted that, in contrast with these results, 
the hepatitis C antiviral long-term treatment against 
cirrhosis (HALT-C) study, the only randomized pro
spective study carried-on with the aim of verifying the 
possible benefits from IFN maintenance treatment, 
showed that low-dose pegylated-IFN (PEG-IFN) 
therapy for 3.5 years did not reduce the incidence 
of HCC and the rate of disease progression in CHC 
patients with bridging fibrosis or cirrhosis who failed to 
respond to the combination therapy with ribavirin[36].

Synthesizing, although it is well-known that HCV 
infection has a negative impact on the quality of life of 
elderly patients, to date, the complexity of treatment 
and the lack of supportive data in this age group have 
significantly limited treatment attempts. Now that the 
scenario is rapidly changing, and that new IFN-free 
treatment options are becoming available, the limited 
but available evidence concerning the benefit of viral 
eradication in the elderly population should be carefully 
considered.

AVAILABLE STUDIES ON THE 
TREATMENT OF HEPATITIS C IN 
ELDERLY PATIENTS WITH “OLD” DRUGS
Until very recently, the only therapies for the treatment 
of chronic hepatitis C were based on IFN for all 
genotypes, either “natural” (human leukocyte-derived) 
or recombinant (“standard” or PEG). IFN was used 
as monotherapy at the beginning of the 1990’, in 
combination with RBV since the beginning of the 
21th century and, more recently, and only in patients 
infected by genotype 1 HCV, with the further addition 
of a first-generation inhibitor of the HCV NS3 serin-
protease [telaprevir (TVR) or boceprevir (BOC)][37-40]. 

Conventional IFN/RBV-based therapies
IFN/RBV-based therapy is typically burdened with 
numerous adverse events, such as fatigue, fever, 
myalgias, depression, and severe alterations in 
blood cells counts, first of all haemolytic anemia 
and neutropenia[38,41]. Clinical trials mostly lack data 
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likelihood of SVR than those aged < 65 years (42% 
vs 60.1% respectively, P < 0.00001)[51]. Indeed, the 
discontinuation rate was significantly higher in older 
patients than in younger patients (25.5% vs 14.8%, 

respectively, P < 0.00001), and it was related to 
adverse events in the aged subgroup (19.2% vs 9.3% 
respectively, P < 0.00001). Also dose modification 
rates of both PEG-IFN and RBV in patients aged ≥ 65 
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Table 1  Studies on conventional interferon/ribavirin-based regimens in aged patients

Author and year Study design Number of 
aged patients 

treated

Genotype 
1/non-1 

(available data)

Type of IFN 
± RBV

SVR of aged patients vs  
SVR of younger patients 

(available data)

Discontinuation or dose reduction of 
aged patients vs  discontinuation or dose 

reduction of younger patients 
(available data)

Bresci et al[87], 1993 Prospective 22 NA IFN-α2b NA 4%
Horiike et al[32], 1995 Prospective 19 0/19 IFN-α2a/2b; 

β-IFN
NA NA

Van Thiel et al[88], 1995 Prospective 25 Na IFN-α2b NA NA
Alessi et al[89], 2003 Retrospective 50 43/7 IFN-α 18% vs 20% 

P = 0.9
NA

Imai et al[90], 2004 Retrospective 649 NA IFN 
(unspecified)

25% vs 43% 
P = 0.03

NA

Iwasaki et al[50], 2006 Prospective 73 50/23 (only 
1/2)

IFN α2b + 
RBV

32% vs 50% 
P = 0.078

77% vs 38%
P < 0.001

Koyama et al[91], 2006 Prospective 84 35/49 IFN-α2a 
IFN-α2b

35.7% 13.1%

Honda et al[92], 20071 Prospective 66 54/12 IFN-α2b + 
RBV

31.8% vs 38.3% 
P = 0.3589

21.2% vs 14.9%
P = 0.2540

Arase et al[93], 20071 Prospective NA (236 all 
patients)

NA IFN-α
IFN-β

28% NA

Tsui et al[94], 20081 Prospective 35 NA IFN-α2b + 
RBV

20% vs 18.5%
P = 0.79

31% vs 31%
P = 0.9

Arase et al[95], 2012 Retrospective 33 0/33 IFN-β + RBV 75.8% 0%
Zeuzem et al[96], 2004 Prospective 2 0/2 PEG-IFN-α2b 50% NA
Nudo et al[25], 2006 Retrospective 30 8/22 IFN 

IFN + RBV 
PEG-IFN + 

RBV

33.3% vs 51.2%
P = 0.13

53% vs 34%
P = 0.17

Floreani et al[97], 2006 Prospective 33 NA PEG-IFN + 
RBV

45.5 vs 69.7%
P = 0.02

24% vs 12.2%
NS

Thabut et al[43], 2006 Prospective 166 (281 
treatments)

141/104 IFN, IFN + 
RBV, PEG-
IFN alone, 
PEG-IFN + 
RBV, RBV 

alone

IFN 7%
RBV 7%

Peg-IFN alone 0%
IFN + RBV 16%

peg-IFN + RBV 45%

20%

Antonucci et al[42], 2007 Retrospective 30 11/19 PEG-IFN + 
RBV

70% vs 84% 16.7% vs 15.8%

Honda et al[26], 2010 Prospective 115 93/22 PEG-IFN α2b 
+ RBV

37.4% vs 51.5%
P = 0.0067

32.2% vs 17.0%
P = 0.0003

Gramenzi et al[98], 2010 Cross 
sectional

34 NA IFN
PEG-IFN + 

RBV

NA 32% vs 20%
NS

Kainuma et al[48], 2010 Prospective 314 253/61 PEG-IFN α2b 
+ RBV

31.2% 36.3%

Huang et al[99], 2010 Prospective 70 27/43 PEG-IFN α2a 
+ RBV

67.1% vs 78.6%
P = 0.07

21.4% vs 6.4%
P = 0.001

Oze et al[100], 2011 Prospective 240 185/55 PEG-IFN α2b 
+ RBV

35.4% 23.9%

Ebinuma et al[101], 20011 Prospective 101 102 PEG-IFN + 
RBV

41.5% vs 54.3%
P = 0.0245

NA

Gramenzi et al[102], 2012 Cross-
sectional

378 NA All types 33% NA

Kim et al[103], 2012 Retrospective 38 13/25 PEG-IFN 
α2a/2b + 

RBV

65.8% vs 76.2%
P = 0.15

21.1 vs 9.1%
P = 0.05

Hu et al[104], 2013 Prospective 
case control

91 56/35 PEG-IFN + 
RBV

40.7% vs 61.5%
P = 0.005

14.3% vs 3%
P = 0.034

Frei et al[44], 2014 Prospective 98 63/35 PEG-IFN + 
RBV

46.5% vs 57.2%
P = 0.0970

21.1% vs 18.4%
NS

1Elderly defined > 60 years; PEG: Pegylated; IFN: Interferon; RBV: Ribavirin; NA: Not available; NS: Not statistically significant.
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years were significantly higher than those in younger 
patients (69.3% vs 55.8% respectively, P < 0.00001). 
Overall, although some conflicting results do exist, 
it can be concluded that older patients frequently 
experience adverse events, have a poorer adherence 
and respond with lower SVR rates to IFN/RBV-based 
anti-HCV treatments. 

Triple therapy with first generation protease inhibitors 
for genotype 1 HCV infection
In the evolution of anti-HCV treatment regimens, 
the third step has been the approval of a genotype 
1-specific “triple therapy”. It consists of a combination 
of IFN and RBV plus a NS3/4A serine protease-
inhibitor, either BOC or TVR, which are direct antiviral 
agents able to block the life cycle of HCV[52-57]. 
However, this treatment can be burdened with severe 
adverse events and, except for the registrative trials, 
the clinical experience comes from expanded access 
programs and urgent prescriptions in real life, being 
limited to patients with more advanced disease and 
therefore more prone to adverse events. Among these, 
hematologic adverse events, such as anemia and 
leukopenia with infections, are frequently reported[58]. 
To note, registrative trials have not included elderly 
patients, so that there are very few data on safety and 
efficacy of the triple therapy in this population. Some 
data can be extrapolated from the two great expanded 
access programs: the French CUPIC (511 treatment-
experienced cirrhotic patients)[57], and the multicenter, 
open label, observational study involving TVR therapies 
in many countries (HEP3002)[58]. Both were carried 
out in patients with severe fibrosis or cirrhosis. In the 
CUPIC study, there were 122 (23.9%) patients aged 
≥ 65 and 389 (76.1%) patients aged ≤ 65. In this 
large cohort of genotype 1 treatment-experienced 
cirrhotic patients, a high incidence of serious adverse 
events (40.0%) and a problematic management 
of anaemia (erythropoietin and transfusion use in 
50.7% and 12.1%, respectively) were observed, 
severe anemia being more frequent and needing more 
frequently blood transfusion in older patients[57,59]. 
Indeed, among the others, age ≥ 65 years was an 
independent predictor of anaemia < 8 g/dL or blood 
transfusions [OR = 3.04 (1.54-6.02), P = 0.0014][57]. 
In the HEP3002 study, there were 128 patients ≥ 
65 years on an overall of 1782 patients, and 61% of 
patients ≥ 65 years were cirrhotic (vs 54% in the 
overall population). Virological outcome didn’t seem to 
depend on age: early rapid virological response was 
75% in patients aged ≥ 65 years vs 76% of younger 
patients, SVR was 76% in treatment naïve patients 
≥ 65 years vs 69% in those ≤ 45 years, while it was 
39% in prior null responders ≥ 65 years vs 36% in 
those ≤ 45 years. On the contrary, adverse events 
were significantly associated with older age: grade 
3-4 anemia was present in 45.3% of patients aged ≥ 
65 years vs 16.6% of those aged ≤ 45 years; grade 
3-4 rash was observed in 2.3% of patients aged ≥ 65 

years vs 2.5% of those aged ≤ 45 years; the rate of 
serious adverse events was 11.7% in patients aged 
≥ 65 years vs 2.5% in those aged ≤ 45 years. In a 
multivariate analysis, age ≥ 65 years was a significant 
predictor of anaemia [OR = 2.31 (1.46-3.65), P = 
0.0003], and anti-anemics and blood substitutes 
were prescribed in 54% of older patients vs 28% of 
patients in the overall population. However, older age 
was not significantly associated with discontinuation of 
telaprevir for adverse events[60].

Another Japanese study explored the response 
to triple therapy with TVR in 64 genotype 1b HCV 
patients aged >60 years compared with 56 patients 
aged < 60 years[61]. There were no documented 
differences in SVR (76.6% vs 83.9%, P = 0.314) or 
in the rate of discontinuation (12.5% for both groups, 
P < 0.999) with the younger population, but only 
one third of these patients had severe fibrosis. The 
main adverse events reported in this study were rash, 
serious skin reactions and anemia. Drug-induced skin 
disorders were found in 51.6% of the aged patients 
vs 44.6% of the younger patients, with no significant 
difference (P = 0.449). Instead, there was a significant 
difference in the occurrence of severe anemia between 
the two groups. The hemoglobin decrease to 8.5-10 
g/dL and < 8.5 g/dL was 40.6% and 50% in the aged 
group, and 25% and 33.9% in the younger group, 
respectively (P = 0.0006). Another Japanese study 
analyzed a reduced dose of TVR (1500 mg/day) in 14 
patients out of 18 patients > 65 years[60]. The dose 
of TVR did not affect SVR, which was 50%. While 
in the registration trials renal dysfunction was not 
observed, recent reports suggested that the incidence 
of renal impairment with TVR and BOC combination 
therapy may be as high as 5%, more common in old 
patients, and in those with cirrhosis, diabetes and 
hypertension. Moreover, by impairing renal function, 
TVR can increase blood RBV concentration and the 
plasma/whole blood RBV ratio (49-50). In the study 
of Rao et al[62], only 1 male patient with cirrhosis in 
the TVR cohort, aged 75 years, developed a sustained 
drop in estimated Glomerular Filtration Rate (eGFR) 
of 40% from baseline; in the BOC cohort, 2 patients, 
aged 65 and 66 years, both cirrhotics and with normal 
pre-treatment creatinine levels, were noted to have 
a self-resolving acute kidney injury. Finally, in the 
HCV-TARGET consortium of investigators, in order 
to evaluate the safety profile of BOC and TVR in 
academic and community centers across the United 
States, 2212 patients have been enrolled and were 
at varying stages of treatment. Of 970 patients who 
started triple therapy regimens (mean age 56 years, 
range 18-76 years), 74 patients (8%) were aged 
≥ 65, 53 (72%) treated with TVR and 21 (28%) 
with BOC. Early treatment discontinuation was more 
common in older compared to younger patients (36% 
vs 25%, respectively), and was more frequently due to 
adverse events (48% vs 37%) than to lack of efficacy 
(22% vs 33%). Anemia, defined as haemoglobin < 10 
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g/dL, or use of epoetin, transfusion, or ribavirin dose 
adjustment, were more frequent (77% vs 63%), more 
severe (nadir Hgb < 8.5 g/dL in 35% vs 18%), and 
more likely to be considered a severe adverse event 
(8% vs 3%) in older patients. The use of epoetin (55% 
vs 33%) and blood transfusions (23% vs 10%) was 
also more frequent in the older population. Among 
treatment naive patients on telaprevir, rates of on-
treatment virological response were similar between 
older and younger patients [(week 4: 77% (17/22) vs 
79% (177/225), respectively][41,63].

In conclusion, triple therapy with TVR and BOC 
is burdened with a number of adverse events, with 
a higher rate in the older population. However, the 
rate of discontinuation and of SVR are comparable to 
those in the younger HCV patients. Undoubtedly, HCV 
patients until now object of expanded access programs 
and clinical experience were more prone to develop 
adverse events, because with a more advanced liver 
disease. 

TOWARDS NEW TREATMENT 
REGIMENS: IFN-FREE DOESN’T MEAN 
FREE FROM CONTRAINDICATIONS, SIDE 
EFFECTS AND INTERACTIONS
At the time this manuscript is written (April 2015), 
the following new direct antiviral agents (DAAs) or 
combination of DAAs are approved by the United 
States FDA and the European EMA: sofosbuvir, 
simeprevir, co-formulated ABT-450/ritonavir/ombitasvir 
plus dasabuvir, and sofosbuvir plus ledipasvir. 
Furthermore, one drug is approved only by EMA, i.e., 
daclatasvir, while the combination of grazoprevir plus 
elbasvir is currently tested in phase 3 clinical trials. 
Finally, other combinations of DAAs, i.e., sofosbuvir 
plus GS-5816 (Gilead Sciences), and asunaprevir plus 
daclatasvir plus beclabuvir, are proceeding rapidly 
in their clinical development and others are likely to 
enter the market only a little bit later. Therefore, new 
types of IFN-containing regimens have become and 
will become available but, mainly, the time has come 
for IFN-free regimens. Free from IFN means free from 
all the well-known IFN-dependent contraindications 
and side effects, and the possibility to consider 
for treatment also the following three categories 
of patients which had been almost completely 
excluded from IFN-based regimens: patients with 
more advanced disease (decompensated cirrhotics); 
patients with severe cardio-pulmonary or psychiatric 
comorbidities; elderly patients, i.e., those aged ≥ 
65 years. It is easily understood that the latter two 
categories of patients frequently coincide.

However, it should be clearly kept in mind that IFN-
free does not mean free from any side effect and from 
the possibility of drug-drug interactions. Moreover, 
the metabolism and way of elimination of each drug 

should be carefully evaluated, mainly when planning 
to treat older patients with multiple comorbidities and 
politherapy. Again, the most worrisome aspect is that 
registrative studies of new drugs almost completely 
lack data concerning efficacy and, mainly, safety in this 
more fragile patient population. 

Sofosbuvir has been the first among the new 
anti-HCV drugs to be approved both in United States 
and in Europe. It is a nucleotide prodrug which, in 
human hepatocytes, is converted to an active uridin-
triphosphate form, which acts as an inhibitor of the 
HCV RNA-polymerase. In the 4 phase 3 registrative 
trials, only few patients aged ≥ 65 years have been 
included and, according to the EMA assessment report 
as adopted by the Committee for Medicinal Products 
for Human use (CHMP), “there is lack of clinical 
experience treating patients older than 75 years of 
age”[64]. In the POSITRON trial, in which 207 naïve 
patients with genotype 2-3 HCV infection where treated 
with sofosbuvir plus RBV, mean age was 52 (21-75) 
years, and only 15 patients aged ≥ 65 years received 
sofosbuvir[65]. At the univariate analysis, neither age 
≥ 50 years [OR = 1.37 (0.70-2.68), P = 0.36], nor 
age ≥ 65 years [OR = 0.77 (0.23-2.54), P = 0.67], 
were associated with a reduced probability of SVR[65,66]. 
The number of patients aged ≥ 65 years was limited 
to 9 in the FUSION trial, in which 201 patients with 
genotype 2-3 HCV infection, nonresponder to previous 
IFN-based regimens, were treated with sofosbuvir 
plus RBV for 12 or 16 wk[65]. Mean age in this trial 
was 54 years (24-70), and age ≥ 50 years was not 
associated with a reduced SVR neither in the 12 wk 
arm [OR = 1.44 (0.55-3.8), P = 0.46], nor in the 16 
week one [OR = 1.22 (0.44-3.42), P = 0.71][65]. Age 
≥ 65 years was not evaluated with respect to SVR due 
to the restriction of the sample. In the FISSION trial, 
where 256 HCV genotype 2-3 naïve patients were 
treated with sofosbuvir plus RBV and compared to 243 
patients receiving PEG-IFN plus RBV, mean age was 48 
(19-77) years, only 7 patients were aged ≥ 65 years, 
and age ≥ 50 years was not associated with reduced 
SVR at the univariate analysis [OR = 1.40 (0.83-2.37), 
P = 0.21][67]. Finally, in the NEUTRINO trial, in which 
327 naïve patients with genotype 1, 4, 5 or 6 HCV 
infection underwent treatment with PEG-IFN plus RBV 
plus sofosbuvir, mean age was 52 (19-70) years, and 
only 20 patients were aged ≥ 65 years[67]. In this 
trial there was a trend towards a better response in 
younger patients, with 94.5% of patients aged < 50 
years reaching SVR compared to 88% of those aged 
≥ 50 years [OR = 0.42 (0.17-1.06), P = 0.067]. 

The bioavailability of sofosbuvir is at least 50%, it 
is subjected to marked efflux, probably mediated by 
P-glycoprotein and/or breast cancer resistance protein, 
and it undergoes extensive first-pass metabolism in the 
intestine and in the liver, being rapidly hydrolysed to 
different metabolites[64]. Most of radioactively-labelled 
sofosbuvir is excreted in urine, predominantly in the 
form of its metabolite GS-331007, and severe renal 
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impairment is therefore associated with a more than 
7-fold increase in exposure to GS-331007. Treatment 
of patients with severe renal impairment or end-stage 
renal disease is not recommended. While exposure 
to sofosbuvir and to its metabolite GS-566500 was 
increased approximately 2-fold in patients with 
moderate and severe hepatic impairment, there 
are no specific recommendations in this category of 
patients. Possible interactions to consider in patients 
treated with sofosbuvir are those with drugs inducing 
intestinal P-glycoprotein (Rifampicin, Carbamazepine, 
Hypericum), which can reduce sofosbuvir plasmatic 
concentration, and with those inhibiting P-glycoprotein 
(Cyclosporine), which can significantly increase 
sofosbuvir levels. 

The experience in elderly patients has been 
very limited also in the phase 3 registrative trials of 
simeprevir, which is a macrocyclic inhibitor of the HCV-
NS3/4A protease. In the QUEST 1 trial, 264 naïve HCV 
genotype 1 patients were treated with a triple regimen 
of PEG-IFN plus RBV plus simeprevir and compared to 
130 patients receiving placebo instead of simeprevir[68]. 
Mean age was 48 (36-54) years and only 7 patients 
were older than 65 years[68]. Age was not associated 
with SVR[69]. Comparable age distributions were those 
in the QUEST 2 trial[70] [46 (18-73) years], in which 
257 naïve HCV genotype 1 patients received PEG-IFN 
plus RBV plus simeprevir and were compared to 134 
patients receiving triple therapy including placebo, and 
in the PROMISE trial [52 (20-70) years], in which 260 
HCV genotype 1 previous relapser were retreated in 
triple therapy with simeprevir and compared to 133 
patients receiving placebo[71]. Also in these 2 trials age 
was unrelated to SVR. In the EMA assessment report 
as adopted by the CHMP, it is therefore stated that the 
number of patients > 65 years treated with simeprevir 
is too small to draw meaningful conclusions, and no 
data at all is available for patients over the age of 73 
years[69]. It is also noted that pruritus and anemia 
where higher in the > 45 and ≤ 65 year age group 
of patients treated with simeprevir compared to the 
incidence in younger patients, and that anemia was 
reported in 8/21 simeprevir-treated patients > 65 
years compared to 1/8 of placebo treated ones in the 
same age group, suggesting a possible age-related 
effect of SIM on this side effects[69]. Simeprevir seems 
to have an impact also on the incidence of pruritus in 
the age group > 65 years, and of dyspnea in patients 
> 45 years (16% vs 9.1% in placebo), independently 
from anemia[69]. However, no dose adjustment is 
recommended in the elderly population.

Most of simeprevir administered dose is recovered 
in faeces (approximately 90%), while excretion in 
urine accounts to only < 0.5% in man[69]. Since renal 
elimination of simeprevir is negligible, a certain caution 
is recommended only in patients with severe renal 
impairment. Similarly no dose adjustment is necessary 
in patients with mild or moderate hepatic impairment, 
but no dose recommendation can be made for patients 

with severe hepatic impairment (Child Pugh class C). 
The primary enzyme involved in the biotransformation 
of simeprevir is cytochrome CYP3A4, and the potential 
for interaction of simeprevir is high. Co-administration 
of simeprevir with moderate or strong inhibitors of 
CYP3A4 (Erythromycin) may significantly increase the 
plasma level of simeprevir, while co-administration 
with moderate or strong inducers of CYP3A4 may 
significantly reduce its plasma concentration, leading 
to loss of efficacy[69]. 

The experience in the elderly population is even 
poorer with daclatasvir. Daclatasvir is a first in class 
direct acting antiviral agent, which binds to and inhibits 
the function of the hepatitis C virus protein NS5A. In 
the only phase 3 registrative trial, in which daclatasvir 
was used in combination with PEG-IFN plus RBV in 
naïve HCV genotype 4 patients, only 3 among the 
82 patients treated with daclatasvir were aged ≥ 65 
years[72].

The elimination of daclatasvir in animals involved 
multiple pathways including fecal excretion, direct 
intestinal secretion, and metabolism followed by 
biliary excretion, while renal clearance was a minor 
route of elimination for daclatasvir[73]. Therefore, no 
dose adjustment of daclatasvir is required for patients 
with any degree of renal impairment. daclatasvir is 
metabolized by CYP3A4 as well as excreted unchanged 
by P-glycoprotein and possible other transporters. 
It is therefore expected that strong inhibitors (e.g., 
ketoconazole) and inducers (rifampicin) of CYP3A4 
and/or P-glycoprotein will influence the exposure to 
daclatasvir to a significant extent. Since daclatasvir 
is an inhibitor of P-glycoprotein, organic anion 
transporting polypeptide (OATP) 1B1 and 1B3, organic 
cation transporter (OCT)1 and breast cancer resistance 
protein (BCRP), the exposure to drugs transported 
by these enzymes (rosuvastatin, digoxin) may be 
increased by coadministration of daclatasvir[73]. 

The combination treatment of co-formulated 
ABT-450/ritonavir/ombitasvir plus dasabuvir was very 
recently approved. ABT-450, a HCV NS3/4A protease 
inhibitor, is administered with ritonavir, which acts as 
a pharmaco-enhancer, without direct antiviral action, 
inhibiting ABT-450 metabolism and increasing its blood 
concentrations. Ombitasvir is a HCV NS5A inhibitor, 
while dasabuvir is a non-nucleoside NS5B polymerase 
inhibitor.

In the 6 phase 3 registrative trials (SAPPHIRE-1[74], 
PEARL-4 and PEARL-3[75], SAPPHIRE-2[76], PEARL-2[77] 
and TURQUOISE-2[78]), the proportion of patients aged 
more than 65 years was, respectively, of 4.0% (19 
patients), 7.5% (23 patients), 7.9% (33 patients), 
6.7% (20 patients), 16.7% (31 patients) and 12.9% 
(49 patients). All trials excluded patients over 70 years 
of age. Overall, a reduced probability of SVR with age 
≥ 55 years was not reported in any of these studies, 
although age ≥ 65 years was not evaluated with 
respect to SVR due to the restriction of the sample. 
Concerning safety, according to the EMA assessment 
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report as adopted by the CHMP, “within each age 
group (< 65 years, ≥ 65 years), the treatment-group 
differences in the incidence of treatment-emergent 
adverse events and the percentage of subjects with 
hemoglobin and liver function test values by maximum 
grade were generally consistent with those observed in 
the overall analysis”[79,80].

The bioavailability of ABT-450/ritonavir/ombitasvir 
and dasabuvir was mainly evaluated in the combination 
therapy, possibly accounting for interactions between 
individual DAAs, and only partially in the single 
agent administration. All these drugs are prevalently 
transported in plasma as unchanged products (ABT-450 
and ombitasvir) or active metabolites (M1 for dasabuvir), 
metabolized by the CYP3A or CYP2C cytochromes and 
excreted with the faeces (approximately 87%-94%) 
through the hepatobiliary route and, in a minor part, 
with urine[79,80]. Notwithstanding exposures were shown 
to be altered in different extents with renal and hepatic 
impairment, there are no specific recommendations in 
this categories of patients[79,80]. As for other treatment 
regimens, possible interactions to consider are those 
with drugs inhibiting (ketoconazole, cyclosporine, 
protease inhibitors) or inducing (carbamazepine) 
CYP3A4, or inhibiting CYP2C8 and OATP1B (gemfibrozil).

Also the combination of sofosbuvir and ledipasvir, a 
new HCV NS5A inhibitor with antiviral activity against 
genotype 1, was recently approved. This regimen, 
with or without RBV, reached very high SVR rates both 
in previously untreated patients (ION-1 and ION-3 
trials)[81,82], and in those who had failed a previous 
triple therapy with boceprevir or telaprevir (ION-2 
trial)[83]. Baseline patient characteristics were similar 
in these trials except that up to 20% of patients had 
cirrhosis in ION-1 and ION-2 trials, while the ION-3 
trial included only non-cirrhotic patients. As a whole, 
1952 patients were enrolled in these phase 3 studies, 
with a median age of 55 years (range: 18-80 years)[84], 
and with only 152 patients aged > 65 years [ION1: 72 
patients (8.3%); ION2: 31 patients (4.8%); ION3: 49 
patients (7.6%)][81-83]. When analyzed at the univariate 
analysis, age was not associated with a reduced 
probability of SVR[83]. Overall, the safety profile of 
sofosbuvir plus ledipasvir in patients with compensated 
liver disease and with a calculated GFR > 60 ml/min 
is very favorable, but caution is recommended both in 
patients with severe liver disease and in patients with 
severe renal impairment[84].

Although the absolute bioavailability of ledipasvir 
has not been investigated, the fraction absorbed 
seemed to be modest (< 30%) and mostly excreted 
via biliary secretion[84]. It is not a substrate of the 
hepatic transporters but co-administration of ledipasvir 
has an effect on exposure to sofosbuvir (about 2-fold 
increase) via its inhibitory effects on P-glycoprotein 
and/or breast cancer resistance protein, for which 
sofosbuvir is a substrate[84].

Finally, the combination of grazoprevir plus 
elbasvir, with or without RBV, is under investigation 

in large phase 3 clinical trials. Grazoprevir is a second 
generation protease inhibitor with potent antiviral 
efficacy and broad genotypic coverage, while elbasvir 
is a potent NS5A inhibitor. The safety profile is good 
and SVR rates are high[85,86]. Currently extrapolable 
data concerning the elderly population are poor but 
subgroup analysis showed that SVR was not influenced 
by age and was similar between patients older than 50 
years and the younger ones[84,85].

HOW TO REVISE THE STRATEGY OF 
TREATMENT IN THE ELDERLY IN THE 
ERA OF IFN-FREE REGIMENS?
As pointed out above, although with some differences 
between countries, it seems clear that elderly 
patients are becoming the prevalent HCV-affected 
population[7-15]. It has also been acquired that the 
progression of HCV-related hepatitis towards cirrhosis 
and HCC is more rapid in the elderly[27-30], and that 
aged patients likely suffer more also from the extra-
hepatic manifestations of HCV infection, such as 
fatigue and neuropsychological disorders[22]. Moreover, 
notwithstanding the problems associated with IFN 
treatment in the elderly, the few studies available 
demonstrate that aged patients can achieve significant 
rates of SVR and that SVR can halt the progression 
of liver disease also in this category of patients (Table 
1). Our narrowness of mind towards the treatment 
of HCV in the elderly has been mainly dependent on 
the fact that, to date, we have had available only IFN-
based regimens, which in older patients are burdened 
with more side effects, higher discontinuation and 
withdrawal rates, and lower SVR rates, the latter 
probably due to a reduced stimulatory effect of IFN on 
the aged immune system. Indeed, although numbers 
are still limited, the first data from IFN-free regimens 
suggest that SVR rates are substantially independent 
from age[65-68,70,71]. However, it should be kept in mind 
that, even if to a significantly lesser extent, also 
new drugs have contraindications, side effects and 
interactions. Indeed, the main problem of the new 
anti-HCV regimens in elderly patients will likely be that 
of combining different anti-viral drugs, each with its 
potential of interactions, in patients who are frequently 
on polytherapy due to comorbidities. 

In any case, with the transition to IFN-free 
regimens, it seems fundamental that we change our 
mind concerning the treatment of HCV infection in 
the elderly. As well as in the young patient, also in 
the aged one, we should start with the principle that 
HCV infection deserves to be eradicated because of 
the risk of progression towards cirrhosis and HCC and, 
even independently from liver disease, because of its 
negative impact on the quality of life. Having said that, 
there are two possible scenarios to be considered: 
(1) the ideal one, the more desirable, is that in which 
there are no economic restrictions; and (2) the other 
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one, which will be likely faced by most of the countries, 
is that in which the resources are limited. If moving in 
the first scenario, every elderly HCV-positive patient, 
independently from the stage of liver fibrosis, should 
be considered a candidate to antiviral treatment, 
and the only limitations should be decompensated/
advanced comorbidities (cardio-pulmonary diseases, 
cancers, etc.), which are expected to affect short-term 
survival (in terms of months or, at most, of a very few 
years), or possible interactions of anti-HCV medications 
with drugs which are essential for the management of 
patient comorbidities (Figure 1). In the more realistic 
second scenario, conversely, after having excluded 
severe comorbidities likely to affect short-term survival 
and binding pharmacological interactions, every 
single case should be carefully evaluated on the base 
of: (1) the stage of liver fibrosis and expected time 
to decompensation; and (2) the evaluation of life-
expectancy dependent on comorbidities. According to 
these assessment, independently from anagraphic age, 
the elderly HCV patients should receive the indication 
to treatment when liver disease is likely to affect 
survival. Patients who are not considered for treatment 
should be monitored and periodically (annually) 
noninvasively reassessed in terms of fibrosis, with the 
readiness to reconsider the indication to treatment if 
the equilibrium seems to have changed (Figure 1). 

CONCLUSION
In the present manuscript, an updated overview 

concerning the issue of HCV treatment in the elderly 
patient is provided. As well as it happened in the case 
HBV infection, the availability of safe and effective 
drugs will change our approach also to the aged HCV 
patient, and the number of treatment candidates will 
rise dramatically in the next future. The sooner we will 
change our mind with respect to an a priori obstacle 
for anti-HCV treatment in the elderly, the sooner we 
will begin to spare many aged HCV patients from 
avoidable liver-related complications.
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