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1  | INTRODUC TION

Chronic hepatitis C virus (HCV) infection is a major cause of cirrho‐
sis, hepatocellular carcinoma (HCC) and end‐stage liver disease.1 
There are an estimated 2.4 million people living with hepatitis C in 

the United States. Approximately 75% of people with hepatitis C 
were born between 1945 and 1965 (Baby Boomers) with the oldest 
already 73 years old.2 US national prevalence data show that people 
born during these years are five times more likely than other adults 
to be infected with HCV.

Cure of HCV infection defined as undetectable HCV RNA in the 
blood at least 12 weeks after treatment completion (SVR) strongly 
reduces the risk of liver‐related morbidity and mortality.1,3
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Abstract
The advent of highly effective and well‐tolerated direct antiviral antivirals (DAAs) has 
dramatically changed the landscape of chronic hepatitis C. The effect of DAAs in older 
adults	 is	difficult	to	determine	since	patients	aged	≥	65	years	were	too	few	in	most	
clinical trials and data mainly come from observational studies. We performed a sys‐
tematic review and meta‐analysis to evaluate the efficacy and safety of DAAs in pa‐
tients	aged	65	and	older.	PubMed,	Scopus,	Web	of	Science,	Cochrane	Central	Register	
of Controlled Trials, ClinicalTrials.gov, HCV‐Trials.com databases were searched for lit‐
erature published until 1 December 2017. English language articles reporting results of 
phase 2 or 3 randomized controlled trials (RCTs), single‐arm clinical trials (SATs) and ob‐
servational studies were included in the final analysis. All studies included subgroups of 
older patients and compared their outcomes with younger individuals. By using a ran‐
dom‐effects or fixed‐effects model, odds ratio (OR) was calculated for the efficacy and 
safety. Heterogeneity was tested using I2 statistics. Thirty‐seven studies reported data 
on the DAA efficacy. The OR was 1.66 (95%CI: 1.00‐2.75; P = 0.06) in meta‐analysis 
of RCTs, and similar results were found in SATs and observational studies. HCV geno‐
type, stage of fibrosis or HIV co‐infection did not affect the rate of SVR in older per‐
sons.	Prevalence	of	anaemia	(OR	0.26	95%CI:	0.09‐0.69;	P = 0.007) (OR 0.25 95%CI: 
0.09‐0.69; P = 0.007) and skin complaints (OR 0.61 95%CI: 0.45‐0.83; P = 0.001) was 
higher in older adults. Finally, geriatric patients affected by chronic HCV infection can 
be safely treated with DAAs with the same efficacy reported in younger adults.
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The advent of highly effective and well‐tolerated direct‐acting 
antiviral agents (DAAs) has dramatically changed the landscape of 
chronic hepatitis C,4 and the global rate of virological response is 
currently above 90% for most patients.5‐12

Due to the absence of interferon and the short course of the 
treatment, an increasing number of patients are eligible for antivi‐
ral treatment, including older patients who generally do not tolerate 
interferon.4,13 Observational data on HCV infection report that the 
prevalence of chronic hepatitis C (CHC) increases with age; in addi‐
tion, older individuals often present with cirrhosis complications as 
initial manifestations of infection14,15 and have higher liver‐related 
mortality rate.15,16

These concerns suggest that treatment of HCV infection in older 
persons is an important public health intervention. However, the 
global efficacy of this new class of drugs is difficult to determine 
since	patients	aged	≥	65	years	were	too	few	in	most	clinical	trials	and	
data mainly come from observational studies.

Accordingly, the present meta‐analysis was aimed to assess the 
efficacy and the frequency of side effects of DAA treatment in older 
CHC patients compared to younger individuals.

2  | METHODS

This	meta‐analysis	is	reported	according	to	the	criteria	of	Preferred	
Reporting	 Items	 for	 Systematic	 Reviews	 and	 Meta‐Analyses	
(PRISMA)	statement17 and the Cochrane handbook guidelines.18

2.1 | Data sources and searches

We	searched	Pubmed,	Web	of	Science,	Scopus,	Cochrane	Central	
Register of Controlled Trials, ClinicalTrials.gov, HCV‐Trials.com 
for literature published in English until 1 December 2017. We also 
checked the reference lists of included articles, review articles and 
meta‐analyses identified by the electronic searches to find other eli‐
gible studies. The search strategy included terms for anti‐HCV med‐
ications and target population. Relevant citations were retrieved 
after traditional screening of title and abstract.

The identification of relevant abstracts, the selection of studies 
based on the criteria described above were performed independently 
by two of the authors (RV and FDC), and conflicts resolved by a third 
investigator	(MM).

2.2 | Study selection

We selected English language articles reporting results of:

a) phase 2 or 3 randomized controlled trials (RCTs) evaluating differ‐
ent duration of treatment or same treatment duration with or with‐
out ribavirin or comparison including different antiviral regimens;

b) single‐arm clinical trials (SATs);
c) observational studies (prospective or retrospective).

Older adults were defined as being 65 years and older compared to 
individuals < 65 years (adults).

Subgroup analysis of older adults over age 75 and 80 was 
also included. In the final analysis, only studies reporting efficacy 
and/or safety data by age subgroups were considered. Studies 
including older patients but reporting only overall results were 
excluded.

Studies assessing the efficacy of any oral DAA‐containing com‐
bination (HCV NS3 protease and/or NS5A and/or NS5B polymerase 
inhibitors) for which the primary outcome was the sustained viro‐
logical response (SVR) and/or side effect rates were included in the 
meta‐analysis. SVR was defined as undetectable HCV RNA in the 
blood at least 12 weeks after therapy completion. Studies reporting 
interferon‐containing regimens or non‐FDA‐approved drugs were 
excluded.

2.3 | Data extraction and quality assessment

Data extraction were performed independently by two of the au‐
thors (RV and FDC), and conflicts resolved by a third investigator 
(MM).	Using	 standardized	 forms,	 the	 first	 investigator	 extracted	
data from the selected studies about design, outcomes, study 
characteristics, SVR rate and prevalence of side effects. A sec‐
ond investigator appraised the accuracy of the extractions. They 
independently assessed risk of bias for each study by using the 
Cochrane risk‐of‐bias tools for RCTs and the Cochrane tool for as‐
sessment of risk of bias in nonrandomized trials and observational 
studies.18,19 The number of titles/abstracts identified, accepted 
and rejected was recorded. Adverse events were recorded and de‐
fined by using methods recommended by Cochrane Collaboration 
Guidelines.20

2.4 | Statistical analysis

Aggregate trial data were used for a quantitative synthesis (ie for 
calculation of endpoint mean and 95% Confidence Intervals for 
continuous	variables,	and	Mantel‐Haenzel	Odds	Ratio	[MH‐OR]	for	
categorical variables). Both fixed and random effect models were 
applied. A sensitivity analysis with continuity correction, using ran‐
dom‐effects models, was performed for categorical variables listed 
among principal endpoints. Heterogeneity between studies was 
evaluated using the I2	statistic	with	a	cut‐off	point	of	≥	50%,	and	a	P 
value < 0.10 on the chi‐square test was defined as a significant de‐
gree	of	heterogeneity.	Proportion	meta‐analysis	was	also	performed	
to obtain a pooled SVR rate. Results were considered statistically 
significant at two‐sided P	≤	0.05.

Publication	bias	was	explored	performing	Egger's	test,	a	contour	
enhanced funnel plot and trim and fill analysis, where there were 
more than 10 studies available.

Statistical analyses were performed using STATA (version 
14;	 STATA	 Corporation)	 and	 Review	 Manager	 5.1	 (Cochrane	
Collaboration).
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3  | RESULTS

3.1 | Study and quality characteristics

Starting from 13 721 citations, a total of 37 studies were included in 
the final analysis to explore the efficacy outcome (13 RCTs, 6 SATs 
and 18 observational studies); 10 of these studies were used for the 
analysis of safety.

Study	characteristics	and	the	PRISMA	flow	chart	are	shown	 in	
Table S1 and Figure S1, respectively.

Seven observational studies also included a subgroup analysis of 
patients over 75 years 13,21‐26; one observational study and one SAT 
reported data on patients older than 80 years.21,27

Safety outcomes were reported by 10 studies (1 RCT, 1 SAT and 
8 observational studies).10,13,22‐25,28‐31 The risk of bias of the included 
studies is shown in Table S2 and S3.

Among RCTs and SATs, six had high risk in blinding of partici‐
pants and personnel and one study had high risk for selective re‐
porting of outcomes. The risk of bias of observational studies was 
globally low.

Potential	sources	of	bias	included	single‐group	design;	since	SVR	
is a highly objective measurement of treatment, lack of blinding was 
not considered relevant.

Statistical assessment of publication bias using a contour en‐
hanced funnel plots showed symmetry and suggested the absence 

of	significant	publication	bias	 (Figure	S2).	The	Egger's	test	and	the	
trim and fill analysis were not statistically significant, indicating that 
publication bias had no effects on the final results.

3.2 | Meta‐analysis of RCTs: Efficacy of DAAs in 
adults aged ≥ 65 years

Thirteen RCTs comprising 3913 adults and 478 older adults were 
included in our final analysis. In the overall analysis, no differences 
were	found	between	older	adults	and	adults	treated	with	DAAs	[OR	
1.66 (95%CI: 1.00‐2.75; P = 0.06; I2	=	0%)]	(Figure	1).	Very	interest‐
ingly, in all studies no difference was found between the two age 
subgroups. Only one study showed that the efficacy of DAAs was 
higher in older adults.32

Proportion	meta‐analysis	showed	a	pooled	SVR	rate	of	98.5%	in	
the older population.

Sustained Virological Response rates were not significantly dif‐
ferent between young and old patients independently from HCV 
genotype.

Eight RCTs reported SVR rate for genotype G1 in older adults 
(Table S4). DAA regimens included sofosbuvir/ledipasvir with or 
without ribavirin,5,6,10,12,33 sofosbuvir/velpatasvir,11 grazoprevir/elb‐
asvir34 and sofosbuvir plus simeprevir8 were analysed.

The OR was 1.29 (95%CI: 0.64‐2.59; P = 0.48) and pooled SVR 
rate was 99%.

F I G U R E  1   DAA efficacy in older adults compared to younger adults. Forest plot for OR and corresponding 95% confidence intervals (CIs)
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Data on genotype 2 HCV patients over 65 years were very lim‐
ited and included in only one RCT with 25 patients treated with so‐
fosbuvir/velpatasvir and an SVR of 100%.11

Only one open‐label phase 3 study included genotype 3‐infected 
patients: Seven were treated with sofosbuvir/velpatasvir and 14 
with sofosbuvir plus ribavirin. The response rates were 100% and 
78.6%, respectively.35

Two RCTs were published on genotype 4 infected patients (Table 
S5). One included 11 patients treated with sofosbuvir/velpatasvir for 
12 weeks and an SVR of 100%11; the second included 13 patients 
treated with sofosbuvir and ribavirin for 12 or 24 weeks (overall SVR 
77.8%).36

One phase 3 RCT included 11 HIV/HCV patients treated with so‐
fosbuvir and daclatasvir. No difference between younger and older 
patients was observed (OR 1.18; 95%CI 0.14‐9.85).37

3.2.1 | Patients with cirrhosis

Data on the efficacy of DAA treatment in older cirrhotic patients 
were	reported	in	a	Phase	3	Open‐label	Multicenter	RCT	enrolling	7	
patients; all of them achieved SVR.38

3.3 | Efficacy of direct‐acting antivirals in adults 
aged ≥ 65 years: Results from meta‐analysis of SATs

Six single‐arm trials were considered (754 adults and 122 older 
adults) and the final result confirmed the meta‐analysis of RCTs 
(OR 1.93 95%CI 0.70‐5.32; P = 0.21; I2 0%): HCV G1‐2‐4 in‐
fected elderly patients had SVR rates comparable with adults 
(Figure 1).

3.4 | Meta‐analysis of observational studies: 
Efficacy of DAAs in adults aged ≥ 65 years

Eighteen observational studies comprising 14 072 adults and 7078 
older adults were included in the meta‐analysis, and no difference 
was	observed	between	elderly	 and	 adults	 SVR	 rate	 [OR	was	0.93	
(95%CI 0.81‐1.07; P = 0.33; I2	24%)]	(Figure	1);	proportion	meta‐anal‐
ysis showed a pooled SVR rate of 92.4%.

Seven studies comprising 3136 patients compared DAAs effi‐
cacy	in	a	subgroup	of	patients	≥	75	years	and	demonstrated	no	dif‐
ference in terms of OR compared to patients < 75 years.

Two studies also reported data on a total of 333 pa‐
tients	≥	80	years	and	no	OR	difference	was	observed	when	com‐
pared to < 80 years old.

The influence of HCV genotype in terms of SVR was also ex‐
plored in the observational studies.

Eight observational studies reported SVR of HCV genotype 
1 in older adults (n = 2824) compared to adults (n = 3994), and no 
significant difference was observed (OR 1.01; 95%CI: 0.80‐1.27; 
P = 0.94).21,25,39‐44

The OR in older G2 HCV infected patients was not significantly 
different from adults (OR = 1.17; 95%CI: 0.81‐1.69; P = 0.96).

No data on SVR of older patients infected with G4 were found, 
and only one retrospective cohort study included three patients 
with G3 HCV.

A large retrospective study conducted in the US reported data 
on 234 HCV/HIV+	patients	aged	≥	65	years	treated	with	DAAs;	SVR	
was not significantly different between older patients and adults 
(OR 1.21; 95%CI 0.22‐1.99).40

3.4.1 | Cirrhotic patients ≥ 65 years

The analysis of cirrhotic patients was reported in three observa‐
tional	studies	 including	397	patients	≥	65	years;	 the	SVR	rate	was	
91.9% in older cirrhotic patients vs 89.5% of cirrhotic adults with no 
difference in terms of OR (OR = 1.32, 95%CI: 0.49‐3.57; P = 0.58; 
I2 = 41.5%) (Figure S3).23‐25

3.5 | Safety of DAA treatment in adults 
aged ≥ 65 years

The prevalence of ‘any adverse events’, ‘anaemia’, ‘skin complaints’ 
and ‘neurological or psychiatric symptoms’ was statistically differ‐
ent between adults and older adults (Figure 2). The crude rates for 
adverse	events	in	adults	aged	≥	65	years	are	reported	in	Table	S6.

In the overall analysis, anaemia was more frequently observed 
in older individuals compared to adults (22.7% vs 9.4%; OR 0.25 
95%CI: 0.09‐0.69; P = 0.007). It is interesting to note that a signifi‐
cant proportion of older adults enrolled in studies reporting anaemia 
received ribavirin in the antiviral regimen (49.8%).

When the analysis was limited to a subgroup of studies enrolling 
only older patients with ribavirin combination treatment,22,24,28 the 
OR was 0.14 (95%CI: 0.06‐0.32; P = 0.0001) as compared to adults. 
(4.6%). Unfortunately, no studies reported the prevalence of anae‐
mia in older adults treated with DAAs without ribavirin.

Seven studies reported data on the prevalence of skin com‐
plaints in different age subgroups and reported a slight increase 
in the frequency of pruritus, rash and photosensitivity in pa‐
tients	 aged	 ≥	 65	 years	 (7%	 vs	 9.9%;	 OR	 0.61	 95%CI:	 0.45‐0.83;	
P = 0.001).10,13,22‐24,28,29 To verify the impact of protease inhibitors 
in the prevalence of skin complaints in older adults, a subgroup anal‐
ysis only including patients without protease inhibitors10,22,24,28 in 
the antiviral regimen was performed and we did not observe any 
significant difference (OR 0.62 95%CI: 0.31‐1.26; P = 0.19).

Neurological or psychiatric symptoms included headache, dizzi‐
ness, insomnia and depression were reported in five observational 
studies. The overall prevalence was 6.3% in older adults and 14.7% 
in adults (3.3% vs 4.6%; OR 1.70 95%CI: 1.16‐2.49; P = 0.006).

Three observational studies reported on the prevalence of gas‐
trointestinal side effects (nausea, abdominal pain, vomiting, diar‐
rhoea, constipation, ischaemic colitis and haemorrhagic gastric ulcer) 
and showed no difference in the age subgroups (2.8% in adults ver‐
sus 2.3% in older people).22,23,29

Five studies reported data on the risk of DAA discontinuation 
in patients of different ages: it was observed in 0.9% and 1.2% of 
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F I G U R E  2   DAA safety in older people compared to younger adults. Forest plot for OR and corresponding 95% confidence intervals (CIs)
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adults and older patients, respectively (OR 0.76 95%CI 0.17‐2.3.5; 
P = 0.60).10,13,23,24,29

Prevalence	of	 fatigue	was	 investigated	 in	 the	older	population	
by three retrospective cohort studies which included a total of 491 
patients. The symptom was very common and was reported in 27.3% 
and 27.9% of older and adult patients, respectively (OR 0.85 95%CI 
0.65‐1.11; P = 0.24).13,23,29

Age‐related prevalence of hyperbilirubinemia was reported only 
in one study with a similar crude rate of 5.3% in both adults and older 
people.23

4  | DISCUSSION

People	aged	65	years	and	over	are	estimated	to	be	about	900	million	
worldwide. This percentage is expected to increase in the next few 
years. The prevalence of chronic hepatitis C is up to 40% in the older 
population.45

Due to multi‐morbidity and polypharmacy, most clinical trials on 
DAAs have included a very limited proportion of patients older than 
65 years.

However, considering the multiple beneficial effects of DAA 
treatment, antiviral therapy is commonly prescribed in older patients 
and age has never been considered a contraindication.

It has been recently shown that DAAs improve metabolic bal‐
ance in CHC patients by exerting beneficial effects on fasting glu‐
cose, glycated haemoglobin and hypertension.46‐50

These changes may result in a large number of benefits even in 
older ages such as reduction of polypharmacotherapy and cardio‐
vascular risk46 and finally in improvement of quality of life.

Our study shows that DAA treatment of older chronic HCV pa‐
tients is highly effective with a success rate that was not different 
from adults.

The overall analysis of 13 RCT studies did not show any sig‐
nificant	difference	 in	virological	 response	 in	people	≥	65	years	as	
compared to adults. Antiviral regimens, treatment duration, liver 
cirrhosis and use of ribavirin did not impact SVR rate in older people.

The meta‐analysis of SATs and observational studies, considered 
separately, produced the same results.

As expected, the overall SVR rate in the observational studies 
was lower as compared to that reported in RCTs (90.1% vs 96.9%) 
but no difference was observed between older and adult patients.

It could be very interesting to verify the impact of liver cirrho‐
sis on the antiviral response to DAAs but, unfortunately, only one 
RCT38 and three observational studies23‐25 included such data. The 
analysis of these studies demonstrates that cirrhosis does not influ‐
ence SVR rate in older patients; however, the power of statistics is 
not strong enough to be conclusive.

In nine observational studies and in one SAT, data on SVR of pa‐
tients older than 75 or 80 years were provided. The overall SVR rate 
was 95.5% but no difference in OR was observed. These data sug‐
gest that older adults over age 75 or 80 may be effectively treated.

However, 7 out of 9 studies (632 of 773 patients) included only 
Japanese patients.

One of the most important reasons that has limited the antiviral 
treatment in the older population has been the risk of drug‐drug in‐
teraction and side effects.

Taken all together, our analysis shows that anaemia is the side ef‐
fect more commonly occurring in the elderly (22.7% of older treated 
patients) but all cases were observed in patients treated with a DAA 
regimen that included ribavirin. On the contrary, the risk of devel‐
oping anaemia in the older group was comparable to adults in DAA 
regimens without ribavirin.

Such data indicate that ribavirin should be avoided in the treat‐
ment of CHC patients older than 65 years and that DAAs are safe 
in such a population as well as in older patients over the age of 75 if 
ribavirin is not included in the therapy regimen.

Our meta‐analysis has several strengths. It is the first analysis 
of studies involving the older population treated with DAAs; the 
analysis included a total of 37 studies with RCTs separately analysed 
from	observational	and	SATs.	Moreover,	a	subgroup	analysis	of	older	
adults over the age of 75 and 80 has been included.

Limitations of our analysis were the small number of studies 
included in the safety outcomes, the retrospective design of meta‐
analysis of observational studies and the small number of patients 
included in meta‐analysis of RCTs.

Beyond these limitations, our data demonstrate that geriatric pa‐
tients, who are generally considered a difficult‐to‐treat population, can 
be safely treated with DAAs with the same efficacy as reported in adults.
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