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Introduction and aim. Introduction and aim. Introduction and aim. Introduction and aim. Introduction and aim. Data on the efficacy and tolerance of interferon-free treatment in chronic hepatitis C (CHC) in elderly
patients are limited in phase II-III trials. Material and methods.Material and methods.Material and methods.Material and methods.Material and methods. A prospective cohort of adult patients with CHC treated in
French general hospitals. Results.Results.Results.Results.Results. Data from 1,123 patients, distributed into four age groups, were analyzed. Of these, 278 were ≥
64 years old (fourth quartile) and 133 were ≥ 73 years old (tenth decile). Elderly patients weighed less, were more frequently
treatment-experienced women infected with genotype 1b or 2, while they less frequently had genotype 3 or HIV coinfection, but had
more frequent comorbidities and drug consumption. Half of the patients had cirrhosis, whatever their ages. The main treatment
regimens were sofosbuvir/ledipasvir (37.8%), sofosbuvir/daclatasvir (31.8%), sofosbuvir/simeprevir (16.9%), sofosbuvir/ribavirin
(7.8%); ribavirin was given to 24% of patients. The overall sustained virological response (SVR) rate was 91.0 % (95% CI: 89.2-
92.5%) with no difference according to age. Logistic regression of the independent predictors of SVR were albumin, hepatocellular
carcinoma and treatment regimen, but not age. The rate of severe adverse events (66 in 59/1062 [5.6%] patients) tended to be
greater in patients older than 64 years of age (21/261, 8.1%), but the only independent predictors of SAE by logistic regression
were cirrhosis and baseline hemoglobin. Patient-reported overall tolerance was excellent in all age groups, and patient-reported
fatigue decreased during and after treatment, independent of age. Conclusions.Conclusions.Conclusions.Conclusions.Conclusions. The high efficacy and tolerance of interferon-
free regimens is confirmed in elderly patients in real-life conditions.
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INTRODUCTION AND AIM

In patients with chronic hepatitis C (CHC), numerous
studies have shown that advancing age is generally associated

with a poorer sustained virological response (SVR) to inter-
feron-ribavirin treatment, as well as an increase in the dis-
continuation rate and dose reductions due to adverse
events.1,2 Advanced age is also associated with a longer dura-
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Written informed consent was obtained from all patients
before beginning the study.

Between March 1, 2014 and January 1, 2016, 1,334 pa-
tients were included in the cohort. Four of these were du-
plicates, 10 never began treatment, 98 received interferon,
and 99 had incomplete data due to incomplete records or
because their physician left the study.

Finally, 1,123 patients were evaluated (Figure 1). The
main patient characteristics are reported in table I.

The main patient characteristics, their treatment and
follow-up results were recorded by investigators on an
electronic CRF.

The diagnosis of cirrhosis was made by liver biopsy or
non-invasive tests including the Fibrotest®, Fibroscan®
or Fibrometer® according to the investigator’s preference
and French recommendations.24

Patients’ concomitant baseline comorbidities and med-
ications were recorded.

Standard laboratory tests (including hematological and
routine biochemical tests) were performed locally.

Blood HCV-RNA was determined by COBAS Am-
pliPrep®/COBAS TaqMan® (Roche Molecular Systems,
Pleasanton, California, USA), or Abbott Real Time HCV
Assay (Abbott Molecular, Des Moines, Illinois, USA),
with a lower limit of detection of 15 IU/mL and 12 IU/mL,
respectively. A SVR was defined as undetectable HCV
RNA at least 12 weeks after the end of treatment. Virolog-
ical relapse was defined as detectable HCV RNA follow-
ing undetectable HCV RNA at the end of treatment.
A virological breakthrough was defined as an increase
from the nadir of HCV RNA of at least one log IU/mL or
recurrent HCV RNA.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Flow chart of patient recruitment.

1,334 patients included

1,330 patients

1,320 patients

1,222 patients

1,123 patients analyzed
(278 patients aged 65 years or above)

99 incomplete data

4 duplicated

10 never began treatment

98 received interferon

tion of infection, more severe disease, and reduced access to
interferon-based regimens.3 Furthermore, the results of
real-life studies of interferon-containing treatments are of-
ten worse than phase II-III studies, partly because treated
patients are older and have more severe liver disease.4,5

Major progress has been made in the treatment of CHC
with new direct acting antiviral (DAAs) and, in large trials,
age does not seem to modify SVR rates. However, in these
phase II and III trials, patients older than 70-75 and those
with severe comorbidities were usually excluded. In a
post-hoc analysis of four phase III studies in 2,293 patients
treated with sofosbuvir (SOF)-ledipasvir (LDV), only
12% were older than 65 and only 1% of these were older
than 75.6 Since new DAAs have only been available since
2015, real-life results are very recent.7-19 In France, a large
number of elderly patients will probably need to be treat-
ed because nearly 40% of undiagnosed patients with hepa-
titis C belong to the 70-80 year-old age group (around
25,000 people) and could be recruited with optimized
screening strategies.20 If the efficacy and tolerance of
DAA’s is confirmed in elderly people, then both the age
range of treatment and screening should be kept as broad
as in recent recommendations.21-23

The aim of this paper was to report the results of CHC
treatment with DAAs in a large cohort of patients in real-
life conditions in French general hospitals and to analyze
the efficacy and tolerance of treatment according to age.

MATERIAL AND METHODS

APROVVIE is a multicenter, observational study per-
formed by the Association Nationale des Gastroentéro-
logues des Hôpitaux généraux (ANGH) in French general
hospitals. This study included consecutive adult patients
(≥ 18 years old) treated for chronic hepatitis C (CHC) to
evaluate the efficacy of and tolerance to treatment in real-
life conditions. This study began on October 10, 2012. Af-
ter July 4, 2014, investigators could include patients treated
with new DAAs, first for early access programs, and then
in daily practice.

Inclusion and
exclusion criteria

Eligible patients were treatment-naïve or -experi-
enced adults (at least 18 years-old) with CHC and de-
tectable HCV-RNA treated with an interferon-free
regimen. There were no exclusion criteria except patient
refusal.

The protocol was performed in accordance with the
Declaration of Helsinki and French law for biomedical
research, and authorized by the Commission Nationale de
l’Informatique et des Libertés (Decision DR-2012-298).
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Tolerance,
adverse effects and fatigue

Only adverse effects > grade 2, according to Common
Terminology Criteria for Adverse Events, version 4.1,
were recorded.25 Overall tolerance was assessed by the
visual analog scale for each patient at the beginning and the
end of treatment. Fatigue was also assessed by the visual
analog scale for each patient at the beginning and end of
treatment and 3-6 months after the end of treatment.

Treatment

Drugs were prescribed according to the investigator’s
preference. Investigators were advised to use treatment
schedules proposed by the Association Française pour l’
Etude du Foie, which are regularly updated on its web-
site.23

Statistical analysis

To ensure the intrinsic validity of our age categories,
the quartiles and deciles of our population were defined.
Elderly patients were older than 64 years of age and ex-
tremely-old were older than 74 (Figure 2). By chance
these thresholds were identical to those used in tradition-
al demographic studies.

Quantitative data were expressed as medians with IQR
or means ±SD, according to their distribution, and qua-
litative data were expressed as numbers and percentages.

Continuous variables were compared using the t-test or
Mann-Whitney U test for paired variables when indicated.
The Fisher’s exact test or the χ2 test was used to analyze
categorical variables, and the Armitage test to test trends.
Linear regression analysis was used to study the relation-
ship between quantitative variables. To predict the
achievement of a SVR, all variables reaching P < 0.10 in
univariate analysis were entered into multiple logistic re-
gression analysis. Calculations were made using NCSS 9
statistical software (Kaysville, Utah, USA,
www.ncss.com).

Investigators consecutively included all patients treated
during the study period. STROBE statements were re-
spected.26

RESULTS

Description of the population

Age distribution is shown in figure 2. At the beginning
of treatment, the median age was 56 years old (IQR: 14,
range18-89). The population was divided into four groups
according to age (Table 1, Figure 2).

With advancing age, the sex ratio, the proportion of
treatment-naïve patients, of patients with genotypes 1a and
3 and of HIV-positive patients decreased while the preva-
lence of cirrhosis, fibrosis F3, and high viral load were
similar (Table 1). Hemoglobin, platelets and albumin
tended to be lower with increasing age, but prothrombin
time was similar, and blood creatinine and bilirubin high-
er (Table 1). In the 553 patients with cirrhosis (approxi-
mately half of the total population), very few (69, 12.4%) of
the patients were decompensated and the distribution of
Child-Pugh stages was similar among the classes of age.

The proportion of patients with comorbidities and the
number of comorbid conditions increased with age (Ta-
ble 2). Medication use increased from 59% in patients
younger than 51 years old to 71% after age 64 (P = 0.001).

Alcohol consumption: 241 (22.4%) patients consumed
alcohol at the onset of treatment. The proportion of pa-
tients abstinent increased regularly with age (from 69% to
89% in patients younger than 51 and those older than 64
years of age, respectively, P < 10-5). The proportion of ex-
cess alcohol consumption (> 20 g/d in women, > 30 g/d
in men) decreased with age (P = 0.006).

Persistent hard drug abuse was very rare (8 patients, 6
younger than 51 years of age); opioid substitution was
infrequent in patients older than 65 (1.4% vs. 14% in pa-
tients younger than 65).

New DAAs combinations (Table 2) varied according to
genotype and the study period. The less frequent use of so-
fosbuvir-daclatasvir (DCV) in the oldest patients was due
to the low frequency of genotype 3-infected patients com-
pensated by the increased use of sofosbuvir-simeprevir
(SIM), which was the most frequently used combination in
genotype 1 patients when new DAAs were first used.

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Distribution of age in the studied population.
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Table 1. Main characteristics of 1,123 patients with chronic hepatitis C according to age.

Characteristics Total Age Age Age Age > P
population 18-50 yrs 51-56 yrs 57-64 yrs  64 yrs

n =1123 n = 291 n = 290 n = 264 n = 278
Age (years): median (IQR) 56 (14) 47 (6) 54 (3) 60 (4) 72 (9)
Male gender: n (%) 698 (62.2) 223 (76.6) 205 (70.7) 165 (62.5) 105 (37.8) < 10-5

Weight (kg): median (IQR) 71 (18.0) 73 (19.0) 70 (21.0) 72 (17.0) 68(16.5) < 10-5

Treatment naïve: n (%) 506 (45.1) 160 (55.0) 129 (44.5) 109 (41.3) 108 (38.8) 0.0006
Previous non-responder: 293 (26.1) 65 (22.3) 72 (24.8) 74 (28.0) 82 (38.5) 0.21
n (%)
Previous relapser: n (%) 261 (23.2) 49 (16.8) 78 (26.9) 70 (26.5) 64 (23.0) 0.02
Cirrhosis: n (%) 553 (49.2) 124 (42.6) 149 (51.4) 139 (52.7) 141 (50.7) 0.07
Child-Pugh A/B/C (n) 455/60/9 94/21/4 129/10/1 117/12/2 115/17/2 0.08
F3 fibrosis: n (%) 354 (31.5) 87 (29.9) 85 (29.3) 90 (34.0) 92 (33.1) 0.54
Hepatocellular carcinoma 24 (2.1) 4 (1.4) 4 (1.4) 8 (3.0) 8 (2.9) 0.33
Viral load > 800,000 UI/mL: 727/1104 (65.8) 194 (67.1) 176 (62.4) 177 (67.1) 180 (65.7) 0.49
n (%)
Genotype 1: n (%) 771 (68.7) 198 (68.0) 183 (63.1) 184 (69.7) 206 (74.1) 0.04
Genotype 1a: n 330 119 110 70 31 < 10-5

Genotype 1b: n 400 64 67 105 164 < 10-5

Genotype 2: n (%) 52 (4.6) 6 (2.1) 6 (2.1) 13 (4.9) 27 (9.7) 0.00002
Genotype 3: n (%) 149 (13.3) 52 (17.9) 53 (18.3) 37 (14.0) 7 (2.5) < 10-5

Genotype 4: n (%) 129 (11.5) 35 (12.0) 46 (15.9) 23 (8.7) 25 (9.0) 0.03
Genotype 5: n (%) 18 (1.6) 0 2 (0.7) 5 (1.9) 11 (4.0) 0.001
Genotype 6: n (%) 4 (0.4) 0 0 2 (0.8) 2 (0.7) 0.06
HIV-positive: n (%) 98 (8.7) 39 (13.4) 44 (15.2) 14 (5.3) 1 (0.4) < 10-5

HBsAg-positive: n (%) 8 (0.7) 4 (1.4) 0 2 (0.8) 2 (0.7) 0.27
Extra-hepatic 106 (9.4) 20 (6.9) 25 (8.6) 27 (10.2) 34 (12.2) 0.16
manifestations: n (%)
Listing for liver 17 (1.5) 4 (1.4) 2 (0.7) 7 (2.7) 4 (1.4) 0.30
transplantation: n (%)
Comorbidities n (mean) 1163/1020 (1.1) 195/262 (0.7) 259/267 (1.0) 308/242 (1.3) 401/249 (1.6) < 10-5

Patients with comorbidities: 697/1052 (66.3) 147/270 (54.4) 170/272 (62.5) 173/251 (68.9) 207/259 (79.9) < 10-5

n (%)
Comorbidities in patients 1163/697 (1.7) 195/139 (1.4) 259/165 (1.6) 308/164 (1.9) 401/197 (2.0) < 10-5

with comorbidities: n (mean)
Patients taking other 711 (63.3) 172 (59.1) 175 (60.3) 166 (62.9) 198 (71.2) 0.013
treatments: n (%)
Alcohol use 241 (22.4) 85 (30.4) 74 (26.3) 54 (21.1) 28 (10.8) < 10-5

Opioid substitution 124 (11.5) 66 (23.6) 39 (13.5) 15 (5.7) 4 (1.4) < 10-5

Hemoglobin g/dL: 14.5 (2.2) 14.4 (2.2) 15.0 (2.1) 14.4 (2.2) 13.9 (2.0) < 10-5

median (IQR)
Platelets giga/L: 172 (95) 182 (95) 174 (102) 172 (95.5) 162 (84.0) 0.002
median (IQR)
Prothrombin time %: 93 (17) 93 (17) 94 (16) 92 (16.3) 92 (18) 0.80
median (IQR)
Creatinin μmoles/L: 69 (18) 69 (17) 67 (16) 69 (18) 70 (23.5) 0.006
median (IQR)
Albumin g/L:median (IQR) 40 (6) 41 (5) 41 (5) 40 (5) 40 (5) 0.006
Bilirubin μmoles/L: 10 (8) 10 (8) 10 (7) 10 (7) 11 (6) 0.03
median (IQR)

Ribavirin (RIB) was less often administered to elderly
compared to younger patients (Table 2). The mean dura-
tion of treatment was shorter in patients older than 65.

Sustained virological response (SVR)

The SVR rate 12-24 weeks after the end of treatment
(SVR12-24) was 91.0% (95% CI:89.2-92.5 %). Failures

were due to a viral breakthrough (n = 1), relapse after the
end of treatment (n = 24) or a severe adverse effect (SAE)
(n = 8). One patient was lost to follow-up.

The median age was similar between patients with and
without SVR12-24 (57.6 [IQR 15] vs. 57.1 years old
[IQR:14), respectively, P = 0.64). However, when the
population was distributed into four groups according to
age, the SVR12-24 rate was heterogeneous (Table 2 and
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Figure 3). The χ2 test was at the limit of significance. A
subgroup analysis showed that the first and third age
groups had a lower SVR12-24 rate than the second and
fourth age groups (P = 0.04).

Univariate analysis showed that the factors significantly
associated with SVR12-24 were cirrhosis (88.3% vs. 93.6%,
P = 0.02), the presence of hepatocellular carcinoma
(62.5% vs. 91.7%, (P < 10-5), treatment combination
(P < 10-5), body weight (P = 0.04), hemoglobin (P = 0 .01),
platelets (P = 0.05), prothrombin time (P = 0.005), and
albumin (P = 0.00005).

Logistic regression analysis showed that the independ-
ent predictive factors of SVR12-24 were albumin

(OR:1.05; CI 95%: 1.00-1.10, P = 0.03), hepatocellular car-
cinoma (OR:0.195 ; CI95%: 0.07-0.52), P = 0.001); body
weight (OR:0.97; 95%CI: 0.96-0.99, P = 0.0006); SOF/
SIM (OR:2.84, CI95%: 1.17-6.89, P = 0.02), SOF/
DCV(OR 7.67; CI95%: 3.51-16.78, P < 10-5), SOF/LDV
(OR 4.69; CI95%: 2.18-11.29, P = 10-4) (the reference for
treatment was SOF/RIBA). When age was retained as a
continuous variable this did not change the results. Age set
as a categorical variable (4 classes) lead to a significantly
independent predictor of success with age greater than 64
years (OR:2.02; IC95%1.02-4.02, P = 0.045), the reference
age class being 18-51 years-old one, without substantial
variation in the significance of other associated factors.

Tolerance
(Table 2, Table 3 and Figure 4)

Self-assessed global tolerance was excellent (median 8/
10, IQR 2.0) and identical in all ages. Self-assessed fatigue
was similar at the beginning of treatment and decreased
during and after the end of treatment in all classes of age.

Sixty-six adverse events > grade 2 were observed in 59
(5.6%) patients, with no significant variation for age (Table
3). There were 9 deaths, all in patients with cirrhosis (3
from hepatocellular carcinoma, 2 from decompensation
and 1 from metastatic undifferentiated carcinoma, cardiac
failure, renal failure, and septic shock, respectively).
There was no significant difference among age groups for
minimum hemoglobin, neutrophils or maximum creati-
nine during treatment. However, severe anemia (Hb < 10
g/dL) was observed in 7.5% of patients aged of 65 years or
more vs. 4.3% in patients < 65 years (P = 0.06) The median

Table 2. DAAs regimens, SVR rates, patients-reported fatigue and tolerance according to age.

Treatment regimens, efficacy and PRO Total Age Age Age Age P
population 18-50 yrs 51-56 yrs 57-64 yrs > 64 yrs

n =1123 n = 291 n = 290 n = 264 n = 278
Sofosbuvir+simeprevir (+/0 ribavirin):n (%) 190 (16.9) 42 (14.4) 37 (12.8) 38 (14.4) 73 (26.3) 0.00005
Sofosbuvir+daclatasvir (+/0 ribavirin):n (%) 358 (31.8) 92 (31.6) 109 (37.6) 98 (37.1) 59 (21.2) 0.00006
Sofosbuvir+simeprevir+daclatasvir 1 1 0 0 0
Sofosbuvir+ribavirin:n (%) 89 (7.8) 25 (8.6) 20 (6.9) 16 (6.1) 28 (10.1) 0.31
Sofosbuvir+ledipasvir (+/0 ribavirin):n (%) 426 (37.8) 114 (39.2) 110 (37.9) 98 (37.1) 104 (37.4) 0.96
Ombitasvir+paritoprevir+ritonavir:n (%) 59 (5.3) 17 (5.8) 14 (4.8) 14 (5.3) 14 (5.0) 0.95
+ Dasoprevir: n (%) 39 (3.5) 11 (3,8) 8 (2.8) 9 (3.4) 11 (4.0) 0.86
Ribavirin 270 (24.0) 82 (28.2) 81 (27.9) 56 (21.2) 51 (278) 0.01
Duration of treatment: mean (SD), months 15.6±5.6 15.8±5.7 16.1±5.8 15.8±5.8 14.6±5.1 0.045
Sustained virological response: n (%) 1022 (91.0) 258 (88,7) 271 (93.4) 234 (88.6) 259 (93.2) 0.06
Sustained virological response: 95% CI: % 89.2-92.5 84.5-91.8 90.0-95.8 84.2-91.9 89.6-95.7
Tolerance note (0-10) (946 patients) : median (IQR) 8.0 (2.0) 8.0 (2.0) 8.0 (2.0) 8.0 (2.0) 8.0 (2.0) 0.4
Number of patients with available data for fatigue 946 243 241 232 230
Fatigue J0: median (IQR) 5 (4) 6 (5) 5 (4) 5 (3) 5 (3.3) 0.89
Fatigue at the end of treatment: median (IQR) 4 (3) 4 (3) 4 (3) 4 (4) 4 (4) 0.08
Fatigue 12-24 weeks after the end of treatment: 2 (3) 2 (2) 2 (2.8) 2 (2) 2 (3) 0.36
median (IQR)

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3. Sustained virological response according to age (bars indicate
95% CI).
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decrease in hemoglobin was greater in patients receiving
ribavirin (2.2 g/dL, IQR 2.5) than those not receiving this
drug (0.6 g/dL, IQR 1.2)(P < 10-5). Logistic regression
analysis identified ribavirin (OR:8.90, 95% CI:4.12-19.34,
P < 10-5), baseline Hemoglobin (OR:0.35; 95%CI:0.27-
0.45, P < 10-5), age ≥ 65 years being borderline significant
(OR 2.63; 95%CI: 0.96-7.23, P = 0.06) Minimum platelets
tended to be lower in the oldest age group.

Univariate analysis showed that the factors significantly
associated with the occurrence of adverse events greater
than grade 2 were cirrhosis (9.2% vs. 1.9%, P = 0.00002),
hepatocellular carcinoma (25.0% vs. 5 %, P = 0.00002), the
presence of comorbidities (6.8% vs. 3.5%, P = 0.03), the
use of ribavirin (8.5% vs. 4.2%, P = 0.007), the type of
combination therapy (P = 0.06), baseline hemoglobin
(13.3 vs. 14.4 g/dL, P = 10-5), neutrophils (P = 0.05),

Table 3. Adverse events according to age.

Patients and events Total Age Age Age Age P
population 18-50 yrs 51-56 yrs 57-64 yrs > 64 yrs
n = 1,123 n = 291 n = 290 n = 264 n = 278

Patients with grade >2 59/1062 (5.6) 14/270 (5.2) 9/278 (3.2) 15/253 (5.9) 21/261 (8.1) 0.12
adverse events: n (%)
Number of grade >2 adverse events: n 66 14 9 17 26
Deaths: n (%) 9 (0.8) 3 (1) 0 4 (1.5) 2 (0.7)

Hb minimum (g/dL): median (IQR) 13.4 (2.7) 13.3 (2.7) 13.6 (2.8) 13.6 (2.8) 13.2 (2.2) 0.12
Hb < 10 g/L: n(%) 47 (5.1) 11 (4.8) 10 (4.1) 9 (4.1) 17 (7.5) 0.31
Hb < 8 g/L: n(%) 7 (0.75) 0 1 (0.4) 2 (0.9) 4 (1.7) 0.16
Minimum neutrophils (μL) 2603 (1566) 2694 (1793) 2642 (1503) 2570 (1758) 2579 (1296) 0.14
Minimum platelets (Giga/L) 162.5 (84) 174 (83) 162.5 (89.5) 163.5 (86.3) 157 (78) 0.06
Maximum creatinine (mmol/L) 73 (21) 72 (16) 73 (17) 74.5 (23) 75 (27) 0.28

Figure 4.Figure 4.Figure 4.Figure 4.Figure 4. Patient evaluation of fatigue (before, at the end, and 3 to 6 months after the end of treatment), and global tolerance to treatment.
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platelets (P = 0.0002), albumin (P = 0.0001) and bilirubin
(P = 0.0007).

The independent predictive factors for adverse events
greater than grade 2 were the presence of cirrhosis (OR
3.23; 95% CI : 1.41-7.38, P = 0.005) and baseline hemo-
globin (0R 0.81; 95% CI: 0.69-0.97, P = 0.01). Using age as
either a continuous variable or as a dichotomous categori-
cal variable (patients aged of 65 years or more vs. patients
aged less than 65 years) did not change the results of logis-
tic regression).

Subgroup of patients over 73 years-old
(Tables 4 and 5)

There were 133 patients over 73 years-old (oldest age
group). They were more often treatment-naïve with geno-
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Table 4. Main characteristics of patients aged ≥ 74 years.

Characteristics Age ≥ 74 yrs

n = 133
Age: median (IQR) 77 (5.5)
Male gender: n (%) 49 (36.8)
Weight (kg): median (IQR) 67 (18)
Treatment naïve: n (%) 59 (47.6)
Previous non-responder: n (%) 35 (28.2)
Previous relapser: n (%) 30 (24.2)
Cirrhosis: n (%) 74 (55.6)
Child-Pugh A/B/C (n) 61/10/0
F3 fibrosis: n (%) 42 (31.6)
Viral load > 800,000 UI/mL: n (%) 89 (68.5)
Genotype 1: n (%) 101 (75.9)
Genotype 1a: n 13
Genotype 1b: n 84
Genotype 2: n (%) 18 (13.5)
Genotype 3: n (%) 2 (1.5)
Genotype 4: n (%) 6 (4.5)
Genotype 5: n (%) 6 (4.5)
Genotype 6: n (%) 0
Extra-hepatic manifestations: n (%) 12 (9.0)
Listing for liver transplantation: n (%) 1 (0.8)
HIV-positive: n (%) 0
HBsAg-positive: n (%) 1 (0.8)
Hemoglobin g/dL: median (IQR) 13.9 (2.0)
Platelets giga/L: median (IQR) 160 (78)
Prothrombin time %: median (IQR) 92 (18)
Creatinine μmoles/L: median (IQR) 72.0 (26.8)
Albumin g/L: median (IQR) 40 (5)
Bilirubin μmoles/L: median (IQR) 12 (7)

type 1 infection, more frequently had cirrhosis, and lower
baseline albumin and bilirubin. Their overall SVR12-24
rate (91.7 %), and the occurrence of adverse events were
similar to the 65-73 year-old group.

DISCUSSION

The availability of new DAAs represents major
progress in the treatment of hepatitis C. The overall SVR
rate in this large unselected population of patients treated
in general hospitals was 90% independent of age, with a va-
riety of –even suboptimal– drug combinations.

The age groups used in this study were based on the
distribution of age in our population. The fourth quartile
(≥ 64 years-old) corresponds well to the definition of eld-
erly patients (≥ 65 years), and the upper tenth decile to
“extremely-old” patients [≥ 75 years). The distribution of
age in our population could have been shifted to the right
by the restriction by health authorities of using DAA’s in
patients with severe liver lesions.

The effect of age alone is difficult to estimate because
chronic hepatitis C is different at different ages, depending
on sex-ratios, body weight, genotype, severity of liver le-
sions and comorbidities. Age could also increase the expo-
sure to and efficacy of SOF due to decreased glomerular
filtration rate.

Thirteen studies on the effect of age on the efficacy and
tolerance of interferon-free treatments were published in
2016-2017 from Japan, Germany, USA, Italy and Spain
based on “real-world” data.7-19 These studies differ in their
design (prospective or retrospective), the nature of data
(directly from investigators or administrative,9 the
number of registered “elderly” (≥ 65 years old) patients
(from 84 to 4,787), HCV genotype, the proportion of pa-
tients with cirrhosis, and the combination of drugs used.
However, age did not appear to be a predictive factor for
SVR overall or in the various subgroups (genotype, cirrho-
sis, treatment combinations), in any7-16,18,19 but one17 of
these studies. Multivariate analysis was performed in a mi-
nority of these studies.9,16,18 Independent predictors of
SVR, as in our study, were related to the severity of cirrho-
sis: albuminemia18 or MELD score.16

Moreover, tolerance did not decrease with age and the
prevalence of adverse effects above grade 2, which oc-
curred almost always in patients with cirrhosis, was not
different among the classes of age, except in the detailed
study of Lens et al. wherein SAE markedly increased when
age was > 75 years in univariate analysis (8.8% among
those aged 65-74 years compared with 13% and 14% among
those aged 75-79 and ≥ 80 years, respectively), and death
was independently predicted by albuminemia < 35 g/L
and age ≥ 75 years (in multivariate analysis).18

Severe anemia was more frequent in elderly patients

when ribavirin was used, and dosage reduction or discon-
tinuation was indicated, usually with no loss of effica-
cy.7,12,14

This combination of virological efficacy and excellent
tolerance probably explains why the age differences ob-
served with interferon-based treatments were strikingly
reduced or abolished as well as the differences between
the phase III and “real-world” study results.1,2,27

As expected, the proportion of patients with comor-
bidities and taking concomitant medications increased
with age. The number of medications taken probably also
increased as in other studies8,11,18 making the risk of clini-
cally significant drug-drug interactions more frequent in
older patients.8,18 In observational studies, the treated pa-
tients are obviously selected, even if there is no imposed
limit on age. Unfortunately, we have no data on the
number and characteristics of elderly patients who were
not treated in the participating centers during the study
period.

In a post-hoc analysis of 8 multinational multicenter
phase II and III trials, patient-reported outcomes im-
proved significantly and similarly in all patients during and
after treatment with SOF and/or RIBA or LDV, even in
patients older than 65.28 In our study, self-assessed fatigue
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Table 5. Comorbidities, treatment, DAAs regimens, sustained virological rates, patient-reported fatigue and tolerance in patients ≥ 74
years old.

Characteristics Age ≥ 74 yrs Characteristics Age ≥ 74 yrs
n = 133 n = 133

Comorbidities n (mean) 202/125 (1.6) Fatigue J0: median (IQR) 5.0 (4.3)

Patients with comorbidities: n (%) 102/125 (81.6) Fatigue at the end of treatment  median (IQR) 4.0 (4.0)

Comorbidities in patients with 202/102 (2.0) Fatigue 12-24 weeks after the end
comorbidities: n (mean) of treatment: median (IQR) 2.0 (3.3)

Patients taking other treatments: n (%) 95 (71.4) Coffee use 56 (50.5)

Alcohol use 11 (8.9) Active drug abuse 0

Tobacco use 9 (7.3) Opioid substitution 0

Coffee use 56 (50.5) Sofosbuvir+simeprevir (+/0 ribavirin):n (%) 31 (23.3

Active drug abuse 0 Sofosbuvir+daclatasvir (+/0 ribavirin):n (%) 28 (21.0)

Opioid substitution 0 Sofosbuvir+simeprevir+daclatasvir 0

Sofosbuvir+simeprevir (+/0 ribavirin): n(%) 31 (23.3 Sofosbuvir+ribavirin:n (%) 19 (14.3)

Sofosbuvir+daclatasvir (+/0 ribavirin): n(%) 28 (21.0) Sofosbuvir+ledipasvir (+/0 ribavirin):n (%) 45 (33.8)

Sofosbuvir+simeprevir+daclatasvir 0 Ombitasvir+paritoprevir+ritonavir: n (%)

Sofosbuvir+ribavirin:n (%) 19 (14.3) + Dasoprevir: n (%) 9 (6.7)

Sofosbuvir+ledipasvir (+/0 ribavirin):n (%) 45 (33.8) Ribavirin 23 (17.3)

Ombitasvir+paritoprevir+ritonavir:n (%) 10 (7.5) Duration of treatment: mean (SD), months 14.7 (5.2)

+ Dasoprevir: n (%) 9 (6.7) Sustained Virological Response: n (%) 122 (91.7)

Ribavirin 23 (17.3) Sustained Virological Response: 95% CI: % 85.8-95.3

Duration of treatment: mean (SD), months 14.7 (5.2) Tolerance note (0-10) (946 patients): 8.0 (2.0)
median (IQR)

Sustained Virological Response: n (%) 122 (91.7) Number of patients with available data for fatigue 111

Sustained Virological
Response95% CI: % 85.8-95.3 Fatigue J0: median (IQR) 5.0 (4.3)

Tolerance note (0-10) (946 patients): 8.0 (2.0) Fatigue at the end of treatment: median (IQR) 4.0 (4.0)
median (IQR)

Number of patients with available data 111 Fatigue 12-24 weeks after the end 2.0 (3.3)
for fatigue  of treatment: median (IQR)

Table 6. Adverse events in patients ≥ 74 years old

Characteristics Age ≥ 74 yrs
n = 133

Patients with grade n >2 adverse events: (%) 10/133 (7.9)

Number of grade >2 adverse events: n 11

Deaths: n (%) 1 (0.8)

Hb minimum (g/dL): median (IQR) 13.2 (2.4)

Hb < 10 g/L: n(%) 8 (7.3)

Hb < 8 g/L: n(%) 1 (0.9)

Neutrophils minimum (μL) 2,601 (1,630)

Platelets minimum (Giga/L) 151 (75)

Creatinine maximum (mmol/L) 78.5 (28)
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decreased in a similar manner during and after treatment
whatever the age.

Although the cost-effectiveness ratio of DAAs in-
creased with age, cost-effectiveness was good in elderly
patients with advanced fibrosis in an Italian modelling
study. Frailty was a major determinant of cost-effective-
ness29 and it appears to be essential in the clinical indica-
tions for treatment.

Our study contains several strengths and inherent limita-
tions. The main limitations of this study are its observation-
al design and electronic data collection which may result in
a potential physician prescribing bias, incomplete records,
local practice discrepancies, data entry errors, missing data
and the absence of information on untreated patients during
the same period. Furthermore, we did not routinely assess
frailty status in our elderly patients. Finally, we do not have
any data on the proportion of elderly patients who were not
treated during the same period.

The main strength of this study is that it includes a
large, unselected population with no specific exclusion
criteria, studied under real-life conditions, outside of Uni-
versity hospitals, including all genotypes and various drug
combinations to provide objective results on efficacy and
tolerance as well as patient-reported outcomes on the pro-
gression of fatigue and overall tolerance.

CONCLUSIONS

In conclusion this prospective, observational, multi-
center study performed in French general hospitals
confirms that age does not result in a decrease in the
sustained virological response rate or safety with new
DAAs in patients with chronic hepatitis C while fatigue
decreases in a similar manner as younger patients. This
study suggests that age per se should not be considered a
contraindication to antiviral treatment, however frailty,
comorbidities and associated treatments should be care-
fully evaluated. The efficacy of treatment in preventing
liver-related complications and survival must be con-
firmed in further studies. Finally, these results must be
confirmed in therapeutic regimens with restricted du-
rations or new molecules.

ABBREVIATIONS

• ANGH: Association Nationale des Gastroentéro-
logues des Hôpitaux Généraux.

• CHC: chronic hepatitis C.
• DAA: Direct-acting antiviral.
• DCV: daclatasvir.
• LDV: ledipasvir.
• RIBA: ribavirin.
• SAE: severe adverse effect.

• SIM: simeprevir.
• SOF: sofosbuvir.
• SVR: sustained virological response.
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