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Abstract
Background and Aim: Elderly patients with hepatitis C virus (HCV) infection have
worse interferon-based treatment outcomes than young patients. Direct-acting antiviral
(DAA) regimens have enabled the treatment of previously difficult-to-cure
populations. There are few studies that specifically assess DAA treatment outcomes in
patients over 75 years of age.
Methods: Design: This was a cohort study. Setting: The setting was three Canadian
HCV specialty sites. Participants: Patients aged 75 years and older and treated with DAA
without interferon were enrolled. Measurements: Patient demographics, liver fibrosis by
transient elastography, treatment regimen, and treatment outcome data were collected.
Results: The mean age of 78 patients in our analysis was 78.6 years (SD 3.5; range:
75–88 years). The most common genotype was 1b (35%). The most frequently uti-
lized regimens included sofosbuvir-velpatasvir (33%) and ledipasvir-sofosbuvir
(32%). Ribavirin was included for 17% of recipients. Sustained virological response
(SVR) was achieved in 94% of patients (69% of those receiving ribavirin and 98% of
patients on ribavirin-free regimens). Ribavirin toxicity contributed to the lower SVR
rates in ribavirin-exposed patients. Ribavirin dosage was decreased in three patients
and ultimately discontinued in two of these patients. All treatment was discontinued
in another two patients.
Conclusion: Ribavirin-free DAA therapy is safe and achieves SVR rates in older
adults comparable to those described in the general population. RBV inclusion fre-
quently results in complications, often leads to treatment modification or interruption,
and does not improve SVR rates in those with advanced age.

Introduction
Hepatitis C virus (HCV) infection disproportionately affects
older adults.1,2 Older adults are burdened by higher rates of liver
disease, cirrhosis, fibrosis, and hepatocellular carcinoma (HCC)
as a result of being infected longer than younger patients.1–7 It
has been speculated that increased vulnerability to oxidative
stress, decreased hepatic blood flow, and reduced mitochondrial
capacity could explain why older adults experience accelerated
rates of liver fibrosis with HCV infection.3,7–9

Treating older adults with HCV in the interferon era was
fraught with complications.2,3,10,11 The elderly discontinued

interferon (IFN)-based treatment more frequently due to side effects
and achieved lower sustained virologic response (SVR) rates than
younger patients.2,5,7–9,12,13 As a result of comorbid medical condi-
tions and poorer treatment outcomes, older adults were often pre-
cluded from interferon-based HCV treatment.2,5,6,14,15

The advent of direct-acting antivirals (DAAs) has opened up
treatment to previously difficult-to-treat groups, including the
elderly.7 Adults aged 65 years and older were underrepresented in
the original phase III licensing studies for most DAA regimens, but
data are emerging that DAAs are safe and produce equivalent SVR
rates in older adults as younger patients.2,10,11,13,15–17
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Ribavirin is sometimes added to DAA regimens to bolster
SVR rates in patients with cirrhosis and those who have failed
prior treatment.18,19 Ribavirin use is complicated by adverse
effects, including hemolytic anemia, with older patients being
especially vulnerable to toxicities.2,18–20

There is currently no consistent upper age cutoff for HCV
treatment outlined in the literature, but even among studies of
older adults, patients aged 75 years and older remain underrepre-
sented.6,8,16,20 We describe HCV treatment outcomes with
DAAs, with and without ribavirin in patients aged over 75 years
treated in three Canadian HCV specialty treatment centers.

Methods
Patients aged 75 years and older who were treated with DAA
without interferon were included in these analyses. Information
on patient demographics, liver fibrosis (by transient
elastography), treatment regimen, and treatment outcomes were
collected from three Canadian, urban, specialty treatment sites.
Study sites included two tertiary care academic sites—one in
Ottawa, Ontario and the other in Edmonton, Alberta—and a
community teaching hospital in Brampton, Ontario.

Secondary outcomes included completion of treatment and
premature interruption of therapy due to side effects, serious
adverse events, failed virologic response, or loss to follow-up. In
cases where multiple contributing factors to patients abandoning

HCV therapy were identified, only the primary reason for
abandoning therapy was included. In patients who received riba-
virin, baseline characteristics, ribavirin dosage, baseline hemo-
globin, ribavirin dose reductions, need for red blood cell
transfusions, and SVR rate were analyzed.

Demographic characteristics and SVR rates were analyzed
descriptively and reported as frequencies, percentages,
mean � SD, or medians and interquartile range as appropriate.

SVR was defined as an HCV viral load below the lower
limit of detection of our laboratory assay a minimum of
12 weeks after the completion of therapy.

Results
There were 78 patients identified and included in the analysis.
The mean age of patients was 78.6 (SD 3.5; range: 75–88 years).
Of patients, 36% were 80 years of age or older, and 53% were
female (Table 1). The largest proportion of infections were with
genotype 1b (35%). The mean fibrosis stage calculated by tran-
sient elastography measurement in kilopascals converted to
METAVIR score was 2.8. Of patients, 78% were identified as
having fibrosis scores of F2 or higher, and 41% had cirrhosis.
The primary treatment regimens in our cohort included
sofosbuvir-velpatasvir (33.3%) and ledipasvir-sofosbuvir
(32.1%). Of 78 patients, 13 (17%) received ribavirin as part of
their regimen (Table 2).

Of 78 patients, 73 (93.6%) achieved an SVR. The pre-
scribed treatment was not completed by 3.8% of patients, one
patient completed treatment but was not SVR tested, and another
patient was lost to follow-up. No patients experienced virologic
failure or relapse. Unsuccessful treatments occurred in individ-
uals with genotypes 1b (n = 1), 2 (n = 1), 3 (n = 2) and 4e
(n = 1). Three of five unsuccessful treatments occurred in those
with advanced fibrosis (n = 3/42; defined as F3/4- all F4). Two
of five unsuccessful treatments occurred in those with minimal
fibrosis (n = 2/35; defined as F0-2- both F2). Four of five unsuc-
cessful treatments occurred with the sofosbuvir-ribavirin
regimen. The other treatment failure occurred in a ledipasvir-
sofosbuvir recipient. These findings were not determined to be
statistically significant. However, the analysis is limited by small
sample size. Of note, only 9 of 13 (69.2%) patients who received
ribavirin achieved SVR compared to 64 of 65 (98.5%) who
achieved SVR with ribavirin-free regimens (Fisher’s exact test,
P = 0.002).

Two deaths occurred in patients receiving ribavirin. One
death occurred from end-stage liver disease and the other from
HCC. One ribavirin recipient was lost to follow-up, and another

Table 1 Baseline patient characteristics

Demographics (n = 78) n %

Gender
Female 41 52.6
Male 37 47.4

Race
White 44 56.4
Asian 10 12.8
Black 10 12.8
Southeast Asian 6 7.7
Middle Eastern 4 5.1
Latino 2 2.6
Indigenous 1 1.3
Other 1 1.3

Treatment experienced 8 10.3
Treatment naïve 70 89.7
Genotype
1a 14 17.9
1b 27 34.6
1ab 1 1.3
1 (subtype unknown) 5 6.4
2 17 21.8
3 5 6.4
4 7 9.0
6 1 1.3
Mixed 1 1.3

Fibrosis stage by transient elastography n = 77
F0-1 16 20.8
F2 19 24.7
F3 10 13.0
F4 32 41.5

Table 2 Direct-acting antiviral treatment regimens

Regimens (n = 78) n %

Sofosbuvir-Velpatasvir 26 33.3
Ledipasvir-Sofosbuvir 25 32.1
Elbasvir-Grazoprevir 13 16.7
Sofosbuvir-Ribavirin 10 12.8
Paritaprevir/ritonavir–Ombitasvir–

Dasabuvir–Ribavirin
3 3.8

Sofosbuvir-Velpatasvir-Voxilaprevir 1 1.3
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discontinued all HCV therapy at week 2 (Table 3). The mean on-
treatment nadir hemoglobin in ribavirin recipients was 95 g/L
(SD 22; range: 57–128). The ribavirin dose was reduced in 3 of
13 patients and later discontinued in 2 of these 3 cases. Of
13 patients, 3 received packed red blood cell transfusions while
on ribavirin therapy.

Discussion
Our analysis focused on elderly adults aged 75 years and older.
Patients had a median age of 79 years, and roughly one-third of
patients were aged 80 years or older. The focus on older adults is
highly relevant given the paucity of existing data. The original
phase III studies for ledipasvir/sofosbuvir and sofosbuvir/
velpatasvir included only approximately 1% of patients aged
over 75 years.2,8,20

A large proportion of our patients had advanced fibrosis or
cirrhosis. Despite this, we observed a high SVR rate, suggesting
that DAAs are similarly effective in elderly adults with liver dis-
ease as younger HCV-infected populations. Therefore, older
patients with HCV should not be excluded from therapy on the
basis of age alone. However, treatment decisions still require
individualization. Up to 40% of patients treated for HCV might
be affected by drug–drug interactions.19 Special attention must
be paid to drug–drug interactions with certain DAA regimens,
especially in the elderly who are at particularly increased risk of
drug interactions due to the increased number of concurrent med-
ications.2,21 For example, the concurrent use of amiodarone with
sofosbuvir-containing regimens is contraindicated due to the risk
of symptomatic bradycardia.19 In addition to adverse drug
effects, drug interactions can also reduce the effectiveness of
HCV therapy. Proton pump inhibitors increase gastric pH, which
in turn decreases the solubility and bioavailability of velpatasvir,
glecaprevir, and ledipasvir,19 although the effect on SVR is less
clear. Smolders et al. report that elbasvir/grazoprevir and
sofosbuvir/velpatasvir had the lowest risk of drug–drug interac-
tions, while sofosbuvir plus simeprevir had the highest.21

No patients in our cohort experienced virologic failure or
relapse on DAA therapy. Our findings are consistent with a
recent metanalysis by Villani et al., who found a pooled SVR
rate of 92.4% among adults aged 65 years or older with DAA
therapy.17 Ledipasvir/sofosbuvir, sofosbuvir/velpatasvir, elbasvir/
grazoprevir, and sofosbuvir plus simeprevir regimens were
included in the analysis.17 In studies from Su et al. and Trifan
et al., paritaprevir/ritonavir, ombitasvir, and dasabuvir were
found to produce SVR rates approaching 100% in patients over
70 years.14,15

Ribavirin was added to HCV treatment to augment SVR
rates and decrease relapses in the interferon era.18,19 The addition
of ribavirin to DAA regimens may allow for shortened treatment
duration and is sometimes used as part of salvage regimens in
those with prior treatment failure18,19 and recommended in
patients with decompensated cirrhosis. Ribavirin is associated
with potential toxicities, including hemolytic anemia, fatigue,
pruritus, and upper respiratory symptoms.18,19 Elderly patients
are known to be more vulnerable to the risk of hemolytic anemia
with ribavirin than younger patients.2,20 We found that the inclu-
sion of ribavirin in treatment regimens did not result in improved
SVR rates. In fact, we found that patients receiving ribavirin had
lower SVR rates than patients on ribavirin-free regimens. We
acknowledge that the lower SVR rates observed in the ribavirin
group could be explained by selection bias. Patients who receive
ribavirin tend to have more difficult-to-cure disease, and they are
also the most likely to experience drug toxicities and have a
diminished likelihood of cure. Other studies investigating treat-
ment outcomes with DAA that included ribavirin in elderly
patients found that dose reductions of ribavirin had no effect on
treatment failure.2,22

The main strength of this analysis is the focus on patients
aged 75 years and older, a group that has been largely ignored in
previous studies. With an aging global population, the elderly
will continue to represent a growing reservoir of infection that
will need to be considered for eradication strategies.1 From an
individual patient perspective, treatment of HCV infection may

Table 3 Baseline characteristics and treatment outcomes for patients who received ribavirin

Age Gender Race GT Fibrosis score RBV dose (mg) Hb Nadir RBV dose change PRBC Outcome

1 76 M White 3 4 1000 95 None N Death†

2 75 F White 1b 4 1000 103 #, then D/C N SVR
3 76 F Asian 1b 4 1000 94 #,then D/C N SVR
4 75 M Other 1a 4 1000 120 None N SVR
5 75 M White 2 ac 4 1000 117 None N SVR
6 75 F Asian 2 4 1000 97 None N SVR
7 75 M SE Asian 3 4 1000 UNK UNK N LTFU
8 84 F Asian 2 2 800 78 D/C All Tx at 2/52 Y No
9 76 M White 2 1 1000 128 # N SVR
10 76 F White 2 2 800 106 None N SVR
11 80 F Asian 2 3 800 71 None Y SVR
12 79 F Black 4e 4 600 57 All Tx D/C Y Death‡

13 77 F White 2 4 400 69 None N SVR

†Died of hepatocellular carcinoma 6 months post-treatment.
‡Died of end-stage renal disease while on treatment.
GT, genotype; Hb, hemoglobin; LTFU, lost to follow-up; PRBC, packed red blood cells; RBV, Ribavirin; SVR, sustained virologic response; UNK,
unknown.
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improve subjective quality-of-life scores in elderly patients.9

Patients with HCV achieve poor health-related quality-of-life
index scores secondary to fatigue and neuropsychiatric symp-
toms, social stigma, and anxiety related to deteriorating health.23

Patient-reported outcomes (PROs) have been shown to improve
during DAA therapy and are sustained once treatment is com-
pleted in those who achieve SVR.24,25 HCV treatment increases
survival, decreases the risk of HCC, and can stabilize and reduce
varices and cirrhosis.26 It seems reasonable to assume that the
elderly would also reap these physical and psychological benefits
of DAA treatment.

A limitation shared with other studies is that we did not
capture any long-term liver outcomes (progression to fibrosis
and/or development of HCC). New findings from Ide et al sug-
gest that the development of HCC does not decrease in older
adults treated with DAA in up to a 3-year follow-up period.27

We also did not capture any PROs in our analysis. PROs could
provide valuable insight into barriers and challenges patients
encounter while completing therapy and assist in developing
interventions aimed at maximizing treatment uptake. Although it
was beyond the scope of our study, another limitation to our
analysis was that we did not specifically look at the relative
resource requirements that are required to assist older patients
with treatment initiation and completion and, by extension,
whether treating older adults with HCV is an effective public
health strategy. Further work looking at long-term liver outcomes
in patients cured of HCV with DAA are required, as well as ana-
lyses evaluating the health economics and feasibility of HCV
treatment in the elderly.

Conclusion
There is similar safety and efficacy of DAA therapy free of RBV
in the elderly population as in younger patients. Complications
of RBV are frequent, and the addition of RBV did not improve
SVR proportions in elderly patients. Toxicity precludes the wide-
spread use of ribavirin in the elderly, and it should only be used
with great caution in older patients.
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