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SUMMARY

Background
Direct antiviral therapies for chronic hepatitis C virus (HCV) infection have
expanded treatment options for neglected patient populations, including elderly
patients who are ineligible/intolerant to receive interferon (IFN)-based therapy.

Aim
To investigate the efficacy, tolerability and potential for drug–drug interactions
(DDIs) of IFN-free treatment in patients aged ≥65 years in a large real-world
cohort.

Methods
A total of 541 patients were treated with different combinations of direct antiviral
agents (DAAs: ledipasvir/sofosbuvir �ribavirin; daclatasvir/sofosbuvir �ribavirin;
paritaprevir/ombitasvir �dasabuvir �ribavirin or simeprevir/sofosbuvir �rib-
avirin in genotype 1/4, and daclatasvir/sofosbuvir �ribavirin or sofosbuvir/rib-
avirin in genotype 2/3). Efficacy, safety and potential DDIs were analysed and
compared between patients aged <65 years (n = 404) and patients aged ≥65 years
(n = 137) of whom 41 patients were ≥75 years.

Results
Sustained virological response rates were 98% and 91% in patients aged ≥65 years and
<65 years, respectively. Elderly patients took significantly more concomitant medica-
tions (79% vs. 51%; P < 0.0001). The number of concomitant drugs per patient was
highest in patients ≥65 years with cirrhosis (median, three per patient; range, 0–10).
Based on the hep-druginteractions database, the proportion of predicted clinically sig-
nificant DDIs was significantly higher in elderly patients (54% vs. 28%; P < 0.0001).
The number of patients who experienced treatment-associated adverse events was simi-
lar between the two age groups (63% vs. 65%; P = n.s.).

Conclusions
Elderly patients are at increased risk for significant DDIs when treated with
DAAs for chronic HCV infection. However, with careful pre-treatment assess-
ment of concomitant medications, on-treatment monitoring or dose-modifica-
tions, significant DDIs and associated adverse events can be avoided.

Aliment Pharmacol Ther

ª 2016 John Wiley & Sons Ltd 1

doi:10.1111/apt.13769

Alimentary Pharmacology and Therapeutics



INTRODUCTION

Chronic infection with the hepatitis C virus (HCV) is a
major health burden worldwide and approximately
500 000 people die each year from HCV related liver
diseases.1

According to estimates by the Centers for Disease
Control (CDC), elderly persons are disproportionally
affected by HCV and despite the recent approval of
highly efficient direct antiviral agents (DAAs) the rates
of cirrhosis and hepatocellular carcinoma are predicted
to rise in the near future.2

Age has been a major limitation of interferon-based
treatment, mainly due to increasing prevalence of
comorbidity, poor tolerability and overall reduced effi-
cacy in this population.3 Patients aged 65 years and
older were mostly excluded from clinical trials while
large-scale real-world database studies showed lower
sustained virological response rates and higher with-
drawal rates due to side effects in this patient
population.4

With the recent approval of all-oral DAAs, treat-
ment access has expanded to interferon ineligible/in-
tolerant patient populations, including persons of
older age. However, despite the overall excellent toler-
ability of interferon-free DAA combination therapies,
elderly patients, especially those aged 75 years and
older were again excluded from most clinical trials.5–8

In a recent retrospective analysis of four phase 3 tri-
als of the HCV NS5A inhibitor ledipasvir plus the
HCV polymerase inhibitor sofosbuvir in patients with
HCV genotype 1 infection, only 24/2293 (1%) of the
study population were aged 75 or older.9

Given the fact that current HCV treatment regimens
are both more efficient and better tolerated than inter-
feron-based therapies, the number of elderly patients
who will receive anti-HCV treatments is likely to
increase. Whether the increased prevalence of comorbid-
ity and concurrent medications in elderly patients is
associated with higher rates of adverse events and/or
treatment failure is not known. Moreover, the use of rib-
avirin in these patients may pose a greater risk for asso-
ciated side effects such as cough, rash and haemolytic
anaemia.10

In this study, we aimed to assess the efficacy and
safety of DAA regimens as well as the clinical signifi-
cance of potential drug–drug interactions with concomi-
tant medications in patients aged ≥65 years (including
subgroup analysis of patients ≥75 years) in a large real-
world cohort.

METHODS

Study cohort
Consecutive patients who presented to our outpatient
clinic for treatment of chronic HCV infection after the
approval of sofosbuvir (January 2014) until September
2015 were included in the analysis. Patients with HIV
and/or HBV co-infection and patients with previous
solid organ transplantation (kidney, liver, pancreas) were
excluded. Patients who received pegylated interferon as
part of their treatment regimen and those who received
DAA combinations that are currently no longer recom-
mended (e.g. sofosbuvir and ribavirin in HCV genotype
1) were also excluded.

Thus, all patients received one of the following five
regimens: (i) sofosbuvir (SOF; nucleoside NS5B poly-
merase inhibitor) and ledipasvir (LDV; NS5A inhibitor)
� ribavirin (RBV) in genotypes 1, and 4–6, (ii) SOF and
daclatasvir (DCV; NS5A inhibitor) � RBV in genotypes
1 and 3, (iii) paritaprevir/ritonavir (PTV; ritonavir
boosted protease inhibitor), ombitasvir (OBV; NS5A
inhibitor) and dasabuvir (DSV; non-nucleoside NS5B
polymerase inhibitor) � RBV in genotype 1 (3D regi-
men), (iv) SOF and simeprevir (SMV; NS3 protease inhi-
bitor) � RBV in genotype 1 and (v) SOF + RBV in
genotypes 2 and 3. RBV was administered based on
current guideline recommendations.11, 12 RBV dose
adjustments were done according to the label recommen-
dations.

Assessment of baseline and treatment-related
patient parameters
Demographic baseline parameters, concomitant medica-
tions, laboratory tests as well as safety and efficacy data
were retrospectively and anonymously analysed from
electronic hospital charts. Efficacy was assessed at 12
weeks after the end of treatment. A sustained virologic
response (SVR) was defined as negative HCV RNA at
this time point.

Definition of old age
Patients of old age were defined as being 65 years and
older. This population can be divided into the young-old
(ages 65–74), the old-old (ages 75–84), and the oldest-
old (85 years and older) as previously described.13

Baseline and efficacy data as well as safety and clinical
significance of drug–drug interactions were assessed in
patients aged 65 years and older. Comparisons were
made between groups of patients aged ≥65 years and
<65 years. Subgroup analyses were performed for
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patients aged 75 years and older (old-old and oldest-old
combined). No subgroup analysis was performed for the
only patient aged 86 years.

Assessment of drug–drug interactions (DDIs) and
treatment modifications
A web-based tool developed by the University of Liver-
pool (available at www.hep-druginteractions.org) was
used for risk assessment of potential drug–drug interac-
tions (DDIs) based on patients concomitant medications
and the respective antiviral regimen. The DDI database
is free for use. Interactions can be assessed by first
choosing one or more DAAs from a context menu fol-
lowed by choosing one or more combination drugs or
drug classes. A summary of results and detailed descrip-
tions are displayed hereafter. In addition, the respective
prescribing information was also used (as of January
2016).

Potential DDIs were assigned to distinct risk cate-
gories according to the predicted level of significance
(based on hep-druginteractions.org nomenclature); that
is, 0 = interaction has not been assessed; 1 = no clini-
cally significant interaction expected; 2 = potential inter-
action that may require close monitoring, alteration of
drug dosage or timing of administration; 3 = co-admin-
istration either not recommended or contraindicated.
Thus, category 2 and 3 DDIs were considered clinically
significant. Outpatient medications with category 3 DDIs
were either stopped prior to antiviral therapy or a differ-
ent DAA regimen was chosen.

In patients taking medications with category 2 DDIs,
the respective drugs were either stopped, dose-modified
or closely monitored, as previously recommended.14

Calculation of glomerular filtration rate
The Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation was used for estimating the glomeru-
lar filtration rate (GFR) in this study. The CKD-EPI equa-
tion uses a 2-slope ‘spline’ to model the relationship
between GFR and serum creatinine, age, sex and race.15

Assessment of ribavirin-induced haemolytic anaemia
The occurrence of RBV induced haemolytic anaemia was
assessed at treatment weeks 2, 4, 8 and 12 relative to the
baseline haemoglobin level.

Significant anaemia was defined as an absolute decline
in haemoglobin levels <10 g/dL and/or a decline of
greater than 3 g/dL. Ribavirin dose reductions were
made according to the manufacturer’s recommendations
and no erythropoetin was used in this study.

Statistics
All statistical analyses were performed using GraphPad
Prism version 5 for Mac (La Jolla, CA, USA). Descriptive
statistics are shown as mean � s.d. or median and range.
Comparisons between groups were made using paramet-
ric t-tests or nonparametric Mann–Whitney U-tests,
where appropriate. P < 0.05 were considered statistically
significant.

Ethics
The study was conducted according to the declaration of
Helsinki. The ethics committee of the University Hospi-
tal Frankfurt approved the retrospective analysis of
anonymous patient data.

RESULTS

Baseline characteristics
A total of 541 patients treated with all-oral DAA combi-
nation regimens were included in this study. One hun-
dred and thirty-seven subjects were aged 65 years and
older. Of these, 96 were aged 65–74 years, 40 were aged
75–84 years and one patient was 86 years old at the start
of antiviral therapy.

Among patients aged ≥65 years, the mean age was
71 years (range, 65–86 years), 47% were men (n = 66/
137), genotype 1b was the predominant HCV subtype
(n = 84/137; 61%) and 47% (n = 64/137) had cirrhosis.
The majority (n = 76/137; 56%) of patients aged
≥65 years had failed a prior course of interferon-based
therapy. Baseline characteristics of the total study popu-
lation according to age groups are shown in Table 1.

Treatment regimens and efficacy
The distribution of treatment regimens across the differ-
ent age groups is shown in Table 2.

Overall, SVR was achieved by 98% (n = 134/137) of
patients aged 65 years and older. There was no virologi-
cal treatment failure in patients who received at least
80% of the intended treatment duration and the SVR
rate in these patients was 100% (n = 134/134).

Two patients stopped treatment prematurely and one
patient died during treatment and the cause of death was
considered unrelated to the antiviral treatment (see below).
Two patients aged ≥65 years discontinued treatment pre-
maturely: One GT1b patient treated with LDV/SOF discon-
tinued all medications after 2 weeks due to acute kidney
injury, and one GT1b patient treated with PTV/OBV
+DSV +RBV discontinued all medications after 1 week due
to grade 3 hyperbilirubinaemia. This patient was later
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diagnosed with gilbert’s syndrome, which most likely
explains the unusually high PTV-associated hyperbiliru-
binaemia. Both patients had positive HCV RNA during fol-
low-up. One patient died during the treatment period. The
cause of death (multi-organ failure following haemorrhagic
shock after femoral arterial catheterisation) was considered
unrelated to the DAA therapy.

SVR was observed in 91% (n = 369/404) of patients
<65 years. A total of 21 patients experienced virological
relapse or nonresponse. Two patients stopped treatment
prematurely: One patient discontinued treatment because
of worsening of pre-existing depression after 6 weeks and
one patient discontinued treatment after 4 weeks because
of debilitating fatigue. Eleven patients were lost to follow-
up during or after antiviral therapy. One patient died dur-
ing the treatment period. The cause of death (multi-organ

failure following haemorrhagic shock after variceal bleed-
ing) was considered unrelated to the DAA therapy.

If only patients <65 years of age with known virological
outcome and who received at least 80% of the intended
treatment duration were considered, the SVR rate was 95%
(n = 369/390; see Figures 1 and 2 for an overview of SVR
rates according to genotypes, age and treatment regimen).

All genotypes and treatment regimens were affected
by virological failure: LDV/SOF � RBV (n = 4), SOF
and DCV � RBV (n = 6), PTV/OBV + DSV (n = 2),
SOF and SMV � RBV (n = 6) and SOF + RBV (n = 3).

Frequencies of concomitant medications
A total of 152 different concomitant medications were
taken by the patients in our study cohort (n = 81 in
patients ≥65 years). The most common drug classes that

Table 1 | Demographic and clinical characteristics of the study cohort (n = 541)

<65 years
n = 404

≥65 years
n = 137

65–74 years
n = 96

≥75 years
n = 41

Mean age (range) 51 (18–64) 72 (65–86) 69 (65–74) 78 (75–86)
Male gender, n (%) 252 (62) 64 (47) 46 (48) 18 (44)
HCV Genotype*, n (%)
1a 124 (31) 36 (26) 26 (27) 10 (24)
1b 171 (42) 84 (61) 58 (61) 26 (64)
2/3 83 (21) 15 (11) 10 (10) 5 (12)
Other 26 (6) 2 (2) 2 (2) –

Cirrhosis, n (%) 157 (39) 64 (47) 40 (42) 24 (59)
Treatment experienced,
n (%)*

229 (57) 76 (55) 55 (57) 21 (51)

Mean HCV RNA [log10]
(SD)

6.0 (0.8) 6.1 (0.6) 6.1 (0.7) 6.1 (0.5)

Mean eGFR [mL/min]
(SD)

97.5 (16.7) 76.5 (17.4) 78.9 (17.3) 70.3 (16.5)

Mean haemoglobin [g/dL]
female/male (SD)

14.8 (1.8)/13.7 (1.3) 13.4 (1.6)/14 (1.9) 13.9 (1.9)/13.5 (1.4) 13.1 (1.8)/14.2 (2.0)

eGFR, estimated glomerular filtration rate; SD, standard deviation.

* Treatment experienced = nonresponse or relapse to prior peg-Interferon/ribavirin therapy.

Table 2 | Treatment regimens according to age groups (patients aged 65 years and older are subdivided into patients
aged 65–74 years and patients aged 75 years and older)

Treatment regimen, n (%)
<65 years
(n = 404)

≥65 years
(n = 137)

65–74 years
(n = 96)

≥75 years
(n = 41)

SOF/LDV �RBV 185 (46) 68 (50) 48 (50) 20 (48)
SOF +DCV �RBV 75 (19) 21 (15) 12 (13) 9 (22)
PTV/OBV �DSV �RBV 57 (14) 22 (15) 18 (19) 4 (10)
SOF +SMV �RBV 46 (11) 13 (10) 9 (9) 4 (10)
SOF +RBV 40 (10) 13 (10) 9 (9) 4 (10)

SOF, sofosbuvir; LDV, ledipasvir; RBV, ribavirin; DCV, daclatasvir; PTV, paritraprevir; OBV, ombitasvir; DSV, dasabuvir; SMV,
simeprevir.
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were taken by >5% of the study cohort included proton
pump inhibitors (10%), nonselective beta-blocking agents
(9%), thyroid hormones (8%), loop diuretics (8%), angio-
tensin-converting enzyme inhibitors (8%), vitamin D

supplements (7%), selective beta-blocking agents (6%)
and insulin preparations (5%).

Overall, the number of patients who took concomitant
medications was significantly higher in patients aged
≥65 years compared to <65 years (79% vs. 51%;
P < 0.0001). Furthermore, the number of patients who
took 4 or more regular concomitant medications was sig-
nificantly higher in patients ≥65 years compared to
<65 years (34% vs. 17%; P < 0.0001).

In patients <65 years, the median number of drugs
per patient was 1 (range, 0–12). In patients ≥65 years,
the median number of drugs per patient was 2 (range,
0–10). In patients ≥75 years vs. 65–74 years, the number
of drugs per patients was not different.

The median number of drugs per patient was
increased in patients ≥65 years who also had cirrhosis
(3; range, 0–10). In cirrhotic patients ≥75 years, the
median number of drugs was higher compared to
patients without cirrhosis (median no. of drugs, 3 vs. 2).

Potential for drug–drug interactions between DAAs
and concomitant medications
Based on DDI risk classification from the hep-druginter-
actions.org database, category 2/3 DDIs were predicted
for 35% (n = 189/541) of the total study population
(60% of patients with concomitant medications).

The proportion of predicted category 2/3 DDIs was
significantly higher in patients ≥65 years compared to
patients <65 years (54% vs. 28%; P < 0.0001). There was
no difference in category 2/3 DDIs between patients aged
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Figure 1 | SVR rates in patients with HCV genotype 1/4 infection (n = 430) according to treatment regimen and age
groups. Only patients who completed ≥80% of the intended treatment duration and who had a known virological
outcome are included. Treatment regimens included the following: ledipasvir/sofosbuvir �ribavirin (LDV/SOF�RBV),
daclatasvir +sofosbuvir �ribavirin (DCV+SOF�RBV), paritaprevir/r/ombitasvir�dasabuvir �ribavirin (PTV/
OBV�DSV�RBV) and simeprevir +sofosbuvir �ribavirin (SMV+SOF�RBV). SVR data are shown for patients
<65 years vs. patients ≥65 years of age. In addition, a subgroup analysis is shown for patients ≥75 years of age.
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infection (n = 57) according to treatment regimen and
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intended treatment duration and who had a known
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analysis is shown for patients ≥75 years of age. **no
patients aged 65 years and older were treated with
LDV/SOF or SOF+RBV.
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65–74 years vs. ≥75 years (55% vs. 51%; P = N.S.). The
frequencies of potentially clinically significant DDIs (cat-
egory 2/3) according to age and DAA regimen are
shown in Figure 3.

For patients treated with LDV/SOF�RBV, the most
common concomitant drug classes involved in potentially
significant DDIs (DDI category 2/3) were beta-blocking
agents in 16% (n = 30/185) and 34% (n = 23/68) and pro-
ton pump inhibitors in 11% (n = 21/185) and 25%
(n = 16/68) of patients <65 and ≥65 years of age respec-
tively. For patients treated with DCV+SOF�RBV, the
most common concomitant medications at risk for signifi-
cant interactions were beta-blocking agents in 19%
(n = 14/75) and 29% (n = 6/21) and thyroid hormones in
11% (n = 8/75) and 24% (n = 5/21) of patients <65 and
≥65 years of age respectively. For patients treated with
PTV/OBV�DSV�RBV, significant interactions were pri-
marily expected for thyroid hormones in 12% (n = 7/57)
and 45% (n = 10/21) and alfa- and beta-blocking agents
in 14% (n = 8/57) and 23% (n = 5/22) of patients <65
and ≥65 years of age respectively. Finally, for SMV-con-
taining regimens, the most common drug classes at risk
for clinically significant interactions were beta-blocking
agents in 13% (n = 6/46) of patients <65 years and statins
that were co-administered in 15% (n = 2/13) of patients
≥65 years of age.

The most common concomitant medications with
potential category 2/3 DDIs and respective action taken
before and during antiviral therapy to avoid such DDIs
are shown in Table 3.

Safety and adverse events
The occurrence of adverse events was documented
in 77% (n = 417/541) of patients. A total of 63%
(n = 264/417) patients experienced at least one adverse
event during the treatment period. Adverse events were
generally mild and the number of adverse events was
not significantly different between patients <65 years and
patients ≥65 years respectively (63% vs. 65%; P = N.S.).
We observed no significant increase in adverse events
potentially related to DDIs (e.g. dizziness, bradycardia or
GI disturbances in patients with concomitant
carvedilol treatment; TSH changes in patients treated
with levothyroxine).

The most common adverse events were fatigue (35%
and 37%), dyspnoea (11% and 15%; only patients on
RBV treatment affected), headache (22% and 11%), pru-
ritus (7% and 10%), rash (7% and 2%) and insomnia
(6% and 7%) in patients <65 and ≥65 years of age
respectively.

Estimated glomerular filtration rate (eGFR)
At baseline, the eGFR (CKD-EPI) was 97.5 mL/min
for patients <65 and 76.5 mL/min for ≥65 years of age
(P < 0.0001). The eGFR in patients between 65 and
74 years was 78.9 mL/min and 70.3 mL/min in
patients ≥75 years of age (P = 0.0038). For all age
groups and treatment regimens with and without SOF,
eGFR values showed no significant changes over the
course of antiviral treatment (P = N.S.).
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Table 3 | Description of potential drug–drug interactions (DDIs) with commonly used co-medications in patients with
chronic HCV infection. The colour scheme represents a traffic light labelling system to highlight the signficance level
of expected DDIs according to the hep-druginteractions.org website: green = no DDI expected; amber = potential DDI
expected; red = co-administration not recommended/contraindicated. Suggested actions that should be taken to avoid
DDI-related adverse events are also given.
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Ribavirin-induced anaemia
RBV was co-administered in 42% (n = 168/404), 43%
(n = 59/137) and 49% (n = 20/41) of patients <65 years,
≥65 years and ≥75 years of age respectively. Signifi-
cant anaemia occurred in 34% (n = 20/59) and 35%
(n = 7/20) of ≥65 years and ≥75 years of age respectively.

The rates of patients aged ≥65 years who experienced at
least one adverse event (any event) were 68% (n = 40/59)
and 32% (n = 25/78) with and without RBV respectively.
In patients aged ≥75 years, these rates were 70% (n = 14/
20) and 38% (n = 8/21) with and without RBV respec-
tively. Side effects typically associated with RBV use,
including haemolytic anaemia, skin rash and cough were
observed in 42% (n = 25/59) and 55% (n = 11/21) of
patients ≥65 years and ≥75 years of age respectively.

DISCUSSION
Until recently, treatment options in elderly patients with
chronic HCV infection were limited, mainly due to con-
traindications and side effects associated with IFN-based
therapies.3 Moreover, lower SVR rates and higher rates
of treatment discontinuation were reported.4, 16–18 The
recent approval of highly effective IFN-free regimens has
led to a paradigm change with improved options for dif-
ficult-to-cure patients, including those of older age.19

Interestingly, despite improved safety profiles of all-oral
DAA treatments, elderly patients were once again
excluded from most clinical trials. Despite this, a recent
retrospective analysis of the LDV/SOF approval trials
showed high SVR rates in patients ≥65 years of age.9

However, older patients represented a mere 12% of the
total study population and the proportion of patients
aged 75 years and older was only 1% (n = 24).

In our retrospective study, we included a large proportion
of elderly patients (25%). The different combinations of all-
oral DAA therapies showed comparable efficacy in patients
aged ≥65 years and younger patients. Moreover, when
specifically looking at genotype 1 patients treated with the
currently most widely used regimens (LDV/SOF �RBV or
PTV/OBV +DSV �RBV), SVR rates exceeded 95% in both
age cohorts, and this was also true in the subgroup of
patients ≥75 years of age. While DAA treatment seems to be
feasible in virtually all patients regardless of age and comor-
bidities, the question arises whether old patients should
always be considered for antiviral therapy. On the one hand,
progression to cirrhosis has been shown to be an age-depen-
dent process.20 However, given the high costs of current
DAA regimens, treatment priority should clearly be given to
patients with advanced liver disease whereas treatment is not
recommended in patients with limited life expectancy.12

Obviously, the decision to treat elderly patients or not is
greatly influenced by local guidelines and/or reimbursement
policies as well as societal considerations. On the other hand,
if cirrhosis is not present in elderly patients despite a long
history of HCV infection, progression to cirrhosis may never
occur. In our study, 41% of patients aged 75 and older had
no cirrhosis at the time of DAA treatment. Thus, prevention
of fibrosis progression was not the main driver for treatment
initiation in these patients. Indeed, only a mild disease pro-
gression has been observed in several studies, particularly in
women, despite a long history of HCV infection.21, 22 How-
ever, despite this favourable course of disease, high levels of
psychological distress and impaired quality of life due to
debilitating fatigue may still be present in many of these
patients.21 Presence of such factors and other extrahepatic
manifestations which have been shown to increase with
age23 may justify the decision to treat older patients, even in
case advanced liver disease is not present. This is supported
by recent data that suggest that DAA therapies are associated
with significantly improved patient-reported outcomes and
even favourable short-term health economic outcomes.24, 25

While more and more patients are being treated for
HCV infection outside of clinical trials, the risk for poten-
tially serious DDIs is increasing.14 In our study, older
patients took significantly more concomitant medications,
which reflects the increasing morbidity in the ageing HCV
population.26 Moreover, our study showed that the num-
ber of drugs taken by an individual patient was highest in
patients aged 65 and older who also had cirrhosis. This
may be attributable to the particularly high number of car-
diovascular drugs and diuretics in this population.

Management of potential DDIs had become particu-
larly important after the approval of the first-generation
protease inhibitors telaprevir and boceprevir which
are strong inhibitors and substrates of the P-glycoprotein
(P-gp) and cytochrome P450 3A4.27, 28 This led to a
greater awareness of potential DDIs in patients treated
for HCV infection. Consequently, a DDI website was
launched by the University of Liverpool in 2010 that
provides a comprehensive DDI database (www.hep-dru-
ginteractions.org) that is free for use.

Currently recommended DAAs still show some interac-
tions with P-gp and cytochrome P450 enzymes, albeit only
to a much lesser extent than telaprevir and boceprevir.27

Our study had a high proportion of patients taking con-
comitant medications that could potentially lead to signifi-
cant DDIs during antiviral therapy. The predicted
proportion of potentially significant DDIs was particularly
high in elderly patients. More than half of elderly patients
were predicted to have significant DDIs. Interestingly, all

8 Aliment Pharmacol Ther

ª 2016 John Wiley & Sons Ltd

J. Vermehren et al.

www.hep-druginteractions.org
www.hep-druginteractions.org


DAA regimens were affected by potentially significant
DDIs. In elderly patients, the risk was highest in patients
treated with DCV and SOF whereas similar frequencies of
potential DDIs were predicted for patients treated with
LDV/SOF and the OBV/PTV+DSV regimen.

Proton pump inhibitors (PPIs) have recently been
associated with a higher risk of virological failure in
patients treated with LDV/SOF.29 The negative impact of
PPIs, however, does not seem to derive from true DDIs
but changes in drug absorption.30 Simultaneous adminis-
tration of PPIs resulted in only slightly decreased LDV
AUC and Cmax that were not judged to be clinically rel-
evant. In contrast, co-administration of PPIs and PTV/ri-
tonavir significantly decreased omeprazole AUC and
Cmax due to induction of CYP2C19 by ritonavir which
may lead to decreased PPI efficacy.31

In our study, actions were taken to reduce the impact
of potentially significant DDIs as previously proposed.14

However, for many concomitant medications, no reliable
prediction for potential DDIs is available because of the
lack of clinical data. Here, potential DDIs are predicted
based upon metabolic pathway interactions. This empha-
sises the need for comprehensive pharmacovigilance
networks to meet the challenges of treating elderly and/
or multimorbid patients.

In our study, no significant adverse events attributable
to DDIs were noted. Indeed, despite the higher number of
drugs taken and the higher frequency of predicted DDIs in
elderly patients, the number of adverse events was not dif-
ferent between the two age groups. This may again be attri-
butable to the meticulous DDI assessment before
treatment initiation and careful monitoring thereafter. In
addition, although the use of RBV increased the number of

adverse events particularly in elderly patients, significant
anaemia was not higher than in younger patients.

Our study has several limitations, including the retro-
spective design and the heterogeneous number of treat-
ment regimens. However, this is currently the largest
real-world DAA experience among elderly patients that
also assesses the potential clinical impact of DDIs.

In conclusion, our study shows that all approved IFN-
free DAA regimens are highly effective in elderly patients,
especially those aged 75 years and older, while concomi-
tant drugs pose a risk for potentially serious DDIs. Use of
a free accessible Internet-database and careful management
during therapy can effectively prevent DDI-associated
adverse events and treatment failure.

AUTHORSHIP
Guarantor of the article: JV.
Author contributions: JV, CW and CS contributed to the study
design and concept. All authors contributed to the acquisition of
data and reviewed versions of the manuscript and provided critical
comments. JV interpreted the data and drafted the manuscript.
All authors approved the final version of the manuscript.

ACKNOWLEDGEMENTS
Declaration of personal interests: JV served as a speaker and/or con-
sultant for Abbott, AbbVie, Bristol-Myers Squibb, Medtronic and
Gilead. MWW served as a speaker and/or consultant for Amgen,
Bayer, Bristol-Myers Squibb, Gilead, Novartis and Roche. SZ served
as a speaker and/or consultant for AbbVie, Bristol-Myers Squibb,
Gilead, Janssen and Merck. TMW served as a speaker and/or con-
sultant for AbbVie, Bristol-Myers Squibb, Boehringer-Ingelheim and
Janssen. CS served as a speaker and/or consultant for Abbott, Abb-
Vie, Achillion, Bristol-Myers Squibb, Gilead, Janssen, Merck, Qiagen,
Roche and Siemens. He also received research grants from Abbott,
Gilead, Janssen, Qiagen, Roche and Siemens. All other authors
declare that they have no competing interests.
Declaration of funding interests: None.

REFERENCES
1. Lozano R, Naghavi M, Foreman K,

et al. Global and regional mortality
from 235 causes of death for 20 age
groups in 1990 and 2010: a systematic
analysis for the Global Burden of
Disease Study 2010. Lancet 2012; 380:
2095–128.

2. Razavi H, Waked I, Sarrazin C, et al.
The present and future disease
burden of hepatitis C virus (HCV)
infection with today’s treatment
paradigm. J Viral Hepat 2014; 21:
34–59.

3. Vespasiani-Gentilucci U, Galati G,
Gallo P, et al. Hepatitis C treatment in
the elderly: new possibilities and

controversies towards interferon-free
regimens. World J Gastroenterol 2015;
21: 7412–26.

4. Sato I, Shimbo T, Kawasaki Y, et al.
Efficacy and safety of interferon
treatment in elderly patients with
chronic hepatitis C in Japan: a
retrospective study using the Japanese
Interferon Database. Hepatol Res 2015;
45: 829–836.

5. Zeuzem S, Dusheiko GM, Salupere R,
et al. Sofosbuvir and ribavirin in HCV
genotypes 2 and 3. N Engl J Med 2014;
370: 1993–2001.

6. Kowdley KV, Gordon SC, Reddy KR,
et al. Ledipasvir and sofosbuvir for 8 or

12 weeks for chronic HCV without
cirrhosis. N Engl J Med 2014; 370:
1879–88.

7. Nelson DR, Cooper JN, Lalezari JP,
et al. All-oral 12-week treatment with
daclatasvir plus sofosbuvir in patients
with hepatitis C virus genotype 3
infection: ALLY-3 phase III study.
Hepatology 2015; 61: 1127–35.

8. Feld JJ, Kowdley KV, Coakley E, et al.
Treatment of HCV with ABT-450/r-
ombitasvir and dasabuvir with
ribavirin. N Engl J Med 2014; 370:
1594–603.

9. Saab S, Park SH, Mizokami M, et al.
Safety and Efficacy of Ledipasvir/

Aliment Pharmacol Ther 9

ª 2016 John Wiley & Sons Ltd

HCV therapy in elderly patients and drug-drug interactions



Sofosbuvir for the Treatment of
Genotype 1 Hepatitis C in Subjects
Aged 65 Years or Older. Hepatology
2016; 63: 1112–9.

10. Banerjee D, Reddy KR. Review article:
safety and tolerability of direct-acting
anti-viral agents in the new era of
hepatitis C therapy. Aliment Pharmacol
Ther 2016; 43: 674–96.

11. Sarrazin C, Berg T, Buggisch P, et al.
S3 guideline hepatitis C addendum. Z
Gastroenterol 2015; 53: 320–34.

12. European Association for Study of
Liver. EASL recommendations on
treatment of hepatitis C 2015. J Hepatol
2015; 63: 199–236.

13. LaPierre TA, Hughes ME. Population
ageing in Canada and the United States.
In: Uhlenberg P, ed. International
Handbook of Population Ageing. Berlin:
Springer, 2009; 204ff.

14. H€oner Zu Siederdissen C, Maasoumy B,
Marra F, et al. Drug-drug interactions
with novel all oral interferon-free
antiviral agents in a large real-world
cohort. Clin Infect Dis 2016; 62: 561–7.

15. Levey AS, Stevens LA, Schmid CH,
et al. A new equation to estimate
glomerular filtration rate. Ann Intern
Med 2009; 150: 604–12.

16. Honda T, Katano Y, Shimizu J, et al.
Efficacy of peginterferon-alpha-2b plus
ribavirin in patients aged 65 years and
older with chronic hepatitis C. Liver Int
2010; 30: 527–37.

17. Hu CC, Lin CL, Kuo YL, et al. Efficacy
and safety of ribavirin plus pegylated
interferon alfa in geriatric patients with
chronic hepatitis C. Aliment Pharmacol
Ther 2013; 37: 81–90.

18. Frei P, Leucht AK, Held U, et al.
Elderly age is not a negative predictive

factor for virological response to
therapy with pegylated interferon-a and
ribavirin in chronic hepatitis C virus
patients. Liver Int 2014; 34: 551–7.

19. Backus LI, Belperio PS, Shahoumian
TA, et al. Comparative effectiveness of
ledipasvir/sofosbuvir � ribavirin vs.
ombitasvir/paritaprevir/ritonavir +
dasabuvir � ribavirin in 6961 genotype
1 patients treated in routine medical
practice. Aliment Pharmacol Ther 2016;
44: 400–10.

20. Pradat P, Voirin N, Tillmann HL, et al.
Progression to cirrhosis in hepatitis C
patients: an age-dependent process.
Liver Int 2007; 27: 335–9.

21. Barrett S, Goh J, Coughlan B, et al. The
natural course of hepatitis C virus
infection after 22 years in a unique
homogenous cohort: spontaneous viral
clearance and chronic HCV infection.
Gut 2001; 49: 423–30.

22. Wiese M, Fischer J, L€obermann M,
et al. Evaluation of liver disease
progression in the German hepatitis C
virus (1b)-contaminated anti-D cohort
at 35 years after infection. Hepatology
2014; 59: 49–57.

23. Cacoub P, Comarmond C, Domont F,
et al. Extrahepatic manifestations of
chronic hepatitis C virus infection. Ther
Adv Infect Dis 2016; 3: 3–14.

24. Younossi Z, Henry L. Systematic
review: patient-reported outcomes in
chronic hepatitis C – the impact of
liver disease and new treatment
regimens. Aliment Pharmacol Ther
2015; 41: 497–520.

25. Younossi ZM, Park H, Saab S, et al.
Cost-effectiveness of all-oral ledipasvir/
sofosbuvir regimens in patients with
chronic hepatitis C virus genotype 1

infection. Aliment Pharmacol Ther
2015; 41: 544–63.

26. Marcus EL, Tur-Kaspa R. Chronic
hepatitis C virus infection in older
adults. Clin Infect Dis 2005; 41: 1606–
12.

27. Kiser JJ, Burton JR, Everson GT. Drug-
drug interactions during antiviral
therapy for chronic hepatitis C. Nat Rev
Gastroenterol Hepatol 2013; 10: 596–
606.

28. Maasoumy B, Port K, Calle Serrano B,
et al. The clinical significance of drug-
drug interactions in the era of direct-
acting anti-viral agents against chronic
hepatitis C. Aliment Pharmacol Ther
2013; 38: 1365–72.

29. Terrault N, Zeuzem S, Di Bisceglie AM,
et al. Treatment outcomes with 8, 12
and 24 week regimens of ledipasvir/
sofosbuvir for the treatment of hepatitis
C infection: analysis of a multicenter
prospective, observational study.
Hepatology 2015; 62: 256A.

30. German P, Yang J, West S, et al. Effect
of food and acid reducing agents on the
relative bioavailability and
pharmacokinetics of
ledipasvir/sofosbuvir fixed dose
combination tablet. 15th International
Workshop on Clinical Pharmacology of
HIV and Hepatitis Therapy. May 19–21,
2014. Washington, DC, USA; Abstract
P15.

31. Viekirax Summary of Product
Characteristics. AbbVie Ltd, 2015;
http://www.ema.europa.eu/docs/
en_GB/document_library/EPAR_-_
Product_Information/human/003839/
WC500183997.pdf; accessed on August
5, 2016.

10 Aliment Pharmacol Ther

ª 2016 John Wiley & Sons Ltd

J. Vermehren et al.

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003839/WC500183997.pdf;
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003839/WC500183997.pdf;
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003839/WC500183997.pdf;
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003839/WC500183997.pdf;

