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Background: In patients treated for HCV infection, 
potential drug–drug interactions (DDIs) can occur among 
direct-acting antiviral drugs (DAAs) and comedications 
used. The real-life effectiveness and safety of elbasvir/
grazoprevir (ELB/GZR) among co-medicated HCV patients 
was evaluated.
Methods: We prospectively evaluated consecutive patients 
from 15 clinical centres participating in PITER who were 
treated with ELB/GZR and had been followed for at least 
12 weeks after treatment. Data were prospectively col-
lected on the use of comedications (including discon-
tinuation, dose modification and addition of drugs) and 
potential DDIs with DAAs.
Results: Of the 356 patients with at least 12-week post-
treatment follow-up (median age 67, range 50–88 years), 
338 (95%) achieved sustained virological response. Of these, 

219 (60%) had at least one comorbidity (median 2, range 
1–6); information on comedication was available for 212 of 
them. Of 190 comedications used, 15 (8%) drugs were mod-
ified during ELB/GZR therapy, specifically in 9 (4%) patients 
they were interrupted, in 2 (1%) of whom, the comedication 
was interrupted before the DAA therapy because of poten-
tial DDI (that is, patients treated with carbamazepine); in 12 
(6%) patients the comedications were modified in terms of 
dosage. In 29 (14%) patients, the comedications required 
monitoring when used with ELB/GZR, as well as with all 
available DAAs. Of the 190 drugs, 27 (14%) used in 67% of 
patients were free of DDIs when used with ELB/GZR, whereas 
they required monitoring if used with other DAA regimens.
Conclusions: The results of this prospective study sup-
port findings that ELB/GZR is effective and safe in most 
treated patients.
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Introduction

The development of second-generation direct-acting 
antivirals (DAA) represents a historical breakthrough, 
in that these drugs have been shown to eradicate HCV 
in more than 95% of patients, regardless of HCV 
genotype, baseline HCV RNA levels, race, HIV status 
or severity of hepatic fibrosis [1,2]. For adults chroni-
cally infected with HCV genotypes 1 and 4, elbasvir/
grazoprevir (ELB/GZR) represents an effective option, 
even for a number of difficult-to-treat populations. 
Furthermore, the dosage does not need to be adjusted 
in patients with any degree of renal impairment or in 
patients with mild hepatic impairment (Child–Pugh A 
cirrhosis) [3–7].

However, none of the DAAs is completely free of 
drug–drug interactions (DDI), which can significantly 
alter the drugs’ exposures and thus their efficacy and 
toxicity. Studies on interactions between DAAs and 
some key drugs have been performed in the develop-
ment of all DAAs, yet mainly among healthy volun-
teers, whereas participants in clinical trials usually 
have shown few comorbidities and thus are prescribed 
limited concomitant medications [8]. There is limited 
data that prospectively address DDIs in patients with 
chronic HCV infection who are on DAA therapy. In a 
previous work we reported the real-life efficacy and 
the potential DDIs of DAAs (sofosbuvir-based thera-
pies and ombitasvir, paritaprevir and dasabuvir regi-
mens) with co-medications used in outpatients with 
mild and severe liver disease due to HCV chronic 
infection, as part of the PITER Cohort Study (Ital-
ian Platform for the Study of Therapies for Chronic 
Viral Hepatitis)  [9,10]. In the present study, we pro-
spectively evaluated the outcomes of treatment with 
the ELB/GZR combination, in terms of effectiveness 
and safety, which included a prospective evaluation of 
DDIs during this DAA therapy.

Methods

Patients
The study was prospective in design and was conducted 
among patients attending 15 clinical centres involved in 
PITER [9]. For the present study, we retrieved data from 
all consecutive patients treated with ELB/GZR since its 
first use in Italy (January 2017). Data during the fol-
low-up after the 12-week post-treatment was evaluated 
until December 2018. Each patient’s data included an 
evaluation of the efficacy of ELB/GZR and a prospec-
tive evaluation of the comedication profile from the 
onset of ELB/GZR treatment, during treatment and at 
12 weeks from the end of treatment.

The fibrosis stage was defined based on liver tran-
sient elastometry data, which were considered validated 

if the patient had at least 10 valid stiffness measure-
ments, with a success rate of at least 80%, an inter-
quartile range of less than 30% of the median stiffness 
score and a body mass index (BMI) <30 kg/m2. Liver 
fibrosis staging with combination of APRI and FIB-4 
scoring systems in chronic hepatitis C were used as an 
alternative to transient elastography in patients with 
BMI ≥30 kg/m2. The severity of liver disease was clas-
sified as ‘mild’ if the stiffness score was equal to or 
lower than 10 kPa and as ‘moderate-to-severe’ if it was 
higher or if there were signs of liver cirrhosis (signs of 
portal hypertension). The correlation of stiffness value 
with Metavir fibrosis stage was based on cutoff values 
for fibrosis stage assessment, previously reported [11]. 
Patients with severe liver disease (Child–Pugh B and C) 
were excluded, in that treatment with ELB/GZR is not 
indicated in these patients [12,13].

Outcomes
Virological response was defined as undetectable HCV 
RNA (limit of detection ≤15 IU/ml) and was deter-
mined at the end of treatment and at week 12 (SVR12) 
post-treatment. Virological failure was defined as 
detectable HCV RNA at any time during treatment or 
post-treatment follow-up. Aminotransferase and biliru-
bin, as well as stiffness values, were assessed at base-
line at week 8 and at week 12 during treatment, and 
at week 12 after the end of treatment. Serious adverse 
advents were defined as any life-threatening event or an 
event that led to hospitalization, prolonged an existing 
hospital stay or resulted in death, or those that were 
considered serious based on a physician’s professional 
opinion.

Assessment of comedications and the potential 
drug–drug interactions
The potential DDIs of drugs that were recorded on 
the treated patients and drugs that were added to or 
removed from the comedication list during antiviral 
therapy were assessed and classified based on infor-
mation available in the HEP Drug Interactions web-
site. Specifically, the potential DDIs for the ELB/GZR 
regimen and of each drug used as comedication were 
assigned to four different risk categories: category 0 – 
classification not possible due to lack of information; 
category 1 – no clinical interaction possible; category 
2 – may require dose adjustment/closer monitoring; 
category 3 – co-administration not recommended or 
contraindicated.

The profiles of the comedications that were added 
or removed were evaluated according to the risk cat-
egories, in order to define if the changes were required 
due to a specific risk category. If changes were due to 
a potential DDI, the information was also recorded on 
the electronic case report form (eCRF).
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Statistical analysis
Statistical analyses were performed using the SAS 
statistical package, version 9.4 (SAS Institute Inc., Cary, 
NC, USA). Differences among the proportions were 
evaluated by c2 or Fisher’s test, as appropriate, whereas 
the Student’s test was used for continuous variables. A 
P-value of less than 0.05 was considered as significant.

The crude odds ratios (OR) that links HCV treatment 
failure to potential risk factors (that is, age, gender, 
fibrosis stage, HCV RNA genotype, previous interferon 
[IFN]-based treatment, presence of cirrhosis versus other 
fibrosis stages, ribavirin use [yes/no] and comedication 
use [yes/no] during antiviral therapy) were calculated by 
univariate analysis. Adjusted ORs were calculated by 
multiple logistic regression analysis to identify variables 
that were independently associated with the failure. The 
reference category for OR estimates was that of the 
most favourable levels of exposure.

Ethics
The study was conducted in accordance with the 
guidelines of the Declaration of Helsinki and the prin-
ciples of good clinical practice. The study protocol 
was approved by the Ethics Committee of the Istituto 
Superiore di Sanità (Italian National Institute of Public 
Health) and by the local ethics committees of each clini-
cal centre. The patients’ data were evaluated through an 

anonymous analysis, adopting codes generated by the 
eCRFs. Informed consent had been obtained from each 
patient upon enrolment in this study.

Results

Virological response evaluation
From January 2017 to December 2018, 365 patients 
with chronic HCV infection, consecutively enrolled in 
PITER, underwent treatment with ELB/GZR, with or 
without ribavirin. Of these patients, 298 (81.6%) had 
HCV RNA genotype 1b, 39 (10.7%) genotype 1a and 
28 (7.7%) genotype 4. Demographic characteristics, 
previous treatment experience, ribavirin use and the 
SVR12 according to the fibrosis stage are reported in 
Table 1. The liver fibrosis stage was distributed as fol-
lows; 193 (53%) patients had F0–F1 fibrosis stage, 75 
(20%) F2 fibrosis stage, 43 (12%) F3 fibrosis stage and 
54 (15%) F4/Child A cirrhosis. Data from 356 patients 
(median age: 67; range 50–88 years), who reached the 
12-week evaluation after the end of treatment, were 
considered for the sustained virological outcome. Of 
these patients, 338 (95%) reached the SVR12 and 18 
(5%) failed.

According to the logistic regression analysis, female 
gender and previous IFN-based treatment were inde-
pendent factors of failure (Table 2). Of 18 patients who 

	 Patients,	 Mean age,			   Previous interferon	 Non-responder/total n
Fibrosis stage	 n (%)	 years (sd)	 Male/female, n (%)	 Ribavirin use, n (%)	 treatment, n (%)	 evaluated (% of failure)

F0/F1	 193 (53)	 60 (12)	 81/112 (42/58)	 32 (17)	 61 (32)	 6/191 (3.1)
F2	 75 (20)	 65 (11)	 31/44 (41/59)	 13 (17)	 27 (36)	 5/75 (6.7)
F3	 43 (12)	 66 (13)	 21/22 (49/51)	 5 (12)	 12 (28)	 4/40 (10)
F4 (Child A)	 54 (15)	 67 (13)	 33/21 (61/39)	 7 (13)	 20 (37)	 3/50 (6)
Total	 365	 65 (12)	 166/199 (45/55)	 57 (16)	 120 (33)	 18/356 (5)

Table 1. Baseline characteristics of patients treated with ELB/GZR in PITER cohort from January 2017 to December 2018

ELB, elbasvir; GZR, grazoprevir. 

Variables	 Crude OR	 95% CI	 Adjusted OR	 95% CI

Age	 1	 0.95, 1.2	 1	 0.9, 1
Gender (F/M)	 3	 0.97, 1.02	 4.9	 1.2, 19.5
Alcohol use (yes/no)	 1.1	 0.4, 2.9	 0.6	 0.2, 2.0
Genotype 1b versus 1a	 0.8	 0.2, 3.7	 0.9	 0.1, 5.6
Genotype 1b versus 4	 0.4	 0.05, 3.74	 0.4	 0.1, 3.7
Genotype 4 versus 1a	 1.7	 0.4, 8.1	 0.9	 0.1, 5.6
Cirrhosis versus F1–F3 fibrosis	 1.9	 0.3, 4.6	 2.1	 0.5, 9.3
Previous interferon-based treatment (yes/no)	 2.5	 0.9, 6.4	 2.3	 1.1, 8.8
Ribavirin use (yes/no)	 0.8	 0.1, 6.6	 0.6	 0.1, 7.4
Concomitant drug use (yes/no)	 0.7	 0.3, 1.9	 1.4	 0.4, 4.0

Table 2. Univariate and logistic analysis linking failure with independent variables

F, female; M, male; OR, odds ratio. 
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failed, 13 (72%) were female (median age 69; range 
45–82 years).

Clinical evaluation
Two (4%) of these patients died after reaching SVR, due 
to causes not related to liver disease or antiviral treat-
ment, one due to respiratory failure and the other due 
to acute myocardial infarction, both events reported to 
not be correlated to the DAA therapy. No hospitaliza-
tion or other severe events were recorded during the use 
of DAA therapy. None of patients developed de novo 
hepatocellular carcinoma (HCC) during and after anti-
viral treatment independent of whether they achieved 
viral eradication or not.

Only one patient was non-adherent to treatment 
because she stopped treatment at the first month for 
anxiety. Of the treated patients, 8 (2%) patients were 
lost at follow-up (they started treatment and were all 
end-of-treatment responders, then were not presented at 
the same clinical centre for the SVR12 evaluation until 
the end of the study period). Overall, in 110 patients for 
whom the stiffness evaluation was available at baseline 
and at the end of follow-up (the median follow-up of 12.7 
months from the end of treatment; range: 5–18 months), 
significant decreases in the stiffness values were observed 
in F2 to F4 fibrosis stage (Table 3). In the 18 patients 
who did not achieve SVR12, during a mean follow-up of 
7.1 months (sd: 4.2) after the end of treatment, the mean 

baseline stiffness value was 8 kPa (sd: 6.7), compared 
with 9.2 kPa (sd: 5; P<0.05) at the time of failure.

Normal transaminase levels were observed in all but 
two patients who achieved SVR12. The mean alanine 
aminotransferase (ALT) values were 55 (sd: 36) at pre-
treatment and 24 (sd: 11) during the post-treatment 
follow-up (P<0.05). No significant differences in ami-
notransferase levels were observed by age (younger 
and older than 65 years of age) or gender (data not 
shown). In two patients (one with F2 fibrosis stage and 
the other with F4/cirrhosis), altered ALT and aspartate 
transaminase (AST) values (2–3× higher than normal 
values) were observed at the end of treatment. In one 
of these patients, ALT and AST were normalized at the 
SVR12 evaluation, whereas in the other patient, ALT 
levels higher than 1.5× normal persisted. In this latter 
patient, the BMI was 31.5 and liver fat was revealed by 
ultrasound.

The mean bilirubin level was 0.8 (sd: 1.4) before 
treatment and did not change at the end of treatment.

Comorbidity and comedication profile
Of the 365 patients, 219 (60%) had at least one diagnosed 
comorbidity and of the 343 patients for whom comedi-
cations were recorded on the eCRF 212 (62%) reported 
having taken at least one drug during antiviral therapy. 
The number of comorbidities and comedications accord-
ing to the fibrosis stage are reported in Table 4.

	 Stiffness in those who achieved SVR12
Fibrosis stage	 Number of patients	 Mean pre-treatment (sd)	 Mean post-treatment (sd)	 P-value

F0–F1	 69	 5.0 (0.9)	 5.5 (2.1)	 >0.05
F2	 23	 7.6 (0.6)	 6.6 (2.0)	 <0.05
F3	 6	 9.2 (2.4)	 8.4 (3.6)	 <0.05
F4	 12	 16.1 (3.6)	 10.3 (5.4)	 0.01

Table 3. Pre- and post-treatment stiffness values in patientsa who achieved SVR12

aOnly for part of total patients who achieved sustained virological response at 12 weeks (SVR12), the stiffness values were available at baseline and at end of follow-up.

	 Total	 F0–F1	 F2	 F3	 F4/Child A cirrhosis

Comorbidities 	 				  
Number of patients	 365	 193	 75	 43	 54
None, n (%)	 146 (40)	 82 (42)	 26 (35)	 20 (47)	 18 (33)
1–2, n (%)	 182 (50)	 93 (48)	 42 (56)	 19 (44)	 28 (52)
≥3, n (%)	 37 (10)	 18 (9)	 7 (9)	 4 (9)	 8 (15)
Comedicationsa 	 				  
Number of patients	 343	 187	 67	 35	 54
None, n (%)	 131 (38)	 76 (41)	 26 (39)	 14 (40)	 15 (28)
1–2, n (%)	 90 (26)	 51 (27)	 18 (27)	 8 (23)	 13 (24)
≥3, n (%)	 122 (36)	 60 (33)	 23 (34)	 13 (37)	 26 (48)

Table 4. Number of comorbidities and comedications according to the fibrosis stage

a22 patients had no available information on comedications potentially used. The analysis of comedications used was performed for 343 patients. 
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The following comorbidities were present: cardio-
vascular disease in 145 (39.7%) patients, diabetes in 37 
(10.1%) patients, neuropsychiatric disease in 35 (9.6%) 
patients, tumours in 23 (6.3%) patients, dyslipidaemic 
disorders in 20 (5.5%) patients, autoimmune disease in 
18 (4.9%) patients, renal disease in 15 (4.1%) patients, 
osteoarticular disease in 12 (3.3%) patients, haemato-
logical disease in 9 (2.5%) patients and other comorbidi-
ties in 24 (6.6%) patients. The presence of comorbidities 
was similarly distributed in each fibrosis stage, whereas 
the presence of more than three comorbidities was more 
common among patients with fibrosis stage F4 (15%) 
compared with the other stages (9–10% for stages F0 to 
F3), though the difference was not significant (P=0.6). 
Regarding comedications, 754 comedications were 
reported to have been used by 212 patients (9 patients 
were relapsers and 203 were patients who achieved 
the SVR12); these comedications belonged to 190 sin-
gle drugs. Of the 54 patients with fibrosis F4/cirrhosis, 
39 (72%) received comedications, compared with 173 
(60%) of the 289 patients with fibrosis stages F0–F3 
(P=0.006). The use of 1–2 comedications was similarly 
(23–27%) distributed among patients with fibrosis stages 
F0–F3, whereas the use of more than 3 comedications 
(up to 15) was more frequently observed in patients with 
F4/cirrhosis (48%; P=0.03). Of the 190 drugs used, 20 
(10%) were added as new drugs during antiviral therapy 
(Table 5). Of these drugs, all were classified as category 
1 (no interaction), with the exception of atorvastatin and 
simvastatin, which were added during therapy in 4 (1%) 
patients and defined as category 2 (requiring monitoring 
by HEP Drug Interactions due to potential interactions 
with hepatitis C drugs). The daily dose of atorvastatin 
and simvastatin was 20 mg/day, co-administered with 
ELB/GZR. No changes were recorded for statins, which 
were used at the lowest dosage recommended during 
DAA therapy. Overall, 15 drugs were modified or inter-
rupted during ELB/GZR therapy, specifically 9 (4%) 
patients were interrupted, 2 (1%) of whom had come-
dication interrupted before DAA therapy because of a 
DDI (that is, patients treated with carbamazepine). In 12 
(6%) patients, the comedications used were only modi-
fied in terms of dosage or pharmaceutical form. Overall, 
29 (14%) patients, all of whom achieved the SVR12, used 
drugs that required monitoring in concomitant use with 
ELB/GZR, and required monitoring or were contraindi-
cated also if used with other DAA regimens. Specifically, 
10 (5%) patients used statins: atorvastatin, simvastatin 
and rosuvastatin; 14 (7%) used antiplatelets and antico-
agulants: rivaroxaban, dabigatran and warfarin; 3 (1%) 
used drugs for symptoms of an enlarged prostate: silo-
dosin, 1 (0.5%) used drug to prevent gout attack: col-
chicine and 1 (0.5%) used a central nervous system drug 
(quetiapine). In none of patients who relapsed, potential 
DDIs were reported by HEP Drug Interactions website 

and none of the comedications were changed during the 
antiviral therapy.

Of the 212 patients that used comedications, 141 
(67%) used drugs (27 single drugs; 14%) that are con-
sidered as category 1 (no interaction) when concomi-
tantly used with ELB/GZR but that are considered as 
category 2 (monitoring/reduce dosage) or category 3 
(contraindicated) when used with other DAA regimens 
(data not shown).

Comedication	 Number of patients

New added drug	
Amlodipine	 1
Atorvastatina	 1
Sulfamethoxazole + trimethoprim	 1
Ciprofloxacin	 2
Duloxetine	 1
Delorazepam	 2
Colecalciferol	 1
Ezetimibe	 1
Ferrograd	 1
Hydrochlorothiazide	 2
Levetiracetam	 1
Ketoprofen	 1
Omeprazole	 2
Pantoprazole	 3
Paroxetine	 1
Piroxicam	 1
Simvastatina	 2
Perindopril + indapamide + amlodipine	 1
Valsartan	 1
Ondansetron	 1
Total	 27
Interrupted/modified drug	
Colecalciferol	 2
Esomeprazole	 1
Amlodipine	 1
Pantoprazole	 2
Rosuvastatin	 1
Ranitidine	 1
Quetiapine	 1
Lovastatin	 1
Tachipirin	 1
Atorvastatin	 3
Diazepam	 1
Emtricitabine + tenofovir	 1
Silodosin	 1
Allopurinol	 1
Carbamazepinea	 2
Total	 21

Table 5. Comedications changed (added or removed) during 
the ELB/GZR therapy

aAtorvastatin and simvastatin were the only drugs that required monitoring 
during elbasvir (ELB)/grazoprevir (GZR) therapy. Carbamazepine was interrupted 
before starting the ELB/GZR therapy because contraindicated as concomitant 
use with all direct-acting antiviral regimens.
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Discussion

The results of this study confirm the efficacy and safety 
of ELB/GZR in a heterogeneous adult and elderly pop-
ulation with chronic HCV infection, mainly with HCV 
genotype 1b, which is the prevalent genotype in Italian 
patients. The overall failure rate of ELB/GZR in our 
study patients, who were not of a young age and had a 
significant number of comorbidities [9], was 5%, which 
is similar to the rates reported by clinical trials and 
real-life studies in other geographical areas. These data 
confirm that the efficacy of ELB/GZR (as measured by 
SVR12 rates) is generally not affected to any meaningful 
degree by factors such as age, gender, HIV status or cir-
rhosis status [5,14–19]. In this study, ELB/GZR showed 
the same levels of efficacy and safety when comparing 
patients with Child A cirrhosis to those with mild liver 
fibrosis. These findings confirm data from clinical tri-
als and differently from previous reports, do not show 
a negative impact of severe liver fibrosis and cirrhosis 
on the DAA response rate [4,5,20,21]. Patients that 
were lost to follow-up or were not adherent to treat-
ment were not counted as non-responders in that this is 
not an intention-to-treat study. This is a real-life cohort 
study and it could be expected that a few patients could 
be lost to follow-up and this could have some impact 
in the results of the study. Female gender and previous 
IFN-based therapy were independent factors related 
to failure. Regarding female gender, previous studies 
have reported a lower efficacy of IFN-based therapy 
in women compared with men, yet, to date, there have 
been no reports of lower efficacy among women using 
the DAA-based regimens. The mechanisms underlying 
the more frequent failure of efficacy among women are 
not clear. However, in the PITER cohort, the preva-
lence of cirrhosis was found to have been higher among 
women of menopausal age, compared with same-age 
men [22–25]. Of note is the fact that the mean age of 
treated women in this study was 64 ±18 years, suggest-
ing that menopausal age should be taken into consid-
eration in interpreting our results, though other studies 
that evaluated the same or other DAA regimens would 
need to be performed to confirm this data. Previous 
treatment with IFN-based therapy is one of the known 
predictors of potential DAA failure and the HCV treat-
ment guidelines include specific recommendations for 
this group of patients [12,13]. In our study, the rate of 
failure was very similar to that reported in clinical trials 
on ELB/GZR in patients who had shown null response 
following treatment with pegylated IFN and ribavirin 
(7.7% versus 7.5%) [3]. Data on the presence of base-
line NS5A resistance-associated substitutions (RAS) 
were not available in this study because, in accordance 
with the most recent EASL guidelines, routine testing 
for RAS is not required in Italy [12]. However, HCV 

RNA genotype 1a was not an independent factor of 
failure in this cohort.

Regarding the effectiveness following the SVR, very 
good results were observed in terms of improvement 
of liver inflammation markers. Significant decreases 
in transaminase levels and liver stiffness levels were 
observed in all patients, independent of age, gender and 
pre-treatment fibrosis stage. This indicates that if viral 
eradication has been achieved prior to a severe cirrhosis 
stage, liver inflammation and fibrosis improve signifi-
cantly, in accordance with previous reports [26]. On the 
contrary, and as previously reported by PITER data, the 
effectiveness of DAAs was not as high in patients with 
very severe stages of liver disease, independently of the 
DAA regimen used [27].

In only two patients, transaminase levels were slightly 
higher than normal at the end of treatment. In clinical 
trials on ELB/GZR, regardless of treatment duration, 
1% of patients experienced elevated ALT levels, reach-
ing levels that were 5× higher than the upper normal 
levels. These increases were typically asymptomatic, 
and they resolved with ongoing therapy or after its 
completion [16]. The frequency of late ALT increases 
has been reported to be higher in patients with higher 
GZR plasma concentrations, which could in part be 
due to the DDIs with one or more concomitant drugs 
[28,29]. In our study, no DDIs with ELB/GZR were 
reported in patients with increased ALT levels during 
antiviral treatment.

As mentioned, Italian patients with chronic HCV 
infection are not young, due to a known cohort effect 
of HCV chronic infection in Italy [30,31]. In light of 
this cohort effect, it is not surprising that patients with 
chronic HCV infection are of adult or elderly age and 
often have comorbidities and take several drugs as 
comedications during DAA treatment, conditions not 
present in patients included in clinical trials [32]. The 
current guidelines on HCV treatment included recom-
mendations on potential DDIs, particularly for NS3/4A 
protease inhibitors and NS5A-NS5B polymerase inhibi-
tors, with particular regard to patients with severe liver 
damage or chronic kidney damage [12,33–35]. How-
ever, the severity of liver disease is only one of the fac-
tors related to potential DDIs. The pharmacokinetic 
profiles and how they impact DDIs need to be care-
fully addressed before and following DAA treatment 
in clinical practice in patients with mild liver disease 
[34,36–40].

We previously evaluated the potential DDIs of 
sofosbuvir-based regimens (sofosbuvir and ledipas-
vir, sofosbuvir and daclatasvir) and ombitasvir + 
paritaprevir + dasabuvir. In the real-life use of these 
DAA regimens, category 2 DDIs were less frequent 
in patients with chronic hepatitis infection (31%), 
compared with those with moderate-to-severe liver 
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damage (56%) [10]. In the present study, the analysis 
was based on the prospective profile of comedications 
used, in terms of their interruption, change or dosage 
modification and their potential impact on the efficacy 
of ELB/GZR. The comedication profile, evaluated for 
190 drugs taken by 212 patients (overall, 754 come-
dications), did not show any significant DDI concerns, 
and only 14% of patients who achieved SVR12 used 
drugs that required monitoring (category 2), specifi-
cally, antiplatelets, anticoagulants and statins. These 
drugs are assigned to category 2 when used with any 
of the available DAA regimens [12]. Regarding parv-
astatin, which was used in this study, there were no 
potential DDIs in its use with ELB/GZR, though this 
drug is considered as category 2 when used with other 
DAA regimens [12]. The dosages of the statins used 
were the lowest ones, and no interruption or safety 
issues were raised for these patients throughout treat-
ment. None of the drugs added or interrupted during 
antiviral therapy had a potential DDI. We prospec-
tively collected data of the changes of the drugs used 
prior to the antiviral therapy at the time and during 
the ELB/GZR treatment with the aim to evaluate what 
happened to these patients during a careful evaluation 
of potential DDI before antiviral therapy. The very 
good DDI profile of ELB/GZR could be possible also 
because patients were specifically assigned to ELB/
GZR if no anticipated DDI was present. However, the 
drugs used before the ELB/GZR treatment were almost 
the same as those reported in our previous paper 
that evaluate the DDI profile used with other DAA 
regimens [10]. Proton pump inhibitors (PPI; omepra-
zole, pantoprazole, esomeprazole, rabeprazole) were 
the most frequently reported comedications in our 
study. They were used in 25% of patients, which is in 
accordance with our previous data in patients treated 
with other DAA regimens [10]. Although ELB/GZR 
therapy is not influenced by the use of PPIs [41], it is 
important to be aware of the recommendations con-
cerning the co-administration of antacids, H2-recep-
tor antagonists and PPIs. The potential DDIs between 
PPIs and DAAs has recently been emphasized, given 
that gastric pH could affect DAA bioavailability due 
to increased or decreased pharmacokinetics. However, 
this has not been confirmed by real-life studies as a 
predictor of lower DAA efficacy [42,43]. The solubil-
ity of velpatasvir decreases as pH increases and for 
most patients PPIs should be avoided or administered 
at a dose that does not exceed that of omeprazole 
20 mg during sofosbuvir/velpatasvir and sofosbuvir/
velpatasvir/voxilaprevir treatment. Sofosbuvir/vel-
patasvir/voxilaprevir should be given with food and 
taken 4 h before the PPIs; for ELB/GZR, as for other 
DAA regimens, no indications on food taken are nec-
essary [12].

Of the 190 drugs used in this study, 27 (14%) used 
in 67% of our patients, are free of potential DDIs with 
ELB/GZR, whereas they are considered as category 2 
when used with other sofosbuvir based regimens and/or 
glecaprevir/pibrentasvir [12]. The key message of this find-
ing is that careful evaluation of each comedication profile 
is necessary prior to selecting the specific DAA regimen.

In conclusion, the results of this study indicate that 
ELB/GZR has a high efficacy and very good effective-
ness observed beyond the SVR, regardless of comorbid-
ity status, comedications used and liver disease fibrosis 
stage. The potential DDIs between ELB/GZR and other 
medications are relatively low; thus, this regimen could 
be safely used in the majority of patients with chronic 
HCV infection, independent of age, comorbidity and 
comedications used.
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