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Background: Direct acting antivirals (DAA) are highly effective antivirals targeting hepatitis C virus (HCV) 
with real-world efficacy exceeding 90%. However, DAAs are susceptible to drug interactions; and suboptimal 
treatment adherence has been associated with treatment failure. DAA therapy has historically been studied 
in the ambulatory setting, challenges associated with acute hospitalization during DAA therapy has not 
been previously evaluated. We investigated the frequency of therapy interruptions, and drug interactions 
in patients admitted to hospital while on DAA therapy. We examined drug interaction type, severity, and 
mitigation strategies by clinicians.
Methods: We designed a retrospective cross-sectional study including all patients hospitalized while 
receiving active DAA therapy between January 1st, 2015 and June 30th, 2018. Eligibility criteria included all 
adults older than 18 years of age and receiving active DAA therapy as an outpatient. Baseline demographics 
were extracted electronically; therapy interruptions and drug interactions were identified through medical 
chart review. Treatment success was obtained through linking our database to the provincial virology 
laboratory database.
Results: Fifty-seven hospitalizations occurred in 54 unique patients who were receiving DAA therapy. 
HCV therapy was interrupted in nearly one third of all hospitalizations (18/57) with the majority of cases 
(14/18) representing an unintentional therapy cessation. Median duration of therapy interruption was 1 day 
(IQR 0–1 day, range 0–46 days) Logistical delays in obtaining the patient’s own supply of DAAs was the most 
common reason for un-intentional therapy interruptions. Nearly two-thirds of patients were prescribed 
at least one new interacting medication during their hospital admission. Most drug interactions (78.7%) 
were not discovered nor addressed by clinicians. However, all patients except one (98%) achieved sustained 
virological response at week 24 (SVR24).
Conclusions: DAA therapy interruptions and drug interactions were common in hospitalized patients. 
Clinician education, clinical decision support tools and availability of DAAs on hospital formularies can 
mitigate drug interactions and supply chain issues in order to optimize care for patients admitted to hospitals 
while receiving HCV DAA therapy.
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Introduction

Chronic hepatitis C virus (HCV) infection is estimated to 
affect roughly 58 million people (1). It is believed that only 
20% of individuals infected with HCV are aware of their 
diagnosis, and only 60% of those have had the opportunity 
to receive direct-acting antiviral (DAA) therapy (1). With 
more than 50 million untreated cases of HCV worldwide, 
rapid and safe access to effective DAAs is needed to achieve 
the World Health Organization (WHO)’s 2030 goal of 
reducing HCV elimination target.

Since 2014, highly effective DAAs have been available 
for the treatment of HCV. Efficacy rates in clinical trials for 
the various available DAAs are in excess of 90% (2). Real-
world effectiveness of DAA therapy ranges from 85–95% 
depending on the treatment setting, patient demographics, 
and HCV genotype (3). Until recently, DAA prescribing 
occurred primarily in specialized outpatient clinics under 
the supervision of gastroenterologists or infectious diseases 
specialists. Current Canadian HCV treatment guidelines 
have recommended the transition of HCV care from 

specialty clinics to primary care settings (4). As access and 
prescribing is expanded to a broader range of patients, we 
can expect to see an increase in the number of patients 
admitted to hospital while on DAA therapy (5,6).

The list price of a single pill of contemporary DAA 
regimens costs between $600–$1,000 (CAD) and the 
majority of treatment courses are for 12 weeks (7,8). Due 
to the significant financial burden of these therapies, many 
hospitals do not stock or supply DAA therapies to admitted 
patients (9). In most circumstances patients are expected to 
supply their own medications while in hospital. This may 
lead to treatment interruptions which in turn can threaten 
treatment success. It has been reported that patients who 
miss as little as 10% of their regimen are at an increased 
risk of treatment failure (10). Adherence to DAA therapy 
typically ranges between 60–90% depending on patients’ 
socioeconomic and comorbid mental health status and 
presence of substance use disorders (11-13). A significant 
gap exists regarding adherence rates in patients receiving 
DAA therapies outside of specialized clinics. To our 
knowledge, there is no literature describing adherence rates 
in patients admitted to hospital while taking DAA therapy.

In addition to the risks associated with treatment 
interruption, DAAs are also commonly implicated in drug 
interactions which are often present in hospitalized patients 
with multiple comorbid conditions (14). In the outpatient 
setting, between 30–60% of patients prescribed DAAs are 
at risk of clinically significant drug interactions (15-17). 
The prevalence of clinically significant drug interactions 
in patients admitted to hospital while taking DAA therapy 
has not been previously described. Given their novelty 
and rarity, it can be expected that most physicians and 
pharmacists outside of specialized practice areas have 
limited knowledge of HCV pharmacotherapy related 
interactions and mitigation strategies.

Our primary objective was to determine the frequency of 
DAA therapy interruptions in patients who are hospitalized 
while receiving HCV treatment. We also aimed to quantify 
and characterize drug interactions and their management 
strategies in patients who are admitted to the hospital while 
receiving HCV DAAs. We present the following article in 
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Highlight box

Key findings 
• Drug interactions with DAA therapy are common;
• DAA therapy is a robust treatment for chronic HCV with short 

treatment interruptions and minor drug interactions unlikely to 
significantly impair treatment efficacy.  

What is known and what is new?  
• Patients admitted to hospital while taking DAAs are at high risk of 

drug interactions;
• Majority of drug interactions are not identified or properly 

addressed by clinicians;
• Some of the well described pharmacokinetic drug interactions 

involving DAA therapy may not be clinically relevant.

What is the implication, and what should change now? 
• All patients admitted to hospital while taking DAA therapy should 

be referred for assessment by an expert in HCV pharmacotherapy 
due to the frequency of drug interactions with other common 
medications.
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accordance with the STROBE reporting checklist (available 
at https://amj.amegroups.com/article/view/10.21037/amj-
22-80/rc).

Methods

We designed a retrospective cross-sectional study including 
all patients hospitalized while receiving active DAA therapy 
during a 3.5-year period. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the UBC Clinical 
Research Ethics Board and the Vancouver Coastal Health 
Research Institute (No. H18-02567). Individual consent for 
this retrospective analysis was waived.

All adult patients admitted to Vancouver General 
Hospital (VGH) between January 1st, 2015 and June 
30th, 2018 were screened for inclusion into our study. 
Eligibility criteria included all adults older than 18 years 
of age and receiving active DAA therapy as an inpatient. 
We generated a report through electronic medical record 
(EMR) that identified all patients ordered at least one of 
the following medications to be continued while patients 
are admitted: asunepravir, glecaprevir, grazoprevir, 
paritaprevir, simeprevir, voxilaprevir, daclatasvir, elbasvir, 
ledipasvir, ombitasvir, pibrentasvir, velpatasvir, dasabuvir, 
or sofosbuvir. Patients were excluded if DAA therapy was 
initiated in hospital. We also excluded patients receiving 
DAA therapy as part of clinical trials since these patients 
would be managed closely by dedicated clinical trials nurses 
and experts in HCV therapy and will not represent real 
world data. We then linked our database to the provincial 
virology laboratory, the British Columbia Centre for 
Disease Control database, to obtain HCV genotyping, and 
sustained virological response at week 24 (SVR24) data for 
each patient.

Baseline characteristics including age, sex, dates of 
admission and discharge, admitting diagnosis, DAA 
regimen, medication list, and laboratory values were 
extracted electronically. Physical charts and in-patient 
EMR were manually reviewed to determine baseline 
Child-Pugh, MELD, and MELD-Na scores, as well as 
identifying timelines for DAA orders written, processed, 
and administered. Therapy was considered to have been 
interrupted if more than 24 hours elapsed between the time 
of presentation to hospital and administration of their next 
DAA dose. Interruptions were classified as intentional if 
the medication was not continued on admission medication 
reconciliation, and unintentional if the physician ordered 

the DAA therapy on admission but administration was 
delayed for reasons such as difficulty procuring patient’s 
own supply. Drug interactions were manually assessed using 
the University of Liverpool HEP Drug Interactions online 
tool, and well as Lexi-Interact® (18,19). Interactions were 
recorded according to category and severity according to 
University of Liverpool HEP Drug Interactions. In the 
event of lack of information or incongruence between the 
interaction tools, an expert in HCV pharmacotherapy made 
the final determination.

Statistical analysis

Given the descriptive nature of this retrospective cross-
sectional study, no sample size calculations were carried 
out. Period prevalence of DAA treatment interruptions 
and drug-drug interactions were determined. Numerical 
data are presented as means with standard deviations when 
normally distributed and nonparametric data as medians 
with the interquartile ranges (IQR). Categorical data are 
presented with their corresponding percentages.

Results

During the study period, 61 patients were prescribed DAA 
regimens while admitted to the hospital. Of those, six 
patients were excluded as their DAA regimen was initiated 
during the index hospitalization. We were unable to locate 
the physical chart for one patient and therefore they were 
excluded from the study. Three patients were admitted 
multiple times, as such, 54 unique patients contributed 
to a total of 57 hospitalizations (Figure 1). Baseline 
characteristics of patients on admission are summarized 
in Table 1. The majority of patients were men (41/54), the 
median age was 60 (IQR, 53–66), and the median MELD-
Na score at admission was 13 (IQR, 10–20). Almost half 
the patients (25/54) had decompensated cirrhosis (Child 
Pugh Class B or C) and were hospitalized for a liver related 
indication and nearly 10% required admissions to critical 
care unit. The most common DAA combination was 
sofosbuvir/ledipasvir with or without ribavirin (30/54).

DAA therapy was continued without interruption 
in 68.4% (39/57) of hospitalizations. Unintentional 
interruptions occurred in 24.6% (14/57) of cases while there 
were a total of four intentional interruptions accounting 
for 7.0% of hospitalization episodes (Table 2). Of the 
intentional interruptions in two cases the DAA was held 
for pre-operative “nothing by mouth” (NPO) status, in one 

https://amj.amegroups.com/article/view/10.21037/amj-22-80/rc
https://amj.amegroups.com/article/view/10.21037/amj-22-80/rc
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Admissions at Vancouver General Hospital between January 1st, 

2015-June 30th, 2018 with an HCV DAA documented on the 

electronic medical record 

(n=61)

DAA therapy initiated de novo 

during hospitalization (n=6)

Remaining admissions 

(n=55)

Chart unavailable

(n=1)

Included:

Unique patients: n=54

Total hospitalizations: n=57

Figure 1 A flowchart of patient inclusion process. HCV, hepatitis C virus; DAA, direct-acting antiviral.

Table 1 Baseline characteristics

Variables Value

Participants, n 61

Age (years), median [IQR] 60 [53–66]

Sex (male), n (%) 41 (75.9)

MELD-Na on admission, median 13

Child-Turcotte-Pugh class, n (%)

A 20 (37.0)

B 14 (25.9)

C 11 (20.4)

Unable to assess 9 (16.7)

Liver related hospitalization, n (%) 25 (46.3)

Direct admission to ICU, n (%) 5 (9.3)

Duration of hospitalization (days), median [IQR] 6 [3–17]

HCV genotype, n

1a 15

1b 4

2 2

3 12

Genotyping not available 19

Table 1 (continued)

Table 1 (continued)

Variables Value

Treatment regimen, n (%)

Sofosbuvir/ledipasvir 28 (51.9)

Sofosbuvir/ledipasvir + ribavirin 2 (3.7)

Sofosbuvir/velpatasvir 7 (13.0)

Sofosbuvir/velpatasvir + ribavirin 2 (3.7)

Elbasvir/grazoprevir 3 (5.6)

Elbasvir/grazoprevir + sofosbuvir 2 (3.7)

Elbasvir/grazoprevir + sofosbuvir + ribavirin 1 (1.9)

Sofosbuvir + ribavirin 8 (14.8)

Sofosbuvir + daclatasvir + ribavirin 1 (1.9)

IQR, interquartile range; MELD-Na, Model for End-Stage Liver 
Disease Na Score; ICU, intensive care unit; HCV, hepatitis C virus.

Table 2 Type and duration of DAA treatment interruption

Variables Value

Unintentional interruption on admission, n (%) 14 (24.6)

Intentional interruption on admission, n (%) 4 (7.0)

No interruption on admission, n (%) 39 (68.4)

Median delay in DAA administration (days) [IQR] 1 [0–1]

DAA, direct-acting antiviral; IQR, interquartile range.
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case the DAA was held for prolonged peri-operative NPO 
status, and in the fourth case the DAA was held due to an 
interaction between the DAA and phenytoin. Two patients 
(3.5%) had their DAA therapy held in excess of 5 days. The 
documented indications for DAA therapy cessation were 
patient refusal to take medications by mouth, and concurrent 
phenytoin use. In the case of the patient on phenytoin 
a clinical pharmacist recommended using an alternative 
antiepileptic agent rather than interrupting DAA treatment; 
however, this recommendation was not implemented. In 
the event of therapy interruption, the median time to DAA 
administration after admission was 1 day (IQR, 0–1 day), 
the longest interruption documented was 46 days (range, 
0–46 days). The majority of interruptions were a result of 
logistical delays in obtaining the patient’s own supply of 
anti-viral medication; however, in the case of the 46-day 
interruption the patient refused oral medications.

Drug interactions involving DAA therapy occurred 
during 63% (36/57) of hospitalizations. In total, 61 drug 
interactions occurred with 20 medications (Table 3). The 

most common DAA associated with drug interactions 
were the NS5A inhibitors ledipasvir and velpatasvir 
which were involved in 85% of all interaction. The most 
common drug interactions involved the coadministration 
of NS5A inhibitors and acid suppressing medications like 
proton-pump inhibitors (PPI), H2 receptor antagonists, 
and antacids (61%). The second and third most common 
interacting medications, also involving the NS5A inhibitors, 
were tenofovir disoproxil fumarate (8%), and statins (7%) 
respectively. Drug interactions occurred as a result of 
medications initiated while in hospital in 62% of cases, 
while the remaining interactions were pre-existing on 
admission (Table 4). A total of 54% of interacting drugs were 
newly initiated in hospital and were not ordered as part of 
a pre-printed order set or bundles that are automatically 

Table 3 Culprit medications interacting with DAA regimens

Interacting drug (n=61) Number

Pantoprazole 15

Ranitidine 9

Esomeprazole 8

Tenofovir disoproxil fumarate 5

Amlodipine 4

Calcium carbonate 4

Atorvastatin 3

Levothyroxine 2

Midazolam 2

Amiodarone 1

Aluminum hydroxide 1

Loperamide 1

Nadolol 1

Oxycodone 1

Phenytoin 1

Rosuvastatin 1

Tacrolimus 1

Warfarin 1

DAA, direct-acting antiviral.

Table 4 Characterization of DAA drug interactions

Characteristics Number

Presence of drug interaction, n (%)

Yes 36 (63.2)

No 21 (36.8)

Total number of drug interactions 61

Interaction present on admission 23 (35.4)

Method of ordering interacting drug, n (%)

Admission medication reconciliation 14 (23.0)

Manually ordered 33 (54.1)

Initiated as part of an order set 14 (23.0)

Severity of drug interaction, n

Potentially clinically significant 59

Do not co-administer 2

Effect of drug interaction, n

Decreased absorption 37

Decreased clearance 4

Increased clearance 1

Severe bradycardia 1

Effects of other drug (non-DAA) 18

Resolution of drug interaction, n

Unresolved 43

Resolved by clinician 13

Unintentional resolution 5

DAA, direct-acting antiviral.
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ordered upon admission or following specific procedures. 
Two drug interactions were identified as combinations that 
should not be co-administered, these were interactions 
between sofosbuvir and amiodarone, and sofosbuvir/
ledipasvir and phenytoin. The remaining drug interactions 
were identified as being potentially clinically significant. 
The most common effects of the drug interactions were 
noted to be decreases in DAA absorption (Table 4).

Pharmacists and physicians identified and resolved 
21.3% of drug interactions. The remaining 78.7% of 
interactions were not documented as having been assessed 
by any clinician. Of the two contraindicated interactions, 
one was identified, and one was not. In the case of the 
identified interaction, the DAA was intentionally held 
for 22 consecutive days until the offending drug was 
discontinued. There was no documentation to suggest 
that the interactions were identified by any clinician in 
the remaining cases; however, in 8.2% of cases the drug 
interaction was unintentionally resolved through alterations 
in medication regimen that were documented to have 
occurred for another reason.

Despite therapy interruptions and drug interactions, 53 
out of 54 patients achieved SVR24. One patient passed away 
while in hospital and did not have virologic evidence of 
HCV clearance. This patient did not have any DAA therapy 
interruption on admission; however, their DAA regimen 
was discontinued 15 days after admission when the patient 
was transitioned to palliative care for end-stage metastatic 
lung cancer.

Discussion

Our study provides the first real-world data on the 
frequency of drug interactions and therapy interruptions 
in patients who are hospitalized while receiving active 
DAA regimens for the treatment of chronic hepatitis 
C. Our results show that approximately one-third of 
patients admitted to hospital experience HCV treatment 
interruptions with the majority of cases (14/18) representing 
an unintentional therapy cessation. Despite the frequency, 
the median duration of interruption was only 1 day (IQR, 
0–1 day). Nearly two-thirds of patients were prescribed at 
least one new interacting medication during their hospital 
admission. Most drug interactions (78.7%) were not 
discovered nor addressed by clinicians. However, despite 
frequent treatment interruptions and prevalent drug 
interactions, all patients except one (98%) achieved SVR24.

Due to significant expense of DAA therapies, most 

hospitals do not stock or supply DAAs to inpatients outside 
of exceptional circumstances. As such, patients must 
typically supply their own DAA following admission. These 
logistical challenges in obtaining medications can lead to 
temporary interruption in therapy. In our study, the majority 
of treatment interruptions were for a short period of  
24–48 hours typically leading to a single missed dose. 
Similar durations of therapy interruption have been 
previously reported (9). In a recent retrospective cohort 
study, patients who were hospitalized during HCV 
treatment and missed more than 10 doses of their DAA 
therapy, had lower SVR rates than those with fewer 
missed doses (9). As HCV treatment courses continue 
to be shortened missing as few as 5 days of therapy 
could significantly increase a patients risk of treatment  
failure (9,20).

In addition to therapeutic interruptions, the majority 
of patients experienced potentially clinically significant 
drug interactions between their DAA therapy and 
other concurrent medications. More than half of all 
pharmacological interactions were the result of medications 
initiated in hospital. The most common interactions 
involved acid-suppressing therapy which are commonly 
prescribed in both the inpatient and outpatient setting. The 
prevalence of acid suppressing therapy is high in North 
America. In British Columbia, 3% of all citizens were 
prescribed a PPI at least once in 2019 (21). Prevalence of 
PPI use in patients with HCV is much higher with nearly 
40% of United States Medicaid patients being prescribed 
a PPI at least once in 2011 (22). This rate is similar to the 
overall rate of PPI prescribing in hospitalized patients (23). 
Prescribing information recommends avoiding PPIs in 
patients taking NS5A inhibitor containing regimens unless 
absolutely necessary, and if necessary, a reduced dosage or 
revised dosing schedule is recommended (17,24,25).

The results of our study also highlighted a paucity of 
knowledge in identifying and managing drug interactions 
with DAA regimens. Clinicians failed to identify potentially 
significant, and contraindicated drug interactions between 
DAAs and other therapies. This may have been in part due to 
a lack of familiarity with DAA therapies as well as increased 
number and complexity of medications prescribed to many 
hospitalized patients. In the outpatient setting, comprehensive 
assessment and management of drug interactions with DAA 
therapy requires approximately 30 minutes of time from a 
clinical pharmacist with experience in treating HCV (26). 
Inpatient clinical pharmacists with limited expertise in HCV 
pharmacotherapy can be expected to take longer to perform 
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an equivalent assessment. Such onerous time commitment 
may be difficult to incorporate into clinical pharmacists’ 
daily workflow. Information technology failures may have 
also contributed to missed drug interactions. Since DAA 
regimens are non-formulary in our hospital, most were 
entered onto the medication administration record using 
free text option which would preclude them from automated 
drug interaction checks (27). As such, pharmacists without 
intimate knowledge of DAA therapies would have to 
manually perform drug interaction checks to identify 
suboptimal, and in some cases, dangerous combinations.

Despite frequent therapy interruptions, and prevalent 
drug interactions, all patients who survived to discharge 
achieved SVR24. No clinically significant complications 
related to DAA therapy or drug interactions with DAAs 
were documented. Of note, patients included in this 
study were primarily initiated on HCV therapy by 
gastroenterologists and infectious diseases specialists in 
consultation an expert in DAA pharmacotherapy.

This study has several l imitations including its 
retrospective cross-sectional nature and small sample 
size. There were only 57 episodes of hospitalization in 54 
patients while receiving DAA treatment over 3.5 years. 
Although almost all patients achieved SVR24 despite 
clinically significant drug interactions and therapy 
interruptions, no conclusions can be drawn about the 
safety of such inadvertent events. For example, it is possible 
that complications due to unidentified interactions with 
DAAs such as rhabdomyolysis, hypotension, and sedation 
were simply missed due to retrospective data collection. 
Furthermore, if a DAA therapy course was never restarted 
in hospital, we would have simply missed including that 
patients in our study as we used EHR to generate a list 
of patients who were ordered DAA regimens while in 
hospital. This could dramatically change the proportion of 
patients achieving SVR given the small number of patients 
included in our study. Also, we were unable to ascertain 
the initial start date of DAA therapy in our patients; as 
such, some patients may have already effectively cleared 
their HCV infection prior to admission. The majority of 
patients were treated with early generation DAAs that did 
not contain HCV protease inhibitors. This could impact 
the generalizability of our results to the commonly used 
DAA combinations currently used. Protease inhibitors 
interact with more medications than the NS5A/NS5B 
inhibitors due to their ability to modulate the cytochrome 
P450 system which is involved in the metabolism of more 
than 50% of currently marketed medications (28). HCV 

protease inhibitors have been identified as an independent 
risk factor for DAA drug interactions (29). Further real 
world analysis is needed with other combinations prone 
to drug interactions, and in patients prescribed treatment 
courses of less than 12 weeks (30). Important strengths 
of this study include that it is the first real world study to 
examine the extent of treatment interruptions and drug 
interactions in hospitalized patients, including patients not 
being followed by physician or pharmacist with expertise in 
HCV pharmacotherapy.

Conclusions

The results of our study highlight that inadvertent 
treatment interruptions and drug interactions are common 
in patients admitted to the hospital while taking DAA 
regimens. Although modern DAA therapies are potent 
and effective antivirals with high rates of treatment 
success, their provision requires expert knowledge in 
managing drug interactions and near perfect compliance. 
As clinicians and public health agencies reorient priorities 
post-COVID, a shift in DAA prescribing from specialized 
clinics to primary care offices coupled with broadened 
eligibility criteria will lead to increased number of 
patients admitted to hospital while on DAA therapy. 
Based on our results, there is a general lack of familiarity 
with DAA regimens, their common drug interactions, 
and how to best mitigate such interactions. Clinician 
education, implementation of information technology 
safeguards such as automated drug interaction checkers 
and clinical decision support tools can be effectively 
utilized to optimize care for patients admitted to hospitals 
while taking HCV DAA therapy. Availability of lower 
cost generic DAAs and their addition to the hospital 
formularies will also remove supply chain barriers 
facilitating timely access to these medications.
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