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Purpose: The study aims at investigating the impact of polymedication and aging in the prevalence of multiple drug-drug interactions
(DDIs) on HCV patients treated with sofosbuvir/velpatasvir (SOF/VEL) or glecaprevir/pibrentasvir (GLE/PIB).

Patients and Methods: This is a retrospective analysis based on administrative data covering around 6.9 million individuals.
Patients treated with SOF/VEL or GLE/PIB over November 2017—March 2020 were included. Index date corresponded to SOF/VEL
or GLE/PIB first prescription during such period; patients were followed up for treatment duration. Analyses were then focused on
patients with >2 comedications at risk of multiple DDIs. The severity and the effect of multiple DDI were identified using the
Liverpool University tool.

Results: A total of 2057 patients with SOF/VEL and 2128 with GLE/PIB were selected. Mean age of SOF/VEL patients was 58.5
years, higher than GLE/PIB ones (52.5 years) (p < 0.001), and patients >50 years were more present in SOF/VEL vs GLE/PIB cohorts:
72% vs 58%, (p < 0.001). Most prescribed co-medications were cardiovascular, alimentary and nervous system drugs. Proportion of
patients with >2 comedications was higher in SOF/VEL compared to GLE/PIB cohort (56.5% vs 32.3%, p < 0.001). Those at high-risk
of multiple DDIs accounted for 11.6% (N = 135) of SOF/VEL and 19.6% (N = 135) of GLE/PIB (p < 0.001) patients with >2
comedications. Among them, the potential effect of DDI was a decrease of DAA serum levels (11% of SOF/VEL and GLE/PIB
patients) and an increased concentration of comedication serum levels (14% of SOF/VEL and 42% of GLE/PIB patients).
Conclusion: This real-world analysis provided a thorough characterization on the burden of polymedication regimens in HCV
patients treated with SOF/VEL or GLE/PIB that expose such patients to an increased risk of DDIs. In our sample population, SOF/
VEL regimen was more frequently detected on elderly patients and on those with >2 comedications at risk of multi-DDI, ie, among
patients characterized by higher rates of comorbidities and polypharmacy.
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Introduction

Hepeatitis C is a chronic viral infection of the liver due to the hepatitis C virus (HCV), which represents the main cause
for cirrhosis development, hepatocellular carcinoma (HCC) and need for liver transplantation.! HCV infection is regarded
as one of the global healthcare challenges: in 2016, the World Health Organization (WHO) drafted the Global Viral
Hepatitis Strategy, with the ambitious target to eradicate HCV by 2030.%> As for Italy, recent epidemiologic analysis
estimated around 443,491 patients currently living with HCV.?

Until the last 8 years, HCV therapeutic management relied on long-term interferon-based therapies, while starting
from 2014 the development of short course oral direct-acting antivirals (DAAs) and of pangenotypic DAAs (pDAAs)
revolutionized the HCV treatment landscape.® DAA therapies proved to be able to achieve sustained virological response
(SVR) within weeks in the vast majority of patients.*> Nevertheless, the common presence of comedications in HCV
patients can make pDAA treatments challenging for the arising potential of drug—drug interactions (DDIs).® Depending
on the mechanism of such interactions, DDIs can result in either an increased serum concentration of pDAA to toxic
levels or in a reduction to ineffective ones. In addition, pDAAs may also decrease or increment the serum concentration
of comedications with subsequent sub-therapeutic or toxic effects, respectively.’

Chronic HCV infection usually presents with a persistent inflammation status, responsible of diverse extra-hepatic
diseases.® Patients often present with multiple comorbidities requiring polypharmacy regimens, thus enhancing the risk of
DDIs that in turn could significantly alter pDAA or comedication exposure.” "' This trend may be even more exacerbated
in the elderly population that usually bears a multimorbid profile with the intrinsic higher risk of DDIs among
concomitant medications.'* The European Association for the Study of the Liver (EASL) guidelines indicate that the
assessment of DDIs should be undertaken prior starting a DAA treatment, with full details on all prescribed therapies,
over-the-counter (OTC) drugs, vitamin supplementation and illicit drugs."?

To date, several studies in real-life settings reported significant proportions of HCV patients with concomitant
morbidities and related medications, mostly related to cardiovascular (CV) or central nervous system (CNS)
conditions."*'® A previous real-world study by our group conducted in Italy on two cohorts of patients treated with
sofosbuvir/velpatasvir (SOF/VEL) or glecaprevir/pibrentasvir (GLE/PIB) provided insights on their characteristics and
DDI assessment based on the presence of at least one comedication.'® The present analysis was aimed at an in-depth
exploration of the potential impact of polypharmacy regimens and aging on the prevalence of multiple DDIs among
patients treated with SOF/VEL or GLE/PIB in settings of daily clinical practice in Italy.

Materials and Methods

Data Source

The data used for the analysis were collected from administrative databases, as previously described.'® Briefly, the data
were extracted from administrative flows from a pool of Italian Healthcare Entities from Piedmont, Veneto, Friuli
Venezia Giulia, Umbria, Abruzzo, Lazio and Puglia regions covering a total of 6.9 million individuals (around 11.4% of
the Italian population), and specifically on health-assisted subjects with at least one CV risk factor (detected from 2010 to
2018). In a feasibility analysis performed on a sample of the Healthcare Entities included, approximately 99% of the
patients responding to the inclusion criteria listed below had at least a cardiovascular record; therefore, the included
patients were representative of the overall sample analysed. The databases used for the analysis were the demographic
database, the pharmaceutical database (containing the Anatomical-Therapeutic Chemical (ATC) code, number of
packages, number of units per package, prescription date), and the hospitalization database (including all hospitalization
data with discharge diagnosis codes classified according to the International Classification of Diseases, Ninth Revision,
Clinical Modification, ICD-9-CM).

To guarantee patient privacy, an anonymous univocal numeric code (Patient ID) was assigned to each health-assisted
subject by the Healthcare Entities. The Patient ID code allowed electronic linkage between databases. The anonymous
code of the patient ensures the anonymity of the extracted data in full compliance with UE Data Privacy Regulation
2016/679 (“GDPR”) and Italian D.lgs. n. 196/2003, as amended by D.lgs. n. 101/2018. All the results of the analyses
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were produced as aggregated summaries, which could not be connected, either directly or indirectly, to individual
patients.

Study Population and Study Variables

A retrospective observational analysis has been performed. Patients included had at least one prescription for the pDAAs
SOF/VEL (ATC code: JOSAP55) or GLE/PIB (ATC code: JOSAPS57) between November 2017 and March 2020
(inclusion period). The first prescription of pDAAs detected during the inclusion period was considered as the index
date and marked the beginning of follow-up, which corresponded to the treatment duration. A 12-month period before the
index date was used to describe patients’ characteristics (characterization period). Treatment duration was evaluated
considering the therapeutic coverage of all the packages dispensed. Patients were included in two cohorts mutually
exclusive based on the type of pDAAs prescribed at index date, namely SOF/VEL cohort and GLE/PIB cohort.

Age and gender were collected at index date. Clinical characteristics were investigated by the Charlson Comorbidity
Index (CCI)"’ reported as mean with standard deviation (SD), and median with interquartile range. Patients were further
stratified considering the cut-off of 50 years of age.

The presence of comedications was analyzed throughout the follow-up by retrieving from the pharmaceutical
database all the drug prescriptions based on the first-level ATC code, and, whenever possible, the detail on the specific
drug prescribed was also recorded. Specifically, the comedications of interest were those related to CV system (ATC code
C), CNS system (ATC code N) and alimentary tract and metabolism (ATC code A).

Potential DDIs, together with their severity level and possible related effects were assessed by the Liverpool
University HEP Drug Interaction Checker tool, which represents an international resource recommended by
EASL."*'® Based on the type of comedications prescribed, the tool identifies four categories indicating the severity of
each interaction: 1) no interaction expected; ii) potential weak interaction; iii) potential interaction; iv) contraindicated
drugs. Potential outcomes of DDIs were related to increase in comedication concentration, decrease or increase in DAA
concentration as reported in the Liverpool University tool. If a patient had multiple co-treatments with different
interaction profiles, the most severe interaction was considered. Demographics, comedications, and DDIs were evaluated
in the overall population to focus on patients that received at least two comedications with potential interaction or
contraindication and therefore at risk of multiple DDIs.

Statistical Analysis

Categorical variables were expressed as numbers and percentages, whereas continuous variables were reported as mean
with SD, and median with minimum, maximum and interquartile (Q1-Q3) ranges. Student’s ¢-test was used to compare
continuous variables for normally distributions and Mann—Whitney U-test for skewed distributions, as appropriate.
Categorical were analysed through chi-square test. Statistical significance was accepted at P<0.05. Following the
“Opinion 05/2014 on Anonymization Techniques™ drafted by the “European Commission Article 29 Working Party”,
the analyses involving less than 4 patients were not reported (NR) for data privacy, as they were potentially traceable to
single individuals. All analyses have been performed using STATA SE version 12.0.

Results

The analysis included 4185 HCV patients: 2057 treated with SOF/VEL and 2128 with GLE/PIB. The demographic and
clinical characteristics of the two groups are reported in Table 1. SOF/VEL patients were older than GLE/PIB ones (mean
age: 58.5 vs 52.5 years, p<0.001), with a higher percentage of patients over 50 years in SOF/VEL vs GLE/PIB (72% vs
58%, p<0.001). Figure 1 details the distribution of patients by age ranges in SOF/VEL and GLE/PIB cohorts. Younger
patients were more represented in the GLE/PIB cohort (18.3% for age 0-39 and 24.1% for age 40—49 vs 10.5% and
17.1% for age 0-39 and 4049, respectively, in SOF/VEL cohort). The proportion of male gender was comparable
between the groups. Mean CCI was higher in SOF/VEL than in GLE/PIB patients (0.8 vs 0.6, p<0.001). During follow-
up, the drugs most frequently prescribed were those related to CV (43.4% SOF/VEL, 23.6% GLE/PIB), alimentary
(36.5% SOF/VEL, 21.3% GLE/PIB) and CNS system (24.7% SOF/VEL, 15.2% GLE/PIB). Specifically, as reported in
Figure 2, while on pDAAs treatment, the use of comedications was higher in SOF/VEL vs GLE/PIB: (71.6% vs 50.4%,
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Table 1 Demographic and Clinical Characteristics of SOF/VEL and GLE/PIB Patients

SOF/VEL (N = 2057) | GLE/PIB (N =2128) | P-value

Age, years, mean (SD) 58.5 (16.0) 52.5 (15.4) <0.001
Age, years, median (min-max, Q1-Q3) | 56 (2-95, 49-72) 52 (4-101, 43-61) <0.001
Age <50 years, n (%) 569 (28%) 902 (42%) <0.001
Age 250 years, n (%) 1488 (72%) 1226 (58%) <0.001
Male gender, n (%) 1223 (60%) 1303 (61%) 0.253

CCl, mean (SD) 0.8 (1.3) 0.6 (1.0) <0.001
CCl, median (min-max, Q[-Q3) 0 (011, 0-1) 0 (0-9, 0-1) <0.001

Note: Statistically significant differences (P-value <0.05) are shown in bold.
Abbreviations: CCl, Charlson Comorbidity Index; GLE/PIB, glecaprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir; SD,
standard deviation.

p<0.001) cohorts, as well as the number of patients receiving at least two comedications (56.5% vs 32.3%, p<0.001).
Among the latter, HCV patients with two or more comedications at risk of multi-DDIs with pDAAs were more frequent
in the GLE/PIB groups (19.6%, N=135) than among SOF/VEL (11.6%, N=135) (p<0.001) (Figure 3). The demographic
and clinical characteristics of these patients are reported in Table 2. In both groups, the majority of the patients included
were over 50 years. A higher mean age was observed in SOF/VEL cohort with at least two comedications at risk of
multiple DDIs (69.9 vs 63.0 years, p<0.001), together with higher proportion of patients over 50 years (94% vs 79%,
p<0.001), confirming the same trend observed in the overall population. Interestingly, the number of patients under 50
years with multiple DDIs was three times higher in GLE/PIB vs SOF/VEL (21% vs 6%, p<0.05). No statistically
significant differences were observed for CCIL.

In the SOF/VEL cohort, the most represented comedications were those leading to potential interactions: pantopra-
zole/atorvastatin (N=11 patients), pantoprazole/simvastatin (N=7 patients), lansoprazole/atorvastatin, pantoprazole/war-
farin, pantoprazole/silodosin (N=5 patients each) and omeprazole/atorvastatin (N=4 patients). In GLE/PIB patients, four
patients received pantoprazole and atorvastatin, the latter contraindicated with this pDAA. Other combinations were not
reported for data privacy (<3 patients involved).

The distribution of the most frequent drug classes in patients under and over 50 years are reported in Supplementary
Table 1. In the SOF/VEL cohort (Supplementary Table 1A), all patients under 50 years received drugs for acid-related

disorders and five patients used CV drugs. In patients aged over 50 years, 87% were also prescribed with drugs for acid-
related disorders, while 62.2% received CV drugs (mainly lipid modifying drugs, prescribed in over half of the patients).
In the GLE/PIB cohort (Supplementary Table 1B), 78.6% and 84.1% of the patients respectively aged below and over 50

mSOF/VEL m GLE/PIB
P-value <0.001

50%

40%

30.6% 30.4%

30%
24.1%
20% 183% 1719 17.7%
10.5% 12.3% 14 go; 11.4%  11.7%
10% I I I .
0%

Age 0-39 Age 40-49 Age 50-59 Age 60-69 Age 70-79 Age 80+

Figure | Patients distribution by age ranges, comparison between SOF/VEL and GLE/PIB cohort.
Abbreviations: GLE/PIB, glecaprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir.
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Figure 2 Proportion of patients with comedications.
Abbreviations: GLE/PIB, glecaprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir.

P-value <0.001

19.6%
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20%

DDI

10%

0%

>2 DDI

% patients with 22 comedications at risk of

B SOF/VEL with >2 comedications (N=1,163)
M GLE/PIB with >2 comedications (N=688)

Figure 3 Proportion of patients receiving 22 comedications at risk of multi DDIs between SOF/VEL and GLE/PIB cohort.
Abbreviations: GLE/PIB, glecaprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir; DDI, drug—drug interactions.

years had a drug for acid-related disorders as comedication. CV drugs were reported in 42.9% of those under 50 years
and in 64.5% in patients aged 50 years or over. In this case, the proportion of patients with lipid modifying agents was
lower compared to that of the SOF/VEL cohort and accounted for 39.3% of the GLE/PIB cohort.

As Figure 4 shows, among patients with at least two comedications at risk of multiple DDIs, the proportion of those
receiving therapeutic combinations known to potentially increase comedication serum levels was three times higher in
GLE/PIB compared to SOF/VEL treatment group (42% vs 14%). Besides, no differences were noticed for comedications
referred as able to decrease DAA serum levels (11% in both GLE/PIB and SOF/VEL groups). None of the patients was
administrated with drugs known to increase DAA serum levels.
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Table 2 Demographic and Clinical Characteristics at Baseline of Patients with 22

Comedications and at Risk of Multiple DDIs

SOF/VEL (N=135) | GLE/PIB (N=135) | P-value
Age, yrs, mean (SD) 69.9 (13.8) 63.0 (17.4) <0.001
Age, yrs, median (min-max, Q1-Q3) | 74 (13-94, 62-79) 67 (4-89, 53-77) <0.001
Age <50 yrs, n (%) 8 (6%) 28 (21%) <0.001
Age 250 yrs, n (%) 127 (94%) 107 (79%) <0.001
Male gender, n (%) 82 (61%) 77 (57%) 0.621
CCl, mean (SD) 1.6 (1.5) 1.5 (1.5) 0.584
CCl, median (min-max, Q1-Q3) 1 (0-9, 1-2) 1 (0-9, 1-2) 0.509

Note: Statistically significant differences (P-value <0.05) are shown in bold.
Abbreviations: CCI, Charlson Comorbidity Index; GLE/PIB, glecaprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir;
SD, standard deviation.

Discussion

In 2014, the introduction of DAAs has revolutionised the therapy of HCV infections, formerly based on interferon
therapy.'” A further step onward was made in 2017, with the introduction of SOF/VEL, the first pangenotypic
combination with a wider treatment spectrum on HCV genotypes 1, 2, 3, 4, 5, and 6, followed shortly after by GLE/
PR +20-22

However, in view of the clinical complexity of HCV-infected population and the subsequent need of polypharmacy
regimens, DDIs represent a hot topic of current drug research and an open challenge for clinicians, preventing a more
extensive utilization of DAAs, especially in particularly comorbid subjects (ie, the elderly).'""'?

This real-world analysis in settings of daily clinical practice in Italy evaluated HCV+ patients treated with pDAA to
assess the potential DDIs related to polypharmacy regimens, namely drugs targeted to alimentary tract and metabolism,
CV and nervous systems. In particular, we analysed HCV patients treated with SOF/VEL and GLE/PIB pDAA
combinations to characterize the demographic and clinical characteristics at baseline of patients with two or more
comedications who have an elevated risk of multiple DDIs.

Here, we observed that SOF/VEL group consisted of a generally older population, with a greater representativeness of
over 50 subjects and a worse comorbidity profile, documented by the significantly higher CCI. These findings are
consistent with our previous study on 3181 HCV+ Italian subjects, among whom SOF/VEL treated patients were older
and affected by more severe cardiovascular and CNS clinical conditions compared to those under GLE/PIB therapy.'®
Specifically, the comedications of interest were those related to CV system (ATC code C), CNS system (ATC code N)
and alimentary tract and metabolism (ATC code A). In the SOF/VEL treatment group, characterized by older age with

W SOF/VEL m GLE/PIB

50%
42%

40%

% patients

30%

0,
20% 14%
11% 11%

10%
0%
>2 P DAA >2 |, DAA >2 P comedication
Figure 4 Proportion of patients in SOF/VEL (n=135) and GLE/PIB cohort (n=135) receiving at least two comedications stratified by therapies as follows: (i) drugs referred as
able to increase DAA serum levels (left side of the plot); (ii) drugs referred as able to decrease DAA serum levels (center); (2b) DAAs referred as able to increase

comedication serum levels (right).
Abbreviations: GLE/PIB, glecaprevir/pibrentasvir; SOF/VEL, sofosbuvir/velpatasvir; DAA, direct-acting antivirals; DDI, drug-drug interactions.
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worse comorbidity profile, the percentage of drug prescriptions and the number of patients receiving more than two
comedications was higher, regardless of comedication drug category. Nevertheless, restricting the analysis to HCV
patients with at least two comedications at increased DDI risk, a higher frequency of patients with polypharmacy
therapies (>2) was observed in the GLE/PIB group. Furthermore, the proportion of younger subjects (under 50 years)
with multiple DDIs was more than threefold increased in GLE/PIB compared to SOF/VEL (21% vs 6%) treated patients.
Taken together, these data seem to suggest that SOF/VEL is the pPDAA combination more commonly prescribed in the
elderly clinically complex patients already under polypharmacy regimens. SOF/VEL scheme has been extensively
studied in a series of Phase III clinical trials named ASTRAL (ASTRAL-1, ASTRAL-2, ASTRAL-3, ASTRAL-4, and
ASTRAL-5) that indicated this therapeutic regimen as a good option for multi-treated comorbid patients.***

A point that deserves attention is the dual effect of DDIs on the blood levels of both DAAs and comedications.
Depending on the underlying mechanism of interactions, DDIs can lead to an increased toxic serum concentration of
pDAA or to a reduced ineffective level. Likewise, pDAAs can also alter, increasing or decreasing, the circulating levels
of comedications, with subsequent toxic or sub-therapeutic effects, respectively.’ In the patients at risk of multiple DDIs,
drug schemes known to result in increased comedication serum levels were found three times more frequently in the
GLE/PIB compared to the SOF/VEL treatment group. In contrast, the proportion of patients receiving pDAAs/comedica-
tions combinations known to decrease circulating pDAAs was comparable between GLE/PIB or SOF/VEL treatments. In
this regard, a Spanish study on HCV patients treated with DAA observed around 25% of the patients with clinically
significant DDI, the majority of which affecting the concomitant medication thus requiring action as temporary with-
drawal of DAA, administration schedule or dose adjustment or therapeutic alternative prescription.'' In another real-
world study, patients with potential clinically significant interaction (53.1%) or contraindicated (15.2%) were also often
managed by appropriate dose adjustments or temporary withdraw/changing of comedications.** Ultimately, an US study
on real-world care management of HCV patients treated with SOF/VEL or GLE/PIB reported that pharmacists
recommendations concerning DDI were not followed by approximately 40% of the patients.>®

This analysis has some limitations mainly related to its observational design, based on data extraction from
administrative databases, and the small sample size of some sub-groups. Thus, detailed information on the clinical
picture and previous history of HCV patients is missing. Moreover, data on drug prescriptions were retrieved from
pharmaceutical databases, thus there is a lacking information regarding the concomitant use of OTC products and vitamin
supplementation on one hand, and drugs administered during hospitalizations on the other hand. For this reason, the
impact on DDIs of medications not recorded in the pharmaceutical databases might be underestimated.

Conclusion
This real-world analysis of the Italian clinical setting confirmed that HCV patients are clinically vulnerable and burdened
by a complex comorbidity profile. The resulting necessity of multi-therapy regimens exposes these patients to an
increased risk of DDIs with pDAA therapy. Here we evaluated the most used comedications in HCV+ population,
specifically drugs for the treatment of alimentary tract, CV and CNS disturbances, that are likely to elicit DDIs. In line
with available evidence, SOF/VEL seems to be more frequently prescribed in elderly subjects, characterized by higher
rates of comorbidities and polypharmacy regimens, and bearing a more favourable DDI profile.

In conclusion, in front of the benefits brought by the advent of DAAs, especially pDDAs after 2017, DDIs still remain
an open issue that deserves further efforts to fully optimize the therapeutic management of HCV patients.
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