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Abstract

Purpose: The impact of direct-acting antivirals (DAAs) on extrahepatic complications in
chronic hepatitis C (CHC) patients remains poorly described. We estimated the association of
DAAs with cardiovascular events and extrahepatic cancers.

Methods: The prospective ANRS CO22 HEPATHER cohort was enriched with individual
data until December 2018 from the French Health Insurance Database (SNDS). CHC patients
were enrolled between August 2012 and December 2015 in 32 French hepatology centers. A
total of 8148 CHC adults were selected. Cardiovascular events (stroke, acute coronary
syndrome, pulmonary embolism, heart failure, arrhythmias and conduction disorders [ACD],
peripheral arterial disease [PAD]) and extrahepatic solid cancers were derived from the
SNDS. Associations between DA As and extrahepatic events were estimated using marginal
structural models, with adjustments for clinical confounders.

Results: Analyses of 12 905 person-years of no DAA exposure and 22 326 person-years
following DAA exposure showed a decreased risk of PAD after DAA exposure (hazard ratio
[HR], 0.54; 95% C1, 0.33 to 0.89), a beneficial effect of DAAs on overall cardiovascular
outcomes in patients with advanced fibrosis (aHR, 0.58; 95% CI, 0.42 to 0.79), and an
increased risk of ACD (hazard ratio [HR], 1.46; 95% CI, 1.04 to 2.04), predominant after the
first year following DAA initiation. There was no association between DAAs and
extrahepatic cancer risk (HR, 1.23; 95% CI, 0.50 to 3.03).

Conclusions: DAAs were not associated with extrahepatic cancer development or reduction.
They were associated with a decreased risk of PAD and an increased risk of ACD, supporting
long-term cardiac monitoring after DAA therapy.

Keywords: Oral direct antiviral agents; Hepatitis C virus; Extrahepatic manifestations;

Adverse events; SNDS
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Key Points:

Little is known about the association of direct-acting antiviral (DAA) with
extrahepatic manifestations in patients with chronic hepatitis C virus.

In a prospective cohort study that included 8148 patients with data enrichment using
national health administrative databases, DAAs were significantly associated with a
reduced risk of peripheral arterial disease.

Additionally, DAAs were associated with a reduced risk of overall cardiovascular
events in patients with advanced fibrosis.

Treatment with DAAs was associated with a progressive increased risk of arrhythmias
and conduction disorders.

In patients with chronic HCV, long-term cardiac monitoring after DAA therapy may

be warranted.
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Plain Language Summary

Little is known about the association of direct-acting antiviral with extrahepatic
manifestations, originating or occurring outside the liver, in patients with chronic hepatitis C
virus, particularly cardiovascular events and extrahepatic cancers. We estimated the
association of direct-acting antivirals with cardiovascular events and extrahepatic cancers in a
cohort study with data enrichment using French national health administrative databases
(SNDS). Cardiovascular events and extrahepatic solid cancers were derived from the SNDS.
Analyses of 8148 patients enrolled between August 2012 and December 2015 in 32 French
hepatology centers showed a decreased risk of peripheral arterial disease after direct-acting
antiviral exposure, a beneficial effect of direct-acting antivirals on overall cardiovascular
outcomes in patients with advanced liver fibrosis, and an increased risk of arrhythmias and
conduction disorders, predominant after the first year following direct-acting antiviral
exposure initiation. Treatment with direct-acting antivirals exposure was not associated with
extrahepatic cancer development or reduction. Long-term cardiac monitoring after direct-

acting antiviral therapy may be warranted in patients with chronic hepatitis C virus.
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Purpose

The introduction of direct-acting antiviral (DAA) agents has reduced the development of
hepatocellular carcinoma (HCC) and all-cause mortality in chronic hepatitis C (CHC)
patients.!? Consequently, universal access to DAAs was implemented in August 2017 in
France, following a priority access policy adopted in December 2013 restricting DAAs to
patients with advanced liver disease and high-risk populations.?

It is now well established that HCV-induced immune dysregulation and persistent
inflammation explain the occurrence of several extrahepatic manifestations.* In particular,
HCYV infection is recognized as a risk factor for the development of several cardiovascular
diseases.”” Similarly, the effect of HCV-induced inflammation on the blood coagulation
process may lead to an increased risk of venous thromboembolism.!%!! In addition, HCV
promotes carcinogenesis and leads to an increased risk of several extrahepatic cancers.!?
Although causality is established between HCV and non-Hodgkin lymphoma, a causal link is
still debated for other cancers, with the exception of intrahepatic cholangiocarcinoma.'?
Several retrospective studies have evaluated the impact of HCV clearance on the risk of
extrahepatic manifestations,'* !¢ but long-term follow-up data are lacking,'>~!7 although this
impact remains of major public-health interest.'®!” In addition, few data are available
regarding the impact of DAAs on extrahepatic risk.

Our main objective was to estimate the impact of DAAs on extrahepatic complications in
CHC patients using data from the French HEPATHER cohort completed by anonymized

individual data collected from the French National Health Insurance System (SNDS).2
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Methods

Study design and data sources

Data from patients in the HEPATHER cohort linked with those in the SNDS,?° were used to
investigate the occurrence of extrahepatic events. This cohort included 20 353 patients with a
hepatitis B virus (HBV) or HCV infection from 32 French expert hepatology centers.?
Clinical characteristics at study entry and spontaneous reports for events were collected on
specific data forms (e.g., initiation of DAA therapy, death).

The French administrative health insurance database (Systéme National des Données de
Santé — SNDS) covers approximately 99% of the French population.?’ It contains data on
ambulatory healthcare reimbursement, including drugs dispensed, laboratory tests, and
medical procedures performed. It includes data from the French hospital discharge database
system (PMSI) covering discharge diagnoses that have been coded according to the
International Classification of Diseases, 10" Revision (ICD-10),?' and medical procedures
performed during the hospitalizations. It also contains information on costly major or long-
term illness (ALD). Based on the availability of SNDS data, we defined the end of follow-up
on December 31, 2018. We obtained informed consent from each patient before inclusion and
a specific consent for the linkage with the SNDS. The protocol was carried out in accordance
with the Declaration of Helsinki and the French law on biomedical research and was
approved by the appropriate research ethics committee (Comité de Protection des Personnes
Ile de France 3), the French National Agency for Medicines and Health Products (ANSM),
and the French Data Protection Authority (CNIL).

Participants

CHC patients included between August 6, 2012, and December 31, 2015, were assessed for
eligibility. We selected DAA-naive CHC patients who agreed for the linkage of the cohort

data with the SNDS. We excluded patients with a history of HBV, decompensated cirrhosis,

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



and HCC. The linkage process employed both deterministic and probabilistic approaches.
The deterministic record linkage procedure was based on a unique patient identity code
(NIR). In case of failure of the deterministic approach, the probabilistic linkage procedure
was performed. This latter approach included the following identifiers for matching: gender,
date of birth, place of residence, dates of medical visits and geographic and legal identifiers
of the corresponding health facilities. The deterministic linkage is intended to be error-free. A
deterministic record linkage procedure was used for 7639 (93.8%) patients and a probabilistic
approach was performed for the remaining 509 (6.2%) patients.

Exposure

The decision to initiate DAA therapy was guided by the European Association for the Study
of the Liver (EASL) and French Association for Study of the Liver (AFEF) guidelines.??
DAA exposure was defined as the period between the initiation of DAAs and death, the
incident event of interest, or December 31, 2018, whichever came first. Exposure status was
modeled as a time-dependent covariate.

Outcomes measures

eTable 1 shows the ICD-10 codes used to identify the main events of interest in the SNDS.
We analyzed the occurrence of six cardiovascular events: acute stroke, acute coronary
syndrome (ACS), acute pulmonary embolism (PE), acute heart failure, cardiac arrhythmias
and conduction disorders (ACD), and peripheral arterial disease (PAD). We also examined
rates of hospitalization and extrahepatic solid cancers for the following sites: colorectal,
bladder, prostate, kidney, lung, pancreas, thyroid, head and neck, and breast. Acute stroke,
ACS, PE, acute heart failure, and PAD were classified as major cardiovascular events
(MACE). Patients with evidence of prior occurrence of the events of interest between January
2012, and study entry, were excluded.

Procedures and covariates measurement
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The demographic, clinical and biological characteristics were extracted from the
HEPATHER cohort data. Details on clinical, biological and liver fibrosis procedures have
been previously reported.? Additionally, we explored the SNDS to identify exposure to
NSAIDs (non-steroidal anti-inflammatory drugs including aspirin), amiodarone, statin,
antihypertensive drugs, and medications for dyslipidemia, and diabetes (eTable 2).
Statistical methods

The number of patients for whom consent was obtained determined our final sample size. To
predict the probability of DAA exposure, a propensity score was computed. Inverse

)23,24

probability treatment weights (IPW using the propensity score were then calculated at

each time point during the follow-up. Marginal structural models (MSM)? were used to

handle for time-varying confounders and exposures and address confounding by indication.?
The stabilized weight assigned to each observation was proportional to the inverse of the
probability of treatment after controlling for clinical and biological confounders, medications,
and frequency of physician visits. More details on [IPW estimation are included in the
supplementary material (eFigure 1).

Because early cancer, detected before sustained virologic response (SVR) achievement, is
likely to be unrelated to DAA exposure; we shifted the DAA exposure period by one year to
analyze the risk of extrahepatic cancers in our adjusted models.

Additionally, we used an extension of the Cox model that accounts for continuous time-
dependent coefficients for DAA exposure.?’” We then illustrated the dynamics of the hazard
ratio over time using a log(time) interaction with the DAA exposure status assuming the
potential time-varying effect of DAAs.?

The impact of HCV clearance on the occurrence of extrahepatic events was also explored by

comparing patients having achieved SVR to patients without HCV clearance 12 weeks after

the end of the first DAA treatment.
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Death was treated as a censoring event and cause-specific hazard ratios were estimated in all
our models.? Age, frequency of visits to medical specialists and time since HCV diagnosis
were handled numerically. Other numerical variables were categorized according to
conventional clinical cut points.

To correct for a potential detection bias®® that might arise from unequal surveillance before
and after DAA therapy, we adjusted our analyses for frequency of visits to medical
specialists, which was also used as a proxy for residual confounders related to general
illness.?! This proxy was considered as an additional mean to exclude reverse causality, along
with the exclusion of patients with a prior history of cardiac disease or cancer to prevent
confounding due to pre-existing diseases. Potential confounders were selected on their known
involvement in the occurrence of extrahepatic events.

We considered missing data as missing at random and inserted a missing category indicator
for the identified variables in analyses. No participants were excluded because of missing
data. To address missing data related to major clinical comorbidities, we explored medication
use indicated for these comorbidities in the SNDS. Since we explored patient data via the
SNDS, we addressed any potential follow-up loss and informative censoring. Data was
analyzed using R version 4.1.0 (R Core Team). All P values were obtained in bilateral tests

and P values below 0.05 were considered statistically significant.
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Results

Participants

Overall, 8148 patients (53.6% male, median age, 56.7 years) were eligible for the study and
were analyzed (Figure 1). Of these, 7037 patients started DAAs (eTable 3) by the end of
December 2018 (22 326 person-years of observation following DAA exposure). A total of
1111 patients remained untreated in December 2018, due in part to the implementation of
universal access in late 2017. Median follow-up was 4.29 years (IQR 3.78-4.97) and 4.51
years (IQR 3.80-5.28) in patients with and without DAA exposure, respectively. Compared
with patients not treated during the study (Table 1), patients who started DAAs were older by
2.1 years (P <.001). They had more advanced liver fibrosis (P <.001), more diabetes

(p =0.02), and were infected with HCV for a longer period (P = .03). Other clinical
characteristics including arterial hypertension and history of cardiovascular events were
similar between both groups. The frequencies of visits to medical specialists were 1.50 (IQR
0.71-3.16) and 2.01 (IQR 1.00-3.58) per year in patients without DAA exposure and after
DAA exposure, respectively.

Impact of DAAs on extrahepatic complications

The incidence of clinical outcomes is reported in Table 2 and eTable 4. DAA exposure was
associated with a decreased risk of peripheral arterial events (aHR, 0.54; 95% CI, 0.33 to
0.89). In patients with advanced fibrosis (eTable 5), besides a beneficial effect of DAAs on
PAD (aHR, 0.36; 95% CI, 0.17 to 0.13) and heart failure (aHR, 0.47; 95% CI, 0.27 to 0.81), a
positive effect on overall cardiovascular outcomes (aHR, 0.58; 95% CI, 0.42 to 0.79) and
MACE (aHR, 0.50; 95% CI, 0.36 to 0.71) was observed. We identified a higher risk of ACD
after DAA exposure (aHR, 1.46; 95% CI, 1.04 to 2.04) after accounting for confounders
(Table 3). Interestingly, risk of ACD was primarily associated with exposure to Sofosbuvir-

based DAA regimens (eTable 6). History of MACE, age and obesity were independent
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predictive factors for developing ACD in patients treated with Sofosbuvir-based regimens
(eTable 7). The median time between DAA exposure and the occurrence of ACD was 1.86
(IQR 0.94-3.11) years. Atrial fibrillation, atrial flutter, and complete atrioventricular block
together accounted for 65% of incident ACD (eTable 8). The occurrence of ACD following
DAA exposure was concomitant with the dispensing of antithrombotic and antiarrhythmic
medications in 75% of cases (eTable 9). We observed a time-varying association between
DAA exposure and the occurrence of ACD, and this association appeared to be stronger after
the first year of treatment while being maintained over time (Figure 2, eFigure 2 and 3). For
instance, the adjusted HRs for the occurrence of ACD were 1.32 (95% CI, 0.93 to 1.86), 1.55
(95% CI, 1.09 to 2.18), and 1.73 (95% CI, 1.23 to 2.45) at 1, 2 and 3 years of follow-up,
respectively (eTable 10). We found no interaction between DAAs and both fibrosis stage

(P = .85) and amiodarone use (P = .86) in the occurrence of ACD after testing a joint effect of
these variables. Indeed, in patients with advanced fibrosis (eTable 5), no significant
association was found between ACD and DAAs (aHR, 1.02; 95% CI, 0.57 to 1.84). There
was no association between DAA exposure and organ-specific cancers. Furthermore, DAA
exposure was associated with a significant decrease in rates of hospitalization (eTable 11).
Similar results were obtained for all extrahepatic outcomes in the subset of individuals linked
to the SNDS with the deterministic approach only (eTable 12).

Overall, 6419 out of 6706 patients (95.7%) with known SVR status achieved SVR: as shown
in eTable 13, HCV clearance was not associated with extrahepatic cancer development
(aHR, 0.74; 95% CI, 0.37 to 1.45) and cardiovascular events (aHR, 0.99; 95% CI, 0.56 to

1.76).
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Discussion

We showed that DAAs were associated with a decreased risk of peripheral arterial events in
all CHC patients, and a reduced risk of PAD, heart failure, and overall cardiovascular
outcomes in patients with advanced fibrosis. In contrast, DAA exposure was associated with
an increase in ACD. DAAs were not associated with extrahepatic cancer development or
reduction.

We found a decreased risk of peripheral arterial events, MACE, and overall cardiovascular
events after DAA exposure in patients with advanced fibrosis and cirrhosis. This has been
previously reported in patients with Child class A cirrhosis included in the ANRS CO22
CirViR cohort,?? as well as in US veteran patients who had a decreased risk of cardiovascular
events after DAAs.>® In another study suggesting a decrease in the risk of cardiovascular
events after HCV clearance by DAAs, regardless of the degree of fibrosis, the diseases
defining cardiovascular events were limited to ischemic heart disease and ischemic cerebral
stroke.'* It is known that liver fibrosis increases risk for atherosclerosis,”** which in itself is
associated with chronic inflammation related to HCV infection.!® In a nationwide cohort
study, HCV infection was independently associated with a higher risk of developing PAD.!”
Furthermore, it has been shown that DAA-induced viral suppression improves the carotid
intima-media thickness,'> probably by limiting chronic inflammation. Nevertheless, DAAs
did not affect the composite cardiovascular outcome in all CHC patients. Because our study
was designed to generate new hypotheses regarding the extrahepatic impact of DAAs in CHC
patients, further investigations in other populations are needed to validate our results and
confirm the beneficial effect of DAAs on PAD. The lack of association between DAAs and
overall cardiovascular outcomes in all CHC patients, regardless of fibrosis stage, was in part

explained by the less pronounced effect of DAAs on inflammation in patients with mild
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fibrosis and by the divergent effect of DAAs on the components of the composite
cardiovascular end point, as the effect was beneficial for PAD and harmful for ACD.

After DAA exposure, CHC patients remained at risk for the late development of ACD,
particularly atrial fibrillation and flutter, with more than 75% of patients receiving
antithrombotic and antiarrhythmic medication shortly after the diagnosis of ACD. Although
the increased risk of ACD was predominant after Sofosbuvir-based regimens, a potential
association with also Sofosbuvir-free regimens cannot be completely ruled out due to the
limited number of patients treated with Sofosbuvir-free regimens. In a retrospective cohort
study using administrative health records, DAA exposure was associated with lower rates of
arrhythmias.?> This finding may in part be explained by the assumption used to analyze safety
signals. In that study, patients were indeed followed up to only six months after DAA
therapy. Since potential cardiotoxicity cannot be totally excluded over this short follow-up
period, we explored the short- as well as long-term outcomes after starting DAA therapy.

Moreover, since several studies reported ACD after DAA therapy,>®—’

we investigated both
arrhythmias of focal origin and blocks using a wider range of diagnosis codes to correctly
identify ACD.%

Several studies support potential DAA-related cardiotoxicity explaining the development of
ACD.*'#2 A potential change in cardiac energy generation observed in vitro may be
involved.*** In addition, a hypothesis involving a potential action of DAA mediated by
nerve fibers of the sinoatrial node influencing cardiac electrical activity has also been put
forward.* Interestingly, the potential toxicity of DAAs was investigated following a study
with a non-structural 5B inhibitor (BMS-986094) that resulted in the death of a patient from
rapidly progressive heart failure.** The authors observed diffuse ventricular cell elongation

and thinning, myocyte damage with interstitial fibrosis in the index case and reported

cardiotoxic changes associated with the nucleotide analog polymerase inhibitor, suggesting a
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toxic cardiomyopathy. In addition, a study suggested a deterioration in cardiac function
measured by global longitudinal strain (GLS) after sofosbuvir-based regimens.* It illustrated
the negative cardiac impact of the DA As on cardiovascular functions and supported a
potential mechanism of cardiac toxicity. The deterioration of the GLS continued after the end
of the DAA therapy and was suggestive of chronic cardiotoxicity. It is, therefore, possible to
speculate that a potential toxic cardiomyopathy could explain the development of ACD late
after DAA exposure.

We did not detect an association between DAAs and the occurrence of extrahepatic solid
cancers. This result agrees with findings already reported in previous studies. In a
retrospective cohort study in 33 808 HCV-infected patients, no difference was observed
between those exposed and not exposed to DAAs in the occurrence of extrahepatic cancers.>
In the CirViR cohort study, there was no association between SVR achievement and the
occurrence of extrahepatic cancer after a median follow-up of 58.2 months.*

Strengths and limitations

The main strength of our study lies in the large number of included patients for whom long-
term follow-up data were obtained by a comprehensive analysis of the SNDS. Furthermore,
due to the study design, a wide range of extrahepatic outcomes not routinely collected in
studies in CHC patients were analyzed. Finally, we ensured to account for numerous potential
confounders and a potential detection bias by estimating frequency of physician visits before
and after DAA exposure.

Our study has some limitations. First, due to the observational nature of the study, a causal
effect of DAAs cannot be confirmed. Second, we cannot fully rule out potential
misclassification of events due to coding errors. Nevertheless, we identified diseases using

40,47

validated available algorithms, recommended by the French National Health Insurance

Fund (CNAM), to properly investigate claims data for clinical purposes. Furthermore, any
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bias due to misclassification would not be differential. To prevent spurious association, a
sensitivity analysis including only cohort data linked to the SNDS by the deterministic
approach was performed. Due to legal restrictions, a retrospective medical chart review of
ACD cases was not feasible. Consequently, we detailed the types of ACD and associated
medication use to detect clinically significant ACD. Third, a potential type 1 error cannot be
excluded as we explored multiple extrahepatic outcomes. Lastly, the strength of several
associations was limited since some analyses were restricted by the number of incident
events. Therefore, we used composite variables to increase the statistical power of our

analyses.*®
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Conclusions

Treatment with DAAs was associated with cardiovascular benefits, including a decreased risk
of peripheral arterial events in all CHC patients and a reduced risk of overall cardiovascular
events in patients with advanced fibrosis. In contrast, our results suggest, for the first time, a
prolonged increase in the risk of ACD after DAA exposure. Given the potential cardiotoxicity
of DA As, diligent cardiac monitoring should be considered in patients at risk for cardiac events

to minimize the risk for the late development of ACD.

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



Acknowledgments

We thank participants and participating clinicians at each study site.

Ethics Statement: The protocol was carried out in accordance with the Declaration of
Helsinki and the French law on biomedical research and was approved by the appropriate
research ethics committee (Comité de Protection des Personnes Ile de France 3), the French
National Agency for Medicines and Health Products (ANSM), and the French Data
Protection Authority (CNIL).

Conflict of Interest Disclosures: FC reports grants from INSERM-ANRS, during the
conduct of the study; personal fees from Sanofi, outside the submitted work. HF reports
personal fees and invitations for medical meetings from Gilead, AbbVie, Bristol-Myers
Squibb, MSD and Janssen, outside the submitted work. PN has received honoraria from
and/or consults for Astra-Zeneca, Bayer, Bristol-Myers Squibb, EISAI, Ipsen, and Roche,
outside the submitted work. MB reports grants and personal fees from AbbVie and Gilead,
outside the submitted work, and personal fees from MSD, Janssen, Boehringher Ingelheim,
Intercept and Bristol-Myers Squibb, outside the submitted work. DL has served as a
speaker/advisor for AbbVie, Gilead Sciences and Merck Sharp & Dohme. SP has received
consulting and lecturing fees from Janssen, Gilead, MSD, Abbvie, Biotest, Shinogui, Viiv
and grants from Bristol-Myers Squibb, Gilead, Roche and MSD without relation to this
manuscript. HF reports personal fees and invitations for medical meeting from Gilead,
Abbvie, BMS, MSD, Janssen, MSD outside this work. LL, NL, CD, JB, CL-N, FT, AD, CC,
and GH have nothing to disclose.

Data Availability Statement: Due to the nature of this research based on the French
administrative health care database, data that support the findings of this study are not

available due to ethical and legal restrictions.

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



Author Contributions: LL and FC had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Concept and
design: LL and FC. Acquisition, analysis, or interpretation of data: All authors. Drafting of
the manuscript: LL and FC. Critical revision of the manuscript for important intellectual
content: All authors. Statistical analysis: LL and FC. All authors approved the final version of

the submission.

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



References

1.

Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-Serag HB. Risk of
Hepatocellular Cancer in HCV Patients Treated With Direct-Acting Antiviral Agents.
Gastroenterology. 2017;153(4):996-1005.¢e1. doi:10.1053/j.gastro.2017.06.012

Carrat F, Fontaine H, Dorival C, et al. Clinical outcomes in patients with chronic hepatitis
C after direct-acting antiviral treatment: a prospective cohort study. The Lancet.
2019;393(10179):1453-1464. doi:10.1016/S0140-6736(18)32111-1

Pol S, Lair-Mehiri L, Vallet- Pichard A. Is elimination of HCV realistic by 2030:
France. Aghemo A, ed. Liver Int. 2021;41(S1):45-49. doi:10.1111/1iv.14862

Reid M, Price JC, Tien PC. Hepatitis C Virus Infection in the Older Patient. Infect Dis
Clin North Am. 2017;31(4):827-838. d0i:10.1016/j.idc.2017.07.014

Cacoub P, Desbois AC, Comarmond C, Saadoun D. Impact of sustained virological
response on the extrahepatic manifestations of chronic hepatitis C: a meta-analysis. Gut.
2018;67(11):2025-2034. doi:10.1136/gutjnl-2018-316234

Segna D, Dufour JF. Other Extrahepatic Manifestations of Hepatitis C Virus Infection
(Pulmonary, Idiopathic Thrombocytopenic Purpura, Nondiabetes Endocrine Disorders).
Clin Liver Dis. 2017;21(3):607-629. d0i:10.1016/j.c1d.2017.03.014

Oliveira CPMS, Kappel CR, Siqueira ER, et al. Effects of hepatitis C virus on
cardiovascular risk in infected patients: a comparative study. Int J Cardiol.
2013;164(2):221-226. doi:10.1016/j.ijcard.2011.07.016

Younossi ZM, Stepanova M, Henry L, Nader F, Hunt S. An In-Depth Analysis of Patient-
Reported Outcomes in Patients With Chronic Hepatitis C Treated With Different Anti-
Viral Regimens. Am J Gastroenterol. 2016;111(6):808-816. doi:10.1038/ajg.2016.99

Petta S, Macaluso FS, Craxi A. Cardiovascular diseases and HCV infection: a simple

association or more? Gut. 2014;63(3):369-375. doi:10.1136/gutjnl-2013-306102

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



10.

11.

12.

13.

14.

15.

16.

17.

18.

Wijarnpreecha K, Thongprayoon C, Panjawatanan P, Ungprasert P. Hepatitis C Virus
Infection and Risk of Venous Thromboembolism: A Systematic Review and Meta-
Analysis. Ann Hepatol. 2017;16(4):514-520. doi:10.5604/01.3001.0010.0279

Wang CC, Chang CT, Lin CL, Lin IC, Kao CH. Hepatitis C Virus Infection Associated
With an Increased Risk of Deep Vein Thrombosis: A Population-Based Cohort Study.
Medicine (Baltimore). 2015;94(38):e1585. doi:10.1097/MD.0000000000001585

Balakrishnan M, Glover MT, Kanwal F. Hepatitis C and Risk of Nonhepatic
Malignancies. Clin Liver Dis. 2017;21(3):543-554. doi:10.1016/j.c1d.2017.03.009

Pol S, Vallet-Pichard A, Hermine O. Extrahepatic cancers and chronic HCV infection.
Nat Rev Gastroenterol Hepatol. 2018;15(5):283-290. doi:10.1038/nrgastro.2017.172

Adinolfi LE, Petta S, Fracanzani AL, et al. Impact of hepatitis C virus clearance by
direct-acting antiviral treatment on the incidence of major cardiovascular events: A
prospective multicentre study. Atherosclerosis. 2020;296:40-47.
doi:10.1016/j.atherosclerosis.2020.01.010

Petta S, Adinolfi LE, Fracanzani AL, et al. Hepatitis C virus eradication by direct-acting
antiviral agents improves carotid atherosclerosis in patients with severe liver fibrosis. J
Hepatol. 2018;69(1):18-24. doi:10.1016/j.jhep.2018.02.015

Roguljic H, Nincevic V, Bojanic K, et al. Impact of DAA Treatment on Cardiovascular
Disease Risk in Chronic HCV Infection: An Update. Front Pharmacol.
2021;12:678546. doi:10.3389/fphar.2021.678546

Hsu YH, Muo CH, Liu CY, et al. Hepatitis C virus infection increases the risk of
developing peripheral arterial disease: a 9-year population-based cohort study. J
Hepatol. 2015;62(3):519-525. doi:10.1016/j.jhep.2014.09.022

Spearman CW, Dusheiko GM, Hellard M, Sonderup M. Hepatitis C. Lancet Lond Engl.

2019;394(10207):1451-1466. doi:10.1016/S0140-6736(19)32320-7

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



19. World Health Organization. Global Progress Report on HIV, Viral Hepatitis and
Sexually Transmitted Infections, 2021: Accountability for the Global Health Sector
Strategies 2016—2021: Actions for Impact. World Health Organization; 2021. Accessed
April 18, 2022. https://apps.who.int/iris/handle/10665/341412

20. Tuppin P, Rudant J, Constantinou P, et al. Value of a national administrative database to
guide public decisions: From the systéme national d’information interrégimes de
I’ Assurance Maladie (SNIIRAM) to the systéme national des données de santé (SNDS)
in France. Rev DEpidémiologie Santé Publique. 2017;65:S149-S167.
doi:10.1016/j.respe.2017.05.004

21. Organization WH. ICD-10 : international statistical classification of diseases and related
health problems : tenth revision. Published online 2004:Spanish version, 1st edition
published by PAHO as Publicacion Cientifica 544.

22. European Association for the Study of the Liver. Electronic address:
easloffice@easloffice.eu, European Association for the Study of the Liver. EASL
Recommendations on Treatment of Hepatitis C 2018. J Hepatol. 2018;69(2):461-511.
doi:10.1016/j.jhep.2018.03.026

23. Austin PC, Stuart EA. Moving towards best practice when using inverse probability of
treatment weighting (IPTW) using the propensity score to estimate causal treatment
effects in observational studies. Stat Med. 2015;34(28):3661-3679.
doi:10.1002/sim.6607

24. Willem M. van der Wal RBG. ipw: An R Package for Inverse Probability Weighting.
Journal of Statistical Software. 2011;43(13):1-23.

25. Funk MJ, Westreich D, Wiesen C, Stiirmer T, Brookhart MA, Davidian M. Doubly
robust estimation of causal effects. Am J Epidemiol. 2011;173(7):761-767.

doi:10.1093/aje/kwq439

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



26.

27.

28.

29.

30.

31.

32.

33.

Borah BJ, Moriarty JP, Crown WH, Doshi JA. Applications of propensity score methods
in observational comparative effectiveness and safety research: where have we come
and where should we go? J Comp Eff Res. 2014;3(1):63-78. do0i:10.2217/cer.13.89

Therneau TM, Grambsch PM. Modeling Survival Data: Extending the Cox Model.
Springer; 2000.

Lusivika-Nzinga C, Fontaine H, Dorival C, etal. The dynamic effect of direct-acting
antiviral treatments on the risk of hepatocellular carcinoma in patients with cirrhosis and
chronic hepatitis C. J Viral Hepat. 2019;26(12):1489-1492. doi:10.1111/jvh.13186

Austin PC, Lee DS, Fine JP. Introduction to the Analysis of Survival Data in the Presence
of Competing Risks. Circulation. 2016;133(6):601-609.
doi:10.1161/CIRCULATIONAHA.115.017719

Freedman DM, Pfeiffer RM. Ascertainment Bias in Statin Use and Alzheimer Disease
Incidence. JAMA Neurol. 2017;74(7):868. doi:10.1001/jamaneurol.2017.0427

Goldstein BA, Bhavsar NA, Phelan M, Pencina MJ. Controlling for Informed Presence
Bias Due to the Number of Health Encounters in an Electronic Health Record. A4m J
Epidemiol. 2016;184(11):847-855. doi:10.1093/aje/kww112

Nahon P, Bourcier V, Layese R, et al. Eradication of Hepatitis C Virus Infection in
Patients With Cirrhosis Reduces Risk of Liver and Non-Liver Complications.
Gastroenterology. 2017;152(1):142-156.e2. doi:10.1053/j.gastro.2016.09.009

Butt AA, Yan P, Shuaib A, Abou-Samra AB, Shaikh OS, Freiberg MS. Direct-Acting
Antiviral Therapy for HCV Infection Is Associated With a Reduced Risk of
Cardiovascular Disease Events. Gastroenterology. 2019;156(4):987-996.¢8.

doi:10.1053/j.gastro.2018.11.022

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



34.

35.

36.

37.

38.

39.

40.

41.

Chen Y, Xu M, Wang T, et al. Advanced fibrosis associates with atherosclerosis in
subjects with nonalcoholic fatty liver disease. Atherosclerosis. 2015;241(1):145-150.
doi:10.1016/j.atherosclerosis.2015.05.002

McGlynn EA, Adams JL, Kramer J, et al. Assessing the Safety of Direct-Acting Antiviral
Agents for Hepatitis C. JAMA Netw Open. 2019;2(6):e194765.
doi:10.1001/jamanetworkopen.2019.4765

Renet S, Chaumais MC, Antonini T, et al. Extreme bradycardia after first doses of
sofosbuvir and daclatasvir in patients receiving amiodarone: 2 cases including a
rechallenge. Gastroenterology. 2015;149(6):1378-1380.¢1.
doi:10.1053/j.gastro.2015.07.051

Back DJ, Burger DM. Interaction between amiodarone and sofosbuvir-based treatment
for hepatitis C virus infection: potential mechanisms and lessons to be learned.
Gastroenterology. 2015;149(6):1315-1317. doi:10.1053/j.gastro0.2015.09.031

Brainard DM, McHutchison JG. Bradyarrhythmias Associated with Sofosbuvir
Treatment. N Engl J Med. 2015;373(19):1888. doi:10.1056/NEJMc1505967

Sofosbuvir + amiodarone: bradycardia and conduction disturbances. Prescrire Int.
2015;24(166):294-295.

Caisse Nationale d’ Assurance Maladie (CNAM), Direction de la Stratégie, des Etudes et
des Statistiques - Département des Etudes sur les Pathologies et les Patients.
Méthodologie médicale de la cartographie des pathologies et des dépenses, version G7
(années 2012 a 2018). Published online February 17, 2020. https://assurance-
maladie.ameli.fr/sites/default/files/2020 methode-reperage-
pathologies cartographie.pdf

Fontaine H, Lazarus A, Pol S, et al. Bradyarrhythmias Associated with Sofosbuvir

Treatment. N Engl J Med. 2015;373(19):1886-1888. doi:10.1056/NEJMc1505967

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



42.

43.

44,

45.

46.

47.

48.

Farrag HMA, Monir MS, Abdel-Dayem WS, Ali HAH, Ibrahim AM. Global longitudinal
strain as a predictor of short-term effect of oral antiviral regimens on myocardium in
Egyptian patients with chronic viral hepatitis C. Egypt Heart J EHJ Off Bull Egypt Soc
Cardiol. 2021;73(1):6. doi:10.1186/s43044-020-00129-2

Luo S, Rush R, Standring D. Single- and repeat-dose toxicity of IDX14184, a nucleotide
prodrug with antiviral activity for hepatitis C viral infection, in mice, rats, and monkeys.
Hum Exp Toxicol. 2016;35(5):472-490. doi:10.1177/0960327115592939

Ahmad T, Yin P, Saffitz J, et al. Cardiac dysfunction associated with a nucleotide
polymerase inhibitor for treatment of hepatitis C. Hepatol Baltim Md. 2015;62(2):409-
416. doi:10.1002/hep.27488

Ucciferri C, Occhionero A, Vecchiet J, Falasca K. Cardiac Toxicity Associated with
HCV Direct Antiviral Agents. Mediterr J Hematol Infect Dis. 2018;10(1):e2018069.
doi:10.4084/MJHID.2018.069

the CARDIAC study group, Mazzitelli M, Torti C, et al. Evaluation of cardiac function
by global longitudinal strain before and after treatment with sofosbuvir-based regimens
in HCV infected patients. BMC Infect Dis. 2018;18(1):518. doi:10.1186/s12879-018-
3426-9

Assurance Maladie. Améliorer La Qualité Du Systeme de Santé et Maitriser Les
Dépenses : Les Propositions de ’Assurance Maladie Pour 2018.; 2017:206. assurance-
maladie.ameli.fr

Brophy JM. Selling Safety—Lessons From Muraglitazar. JAMA. 2005;294(20):2633.

doi:10.1001/jama.294.20.jed50074

5L | SUOWILIOD dA a1 3|qedl|dde a3 Aq peusenob afe 9o e YO ‘8sn JO Sa|Nn. 1oy Akeiqi]auluQ ASIAA UO (SUOIHPUCD-PUe-SWLIBYWOD AB| 1M AeIq 1 BUTUO//:SdNY) SUOIIPUOD Pue SWd | 8y} 88S *[z20z/ZT/T0] uo ARliqi]auluQ A8|IM BISIBAIUN BUU0gIoS AP 9/GG'SPd/Z00T OT/I0p/Wod A8 |1mAReiq iujuo//sdny wouy pepeojumoq ‘el ‘/SGT660T



Figure legends:

Figure 1. Flowchart Showing the Disposition of Patients Included in the Study
Abbreviation: CHC, chronic hepatitis C; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; DAA, direct-acting antiviral; SNDS, French
administrative health insurance database

2 One patient may have more than one exclusion criteria.

Figure 2. Hazard Ratios Associated With DAAs for the Occurrence of Arrhythmias and
Conduction Disorders Over Time

Abbreviation: Cox-PH, Cox proportional hazards; Cox-TVC, Cox's time varying covariate
model; DAA, direct-acting antiviral; IPW MSM, inverse probability-weighted marginal
structural model.

The curves represent estimates of cause-specific adjusted hazard ratios associated with DAA
exposure in chronic HCV-infected patients for the occurrence of arrhythmias and conduction
disorders over time. The Cox-TVC model (solid curve) and the Cox-PH model (dotted line)
were adjusted for age, gender, body mass index, fibrosis stage, alcohol and tobacco
consumption, frequency of visits to medical specialists and amiodarone use. For the [PW
fitted marginal structural model (dashed line), the weight assigned to each observation is
proportional to the inverse of the probability of treatment (IPTW) received after controlling
for the following confounders: age, gender, geographical origin, body mass index, fibrosis
stage, alcohol and tobacco consumption, HCV genotype, time since HCV diagnosis,
hypertension, diabetes, use of amiodarone, antihypertensive drugs, medications for
dyslipidemia and diabetes, biological variables (albumin, AST, ALT, hemoglobin,
prothrombin time, platelet count) and frequency of visits to medical specialists. The TVC-
Cox model (Cox models with time-varying coefficients) was computed after including a

time-varying coefficient with a parametric time function for the risk associated with DAA
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exposure. The grey shade area represents the 95% confidence interval for the time-varying

hazard ratio.



Tables with captions

Table 1. Characteristics of Patients Included in the Study (n=8148)*

Not exposed to DAA (n=1111) Exposed to DAA (n=7037)

Age, median (IQR), years
Gender (%)
Male
Female
BMI (%), kg/m?
<18.5
>18.5t0<24.9
>25t0<30
>30
Geographical origin (%)
France and Europe
Asia
Africa
Other
History of excessive alcohol intake® (%)
History of tobacco consumption (%)
HCV genotype (%)
1

2
3
4
5,6o0r7

Time since HCV diagnosis (years)
Missing data

Fibrosis scoring (%)

FO, F1 or F2
F3
F4

Diabetes (%)

Arterial hypertension (%)

Dyslipidemia (%)

History of cardiovascular events (%)
Major cardiovascular events®
Arrhythmias and conduction disorders

Anemia (%)

Albumin < 3 g/dL (%)

Prothrombin time < 70% (%)

Platelet count < 100 x10%/uL (%)

AST > 5 ULN (%)

ALT > 5 ULN (%)

Use of medications (%)

Indicated for arterial hypertension
Indicated for dyslipidemia
Indicated for diabetes
Amiodarone

NSAIDs (including aspirin)

54.1 (48.0, 63.3)

578/1111 (52)
533/1111 (48)

52/1103 (5)
603/1103 (55)
322/1103 (29)
126/1103 (11)

832/1111 (75)
28/1111 (3)
194/1111 (18)
57/1111 (5)
316/1111 (28)
710/1110 (64)

647/1082 (60)
109/1082 (10)
145/1082 (13)
149/1082 (14)
32/1082 (3.0)
13.6 [6.3-19.5]
34

719/991 (73)
92/991 (9)
180/991 (18)
102/1111 (9)
291/1109 (26)
101/1110 (9.1%)

27/1111 (2.4)
26/1111 (2.3)
115/961 (12)
10/829 (1)
43/917 (5)
40/1025 (4)
19/1042 (2)
28/1079 (3)

340/1111 (31)
101/1111 (9)
83/1111 (8)
18/1111 (2)
45/1111 (4)

56.2 (50.3, 64.1)

3793/7037 (54)
3244/7037 (46)

210/7002 (3)
3569/7002 (51)
2294/7002 (33)
929/7002 (13)

5558/7037 (79)
152/7037 (2)
1010/7037 (14)
317/7037 (5)
1935/7035 (28)
4491/7020 (64)

4715/6974 (68)
423/6974 (6)
825/6974 (12)
845/6974 (12)
166/6974 (2)
14.5 [6.9-20.0]
169

3210/6524 (49)
1015/6524 (16)
2299/6524 (35)
819/7037 (12)
1997/7031 (28)
610/7027 (8.7%)

160/7037 (2.3)
130/7037 (1.8)
528/6341 (8)
70/5988 (1)
300/6256 (5)
499/6701 (7)
205/6774 (3)
341/6930 (5)

2246/7037 (32)
542/7037 (8)
680/7037 (10)
37/7037 (1)
275/7037 (4)

Abbreviation: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; DAA, direct-acting antiviral; HCV, Hepatitis C virus; NSAIDs, non-steroidal

anti-inflammatory drugs; ULN, upper limit of normal.
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2 Data are presented as median (25 percentile-75" percentile) and counts (%) for continuous
and categorical variables, respectively. We provided denominators for variables with missing
data. ® Excessive Daily alcohol intake is defined as at least 15 alcoholic drinks (150 g) per
week for a woman or 22 alcoholic drinks (220 g) per week for a man, or at least six
consecutive alcoholic drinks (60 g) on at least one occasion per week. * MACE included acute
stroke, acute coronary syndrome, pulmonary embolism, acute heart failure, and peripheral
arterial disease.

SI conversion factors: To convert platelet count to x10°/L, multiply values by 1; To convert

albumin to g/L, multiply values by 10.
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Table 2. Incidence Rates of Cardiovascular Events and Solid Extrahepatic Cancers?®

No DAA exposure Post-DAA exposure

n per PY IR" (95% CI) n per PY IR" (95% CI)
Cardiovascular events
Acute stroke 26/12 825  2.03(1.32,2.97) 62/22099  2.80(2.15, 3.60)
Acute coronary syndrome 28/12 814  2.19(1.45,3.16) 60/22 112 2.71(2.07, 3.49)
Acute pulmonary embolism 4/12 894 0.31 (0.08, 0.79) 17/22272  0.76 (0.44, 1.22)
Acute heart failure 35/12820  2.73(1.90, 3.80) 76/22 074  3.44 (2.71,4.31)
Arrhythmias/conduction disorders 50/12 618  3.96 (2.94, 5.22) 141/21 625 6.52 (5.48, 7.69)
Peripheral arterial disease 33/12777  2.58(1.77, 3.63) 36/21 988  1.64(1.15,2.27)
MACE*® 113/12 533  9.02 (7.43,10.84) 222/21 310 10.42 (9.09, 11.88)
Any cardiovascular event 146/12286 11.88 (10.04, 13.97) 309/20 768 14.88 (13.27, 16.63)
Extrahepatic solid cancers
Colorectal cancer 17/12806  1.33(0.77,2.13) 3522117  1.58(1.10, 2.20)
Bladder cancer 4/12 865 0.31 (0.08, 0.80) 14/22215  0.63 (0.34, 1.06)
Prostate cancer! 19/5959 3.19 (1.92, 4.98) 27/12 444  2.17(1.43,3.16)
Kidney cancer 7/12 857 0.54 (0.22, 1.12) 8/22 242 0.36 (0.16, 0.71)
Lung cancer 20/12 825  1.56 (0.95,2.41) 41/22 172 1.85(1.33,2.51)
Pancreatic cancer 11/12891  0.85(0.43, 1.53) 24/22 260  1.08 (0.69, 1.60)
Thyroid cancer 5/12 853 0.39(0.13,0.91) 6/22 223 0.27 (0.10, 0.59)
Head and neck cancer 5/12 866 0.39 (0.13, 0.91) 18/22220  0.81(0.48, 1.28)
Breast cancer 28/12 585  2.22(1.48,3.22) 3121803  1.42(0.97,2.02)
Any cancer 109/12110 9.00 (7.39, 10.5) 190/20 820 9.12 (7.87, 10.5)

Abbreviation: CI, confidence interval; DAA, direct-acting antiviral; IR, incidence rate;
MACE, major cardiovascular events; n, number of events; PY, person-year.

4 For all the analyses, patients with a history of the endpoint of interest were excluded. ®
Crude incidence rates per 1000 person-years. * MACE included acute stroke, acute coronary
syndrome, pulmonary embolism, acute heart failure, and peripheral arterial disease. ¢ In male

patients only.
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Table 3. Adjusted Hazard Ratios of Incident Cardiovascular Events and Extrahepatic

Cancers Associated With DAA Exposure

Outcomes? IPW MSMP

HR (95% CI) P Value*
Cardiovascular events
Acute stroke 1.30 (0.82, 2.08) 27
Acute coronary syndrome 1.00 (0.63, 1.60) .99
Acute pulmonary embolism 2.10 (0.64, 6.85) 22
Acute heart failure 1.15(0.74, 1.78) 53
Arrhythmias and conduction disorders 1.46 (1.04, 2.04) .03
Peripheral arterial disease 0.54 (0.33, 0.89) .02
MACE! 1.03 (0.81, 1.31) .82
Any cardiovascular event 1.10 (0.90, 1.36) .36
Extrahepatic solid cancers®
Colorectal cancer 0.44 (0.14, 1.39) .16
Bladder cancer 0.78 (0.22, 2.80) .70
Prostate cancer’ 0.72 (0.18, 2.93) .65
Kidney cancer 0.83(0.17,4.01) .81
Lung cancer 1.09 (0.30, 3.99) .90
Pancreatic cancer 0.38 (0.08, 1.78) 22
Thyroid cancer 0.16 (0.02, 1.06) .06
Head and neck cancer 2.71(0.78, 9.41) 12
Breast cancer 0.52 (0.18, 1.53) 24
Any cancer 1.23 (0.50, 3.03) .66

Abbreviation: CI, confidence interval; DAA, direct-acting antiviral; HR, hazard ratio; [PW
MSM, inverse probability-weighted marginal structural model; MACE, major cardiovascular
events.

2 For all the analyses, patients with a history of the endpoint of interest were excluded. ® For
the marginal structural model (MSM), the weight assigned to each observation is proportional
to the inverse of the probability of treatment (IPTW) after controlling for the following
confounders: age, gender, geographical origin, body mass index, fibrosis stage, alcohol,
tobacco consumption, HCV genotype, time since HCV diagnosis, hypertension, diabetes,
biological variables (albumin, AST, ALT, hemoglobin, prothrombin time, platelet count),
antihypertensive drugs, medications for dyslipidemia and diabetes (for all cardiac events),
amiodarone use (for the occurrence of cardiac arrhythmia and conduction disorders), NSAIDs
medications (for the occurrence of colorectal and prostate cancers), and use of statins (for the
occurrence of prostate cancers). ¢ Adjusted p-values controlling the false discovery rate

(FDR) were all not significant. 4MACE included acute stroke, ACS, PE, acute heart failure,
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and PAD. * DAA exposure period was lagged by one year to analyze the risk of extrahepatic

cancers. | In male patients only.
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