1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer Prev Res (Phila). Author manuscript; available in PMC 2020 June 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer Prev Res (Phila). 2019 December ; 12(12): 891-902. doi:10.1158/1940-6207.CAPR-19-0162.

Risk of de novo hepatocellular carcinoma following use of direct
acting antiviral medications for treatment of chronic hepatitis C

Samuel O. Antwi, Ph.D.1, Holly K. Van Houten, B.A.23, Lindsey R. Sangaralingham, MPHZ2:3,
Tushar Patel, M.B., Ch.B.%"
1Department of Health Sciences Research, Mayo Clinic, Jacksonville, FL

2Kern Center for the Science of Health Care Delivery, Mayo Clinic, Rochester, MN
3OptumLabs, Cambridge, MA

4Department of Transplantation, Mayo Clinic, Jacksonville, FL

Abstract

Direct-acting antivirals (DAA) are now the mainstay of treatment for patients with chronic
hepatitis C virus (HCV); however, there is some controversy over whether use of DAAs for HCV,
as compared with interferon (IFN)-based regimens, leads to an increased risk of hepatocellular
carcinoma (HCC) development. We investigated the association between use of DAAs and
subsequent development of HCC in longitudinal data from HCV patients of diverse backgrounds
(various ages, ethnicities, and geographic regions) across the US. The design was a retrospective
study performed using medical and pharmacy claims from OptumLabs®. HCV treatment exposure
was categorized as DAA-only, DAA+IFN, any-DAA, or IFN-only. To account for confounding by
indication, inverse probability of treatment weighting was performed. Cox proportional hazard
models were used to calculate hazard ratios (HR) and 95% confidence intervals (Cl). We identified
5,781 HCV patients with no history of HCC at baseline. Compared with IFN-only regimen, no
significant increase in HCC risk was found for use of DAA-only (HR=1.53, 95% CI: 0.73-3.23),
DAA+IFN (HR=1.02, 95% CI: 0.51-2.06), or any-DAA (HR=1.04, 95% CI: 0.65-1.65). When
stratified by sustained virological response (SVR), we noted a higher HCC risk for DAA-only
among patients who achieved SVR post-treatment (HR=7.53, 95% CI: 1.48-38.34), but the Cls
were wide, which might be due to the small sample size of the subgroups. Among those who did
not achieve SVR, no association was found for use of DAA-only (HR=0.59, 95% CI: 0.19-1.91).
These findings do not provide compelling evidence for the conception that use of DAAs for HCV
is associated with increased risk of HCC development.
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Introduction

Methods

Hepatocellular carcinoma (HCC) is a frequently fatal cancer with increasing incidence (1)
and mortality (2). Chronic hepatitis C virus (HCV) infection is a major risk factor for HCC
in the US (3), with estimated population attributable risk fraction of 20-22% (4,5).
Historically, HCV has been treated with interferon (IFN)-based medications, which yields
sustained virological response (SVR) in about 50% of patients (6,7). Newly developed direct
acting antiviral agents (DAA) are more effective for treating HCV, yielding SVR in >90% of
patients (7-9). Thus, DAAs have become the mainstay for HCV treatment (10). Effective
treatment of HCV is expected to result in substantial reduction in HCC risk. However, some
studies have reported high rates of HCC development in patients treated with DAA (8,11),
which has been attributed to the more rapid and more potent eradication of HCV by DAA
that may lead to disruption of some protective immune functions against tumor development
(11-14).

The suggested link between use of DAA for HCV and the subsequent development of HCC
have been a subject of controversy (15-19). At least four studies have reported increased
HCC incidence or recurrence following DAA treatment for HCV (8,11,13,20). The reported
HCC recurrence rate following DAA use is estimated at around 28% (8,11), while incidence
rates for de novo HCC in DAA-treated patients range between 3% and 9% (8,13). However,
other studies did not find increased HCC incidence following DAA use (21-25), and some
actually found a reduction in HCC risk in patients who achieved DAA-induced SVR
(21,22,24,26,27). Because of the conflicting reports, it is not entirely clear whether DAA use
is associated with an increased risk or decreased risk of HCC development or has no
association with HCC (19,28). Further, it is unclear if these observations are geographically
limited. Studies in patient populations that are representative of the entire US population are
necessary to evaluate the association between use of DAA for HCV and subsequent
development of HCC to inform strategies for risk prevention that are applicable to the
broader US population.

We investigated the association between DAA use and risk for HCC development in a
retrospective cohort of patients with HCV who were treated with DAA, IFN-based
medications, or both using medical and pharmacy claims data from the OptumLabs® Data
Warehouse. We performed a head-to-head comparison between DAA-only versus IFN-only
treatment for HCV in relation to HCC development following treatment. We further
examined HCC risk associated with combined use of DAA and IFN-based medications (i.e.,
DAA + IFN) or any treatment combination that involves the use of DAA (i.e., any DAA)
with each compared to IFN-only regimen. For each comparison, we used inverse probability
of treatment weighting (IPTW) to ensure equal distribution of treatment-related factors and
HCC risk factors among the treatment groups to control for confounding by indication.

Data Source and Study Sample

The study involves retrospective analysis of claims data from the OptumLabs® Data
Warehouse (OLDW), which includes de-identified information for privately insured and
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Medicare Advantage enrollees in a large, private, US health plan (29). The database contains
longitudinal health information on enrollees, representing a diverse mixture of ages,
ethnicities, and geographical regions across the US. The health plan provides comprehensive
full insurance coverage for physician, hospital, and prescription drug services (30,31).
Enrollees were eligible for the present study if they met the following criteria: (a) diagnosed
with HCV between January 1, 2010 and December 31, 2016, (b) did not receive antiviral
treatment for HCV before the study start date (2010), (c) received treatment with IFN-based
medications, DAA, or both on or after the HCV diagnosis date, (d) had medical and
pharmacy coverage in the 12 months prior to antiviral treatment initiation to enable the
assessment of baseline characteristics, (e) did not have a diagnosis of HCC or another
malignancy prior to the initiation of antiviral treatment, and (f) was not concurrently
enrolled in commercial health insurance and Medicare Advantage. Chronic HCV was
defined by at least one documented diagnosis based on the /nternational Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 070.44 and 070.54 or
International Classification of Diseases, Tenth Revision, Clinical Modification (1ICD-10-CM)
code B18.2, or at least two documented HCV diagnoses on different dates based on the
ICD-9-CM codes 070.70, 070.71 and VV02.62 or ICD-10-CM codes B19.20, B19.21 and
Z722.52 (32).

Antiviral Therapy

Pharmacy and medical (injectable medications) claims for HCV treatment starting from the
date of HCV diagnosis to the date of HCC diagnosis or end of follow-up (for those who did
not develop HCC), were used to categorize exposure to antiviral treatment as: (a) IFN-only,
(b) DAA-only, (c) DAA + IFN, or (d) any DAA. The IFN-only group consisted of
individuals who received regular IFN or pegylated-IFN with or without ribavirin and did not
receive DAA. The DAA-only group consisted of patients who used any of the following
medications (and did not use IFN): boceprevir, daclatasvir dihydrochloride, elbasvir/
grazoprevir, glecaprevir/pibrentasvir, ledipasvir/sofosbuvir, ombita/paritap/riton/dasabuvir,
ombitasvir/paritaprev/ritonav, simeprevir sodium, sofosbuvir, sofosbuvir/velpatas/voxilaprev,
sofosbuvir/velpatasvir, or telaprevir. The DAA + IFN group consisted of patients who used
any combination of an IFN-based medication and a DAA. Finally, the any DAA group
consisted of the users of DAA-only and DAA + IFN combined into one group.

Other Study Variables

Patient baseline characteristics obtained from the OLDW included date of HCV diagnosis,
age at antiviral treatment initiation, gender, race/ethnicity, body mass index (BMI), US
census region (Midwest, Northeast, South, West), household income, comorbid conditions,
health insurance type (commercial, Medicare Advantage), and smoking history (current,
former, never). In addition, time from HCV diagnosis to treatment initiation was calculated.
Information on comorbid conditions in the 12 months before HCV treatment initiation
(baseline) were used to calculate the Charlson-Deyo Comorbidity Index (33). Data on the
following health conditions were obtained using primary and secondary ICD-9 and ICD-10
diagnosis codes: autoimmune hepatitis, hemochromatosis, Wilson’s disease, biliary
cirrhosis, cirrhosis (compensated and decompensated), diabetes mellitus, human
immunodeficiency virus (HIV), hepatitis B virus (HBV) infection, liver transplantation,
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alcohol use disorder, and substance use disorder. The ICD codes used to identify these
conditions, which have been used widely to derive information about hepatic and comorbid
conditions (34-37) and previously validated in a number of studies, are presented in
Supplementary Table 1.

Assessment of SVR and HCC Incidence

SVR was defined as undetectable serum HCV viral load performed at least 12 weeks after
completion of the antiviral therapy (38). Patients were categorized based on whether they
achieved SVR post-treatment or not (yes, no). By design, no patient had a diagnosis of HCC
or another malignancy prior to the antiviral therapy for HCV. The incidence of HCC
occurring either during or after completion of the antiviral therapy was determined using the
ICD-9-CM code 155.0 or ICD-10-CM code C22.0 (34,36). Analyses were restricted to
patients with complete data on SVR status post-antiviral treatment with DAA, IFN, or both
(Figure 1). Analyses were restricted to patients with complete data on SVR status post-
antiviral treatment with DAA, IFN, or both (Figure 1).

Primary Endpoint

The outcome of interest was HCC incidence following antiviral therapy for HCV. Each
treatment regimen (DAA-only, DAA + IFN, and any DAA) was compared to IFN-only
(reference) to ascertain the risk of HCC development following HCV treatment.

Statistical Analyses

Differences in demographic and clinical attributes at baseline were compared between the
treatment groups and summarized as proportions for categorical variables and means for
continuous variables using chi-squared tests and t-tests, respectively. Crude event rates for
HCC incidence were calculated per 1,000 person-years for each treatment group.
Confounding by indication, when the indication for a particular treatment correlates with the
probability of receiving that treatment and the indication is also a risk for the outcome and
thus produces an imbalance in the outcome probability between treatment groups, is a
common constraint of most observational studies (39). To account for confounding by
indication, IPTW was performed in an attempt to ensure equitable distribution of treatment-
related factors and HCC risk factors among the treatment groups at baseline (i.e., before
treatment initiation). Specifically, we estimated propensity scores and weights using
generalized boosted models based on 10,000 regression trees for optimal balance among the
treatment groups (40). The weights were used to obtain estimates representing cohort
average treatment effects. The propensity models included demographics, comorbidities,
time-to-treatment initiation and other covariates (Supplementary Table 2). Because the IFN-
only group was used as the reference group for all comparisons, separate IPTW was
performed between IFN-only and each of the other three treatment groups (DAA-only, DAA
+IFN, and any DAA), rather than a single IPTW across all four groups. This was done to
ensure a more rigorous weighting and balance of potential confounding factors for each
comparison. The success of the balance of treatment-related factors and HCC risk factors
was assessed after IPTW using standardized mean differences < 20% for continuous
variables and Kolmogorov-Smirnov (K-S) statistic < 0.10 for categorical variables as
indication of adequate balance of potential confounding factors (41). Factors that remained
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unbalanced after IPTW were included in the statistical model as covariates for further
adjustment. Cox proportional hazard models were used on the weighted cohorts to calculate
hazard ratios (HRs) and 95% confidence intervals (Cls) to ascertain the relative risk of HCC
incidence across follow-up for use of DAA-only, DAA + IFN, and any DAA compared with
use of IFN-only. Prior to fitting the proportional hazard models, the proportional hazards
assumption was assessed for each model using log [-log (survival)] curves and was
determined to have been satisfied. Detail results of the IPTW for each comparison, including
p-values, standardized mean differences, and K-S statistics are presented in Supplementary
Tables 2—4. In addition to analyses of the entire study population, we performed separate
subgroup analyses among patients with cirrhosis and those without cirrhosis, and among
patients who achieved SVR post-treatment and those who did not achieve SVR. All
statistical tests were two-sided and a p-value < 0.05 was considered statistically significant.
The statistical analyses were performed using SAS® version 9.4 (SAS Institute, Inc., Cary,
North Carolina) or R version 3.5.1 (R Foundation for Statistical Computing Vienna,
Austria).

We identified 58,064 patients diagnosed with HCV between 2010 and 2016, with follow-up
up to December 31, 2017. Of these patients, we excluded individuals who received antiviral
treatment before the documented HCV diagnosis date, those without medical or pharmacy
coverage in the 12 months before treatment initiation, individuals who had HCC diagnosis
before initiation of the antiviral therapy and those with missing date of birth, gender, or were
younger than age 18 years. We further excluded individuals with both commercial health
insurance and Medicare Advantage, those with diagnosis of other cancer types at baseline
(except non-melanoma skin cancer), and those with missing data on SVR status post-
antiviral treatment. These exclusions left a final analytic sample of 5,781 patients with HCV
who did not have a prior history of HCC or another malignancy at baseline and had
complete data on SVR status (Figure 1).

The cohort was categorized into three groups based on treatment exposure: IFN-only, DAA-
only, and DAA + IFN. A fourth group (any DAA) was created by combining patients who
received DAA-only or DAA + IFN into one group (DAA-only + [DAA + IFN]). Median
follow-up of the entire cohort was 1.7 years. Follow-up was longest for the IFN + DAA (2.5
years), followed by IFN-only (2.2 years), any DAA (1.7 Years), and then DAA-only (1.5
years). One hundred and ten de novo HCC cases developed over the follow-up period, with
the highest number of new HCC cases occurring among the DAA-only group (n = 76),
followed by the DAA + IFN group (n = 25), and the lowest number among the IFN-only
group (n = 9). The combined any DAA group accounted for 101 of the 110 de novo HCC
cases. However, the percentages of HCC cases occurring in the DAA-only, the DAA + IFN,
or the any DAA group were not significantly different from that of the IFN-only group (p-
values >0.05) (Table 1).

Analyses of the baseline demographic and clinical characteristics (before IPTW) show that,
on average, patients in the IFN-only group were younger (50 years) than those in the DAA-
only (58 years), DAA + IFN (53 years), or the combined any DAA group (57 years), but
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there were no differences in gender (Table 1). The IFN-only group consisted of a higher
proportion of White patients, patients from Southern US, and patients with higher household
incomes (=$75,000 per year) compared with the other treatment groups. Further, the IFN-
only group had a fewer percentage of patients with three or more comorbidities but had
higher percentage of patients with commercial insurance than the DAA-only, DAA+IFN or
the any DAA groups. HCC risk factors, such as cirrhosis (particularly decompensated
cirrhosis) and diabetes mellitus were significantly lower among the IFN-only group
compared with DAA only, DAA+IFN or any DAA. Time from HCV diagnosis to antiviral
treatment was shortest for the IFN-only group (5.6 months), followed by the DAA-only (6.1
months) then DAA + IFN group (18.2 months) and any DAA group (18.4 months). Thirty-
one percent of patients in the IFN-only group achieved SVR post-antiviral treatment for
HCV, compared with 43% for DAA-only, 38% for DAA +IFN, and 42% for the any DAA
group. Other differences in baseline characteristics are presented in Table 1. The extent of
balance in the distribution of baseline characteristics between the treatment groups attained
after IPTW are presented in Supplementary Tables 2—4.

Crude incidence rates for HCC per 1,000 person-years across follow-up was lowest for the
IFN-only group (8.66), followed by DAA + IFN (9.26), any DAA (10.20), and then DAA-
only (10.55) (Figure 2). Multivariable Cox proportional hazard modeling was used on the
weighted cohort for assessment of HCC events with further adjustment for factors the
remained unbalanced after the IPTW for each comparison (Figure 2). The results did not
show a significant difference in HCC risk among users of DAA-only (HR=1.53, 95% ClI:
0.73-3.23) compared with users of IFN-only. Users of DAA + IFN (HR=1.02, 95% ClI:
0.51-2.06) or any DAA (HR=1.04, 95% CI: 0.65-1.65) also did not have higher HCC risk
when compared with users of IFN-only. We also performed sensitivity analysis where HCC
cases that occurred within 6 months of completing HCV therapy (n=33) were excluded,
leaving 77 de novo HCC cases for analyses. The results show no significant association for
DAA-only (HR=3.12, 95% CI: 0.83-9.46) or any DAA (HR=2.11, 95% CI: 0.86-4.29) or
the other treatment groups, similar to the overall results. Thus, the cases were retained in the
subsequent analyses to maximize samples size.

In a separate analysis among HCV patients with cirrhosis, no significant difference in HCC
risk was observed for those who used DAA-only (HR=0.56, 95% CI: 0.20-1.55), DAA +
IFN (HR=0.91, 95% CI: 0.35-2.35), or any DAA (HR=0.75, 95% CI: 0.42-1.35) compared
with users of IFN-only (Figure 3). Among HCV patients without cirrhosis, no significant
increase in HCC risk was observed for the patients who used DAA-only (HR=1.00, 95% ClI:
0.32-3.16), DAA + IFN (HR=1.07, 95% ClI: 0.38-2.97), or any DAA (HR=1.11, 95% CI:
0.50-2.45) when compared with users of IFN-only.

For patients who achieved SVR post-antiviral treatment for HCV, the use of DAA-only was
associated with an increase in risk of HCC (HR=7.53, 95% CI: 1.48-38.34) compared with
IFN-only (Figure 4). Similarly, use of any DAA was associated with increased HCC risk
among patients who achieved SVR (HR=3.46, 95% CI: 1.43-8.41), but no association was
found for use of DAA + IFN as compared with IFN-only. By contrast, among patients who
did not achieve SVR post-treatment, use of DAA-only was not associated with HCC risk
(HR=0.59, 95% CI: 0.19-1.91) as was use of DAA + IFN (HR=0.64, 95% CI: 0.26-1.58);
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however, we noted a lower HCC risk among users of any DAA (HR=0.34, 95% CI: 0.16—
0.74). It is important to emphasize that the confidence intervals for the association between
DAA only and increased HCC risk is substantially wide (95% CI: 1.48-38.34), indicating
unstable effect estimates and reflecting the small sample sizes in the subgroup analyses
stratified by SVR.

Discussion

In this study, we investigated whether use of DAA is associated with de novo HCC
development in patients with HCV using data from OptumLabs®. We found that use of
DAA-only regimen for HCV is not associated with higher risk of HCC development when
compared with use of IFN-only regimen. Additional analyses did not show higher HCC risk
associated with use of DAA + IFN or any DAA as compared with use of IFN-only regimen.
These null associations were observed also among patients with HCV-associated cirrhosis
and those without cirrhosis. However, among patients who achieved SVR post-antiviral
treatment, HCC risk was higher in those treated with DAA-only as compared with patients
treated with IFN-only. By contrast, no association was found for DAA use among patients
who did not achieve SVR, and any DAA use was associated with lower risk among those
who did not achieve SVR. It is important to note that the confidence intervals for the
analyses stratified by SVR status were extremely wide, reflecting the small number of HCC
events in each subgroup, which precludes drawing firm conclusions from the SVR-stratified
results.

Chronic HCV infection is a major risk factor for HCC, accounting for a significant
proportion of HCC cases diagnosed in the US (3,42). Findings from four small studies
published in 2016 and 2017 raised considerable concerns about excessive rates of HCC
occurring in HCV-infected patients who were treated with DAA (8,11,13,20), which led to
controversies over the safety of DAA regarding HCC risk (15). The idea of high rates of
HCC occurring after eradication of HCV with DAA is incongruent with the widely-held
expert opinion that effective antiviral clearance of HCV should result in substantial
reduction in HCC risk. Proposed mechanisms for the reported high rates of HCC in DAA-
treated patients include disruption of the body’s anti-tumor immune surveillance system,
promotion of angiogenesis, and dysregulation of inflammatory microenvironment in the
liver by DAA (11-14,43), but none of these hypotheses have been proven conclusively.

A Spanish study of 58 patients with HCV by Reig et a/. (11) and an Italian study of 59
patients with HCV by Conti et al. (8) reported excessive HCC recurrence rates of 27.6% and
28.8%, respectively, following treatment with DAA. The study by Conti et a/. included an
additional 285 patients with HCV who did not have a prior history of HCC among whom
3.2% developed de novo HCC within six months of receiving DAA (8). Cheung and
colleagues examined clinical outcomes after DAA treatment in an English prospective study
of 406 patients with HCV-associated decompensated cirrhosis and found that out of 317
patients who achieved DAA-induced SVR, 5% developed incident HCC over a 15-month
follow-up (20). A retrospective study in Alabama by Ravi et a/. also reported “unusually
high rates” of HCC incidence (9.1%) among 66 patients with HCV-associated cirrhosis who
were treated with DAA (13). It is worth noting that these studies had small sample sizes, did
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not perform statistical adjustment for potential confounders, and the findings are not
consistent with findings from similar studies with more robust analyses (24,44).

Larger studies with more rigorous methods have since been published (21-24,26,45). In a
multicenter prospective study conducted in France among 1,270 patients with HCV-induced
compensated cirrhosis, Nahon et a/. did not find an increased risk of HCC following receipt
of DAA (HR=0.89, 95% CI: 0.46-1.73) when compared with receipt of IFN, after a median
follow-up of 67.5 months and with inverse probability weighted adjustment of baseline
factors (24). Four retrospective studies also did not find increased HCC risk following DAA
treatment of HCV (21-23,26); however, three of these studies were conducted in a \eterans
Administrative (VA) population and seem to have overlapping data based on the years
covered in the studies (21-23). Among 22,500 VA patients with HCV who were treated with
DAA in 2015, Kanwal et a/. (21) identified 271 new HCC cases occurring after DAA
treatment, with 183 of the HCC cases occurring among patients who achieved DAA-induced
SVR. In multivariable analysis with adjustment for baseline characteristics, patients with
DAA-induced SVR were found to have lower risk for HCC (HR=0.28, 95% ClI: 0.22-0.36)
compared with patients who did not achieve SVR post-DAA treatment (21). In a
retrospective analysis of 62,354 VA patients diagnosed with HCV between 1999 and 2015
and treated with DAA-only, DAA + IFN or IFN-only, loannou et a/. (22) found 3,271 new
HCC cases occurring after antiviral treatment. Consistent with our findings, receipt of DAA-
only (HR=1.12, 95% CI: 0.95-1.32) and DAA + IFN (HR=1.04 95% CI: 0.87-1.26) were
not associated with increased risk for HCC after controlling for multiple risk factors.
However, in contrast to our findings, attainment of SVR with DAA-only (HR=0.29; 95% ClI:
0.23-0.37), DAA + IFN (HR=0.48; 95% CI: 0.32-0.73), or IFN-only (HR=0.32; 95% ClI:
0.28-0.37) were each associated with lower HCC compared patients who did not achieve
SVR irrespective of treatment type (22). Li et al. also investigated whether DAA use is
associated with higher incidence of HCC a retrospective cohort of 17,836 VA patients
diagnosed with HCV between 2002 and 2016 (23). They also did not find higher HCC risk
in a DAA-only group (HR=1.07; 95% CI: 0.55-2.08) compared with an IFN-only group
(23). Of note, the findings for these studies are not necessarily applicable to non-VA
populations because of a number of constraints, including use of data from a nearly all-male
patient population with high proportions of smokers and individuals with histories of
excessive alcohol use (21-23).

Our study, based a national claims data of enrollees with private insurance or Medicare
Advantage, allowed us to assess these findings in a more representative US population. Our
findings show that compared with receipt of IFN-only for HCV, receipt of DAA-only, DAA
+ IFN, or any DAA is not associated with increased risk for HCC. The null association
between DAA use and HCC risk in the overall sample was again observed in a subgroup of
patients with cirrhosis and in a subgroup without cirrhosis. However, we found an increased
risk for HCC among patients with DAA-induced SVR compared to patients with IFN-
induced SVR. This confirms previous observation that DAA use may ameliorate, but does
not eliminate risk of HCC development (19,28).

Our study is limited by the short follow-up, particularly among the DAA-only group (1.4
years), which may have limited the number of HCC events accrued for the analyses. The

Cancer Prev Res (Phila). Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Antwi et al.

Page 9

retrospective design prohibits definitive causal inferences. However, it is noteworthy that our
findings are consistent with those from a recent prospective study (24) and from other
retrospective studies (22,23). The use of claims data to ascertain baseline patient
characteristics, such as cirrhosis status, could be subject to some level of misclassification,
but such misclassification is unlikely to result in systematic differences between the
treatment groups and therefore may not have a meaningful impact on the findings. We were
unable to account for potential differences in HCC surveillance practices across participating
sites in OptumLabs®, which may have influenced the study results to some extent.
Furthermore, because the study was focused on de novo HCC cases, we excluded patients
with prior history of HCC before treatment initiation; thus, we were unable to assess
treatment impact on HCC recurrence, as has been done by others (11,46,47). We explored
performing a subgroup analyses among patients with compensated cirrhosis and those with
decompensated cirrhosis, but the small numbers of HCC events in each of these subgroups
would have impeded meaningful interpretation of the resulting data. The use of ICD codes to
identify HCV and HCC cases and comorbidities lack of granularity; however, the codes used
in this study have been proven to have very high positive predictive values in several studies
(34,36). Recent studies based on data from the National Health and Nutrition Examination
Survey (NHANES) (48,49) found that about 5 million individuals infected with HCV in the
US are not aware of their infection status because they have not been screened for HCV.
This limits the generalizability of our finding to only screening-detected HCV patients.
Furthermore, some of the HCV patients who developed HCC during the follow-up period
may have had subclinical disease at the time of treatment initiation; hence, treatment
exposure would not have an impact on such cases of HCC. The results should therefore be
interpreted with this in mind. It would be desirable to verify our findings in a much larger
sample with longer follow-up than the present study. Another limitation of our study, which
is inherent in studies that utilize administrative claims data, is the large numbers of missing
data on lab values. A significant number (>40%) of the study population had missing data on
lab values. The use of these variables for construction of the IPTW becomes challenging and
in our experience would had little impact on the study results even if adjusted in the model.
To ensure more homogeneous comparison groups, we did not include the lab values in
constructing the IPTW or for adjustment in the model. This could have influence the results
to some extent, either toward or away from null. Moreover, information on HCV genotype
was not available in the OptumLabs® Database and that could have influence the study
results and should be considered in the interpretation of the findings.

Major strengths of the present study include its large overall sample size, the ability to assess
and account for differences in baseline characteristics in the year prior to antiviral treatment
initiation, and the use of IPTW to control for confounding by indication. Additional
strengths include the diverse study population with representation of patients of various
ages, ethnicities, and geographical regions in the US, which makes the findings more
generalizable to the broader US population.

Despite some reports of increased HCC risk among patients with HCV who are treated with
DAA, our findings indicate that DAA treatment for HCV does not increase risk of HCC
development when compared with IFN-based treatment for HCV and controlling for
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multiple baseline risk factors. Lack of adequate control of confounding factors may have
accounted for the prior reports of excess HCC incidence in DAA-treated patients.
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Figure 1:

SVR status post-antiviral treatment

Flow chart showing study sample selection process.
Abbreviations: DAA, direct acting antiviral medication; HCC, hepatocellular carcinoma;

HCV, hepatitis C virus; IFN, interferon
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HR (95% Cl)

W 1.00 (ref)

| 1.53 (0.73, 3.23)
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]
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Associations between use of DAA-only, DAA + IFN or any DAA, and risk of HCC. Each
group was compared with IFN-only after inverse probability of treatment weighting (IPTW).
For the comparison between DAA-only vs. IFN-only, after the IPTW, additional adjustments
were performed for gender, race, region, income, ribavirin, comorbidities, insurance type,
BMI, smoking status, and SVR attainment. For the comparison between DAA + IFN vs. IFN
only, additional adjustments were performed for race, Census region, diabetes, substance
abuse disorder, insurance type, and BMI after the IPTW. For the comparison between Any
DAA vs. IFN-only, additional adjustments were performed for gender, race, region, income,
ribavirin, comorbidities, insurance type, BMI, smoking status, and SVR after the IPTW.
Abbreviations: BMI, body mass index; DAA, direct acting antiviral medication; IFN,
interferon; SVR, sustained virological response
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Figure 3:
Association between use of antiviral medication for HCV and subsequent development of

HCC separately among patients with cirrhosis and those without cirrhosis. Analyses were
performed after inverse probability of treatment weighting (IPTW). Among patients with
cirrhosis: for the comparison between DAA-only vs. IFN-only, after the IPTW, additional
adjustments were performed for age, time from treatment to HCC development, Charlson
comorbidity index, race, ribavirin, SVR, substance use, insurance type, and BMI. For the
comparison between DAA + IFN vs. IFN-only, additional adjustment was performed for
time from treatment to HCC development after IPTW. For the comparison between any
DAA and IFN-only, additional adjustments were performed for age, time from treatment to
HCC development, Charlson comorbidity index, gender, census region, ribavirin, SVR,
insurance type, and smoking status after the IPTW. Among patients without cirrhasis, the
same factors were adjusted for each comparison as was done for the patients with cirrhosis.
Abbreviations: DAA, direct acting antiviral medication; HCC, hepatocellular carcinoma;
HCYV, hepatitis C virus; IFN, interferon, SVR, sustained virological response

Cancer Prev Res (Phila). Author manuscript; available in PMC 2020 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Antwi et al. Page 17

Patients HCC Person- Event/
Medication (no.) (no.) vyears 1,000 HR (95% CI)

Achieved SVR

IFN only 243~ * 284 W 1.00 (ref)
DAAonly 3749 59 6060 974 B—> 7.53 (1.48, 38.34)
DAA+IFN 674 14 1827 766 =M= 2.11(0.61, 7.33)
Any DAA 4423 73 7887 926 n 3.46 (1.43, 8.41)

Did not achieve SVR

IFN only 127 * % 2083 m 1.00 (ref)

DAA only 689 17 1142 1489 ml— 0.59 (0.19, 1.91)
DAA +IFN 299 11 874 1258 M- 0.64 (0.26, 1.58)
Any DAA 988 28 2016 1389 m 0.34 (0.16, 0.74)

0o 2 4 6 8 10
Figure 4:
Association between use of antiviral medication for HCV and HCC risk separately among
those who achieved sustained virological response (SVR) and those who did not achieve
SVR. Analyses were performed after inverse probability of treatment weighting (IPTW) of
treatment-related factors. Among patients who achieved SVR: after the IPTW, additional
adjustments were performed for age, time from treatment to HCC development, Charlson
comorbidity index, race, ribavirin, cirrhosis type, substance use, insurance type, and BMI.
For the comparison between DAA + IFN vs. IFN-only, additional adjustment was performed
for time from treatment to HCC development after the IPTW. For the comparison between
any DAA and IFN-only, additional adjustments were performed for age, time from treatment
to HCC development, Charlson comorbidity index, gender, census region, ribavirin, cirrhosis
type, insurance type, and smoking status after IPTW. Among patients who did not achieve
SVR, the same factors were adjusted for each comparison as was done for those who
achieved SVR.
Abbreviations: DAA, direct acting antiviral medication; HCC, hepatocellular carcinoma;
HCV, hepatitis C virus; IFN, interferon; SVR, sustained virological response
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Patient characteristics at baseline by treatment group before inverse probability of treatment weighting, V=

5,781.
RN WAL R o B o
HCC Development 9 (2.4%) 76 (1.7%) 25 (2.6%) 101 (1.9%) 0.31 0.89 0.44
Age Groups <0.01 <0.01 <0.01
18-34 years 38(10.3%) 217 (4.9%) 63 (6.5%) 280 (5.2%)
35-44 years 45(12.2%) 212 (4.8%) 89 (9.1%) 301 (5.6%)
45-54 years 143 (38.6%) 825 (18.6%) 332 (34.1%) 1157 (21.4%)
55-64 years 131 (35.4%) 2201 (49.6%) 444 (45.6%) 2645 (48.9%)
65+ years 13 (3.5%) 983 (22.1%)  45(4.6%) 1028 (19.0%)
Mean (SD) 50.2 (10.4) 57.8 (10.8) 52.7 (9.8) 56.9 (10.8)
Gender 0.22 0.81 0.28
Female 135 (36.5%) 1764 (39.7%) 362 (37.2%) 2126 (39.3%)
Male 235 (63.5%) 2674 (60.3%) 611 (62.8%) 3285 (60.7%)
Race <0.01 <0.01 <0.01
Asian 18 (4.9%) 126 (2.8%) 16 (1.6%) 142 (2.6%)
Black * 836 (18.8%) 181 (18.6%) 1017 (18.8%)
Hispanic 40 (10.8%)  525(11.8%) 126 (12.9%) 651 (12.0%)
White 271 (73.2%) 2822 (63.6%) 624 (64.1%) 3446 (63.7%)
Unknown * 129 (2.9%) 26 (2.7%) 155 (2.9%)
Census Region <0.01 <0.01 <0.01
Midwest 25(6.8%) 467 (10.5%)  91(9.4%) 558 (10.3%)
Northeast 21(5.7%) 679 (15.3%) 103 (10.6%) 782 (14.5%)
South 262 (70.8%) 2670 (60.2%) 662 (68.0%) 3332 (61.6%)
Wiest 62 (16.8%) 622 (14.0%) 117 (12.0%) 739 (13.7%)
Median Annual Household Income <0.01 0.10 <0.01
<$40K 64 (17.3%) 1188 (26.8%) 196 (20.1%) 1384 (25.6%)
$40K-$49K 27(7.3%)  374(84%)  87(8.9%) 461 (8.5%)
$50K-$59K 43 (11.6%) 392 (8.8%) 88 (9.0%) 480 (8.9%)
$60K-$74K 32(8.6%) 502 (11.3%) 108 (11.1%) 610 (11.3%)
$75K-$99K 62 (16.8%) 603 (13.6%) 154 (15.8%) 757 (14.0%)
$100K+ 111 (30.0%) 1034 (23.3%) 291 (29.9%) 1325 (24.5%)
unknown 31 (8.4%) 345 (7.8%) 49 (5.0%) 394 (7.3%)
Year of Treatment I nitiation <0.01 <0.01 <0.01
2010 127 (34.3%) 0 (0.0%) 29 (3.0%) 29 (0.5%)
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RN WAL R o B o
2011 97 (26.2%) 0 (0.0%) 238 (24.5%) 238 (4.4%)
2012 93 (25.1%) * 318 (32.7%) *
2013 49 (13.2%) * 161 (16.5%) *
2014 * 654 (14.7%) 224 (23.0%) 878 (16.2%)
2015 * 1628 (36.7%) * *
2016 0(0.0%) 1494 (33.7%) * *
2017 0 (0.0%) 652 (14.7%) 0 (0.0%) 652 (12.0%)
Charlson index <0.01 0.01 <0.01
0 * 119 (2.7%) 20 (2.1%) 139 (2.6%)
1 244 (65.9%) 1923 (43.3%) 534 (54.9%) 2457 (45.4%)
2 * 949 (21.4%) 205 (21.1%) 1154 (21.3%)
3+ 63 (17.0%) 1447 (32.6%) 214 (22.0%) 1661 (30.7%)
Ribavirin 365(98.6%) 710 (16.0%) 969 (99.6%) 1679 (31.0%)  <0.01 <0.06 <0.01
Comorbidities
Autoimmune hepatitis 73(19.7%)  373(8.4%) 171 (17.6%) 544 (10.1%)  <0.01 0.3601 <0.01
Hemochromatosis 12 (3.2%) 64 (1.4%) 26 (2.7%) 90 (1.7%) <0.01 0.5728 0.0255
Wilson’s disease * * * * - 0.3828 0.7115
Biliary cirrhosis * * * * 0.21 0.3828 0.2299
Cirrhosis 83(22.4%) 2841 (64.0%) 267 (27.4%) 3108 (57.4%)  <0.01 0.0618  <0.0001
Compensated 58 (69.9%) 368 (13.0%) 178 (66.7%) 2562 (82.4%) <0.01 0.5854 0.0032
Decompensated 25(30.1%) 2473 (87.0%) 89 (33.3%) 546 (17.6%)
Diabetes 38(10.3%) 1047 (23.6%) 176 (18.1%) 1223 (22.6%)  <0.01 <0.01 <0.01
HIV 16 (4.3%) 195 (4.4%)  30(3.1%) 225 (4.2%) 0.95 0.26 0.88
Hepatitis B * * * * 0.14 0.76 0.21
Liver transplant * * * * 0.23 0.27 0.23
Alcohol use disorder 33 (8.9%) 333 (7.5%) 77 (7.9%) 410 (7.6%) 0.32 0.55 0.35
Substance use disorder 45 (12.2%) 856 (19.3%) 137 (14.1%) 993 (18.4%) <0.01 0.36 <0.01
Insurancetype <0.01 <0.01 <0.01
Commercial 339 (91.6%) 2542 (57.3%) 808 (83.0%) 3350 (61.9%)
Medicare Advantage 31(8.4%) 1896 (42.7%) 165 (17.0%) 2061 (38.1%)
BMI kg/m? 0.23 0.74 0.34
<185 * 42 (0.9%) * *
<185-249 * 318 (7.2%) * *
25-29.9 43(11.6%) 586 (13.2%) 112 (11.5%) 698 (12.9%)
=30 68 (18.4%) 929 (20.9%) 208 (21.4%) 1137 (21.0%)
Unknown 236 (63.8%) 2563 (57.8%) 592 (60.8%) 3155 (58.3%)
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IFN only DAA only DAA +IFN a p-value
— _ _ Any DAA c d
(N=370) (N=4438) (N=973) (N=5411) p-value p-value
Smoking status <0.01 0.09 <0.01
Current 79 (21.4%) 964 (21.7%)  245(25.2%) 1209 (22.3%)
Former 34 (9.2%) 618 (13.9%) 110 (11.3%) 728 (13.5%)
Never 22 (5.9%) 111 (2.5%) 36 (3.7%) 147 (2.7%)
Unknown 235 (63.5%) 2745 (61.9%) 582 (59.8%) 3327 (61.5%)
Timefrom HCV diagnosisto first <0.01 <0.01 <0.01
treatment (months)
Mean (SD) 5.6 (187.6) 6.1 (555.2) 18.2 (10.2) 18.4 (17.3)
Serologic viral response <0.01 <0.21 <0.01
No 127 (16.1%) 689 (7.9%) 299 (16.8%) 988 (9.4%)
Yes 243 (30.9%) 3749 (42.9%) 674 (37.8%) 4423 (42.0%)

aAny DAA=(DAA-only + (DAA + IFN)).
bp—value for DAA only vs. IFN.
cp—value for DAA + IFN vs. IFN.

dp—value for any DAA vs. IFN

*
cell size less than 11 counts were suppressed to protect patient confidentiality.

Abbreviations: hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IFN, interferon; INR, international

normalized ratio.
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