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Abstract

Objectives: The cost of direct-acting antiviral agents (DAAs) for hepatitis C virus (HCV) infection may contribute to
treatment disparities. However, few data exist on factors associated with DAA initiation.

Methods: We conducted a retrospective cohort study of HCV-infected Kaiser Permanente Northern California members
aged > 18 during October 2014 to December 2016, using Poisson regression models to evaluate demographic, behavioral, and
clinical factors associated with DAA initiation.

Results: Of 14790 HCV-infected patients aged >18 (median age, 60; interquartile range, 53-64), 6148 (42%) initiated DAA:s.
DAA initiation was less likely among patients who were non-Hispanic black (adjusted rate ratio [aRR] = 0.7; 95% confidence
interval [CI], 0.7-0.8), Hispanic (aRR = 0.8; 95% CI, 0.7-0.9), and of other minority races/ethnicities (aRR = 0.9; 95% ClI, 0.8-
[.0) than among non-Hispanic white people and among those with lowest compared with highest neighborhood deprivation
index (ie, a marker of socioeconomic status) (aRR = 0.8; 95% ClI, 0.7-0.8). Having maximum annual out-of-pocket health care
costs >$3000 compared with <$3000 (aRR = 0.9; 95% Cl, 0.8-0.9) and having Medicare (aRR = 0.8; 95% Cl, 0.8-0.9) or
Medicaid (aRR = 0.7; 95% Cl, 0.6-0.8) compared with private health insurance were associated with a lower likelihood of DAA
initiation. Behavioral factors (eg, drug abuse diagnoses, alcohol use, and smoking) were also significantly associated with a lower
likelihood of DAA initiation (all P <.001). Clinical factors associated with a higher likelihood of DAA initiation were advanced
liver fibrosis, HCV genotype |, previous HCV treatment (all P < .001), and HIV infection (P = .007).

Conclusions: Racial/ethnic and socioeconomic disparities exist in DAA initiation. Substance use may also influence patient or
provider decision making about DAA initiation. Strategies are needed to ensure equitable access to DAAs, even in insured
populations.
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As of 2014, more than 3 million people in the United States
had chronic hepatitis C virus (HCV) infection.' Interferon
has historically been used to treat patients with HCV, but
toxicity and low cure rates limited its use.* The emergence
of all-oral, interferon-free regimens using direct-acting
antiviral agents (DAAs) has removed many of the clinical
barriers to HCV treatment (eg, infection with HIV in the
interferon era®), thus substantially increasing the number of
HCV-infected patients for whom treatment can be tolerated
and successful.®”? However, the wholesale cost of DAA
regimens can exceed $100 000 per patient,' thereby poten-
tially reducing access to treatment, which may in turn lead
to disparities in uptake.

Studies from the interferon era identified racial/ethnic
disparities in HCV treatment; treatment rates were lower
among black patients than among white patients, even in
settings with equal access to health care.!"'? Disparities in
HCV treatment during the interferon era may have been
driven by clinical factors, such as lower treatment efficacy
among black patients than among white patients.'®> Because
DAAs are effective across racial/ethnic and other demo-
graphic subgroups,'*!> the clinical explanation for demo-
graphic disparities in HCV treatment no longer exists.
However, such disparities may persist or even be exacerbated
in the interferon-free treatment era because of the cost of
treatment. Identifying subgroups with low rates of DAA
initiation can inform efforts to promote equitable access to
and initiation of HCV treatment, yet few studies have
assessed predictors of DAA initiation in clinical practice
settings.

We investigated the demographic, behavioral, and clinical
factors associated with DAA initiation among Kaiser Perma-
nente Northern California (KPNC) members in the DAA era.
Our objective was to determine whether disparities exist in
DAA uptake, independent of the clinical factors that drive
HCYV treatment decisions.

Methods

Study Setting, Population, and Design

KPNC is a large, integrated health care system that provides
comprehensive medical services to 4.1 million members,
corresponding to approximately one-third of insured people
in the surrounding population.'® Our study population
included all KPNC members aged >18 who were eligible
to receive DA As during the study period, defined as October
2014 (month of approval of ledipasvir/sofosbuvir, when
DAA use became widespread at KPNC) through December
2016 (Figure 1). To build this cohort, we first identified
patients with confirmed HCV infection at any time during
1997-2016, defined as a positive HCV ribonucleic acid test

or the presence of an HCV genotype (n = 35126). We then
excluded patients who were no longer KPNC members, had
<3 months of continuous membership or were aged <18
during the study period, or were not eligible to receive DAAs
because they had been previously treated or cleared the virus
without evidence of treatment (n = 20336). The final study
population was 14 790 patients eligible to initiate DAAs. We
defined the start of follow-up for each HCV-infected patient
as October 1, 2014, or the earliest date thereafter of con-
firmed HCV infection and health plan enrollment. We fol-
lowed HCV-infected patients until initiation of a DAA
regimen, health plan disenrollment, death, or end of study
(December 31, 2016), whichever occurred first. During the
study period, KPNC recommended prioritization of patients
with HCV who had advanced liver fibrosis for DAA initia-
tion but did not place restrictions on DAA initiation for
patients in early stages of disease. The institutional review
board at KPNC approved this study with a waiver of written
informed consent.

Study Measurements

We extracted data from the clinical and administrative data-
bases that comprise KPNC'’s electronic health record, includ-
ing age; sex; race/ethnicity; health plan enrollment periods
and insurance information; inpatient and outpatient diag-
noses of drug abuse (International Classification of Dis-
eases, Ninth Revision [ICD-9]'7 codes 305.2-305.5;
International Classification of Diseases, Tenth Revision
[ICD-10]"® codes F11.xx-F14.xx, F16.xx, and F18.xx-
F19.xx, where xx includes .10, .90, and .120), smoking/
tobacco use (ICD-9 codes 305.1, V15, V65, 649, and social
history codes internal to KPNC; ICD-10 codes: F17.200,
F17.201, F17.210-211, F17.220-221, and F17.290-291), and
hepatitis B virus (HBV) infection (ICD-9 code 070.32; ICD-
10 code B18.1); number of alcoholic drinks per week, which
has been systematically collected at KPNC since 2013'%;
laboratory tests and results (ie, HCV genotype, platelets,
aspartate aminotransferase, alanine transaminase); and phar-
macy fills for HCV medications. We measured socioeconomic
status by using the neighborhood deprivation index, which
incorporates census tract-level measures of education, income
and poverty, employment, housing, and occupation.”® We
categorized the neighborhood deprivation index into quartiles,
with the highest quartile (4) indicating the greatest neighbor-
hood deprivation and the lowest quartile (1) indicating the
least neighborhood deprivation. We extracted data on HIV
status from the KPNC HIV registry, which includes all known
HIV/AIDS cases since the early 1980s. HIV cases in the reg-
istry were confirmed by review of medical charts or medical
center case lists. We ascertained dates of death from the



454

Public Health Reports 133(4)

Had a positive HCV ribonucleic acid test or HCV genotype
documented at KPNC during 1997-2016
(n=35126)

Had no KPNC membership during study period (October 2014—December 2016) (n = 14 956)
Had sustained virologic response to HCV treatment before start of study period (n = 3027)
Cleared the virus without evidence of HCV treatment before start of study period (n = 2162)
Had <3 months continuous membership during study period (n = 158)

Was aged <18 at start of study period (n = 26)

Initiated an HCV treatment regimen containing interferon during study period (n = 7)

A
Had confirmed HCV infection and was eligible for treatment with
direct-acting antiviral agents during study period
(n=14790)

Figure |. Identification of hepatitis C virus (HCV)-infected adults aged > 18 who were eligible to receive direct-acting antiviral agents, Kaiser
Permanente Northern California (KPNC), October 2014-December 2016.

electronic health record, California death certificates,?! and
Social Security Administration data sets.>?

We determined whether a patient had advanced liver
fibrosis by using noninvasive measures, specifically transient
elastography (ie, FibroScan), if available, or the Fibrosis-4
(FIB-4) index. We extracted transient elastography scores
from a clinician-maintained database. FIB-4 is a serum bio-
marker comprising age and routine liver function test results,
including platelets, alanine transaminase, and aspartate ami-
notransferase.”> We defined advanced liver fibrosis as a tran-
sient elastography score >9.5 kPa or as a FIB-4 score >3.25.

Statistical Analysis

The outcome of interest for this analysis was DAA initiation.
Covariates of interest included age at start of follow-up
(18-49, 50-59, 60-69, >70); sex (male/female); race/ethni-
city (non-Hispanic white, non-Hispanic black, Hispanic,
Asian/Pacific Islander, non-Hispanic other, unknown); insur-
ance type (private, Medicaid, Medicare, unknown); annual
maximum individual out-of-pocket health care costs
(<$3000, >$3000, unknown); quartile of neighborhood
deprivation index; number of alcoholic drinks per week (0,
1-7, 8-14, >15, unknown), using the most recent measure-
ment before start of follow-up; liver fibrosis (early stage,
advanced, unknown); HCV genotype (genotype 1, genotypes
2-6, unknown); HCV treatment before start of follow-up
(yes/no); and drug abuse diagnosis, smoking, HIV infection,
and HBYV infection, all defined as ever or never through end
of follow-up. We fixed all variables for analysis except for
liver fibrosis, which we assessed at the start of follow-up and
updated at 6-month intervals throughout follow-up.

We first described the demographic, behavioral, and clin-
ical characteristics of HCV-infected patients at the start of
follow-up. To assess trends in treatment disparities, we
plotted the cumulative incidence of treatment from October

2014 through December 2016, stratified by race/ethnicity
and neighborhood deprivation index and using the log-rank
test to assess differences across strata. Finally, we obtained
unadjusted rate ratios (RRs) and adjusted rate ratios (aRRs)
for factors associated with DAA initiation from Poisson
regression models, with the adjusted model including terms
for age, sex, race/ethnicity, neighborhood deprivation index,
annual maximum out-of-pocket health care costs, insurance
type, number of alcoholic drinks per week, drug abuse diag-
nosis, smoking, HCV genotype, liver fibrosis, previous HCV
treatment, HIV infection, and HBV infection.

We conducted all analyses by using SAS version 9.4.%*
All statistical tests were 2-sided, and we considered P < .05
to be significant.

Results

Study Population

Of the 14790 patients with HCV infection, the median age
was 60 (interquartile range, 53-64), and 5804 (39%) patients
were female (Table 1). By race/ethnicity, 7897 (53%)
patients were non-Hispanic white, 2512 (17%) were non-
Hispanic black, 2347 (16%) were Hispanic, 931 (6%) were
Asian, and 789 (5%) were of other or unknown races/ethni-
cities. Most patients (n = 9765, 66%) were privately insured,
and 5247 (35%) had annual maximum out-of-pocket health
care costs >$3000. A total of 2571 (17%) patients reported
some alcohol use, 3346 (23%) ever had a drug abuse diag-
nosis, and 7015 (47%) had ever smoked. Most patients (n =
9983, 68%) had HCV genotype 1 and had no previous HCV
treatment (n = 13164, 89%). Of the 6103 patients with
available liver fibrosis measures at baseline, 1778 (29%) had
advanced liver fibrosis. In total, 892 (6%) patients were coin-
fected with HBV and 446 (3%) were coinfected with HIV.
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Table I. Baseline characteristics of HCV-infected adults aged > 18
(n = 14790), Kaiser Permanente Northern California, October
2014-December 2016

Characteristics Patients
Age at baseline, median (IQR), y 60 (53-64)
Female, no. (%) 5804 (39)
Race/ethnicity, no. (%)
Non-Hispanic white 7897 (53)
Non-Hispanic black 2512 (17)
Hispanic 2347 (16)
Asian 931 (6)
Non-Hispanic other 789 (5)
Unknown 314 (2)
Insurance type, no. (%)
Private 9765 (66)
Medicare 4113 (28)
Medicaid 866 (6)
Unknown 46 (<1)
Annual maximum out-of-pocket health care costs,
no. (%)
<$3000 9507 (64)
>$3000 5247 (35)
Unknown 36 (<I)
No. of alcoholic drinks per week, no. (%)
0 10335 (70)
1-7 1782 (12)
8-14 499 (3)
>15 290 (2)
Unknown 1884 (13)
Ever had a drug abuse diagnosis, no. (%) 3346 (23)
Ever smoked, no. (%) 7015 (47)
HCV genotype, no. (%)
Genotype | 9983 (68)
Genotype 2 1555 (1)
Genotype 3 1243 (8)
Genotype 4 164 (1)
Genotype 5 3 (<)
Genotype 6 192 (I)
Unknown 1650 (11)
Never treated for HCV, no. (%) 13164 (89)
Advanced liver fibrosis, no. (%)
Yes 1778 (12)
No 4325 (29)
Unknown? 8687 (59)
HIV infection, no. (%) 446 (3)
Hepatitis B virus infection, no. (%) 892 (6)

Abbreviations: HCV, hepatitis C virus; IQR, interquartile range.

?Although 8687 (59%) patients did not have liver fibrosis measurements at
baseline, subsequent liver fibrosis measurements were included in time-
updated analyses, and only 4017 (27%) did not have liver fibrosis measure-
ments throughout follow-up.

Demographic Factors Associated With DAA Initiation

Of the 14790 HCV-infected patients in the study cohort,
6148 (42%) initiated DAAs. Of these 6148 patients, 5099
(83%) patients received ledipasvir/sofosbuvir, 480 (8%)
received sofosbuvir/velpatasvir, 395 (6%) received sofosbu-
vir alone, and 174 (3%) received other DAAs. Cumulative
incidence of DAA initiation was lower among non-Hispanic
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Figure 2. Cumulative incidence of direct-acting antiviral agent
(DAA) initiation among hepatitis C virus (HCV)-infected adults
aged >18 (n = 14790), by year, stratified by (A) race/ethnicity and
(B) neighborhood deprivation index, Kaiser Permanente North-
ern California, October 2014-December 2016. The neighbor-
hood deprivation index is a measure of socioeconomic status that
incorporates census tract—level measures of education, income
and poverty, employment, housing, and occupation.zo The highest
quartile (4) indicates the greatest neighborhood deprivation,

and the lowest quartile (1) indicates the lowest neighborhood
deprivation. Differences in DAA initiation by race/ethnicity and
neighborhood deprivation index were significant (both P <.001 by
log-rank test).

black and Hispanic patients than among non-Hispanic white
and Asian patients, as well as among patients with higher
neighborhood-level deprivation than among patients with
lower neighborhood-level deprivation. Racial/ethnic and
socioeconomic disparities persisted throughout the study
period (P < .001 by log-rank test for both) (Figure 2).

In unadjusted models, age, race/ethnicity, neighborhood
deprivation index, and insurance characteristics were associ-
ated with DAA initiation (Table 2). In adjusted analysis,
compared with patients aged 18-49, patients aged
>70 were less likely to initiate DAAs (aRR = 0.6; 95%
confidence interval [CI], 0.5-0.6). Compared with DAA
initiation among non-Hispanic white patients, DAA initia-
tion was less likely among patients who were non-Hispanic
black (aRR = 0.7; 95% CI, 0.7-0.8), Hispanic (aRR = 0.8;
95% CI, 0.7-0.9), and of other minority races/ethnicities
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Table 2. Characteristics associated with initiation of direct-acting antiviral agents for HCV infection among adults aged > 18 (n = 14790),
Kaiser Permanente Northern California, October 2014-December 2016

Initiation of Direct-Acting
Antiviral Agents,

Initiation of Direct-Acting
Antiviral Agents,

Characteristics Unadjusted RR (95% CI) P Value Adjusted RR® (95% CI) P Value?
Age, y

18-49 1.00 [Reference] 1.00 [Reference]

50-59 I.1(1.0-1.2) .04 1.0 (0.9-1.1) 93

60-69 1.1 (1.0-1.2) .006 1.0 (0.9-1.1) .55

>70 0.6 (0.5-0.6) <.001 0.6 (0.5-0.6) <.001
Sex

Male 1.00 [Reference] 1.00 [Reference]

Female 1.0 (0.9-1.0) 15 1.0 (0.9-1.0) .08
Race/ethnicity

Non-Hispanic white 1.00 [Reference] 1.00 [Reference]

Non-Hispanic black 0.7 (0.7-0.8) <.001 0.7 (0.7-0.8) <.001

Hispanic 0.8 (0.8-0.9) <.001 0.8 (0.7-0.9) <.001

Asian 1.0 (0.9-1.2) 35 1.1 (1.0-1.2) 21

Non-Hispanic other/unknown 0.9 (0.8-1.0) .037 0.9 (0.8-1.0) .02
Neighborhood deprivation index quartile

| 1.00 [Reference] 1.00 [Reference]

2 0.9 (0.8-0.9) <.001 0.9 (0.8-1.0) .005

3 0.8 (0.7-0.8) <.001 0.9 (0.8-0.9) <.001

4 0.7 (0.6-0.7) <.001 0.8 (0.7-0.8) <.001
Insurance type

Private 1.00 [Reference] 1.00 [Reference]

Medicare 0.7 (0.7-0.8) <.001 0.8 (0.8-0.9) <.001

Medicaid 0.6 (0.6-0.7) <.001 0.7 (0.6-0.8) <.001
Annual maximum out-of-pocket health care 0.8 (0.8-0.9) <.001 0.9 (0.8-0.9) <.001

costs >$3000 (reference: <$3000)
No. of alcoholic drinks per week

0 1.00 [Reference] 1.00 [Reference]

1-7 0.9 (0.8-0.9) <.001 0.8 (0.8-0.9) <.001

8-14 0.8 (0.7-0.9) <.001 0.8 (0.6-0.9) <.001

>15 0.6 (0.5-0.7) <.001 0.6 (0.5-0.8) <.001
Drug abuse diagnosis 0.7 (0.7-0.8) <.001 0.8 (0.7-0.8) <.001
Smoking 0.7 (0.7-0.7) <.001 0.8 (0.7-0.9) <.001
HCYV genotype | 1.5 (1.4-1.6) <.001 1.5 (1.4-1.6) <.001
Advanced liver fibrosis 1.3 (1.2-1.4) <.001 1.3 (1.3-1.4) <.001
Never treated for HCV 0.5 (0.5-0.5) <.001 0.7 (0.6-0.7) <.001
HIV infection 1.4 (1.2-1.6) <.001 1.2 (1.1-1.4) .007
Hepatitis B virus infection 1.0 (0.9-1.1) A48 0.9 (0.8-1.0) .07

Abbreviations: HCV, hepatitis C virus; RR, rate ratio.

?Adjusted RRs were obtained from a Poisson model including age, sex, race/ethnicity, neighborhood deprivation index, HCV genotype, time-updated liver
fibrosis, previous HCV treatment, alcohol use, drug abuse diagnosis, smoking, HIV infection, and hepatitis B virus infection.

PP values were obtained from Pearson’s y? test, with P < .05 considered significant.

“The neighborhood deprivation index is a measure of socioeconomic status that incorporates census tract—-level measures of education, income and poverty,
employment, housing, and occupation.?’ The highest quartile (4) indicates the greatest neighborhood deprivation and the lowest quartile (1) indicates the

lowest neighborhood deprivation.

(aRR = 0.9; 95% CI, 0.8-1.0). Greater neighborhood depri-
vation was also associated with a reduced likelihood of DAA
initiation in adjusted models. DAA initiation was less likely
among Medicare (aRR = 0.8; 95% CI, 0.8-0.9) and Medicaid
(aRR = 0.7; 95% CI, 0.6-0.8) enrollees compared with pri-
vately insured patients and among those with maximum
annual out-of-pocket health care costs >$3000 compared
with <$3000 (RR = 0.9; 95% CI, 0.8-0.9). Sex was not
associated with DAA initiation in unadjusted or adjusted
analyses.

Behavioral Factors Associated With DAA Initiation

In unadjusted analysis, alcohol use, drug abuse diagnosis,
and smoking were associated with DAA initiation. All beha-
vioral factors were associated with treatment in adjusted
analysis, with a lower likelihood of DAA initiation among
those with more alcoholic drinks per week (aRR = 0.6; 95%
CI, 0.5-0.8), those who ever had a drug abuse diagnosis
(aRR = 0.8; 95% CI, 0.7-0.8), and those who ever smoked
(aRR = 0.8; 95% CI, 0.7-0.9) (Table 2).
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Clinical Factors Associated With DAA Initiation

In unadjusted analysis, HCV genotype, stage of liver fibrosis,
not having previous HCV treatment, and being infected with
HIV were associated with DAA initiation. All clinical factors
were associated with DAA initiation in adjusted analysis.
The likelihood of DAA initiation was higher among patients
with HCV genotype 1 compared with other genotypes (aRR
= 1.5; 95% CI, 1.4-1.6), those with advanced liver fibrosis
compared with early stage liver fibrosis (aRR = 1.3; 95% CI,
1.3-1.4), and HIV-infected patients compared with HIV-
uninfected patients (aRR = 1.2; 95% CI, 1.1-1.4). The like-
lihood of DAA initiation was lower among patients who had
no previous HCV treatment compared with those previously
treated (aRR = 0.7; 95% CI, 0.6-0.7). HBV infection was not
associated with treatment in unadjusted or adjusted analysis
(Table 2).

Discussion

In this cohort of HCV-infected adults in a large health care
system, more than 40% initiated DAAs during the 2-year
period of initial availability. We observed disparities in DAA
initiation by race/ethnicity, socioeconomic status, and cost-
sharing burden that persisted even after adjusting for clinical
factors, including HCV genotype, liver fibrosis, and previous
HCYV treatment. Furthermore, we found that behavioral fac-
tors, including alcohol use and drug abuse diagnosis, were
independently associated with a reduced likelihood of DAA
initiation. Overall, our results highlight the need for strate-
gies to ensure more widespread DAA initiation among non-
Hispanic black, Hispanic, socioeconomically disadvantaged,
and substance-using patients with HCV infection.

We observed disparities in DAA initiation by demo-
graphic characteristics that were independent of clinical and
behavioral factors. Compared with non-Hispanic white
patients, patients who were non-Hispanic black, Hispanic,
and of other minority races/ethnicities were less likely to
initiate DAAs, as were those with greater neighborhood-
level deprivation compared with lower neighborhood-level
deprivation. Our results are consistent with those of a large
observational study conducted by the US Veterans Admin-
istration, which found lower rates of DAA initiation among
black patients than among white patients during 2013-
2015,% and with the results of a study of a population-
based cohort in Canada, which found that HCV-infected
people with greater compared with lower neighborhood-
level deprivation were less likely to initiate DAAs through
2015.%° Racial/ethnic and socioeconomic disparities in DAA
initiation may be driven in part by the medication’s high cost.
Although all patients in our cohort had access to health care,
cost sharing for DAAs varied by health plans within Kaiser
Permanente, and higher copayments and out-of-pocket
health care costs have been associated with reduced adher-
ence to other costly medications among Kaiser Permanente
members.”’*® Our study found that patients with higher

maximum out-of-pocket health care costs were less likely
to initiate DAAs than patients with lower maximum out-of-
pocket health care costs, indicating that cost is a barrier to
treatment. Similarly, the Chronic Hepatitis Cohort Study
found that lower compared with higher income was associ-
ated with lower rates of DAA initiation among insured
patients with HCV.?° Racial/ethnic and neighborhood-level
socioeconomic disparities in treatment persisted in our anal-
ysis even after adjusting for cost sharing; this finding sug-
gests that other barriers to health care utilization, such as
medical mistrust,30 perceived discrimination,31 or other con-
tributors to overall financial burden,** may play a role in
these observed disparities.

We found that drug abuse diagnoses and reporting more
alcoholic drinks per week were independently associated
with a reduced likelihood of DAA initiation. Smoking, which
may be a marker for recreational drug and alcohol use,** was
also associated with a lower likelihood of DAA initiation.
The lower likelihood of DAA initiation we observed among
substance-using patients may be partly driven by the effect of
substance use on patient decision making about HCV treat-
ment.** Providers may also continue to be reluctant to initiate
DAAs in patients with evidence of substance use because of
concerns about nonadherence, even with shorter courses of
therapy in the DAA era.’>*® Given evidence that HCV-
infected people who use substances have similar rates of
adherence and treatment efficacy compared with the overall
HCV-infected population,®”*® HCV treatment guidelines
currently state that substance use is not a contraindication
to treatment and that pretreatment screening for substance
use creates an unnecessary barrier to treatment among
patients who may benefit from therapy.'> Efforts may be
needed to facilitate linkage to substance use treatment for
patients with HCV who report drug or alcohol use and to
improve providers’ willingness to care for substance-using
patients seeking HCV treatment.

Several clinical factors were independently associated
with DAA initiation in our cohort, including advanced liver
fibrosis, HCV genotype, HIV infection, and previous HCV
treatment. Although DAAs are highly effective regardless of
liver fibrosis stage, access to treatment has been limited by
the high cost of DAAs.*® During the study period, KPNC
recommended prioritization of patients with HCV who had
advanced liver fibrosis for DAA initiation. However, unlike
other settings such as state Medicaid programs,*® KPNC did
not restrict access to DAAs among patients in earlier stages
of disease. Patients who have advanced liver fibrosis may
also be more motivated to seek treatment than patients who
have mild liver fibrosis and are asymptomatic, and providers
lack consensus about whether the clinical benefits of treat-
ment during early stage disease outweigh the costs.*'** We
also found that patients with HCV genotype 1 were more
likely to initiate DAAs than patients with other genotypes,
which is consistent with the initial approval of ledipasvir/
sofosbuvir for patients with HCV genotype 1. The higher
likelihood of DAA initiation among HIV-infected patients
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may be attributable to the deferral of treatment until the
emergence of more effective and better-tolerated therapies,
as well as prioritization of this high-risk population by treat-
ing clinicians. Finally, patients who were previously treated
with interferon-based therapies and, thus, already engaged in
HCYV specialty care were more likely than those not already
engaged in care to initiate DAAs, which is consistent with
findings from the Chronic Hepatitis Cohort Study.*’

Limitations

This study had several limitations. First, although liver
biopsy is considered the gold standard for measuring stage
of liver fibrosis, it is not routinely conducted; thus, we used a
combination of transient elastography and the FIB-4 index to
measure stage of liver fibrosis. Although measuring liver
fibrosis using transient elastography and FIB-4 may have
resulted in some misclassification, these noninvasive mea-
sures are shown to be highly specific for advanced liver
fibrosis,”"** and we updated measurements every 6 months
to account for potential changes in measurement during
study follow-up. Furthermore, although data on liver fibrosis
were available only for one-third of the cohort at baseline,
73% had at least 1 liver fibrosis measurement at baseline or
during follow-up, and these subsequent measurements were
included in time-updated analyses. Second, some patients
may have spontaneously cleared their HCV infection during
study follow-up and, thus, no longer should have been con-
sidered eligible for DAA initiation; however, we expect
spontaneous clearance to have been rare, given that most
spontaneous resolutions occur within 6 months of initial
infection.** Third, annual individual maximum out-of-
pocket health care costs may not have fully captured the
actual amount each patient would have had to pay for treat-
ment; rather, they were a proxy for cost-sharing burden.
Finally, because behavioral factors such as drug abuse diag-
nosis and smoking were collected from the electronic health
record, some factors may have been misclassified, and the
timing of these risk factors with respect to DAA initiation
could not be analyzed in detail.

Strengths

Our study also had several strengths. First, the sample pop-
ulation was one of the largest cohorts of HCV-infected
patients observed in a real-world setting, offering insights
into the translation of DAA treatment from clinical trials into
clinical practice. Second, in contrast to other large observa-
tional cohorts of HCV-infected patients that are almost
entirely male,* nearly 40% of our cohort was female, which
strengthened the generalizability of our results. Third, rather
than relying on diagnosis codes for alcohol abuse, we eval-
uated a self-reported measure of alcohol use that, although
subject to underreporting, allowed us to observe a reduced
likelihood of treatment even at relatively low levels of con-
sumption. Fourth, because our study population was insured,

we were able to assess disparities in DAA initiation in a
setting in which all patients have broad access to health care,
and we could also assess the effect of cost sharing on those
disparities. Finally, the KPNC membership mirrors the age,
sex, and race/ethnicity distributions of the surrounding pop-
ulation.'® Thus, our results are likely to be generalizable to
other insured adults in California.

Conclusions

More than 40% of patients with HCV initiated DAAs during
the initial 2 years of availability in this insured population.
However, racial/ethnic and socioeconomic disparities exist
in DAA initiation that were not explained by the clinical
factors that drove treatment decisions. Drug abuse diagnoses
and alcohol use also appeared to affect patient or provider
decision making about HCV treatment, resulting in a lower
likelihood of DAA initiation among substance-using patients
with HCV. Efforts to increase affordability of DAA initiation
and facilitate HCV treatment for substance-using patients
may result in more equitable dissemination of HCV treat-
ment in the interferon-free era.
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