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Abstract

BACKGROUND & AIMS—We investigated the real-world effectiveness of sofosbuvir,
ledipasvir/sofosbuvir, and paritaprevir/ ritonavir/ombitasvir and dasabuvir (PrOD) in treatment of
different subgroups of patients infected with hepatitis C virus (HCV) genotypes 1, 2, 3, or 4.

METHODS—We performed a retrospective analysis of data from 17,487 patients with HCV
infection (13,974 with HCV genotype 1; 2131 with genotype 2; 1237 with genotype 3; and 135
with genotype 4) who began treatment with sofosbuvir (n = 2986), ledipasvir/sofosbuvir (n =
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11,327), or PrOD (n = 3174), with or without ribavirin, from January 1, 2014 through June 20,
2015 in the Veterans Affairs health care system. Data through April 15, 2016 were analyzed to
assess completion of treatments and sustained virologic response 12 weeks after treatment
(SVR12). Mean age of patients was 61 + 7 years, 97% were male, 52% were non-Hispanic white,
29% were non-Hispanic black, 32% had a diagnosis of cirrhosis (9.9% with decompensated
cirrhosis), 36% had a Fibrosis-4 index score >3.25 (indicator of cirrhosis), and 29% had received
prior antiviral treatment.

RESULTS—AnN SVR12 was achieved by 92.8% (95% confidence interval [C1], 92.3%-93.2%) of
subjects with HCV genotype 1 infection (no significant difference between ledipasvir/sofosbuvir
and PrOD regimens), 86.2% (95% CI, 84.6%-87.7%) of those with genotype 2 infection (treated
with sofosbuvir and ribavirin), 74.8% (95% ClI, 72.2%—77.3%) of those with genotype 3 infection
(77.9% in patients given ledipasvir/sofosbuvir plus ribavirin, 87.0% in patients given sofosbuvir
and pegylated-interferon plus ribavirin, and 70.6% of patients given sofosbuvir plus ribavirin), and
89.6% (95% CI 82.8%-93.9%) of those with genotype 4 infection. Among patients with cirrhosis,
90.6% of patients with HCV genotype 1, 77.3% with HCV genotype 2, 65.7% with HCV
genotype 3, and 83.9% with HCV genotype 4 achieved an SVR12. Among previously treated
patients, 92.6% with genotype 1; 80.2% with genotype 2; 69.2% with genotype 3; and 93.5% with
genotype 4 achieved SVR12. Among treatment-naive patients, 92.8% with genotype 1; 88.0%
with genotype 2; 77.5% with genotype 3; and 88.3% with genotype 4 achieved SVR12. Eight-
week regimens of ledipasvir/sofosbuvir produced an SVR12 in 94.3% of eligible patients with
HCV genotype 1 infection; this regimen was underused.

CONCLUSIONS—High proportions of patients with HCV infections genotypes 1-4 (ranging
from 75% to 93%) in the Veterans Affairs national health care system achieved SVR12,
approaching the results reported in clinical trials, especially in patients with genotype 1 infection.
An 8-week regimen of ledipasvir/sofosbuvir is effective for eligible patients with HCV genotype 1
infection and could reduce costs. There is substantial room for improvement in SVRs among
persons with cirrhosis and genotype 2 or 3 infections.
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The introduction of sofosbuvir (SOF) in December of 2013 and ledipasvir/sofosbuvir (LDV/
SOF) and paritaprevir/ritonavir/ombitasvir and dasabuvir (PrOD) in October and December
of 2014, respectively, made highly effective, well-tolerated, non—interferon-based antiviral
regimens for hepatitis C virus (HCV) infection available for the first time. These regimens
were reported in clinical trials to have sustained virologic response (SVR) rates well in
excess of 90%,1-9 with the exception of certain subgroups, such as patients with Child’s B or
C cirrhosis!9 and those infected with genotype 3 HCV.11

Prior interferon-based antiviral regimens had significantly lower SVR rates in real-world
clinical practice than in clinical trials.12"17 It is unclear if this is the case for current
interferon-free regimens, or whether the relative ease of administration of these regimens has
narrowed the SVR gap between clinical trials and clinical practice. Some non-US Food and
Drug Administration (FDA)-approved regimens have been used widely in clinical practice,
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but it is unclear if they are as effective as FDA-approved regimens and whether they are used
in appropriate patient groups. Finally, for HCV genotypes and patient subgroup for which
multiple regimens exist, it is uncertain whether there are substantial differences in
effectiveness between regimens.

We aimed to describe and compare the real-world effectiveness of SOF, LDV/SOF, and
PrOD-based regimens among clinically relevant patient subgroups in a national health care
system. Such data on effectiveness are important for guiding patients and providers in
making decisions about treatment regimens and timing of treatment, as well as informing
policy around treatment coverage.

Data Source: The Veterans Affairs Corporate Data Warehouse

The Veterans Affairs (VA) health care system includes 167 medical centers and 875
ambulatory care and community-based outpatient clinics throughout the United States. It is
the largest integrated health care provider for HCV-infected patients in the United States.
There were 174,889 patients with diagnosed HCV infection in VA care in 2014 and an
estimated additional 45,000 patients with undiagnosed HCV infection.1® The VA utilizes
electronic medical records almost exclusively. We extracted electronic data on all patients in
VA care who received HCV antiviral treatments using the VA Corporate Data Warehouse, a
national, continually updated repository of data from the VA’s computerized patient
records.1® Data extracted included all patient pharmacy prescriptions, demographic
characteristics, inpatient and outpatient visits, problem lists, procedures, vital signs,
diagnostic tests, and laboratory tests.

Study Population and Antiviral Regimens

Of 24,089 HCV antiviral regimens initiated in the VA nationally during the 18-month period
from January 1, 2014 (the month after SOF was approved by the FDA) to June 30, 2015 and
completed before October 1, 2015, we excluded 6193 regimens that were no longer used or
recommended by the time we analyzed our data (eg, SOF and simeprevirzribavirin or SOF
+pegylated interferon [PEG]/RIBA for genotype 1-infected patients) (Figure 1A). We
additionally excluded 409 duplicate regimens, in which the same patient appeared to have
received one very short regimen (eg, 14-day regimen) followed at a later date by a longer
course of the same regimen (these short, duplicate regimens were most likely erroneous or
postponed prescriptions) leaving 17,487 patients in the current analysis, all of which
included the direct antiviral agents (DAAs) SOF, LDV/SOF, or PrOD.

Duration of therapy was determined as the total duration of the DAA prescriptions filled. A
course was considered terminated if medications were not refilled within 45 days after the
final prescription was exhausted. Data extended backward to October 1, 1999, in order to
allow determination of previous antiviral treatments and medical history, and forward until
April 15, 2016, in order to allow completion of treatments and ascertainment of SVR.

Gastroenterology. Author manuscript; available in PMC 2017 March 08.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

loannou et al. Page 4

Baseline Characteristics

All baseline characteristics were ascertained using data recorded before the initiation of
antiviral treatment. We ascertained age race, ethnicity, sex, receipt of a prior antiviral
regimen since 1999 (treatment experienced); diagnosis of cirrhosis (defined by International
Classification of Diseases, 9™ revision (ICD-9) codes for cirrhosis with alcoholism (571.2)
or cirrhosis no mention of alcohol (571.5) or by the presence of decompensated cirrhosis
defined by the ICD-9 codes for esophageal varices with or without bleeding (456.0-456.21),
ascites (789.5), spontaneous bacterial peritonitis (567.23), hepatic encephalopathy (572.2),
and hepatorenal syndrome (572.4); hepatocellular carcinoma (defined by ICD-9 code
155.019-22): diabetes (ICD-9 codes 250.0-250.92 or prescription of diabetes medications);
and liver transplantation (ICD-9 code 996.82, V42.7). Patients with cirrhosis or
hepatocellular carcinoma (HCC) who underwent liver transplantation were excluded from
the cirrhosis or HCC categories. We used ICD-9 codes to define depression (311.0-311.9),
post-traumatic stress disorder (309.81), anxiety or panic (300.0-300.9), and schizophrenia
(295.0-295.9). Alcohol use disorders were identified by ICD-9 codes for alcohol abuse
(305.00-305.03), dependence (303.90-303.93), and withdrawal (291.81). Substance use
disorders were defined by codes for substance abuse (305.2-305.9), dependence (304.0—
304.9), or drug withdrawal (292.0). These conditions were noted only if recorded at least
twice before treatment initiation in any inpatient or outpatient encounter. These ICD-9—
based definitions of cirrhosis and HCC,19-24 as well as the other comorbidities, 14:21:25-28
have been widely used and validated in VA medical records.

We extracted all laboratory tests shown in Table 1 and recorded the value of each test closest
to the treatment starting date within the preceding 6 months. We calculated the Fibrosis-4
Index (FIB-4) score?® (FIB-4 = [age x aspartate aminotransferase]/[platelets x alanine
aminotransferasel/2]), which is associated with advanced fibrosis and cirrhosis. Of 17,487
regimens, 678 had missing genotype information. These patients were treated with either
PrODribavirin (n = 130) or LDV/SOF monotherapy (n = 548) and were assigned genotype
1 because these regimens are used almost exclusively for genotype 1 HCV. Among patients
with known genotype treated with these regimens 11,761 of 11,871 (99%) had genotype 1
HCV.

Sustained Virologic Response

SVR was defined by a viral load below the limit of quantification performed >12 weeks after
the end of treatment.30 If no viral load test was available >12 weeks after the end of
treatment, then SVR was defined by a viral load performed 4 to 12 weeks after the end of
treatment, which accounted for only 996 additional SVR determinations. This was justified
because SVR ascertained based on viral load 4 weeks after the end of treatment was shown
to have 98% concordance (positive predictive value 98%; negative predictive value 100%)
with SVR ascertained based on viral load >12 weeks after the end of treatment in SOF-
treated patients.30

Statistical Analysis

We determined SVR rates and their 95% confidence intervals (Cls) by regimen, genotype,
and clinically significant subgroup. We developed multivariable logistic regression models
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predicting SVR using age, sex, race/ethnicity, history of alcohol use disorders, HCV
genotype and subgenotype, HCV regimen, baseline HCV viral load, diabetes, treatment
naive/ experienced, cirrhosis, decompensated cirrhosis, HCC, liver transplantation, platelet
count, serum bilirubin and albumin levels, separately for each genotype or for all patients
combined in order to identify significant predictors of SVR.

Genotypes 1 and 3 have multiple treatment regimen options available requiring additional
analytical methods to determine the association between regimen and SVR, because the
regimens were not randomly assigned. We chose to use an augmented inverse-probability-
weighted method using propensity scores as weights to estimate the average treatment effect
of different regimens on achieving SVR for these genotypes.31 Augmented inverse-
probability-weighted estimators are doubly robust and provide consistent estimates in the
case of correct specification of either the treatment assignment propensity score model
(multinomial logit) or the SVR outcome model (logit). After the removal of 304 (2%)
genotype 1 and 34 (3%) genotype 3 patients without sufficient overlap, positivity was
assumed. Exchangeability was assumed by the inclusion of the following confounders in the
regimen assignment model: race/ethnicity, baseline HCV viral load, diabetes, treatment
naive/experienced, cirrhosis, decompensated cirrhosis, HCC, platelet count, serum bilirubin,
and albumin levels. The same predictors were used in the SVR outcome model as those
listed here for the multivariable logistic regression.

We anticipated that viral load testing necessary to ascertain SVR might be missing in a
proportion of patients. To estimate the impact that missing SVR data might have, we used
multiple imputation to impute missing SVR values in secondary analyses. Missing SVR
values were imputed using a logistic regression model that included duration of treatment
together with 24 baseline patient characteristics shown in Table 1, including regimen,
genotype, treatment experience/naive, cirrhosis, and HCC. The number of imputations was
varied from 10 to 200, resulting in estimates that were identical up to 4 significant digits.
The model was determined stable and an m = 20 imputations were used. Data were assumed
to be missing at random. This assumption was verified using observed data.

Analyses were performed using STATA MP version 14 (StataCorp, College Station, TX).

Treatment Regimens by Genotype

Among HCV genotype 1-infected patients (n = 13,974), the majority were treated with
LDV/SOF alone (58%) or in combination with ribavirin (19%), while PrOD regimens with
(17%) or without (5.5%) ribavirin were used much less frequently (Figure 18). Genotype 2—
infected patients (n = 2131) were all treated with SOF and ribavirin. The majority of
genotype 3—infected patients (n = 1247) were treated with SOF and ribavirin (57%),
followed by LDV/SOF and ribavirin (31%) and SOF+PEG+ribavirin (11%). Genotype 4—
infected patients (n = 135) were treated mostly with LDV/SOF alone (61%) or in
combination with ribavirin (16%), while the remaining 23% received PrOD with ribavirin.
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Patient Characteristics

The mean age of antiviral treatment recipients was 61 + 7 years, 97% were male, 52% were
non-Hispanic white, 29% were non-Hispanic black, 32% had a diagnosis of cirrhosis
(including 9.9% with decompensated cirrhosis), 36% had an FIB-4 score >3.25 (suggestive
of cirrhosis), 3.7% had HCC and 29% were treatment-experienced (Table 1). Among
genotype 1-infected patients, those treated with LDV/SOF and ribavirin were more than
twice as likely to be treatment-experienced and to have cirrhosis, decompensated cirrhosis,
or HCC than patients treated with LDV/SOF monotherapy or PrOD regimens. Almost all
liver transplantation recipients with genotype 1 infection were treated with LDV/SOF rather
than PrOD regimens. Among genotype 3—infected patients, those treated with SOF+PEG
+ribavirin were more likely to be treatment-experienced and to have cirrhosis than those
treated with SOF+ribavirin or LDV/SOF+RIBA. Genotype 2— and 3-infected patients were
much more likely to be white and less likely to be black than genotype 1- and 4—infected
patients.

Early Discontinuation of Treatment

Early discontinuation of treatment in <8 weeks occurred in 6.3% (n = 1098) among all
patients who initiated antiviral treatment (n = 17,487) and in 4.4% (n = 700) among those
with available SVR data (n = 15,884). Among genotype 1-infected patients, early
discontinuation in <8 weeks was more common in PrOD (8.9%) and PrOD plus ribavirin
(8.8%) regimens than in LDV/SOF (5.7%) or LDV/ SOF plus ribavirin (3.6%) regimens (P
<.001) (Figure 1Cand Supplementary Table 1). Early discontinuation in <8 weeks was
more common in genotype 3—infected patients (8.3%) than in genotype 2 (7.0%) or
genotype 1 (6.0%) patients. Early discontinuation was not more common in patients with
cirrhosis (5.2%), decompensated cirrhosis (6.1%), or age =65 years (6.5%), but was slightly
more common in black (7.0%), Hispanic (8.4%), and Asian/Pacific Islander/America Indian/
Alaska Native (7.9%) patients than in white patients (5.7%).

Overall Sustained Virologic Response Rates by Genotype

Of 17,487 patients, SVR data were available in 15,884 (91%) and are reported here and in
Tables 2-5 and Figures 1 and 2.

SVR rates were 90.7% overall and were higher in genotype 1 (SVR 92.8%; 95% CI, 92.3%-—
93.2%) and genotype 4—infected patients (SVR 89.6%; 95% ClI, 82.8%-93.9%) than
genotype 2 (SVR 86.2%; 95% ClI, 84.6%—-87.7%) or 3 (SVR 74.8%; 95% Cl, 72.2%-77.3%)
patients. Among genotype 1-infected patients, all 4 regimens studied had similarly high
SVR rates, ranging from 92.0% to 94.9%, with no significant difference between LDV/SOF
and PrOD regimens in unadjusted SVR rates (Table 2 and Figure 2A4). Although
paradoxically the LDV/SOF and PrOD regimens without ribavirin seemed to have slightly
higher SVR rates than the regimens with ribavirin, this can be explained by the higher
prevalence of adverse predictors in the combination regimens and by the fact that almost all
patients treated with PrOD monotherapy had genotype 1b infection, as shown in
Supplementary Table 2. Genotype 1b patients had slightly higher SVR than genotype 1a
patients treated with PrOD+ribavirin regimens (94.2% vs 91.7%), but there was almost no
difference between genotype 1a and 1b for LDV/SOF regimens (Supplementary Table 2).
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Among genotype 3-infected patients, the best SVR was achieved in those treated with SOF
+PEG+RIBA (SVR, 86.5%; 95% Cl, 79.2%-91.5%), followed by LDV/SOF and ribavirin
(SVR, 79.5%; 95% ClI, 74.6%—-83.7%) and last SOF plus ribavirin (SVR, 70.1%; 95% ClI,
66.2%—73.7%), even though SOF plus ribavirin is a 24-week regimen.

Utilization and Sustained Virologic Response Rates of 8-Week Ledipasvir/Sofosbuvir

Regimens

VA guidelines recommended that treatment-naive, non-cirrhotic, genotype 1-infected
patients with a viral load <6 million IU/mL can be treated with LDV/SOF monotherapy for
only 8 weeks, rather than 12 weeks. However, this regimen is based on a post-hoc analysis
of the ION-3 study,3 is not FDA-approved, and it is unclear if it is widely utilized. We found
that of 8140 patients who received LDV/SOF monotherapy, 2219 (27.3%) received only 8
weeks of treatment and had an overall SVR of 94.3% (Table 2 and Figure 1). However, of
4066 treatment-naive, non-cirrhotic patients with a viral load <6 million 1U/mL who
received LDV/SOF monotherapy, only a minority (n = 1975 [48.6%]) received 8 weeks of
treatment and achieved an SVR of 95.1% (95% ClI, 94.0%-96.0%), and 1556 (38%)
received 12 weeks of treatment and achieved a very similar SVR of 95.8% (95% Cl, 94.7%—
96.8%; P=.6).

Utilization and Sustained Virologic Response Rates of 24-Week Ledipasvir/Sofosbuvir and
Paritaprevir/Ritonavir/Ombitasvir Regimens

Although 24-week LDV/SOF or PrOD regimens are FDA-approved and American
Association for the Study of Liver Diseases/Infectious Diseases Society of America—
recommended32 for cirrhotic patients (PrOD, genotype 1) or for treatment-experienced
cirrhotic patients (LDV/SOF, genotype 1), they were rarely used in practice. Among all
genotype 1-infected patients, only 1.8% of PrOD+ribavirin regimens, 9.5% of LDV/SOF
regimens, and 5.0% of LDV/ SOF+ribavirin regimens extended to 24 weeks (Table 3), and
there was little difference in SVR between 12-week and 24-week regimens overall (Table 3
and Figure 1). Limiting to the specific subpopulations for which 24-week regimens are
recommended, PrOD+ribavirin regimens extended to 24 weeks only in 5.9% of cirrhotic
patients, which was too small a number to allow robust estimates of SVR; however, 12
weeks of PrOD+ribavirin resulted in very high SVR rates in both treatment-naive (97.4%)
and treatment-experienced (98.5%) cirrhotic patients (Table 3), leaving little room for
further improvement in SVR by extending to 24 weeks. Among cirrhotic, treatment-
experienced, genotype 1-infected patients, LDV/SOF regimens extended to 24 weeks in
58% of patients (SVR 94.1% for 24 weeks and 94.2% for 12 weeks), and LDV/SOF
+ribavirin regimens in 11.5% of cases (SVR 95.8% for 24 weeks and 89.2% for 12 weeks)
(Table 3).

Sustained Virologic Response Rates in Patients With Cirrhosis

Patients with a diagnosis of cirrhosis had lower SVR (86.8%) than patients without a
diagnosis of cirrhosis (SVR 92.3%) (Table 2). The gap in SVR between cirrhotics and non-
cirrhotics was much smaller among genotype 1 (90.6% vs 93.6% or 3% difference) than
genotype 2 (77.3% vs 89.1% or 11.8% difference) or genotype 3 (65.7% vs 81.6% or 15.6%
difference) infected patients (Figure 25, Table 2 and Supplementary Table 3). Similar
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findings were observed when comparing patients with FIB-4 >3.25 vs <3.25. Consequently,
among cirrhotic patients, there were large differences in SVR between genotype 1 (90.6%;
95% Cl, 89.7%-91.5%), genotype 2 (77.3%; 95% CI, 73.3%-80.9%), and genotype 3
(65.7%; 95% CI, 61.2%—-69.8%) infected patients. These findings demonstrate the high
effectiveness of LDV/SOF and PrOD regimens in cirrhotic, genotype 1-infected patients and
the relatively poor effectiveness of SOF regimens in genotype 2 and LDV/SOF and SOF
regimens in genotype 3—infected cirrhotic patients.

Among genotype 1-infected cirrhotic patients, there was little difference in SVR between
LDV/SOFzribavirin and PrODzribavirin regimens (Figure 2C, Table 2). However, among
genotype 3—infected cirrhotic patients, there were great differences in SVR among SOF
+PEG+RIBA (81.4%), LDV/SOF+RIBA (65.3%), and SOF+RIBA (61.9%).

Sustained Virologic Response Rates in Treatment-Experienced vs Treatment-Naive

Patients

There was almost no difference in SVR between treatment-experienced (92.6%; 95% ClI,
91.7%-93.3%) and treatment-naive (92.8%; 95% ClI, 92.2%-93.3%) patients with genotype
1 infection, whereas this difference was more pronounced in genotype 2 (80.2% vs 88%)
and genotype 3 patients (69.2% vs 77.5%) (Figure 2B, Table 2, and Supplementary Table 3).
Among treatment-experienced patients, there were large differences in SVR between
genotype 1 (92.6%; 95% ClI, 91.7%-93.3%), genotype 2 (80.2%; 95% Cl, 76.2%-83.6%),
and genotype 3 (69.2%; 95% ClI, 64.2%—73.9%) infected patients.

Among genotype 1-infected, treatment-experienced patients there was little difference in
SVR between LDV/ SOF#ribavirin and PrOD#ribavirin regimens (Figure 2D, Table 2).
Among genotype 3-infected treatment-experienced patients, SVR was especially low in
SOF+RIBA-treated patients (61.1%) compared with PEG+SOF+RIBA (83.6%) and
LDV/SOF+RIBA (77.4%).

Among genotype 1-infected, treatment-experienced patients, SVR rates were >90% for
patients previously treated with interferon (92.8%), boceprevir (94.7%), telaprevir (90.1%),
or PrOD (96.8%), but they were <90% for patients previously treated with SOF (88.7%),
simeprevir+SOF (87.0%), or LDV/SOF (87.7%) (Supplementary Table 4).

Independent Predictors of Sustained Virologic Response

Among all patients, the following characteristics were independent predictors of failure to
achieve SVR in multivariable models: male sex, black race, Hispanic ethnicity, genotype 2
or 3 HCV, cirrhosis, diabetes, low platelet count, low serum albumin level, and elevated
serum bilirubin level (Table 4). Notable characteristics that were not associated with SVR
included age, baseline HCV viral load, and history of alcohol use disorders. Treatment
experience was associated with reduced likelihood of SVR only among genotype 2— and 3—
infected patients, but not among genotype 1-infected patients. Also, cirrhosis was more
strongly associated with reduced likelihood of SVR in genotypes 2 and 3 than in genotype 1.

We employed augmented inverse-probability-weighted methods using propensity scores
specifically to look at the association between regimen and SVR among genotype 1- or 3—
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infected patients. Among genotype 1-infected patients, there was no significant difference
between LDV/ SOF#ribavirin regimens and PrOD=ribavirin regimens (Table 4). Addition of
ribavirin to LDV/SOF, which was much more common in cirrhotic and treatment-
experienced patients, was associated with a significantly higher likelihood of SVR (adjusted
odds ratio, 1.51; £P=.001), suggesting that ribavirin was appropriately used more commonly
in patients with cirrhosis and treatment experience. Among genotype 3—-infected patients,
PEG+SOF+ribavirin was significantly better, while SOF+ribavirin was significantly worse
than LDV/SOF+ribavirin.

Impact of Missing Sustained Virologic Response Data and Imputation for Missing
Sustained Virologic Response

SVR data were missing in 1603 of the 17,487 patients who received antiviral treatment
(9%). It is possible that patients lacking data on SVR were more likely to have been lost
follow-up or to discontinue therapy early or to have other predictors of poor response, which
would mean that the observed SVR rates we report in Tables 2 and 3 and Figures 18 and 2
are overestimates. However, patients with vs without SVR data had very similar
characteristics with respect to race/ethnicity, age, HCV genotype, cirrhosis, decompensated
cirrhosis, and most other baseline characteristics (Supplementary Table 5). Patients with
missing SVR did indeed have a higher rate of early treatment discontinuation at <8 weeks
compared with those with available SVR data (25% vs 4.4%). However, the majority (75%)
completed 8 or more weeks of treatment and the mean duration of treatment was 71 + 38
days compared with 87 + 31 days in patients with available SVR data. The majority of
patients without SVR data were not patients who dropped out of treatment, but rather
patients who simply had not yet had their follow-up HCV viral load performed in the
relatively short follow-up period of our study.

When multiple imputation was used to derive missing SVR values using baseline
characteristics as well as duration of treatment, the results that included imputed and
observed SVR were only slightly lower than those of observed SVR (Table 5), again
suggesting that it is unlikely that our results of observed SVR are biased substantially toward
overestimation due to the missing SVR data. Finally, we calculated SVR rates assuming that
all patients with missing SVR data did not achieve SVR, a highly unlikely worst-case
scenario (Table 5).

Discussion

LDV/SOF, PrOD, and SOF-based antiviral regimens resulted in remarkably high SVR rates
in the VA national health care system, approaching the rates reported in clinical trials. This
is in contrast to previous interferon-based regimens, which consistently resulted in much
lower SVR rates in real-world clinical practice than in clinical trials.12-17 SVR rates were
higher in genotype 1- (SVR 92.8%) and genotype 4—infected patients (SVR 89.6%) than
genotype 2— (SVR 86.2%) or 3—infected patients (SVR 74.8%), and these differences were
even greater among cirrhotic and treatment-experienced patients. Among genotype 1—
infected patients, there was no significant difference in SVR rates between LDV/SOF and
PrOD regimens in either unadjusted or multivariable, propensity-score-adjusted analyses,
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and SVR rates >90% were achieved even in subgroups such as treatment-experienced or
cirrhotic patients. The short, 8-week LDV/SOF monotherapy regimen resulted in excellent
SVR rate (94.3%), but was used in only 48.6% of genotype 1-infected patients eligible for
8-week therapy (ie, treatment-naive patients with viral load <6 million 1U/mL, without
cirrhosis). Long, 24-week regimens did not result in higher SVR rates and were rarely used,
despite being FDA-approved and American Association for the Study of Liver Diseases/
Infectious Diseases Society of America—recommended32 for certain genotype 1 patients with
cirrhosis.

Among a total of 17,487 patients, our study included 5250 patients with a diagnosis of
cirrhosis and 5960 with a FIB-4 score >3.25 (which is highly suggestive of cirrhosis), who
achieved surprisingly high overall SVR rates of 86.8% and 87.4%, respectively. These high
SVR rates were driven by genotype 1-infected cirrhotic patients who had much higher SVR
(90.6%; 95% ClI, 89.7%-91.5%) than genotype 2 (77.3%; 95% CI 73.3%-80.9%) or
genotype 3 (65.7%; 95% ClI, 61.2%—-69.8%). To our knowledge, this is the largest study of
DAA:s in cirrhotic patients and the SVR rates in genotype 1-infected patients are the highest
reported in real-world clinical practice. LDV/SOF, PrOD, and SOF regimens have allowed
patients with cirrhosis to be cured of HCV in substantial numbers and proportions for the
first time ever. Longer follow-up of these patients is necessary to determine whether patients
with cirrhosis who achieve SVR by DAAs are protected from developing progressive liver
dysfunction, liver failure, or HCC and, whether they are capable of liver remodeling and
regression of cirrhosis.

American Association for the Study of Liver Diseases/ Infectious Diseases Society of
America guidelines during the time period of our study,32 as well as the LDV/SOF package
insert,33 recommend that LDV/SOF regimens should extend for 12 or 24 weeks, with the
single exception of a short, 8-week LDV/SOF monotherapy regimen that “can be
considered,”33 “with caution and at the discretion of the practitioner”32 in treatment-naive,
genotype 1-infected patients without cirrhosis with an HCV viral load <6 million IU/mL.
This is based on a post-hoc analysis of the ION-3 clinical trial showing higher relapse rates
in those treated for 8 weeks who had a viral load =6 million (9 of 92 [10%]) compared with
those with a viral load <6 million lU/mL (2 of 123 [2%]).2 VA treatment guidelines
explicitly recommended 8 weeks of treatment for this subgroup of patients.3* Indeed, our
study confirmed that 8 weeks of LDV/SOF monotherapy had similarly high SVR rates
(94.8%) as 12 weeks (95.3%) in this favorable subgroup. However, our results also showed
that treatment was unnecessarily extended beyond 8 weeks in 1833 of 4066 patients in this
subgroup, dramatically increasing the cost of treatment without increasing SVR. Our results
should offer reassurance to treatment providers that 8 weeks of LDV/SOF monotherapy is
sufficient duration in this subgroup.

VA treatment guidelines during the study period designated PrOD as the preferred regimen
in genotype 1-infected patients except for prior null responders, those previously treated
with protease inhibitors, and patients with Child’s B or C cirrhosis (in whom the preferred
regimen was LDV/SOF and ribavirin for 12 weeks) and except for treatment naive, non-
cirrhotics with a viral load <6 million (in whom 8-week LDV/SOF and 12-week PrOD
regimens were equally preferred). This was due to the lower cost of 12 weeks of PrOD
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($22,850) compared with 12 weeks of LDV/SOF ($37,157) in the VA system during the
study period and the absence of evidence that one is more effective than the other in the
subgroups for which PrOD was preferred. Our data support the VA treatment
recommendations because we found no difference in SVR between PrOD and LDV/SOF
regimens in either adjusted or unadjusted analyses, in the entire population or in clinically
relevant subgroups (cirrhosis or not, treatment-experienced or naive). Despite these
recommendations and the higher cost, LDV/SOF regimens constituted 77% and PrOD only
23% of regimens in genotype-1-infected patients. This could be due to higher prevalence of
drug—drug interactions, higher pill burden, and more frequent requirement for co-
prescription of ribavirin in PrOD regimens compared with LDV/SOF regimens. After the
end of the study period, and after FDA approval of elbasvir/ grazoprevir as an additional
regimen for genotype 1 HCV on January 28, 2016, regimen costs in the VA were further
reduced dramatically, to approximately $17,000 per 12-week course for LDV/SOF, PrOD,
and elbasvir/grazoprevir and treatment recommendations changed to “equally recommend”
all 3 agents as of March 2016.

Genotype 3—infected patients had the lowest SVR rates in our study, just as in clinical trials.
We found that the non-FDA-approved regimen of LDV/SOF and ribavirin had a higher SVR
rate (77.9%; 95% CI, 73.1%-82.0%) than the longer and more expensive FDA-approved
regimen of SOF and ribavirin for 24 weeks (70.6%; 95% CI, 66.9%—74.1%). However, the
highest SVR rate in genotype 3-infected patients was observed in the regimen that included
PEG together with SOF and ribavirin (87.0%; 95% CI, 80.0%-91.8%), the only interferon-
containing regimen that is still recommended.32

Few large real-world studies of interferon-free regimens are currently available for
comparison with ours. The HCV-TARGET, a prospective cohort study of patients
undergoing HCV treatment in routine clinical care in academic centers, reported SVR rate to
SOF and simeprevir in genotype 1-infected patients of 88% among 151 transplant recipients
and 84% among 836 non-transplant recipients.3%:36 This regimen has been superseded by
LDV/ SOF and PrOD-based regimens. Among 487 patients with decompensated cirrhosis
treated in the United Kingdom under an Expanded Access Programme with SOF, LDV/
SOF, or daclatasvir, SVR was achieved in 90.5% of genotype 1- and 68.8% of genotype 3—
infected patients3’—very similar to our findings. A smaller VA study looked at only
treatment-naive, genotype 1-infected patients treated with LDV/SOF and reported SVR
rates almost identical to ours among this subgroup.38 The TRIO Network, which compiles
data from participating “real-world” academic and community HCV treatment clinics in the
United States, reported in an abstract an SVR rate of 94% among 1521 genotype 1-infected
patients treated with LDV/SOF monotherapy.3?

The main limitation of our study was that SVR data were unavailable in 9% of patients,
which can lead to overestimated SVR rates among those with available SVR data. We think
this is unlikely for 2 reasons. First, patients with missing SVR data were similar to those
with available SVR data (Supplementary Table 2). Although early discontinuation of
treatment in <8 weeks was more common in patients with missing SVR data (25% vs 4.4%),
the majority of patients with missing SVR completed 8 or more weeks of treatment,
demonstrating that patients with missing SVR data were not patients who “dropped out” of
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treatment or were “lost to follow-up,” but rather patients (or physicians) who were simply
delinquent in getting their SVR viral load measured after the end of their treatment—not an
uncommon phenomenon outside of clinical trials. Second, we used comprehensive multiple
imputation models that included duration of treatment in addition to baseline, pretreatment
characteristics to impute the missing SVR data and found only a non-substantial reduction in
SVR after imputation (Table 5), suggesting that it is unlikely that our results of observed
SVR are biased toward overestimation due to the missing SVR data. Important strengths of
the study include the complete ascertainment of filled pharmacy prescriptions and the
utilization of complete electronic medical records since 1999 from a national health care
system that treats the greatest number of HCV-infected patients in the United States.

Our results demonstrate that LDV/SOF, PrOD, and SOF regimens can achieve remarkably
high SVR rates in real-world clinical practice, especially in genotype 1-infected patients.
The main obstacle to curing HCV infection in the maximum possible number of patients is
currently the cost of HCV antiviral regimens. It is expected that cost will decline
dramatically as more antiviral regimens become FDA-approved, resulting in competition
between manufacturers. In fact, costs decreased dramatically within the VA after the
completion of our study and after the FDA approval of elbasvir/grazeprevir in January 2016.
The VA health care system has budgeted $1.5 billion nationally for antiviral medications for
fiscal year 2016, while every health care organization in the United States is faced with
similar budgetary constraints due to the cost of antiviral medications. We hope that our
results will be used to determine the most cost-effective ways to treat HCV-infected patients
and to reassure patients, clinicians, and health care systems that current treatments for HCV,
though costly, appear to be effective in the real-world setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study population, duration of antiviral treatment and SVR. (A) Derivation of study

population. (B) Distribution of HCV antiviral regimens by genotype during period January
2014 to June 2015. (C) Proportions of patient completing treatment durations of <8 weeks, 8
weeks, >8 to <12 weeks, >12 to <24 weeks, and =24 weeks, by genotype and treatment
regimen. (D) SVR in patients completing 8 weeks, 12 weeks, or 24 weeks of treatment, by
genotype and treatment regimen.
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SVR rates by genotype and antiviral regimen. (A) SVR in all patients by genotype and
treatment regimen. (B8) SVR in subpopulations by genotype. (C) SVR in patients with vs

without cirrhosis by genotype and treatment regimen. (D) SVR in treatment naive vs

experienced patients by genotype and treatment regimen.
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Table 5

Comparison of Observed Sustained Virologic Response Among Patients With Available Sustained Virologic
Response Data (n = 15,884) and Combined Observed or Imputed Sustained Virologic Response Among All
Patients Who Initiated Antiviral Treatment (n = 17,487)

Observed SVR, % (95% CI) (n SVR assuming all patients with

Observed SVR or Imputed SVR&

1duosnue Joyiny vA 1duosnue Joyiny wA

1duosnue Joyiny vA

=15,884)

for patients missing SVR data, %
(95% ClI) (n = 17,301)

missing SVR data did not achieve
SVR, % (95% CI) (n = 17,487)

All patients 90.7 (90.2-91.1) 90.0 (90-91) 82.4 (81.8-82.9)
Genotype 1 92.8 (92.3-93.2) 92.2 (92-93) 84.6 (84.0-85.2)
LDV/SOF 92.9 (92.2-93.3) 93 (92-93) 84.5 (83.7-85.3)
LDV/SOF+RIBA 92.0 (90.9-93.0) 92 (90-93) 85.5 (84.1-86.8)
ProD 94.9 (92.9-96.3) 94 (92-96) 86.1 (83.5-88.3)
PrOD+RIBA 92.5 (91.3-93.5) 91 (90-92) 83.2 (81.6-84.6)
Genotype 2
SOF+RIBA 86.2 (84.6-87.7) 85 (84-87) 77.2 (75.4-79.0)
Genotype 3 74.8 (72.2-71.3) 73.9 (71-77) 66.3 (63.6-68.9)
LDV/SOF+RIBA 77.9 (73.1-82.0) 77 (73-82) 68.4 (63.6-72.8)
SOF+PEG+RIBA 87.0 (80.0-91.8) 86 (80-92) 81.4 (74.0-87.1)
SOF+RIBA 70.6 (66.9-74.1) 70 (66-73) 62.2 (58.6-65.7)
Genotype 4 89.6 (82.8-93.9) 86.9 (81-93) 83.0 (75.6-88.5)
LDV/SOF+RIBA 87.6 (79.3-92.9) 86 (78-93) 82.5(73.8-88.8)
PrOD+RIBA 96.4 (76.3 -99.5) 90 (78-100) 84.3 (66.3-93.7)

a R . . - . . . . . .
Imputed by multiple imputation using a logistic regression model that included duration of treatment together with 24 baseline patient

characteristics shown in Table 1. The number of patients is slightly less than 17,487 due to missing data in the characteristics used to impute SVR.
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