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ABSTRACT

Introduction: Real-world treatment of hepatitis
C virus (HCV) infection is complicated by many
factors that are controlled for in the rigorous
clinical trial setting. The aim of the present
study was to assess the efficacy of elbasvir/gra-
zoprevir in a Veterans Affairs population with
chronic HCV genotype 1b infection.

Methods: This was a retrospective analysis of a
cohort of patients aged > 18 years with chronic
HCV genotype 1b infection and > 1 prescrip-
tion of elbasvir/grazoprevir between February 1,
2016, and August 31, 2017. The primary analy-
sis was conducted in the per-protocol popula-
tion, which included all patients who had at
least 11 weeks of treatment and had an available
assessment for sustained virologic response
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(SVR) based on virologic data post—follow-up
week 4.

Results: The per-protocol population included
3371 patients. Overall, 97.3% of patients were
male, 60.3% were black, and 85.5% were
HCV treatment-experienced. Comorbidities in
this population included hypertension (74.4%),
history of alcohol use (55.7%), and depression
(54.8%). In total, 97.5% of patients (3288/3371)
achieved SVR. Among patient sub-groups, SVR
was achieved by 96.0% (290/302) of those with
chronic kidney disease stage 4/5, 97.8% (1527/
1561) of those with a history of drug use, and
96.6% (831/860) of those with cirrhosis. No
statistically = significant  differences  were
observed in the proportions of patients achiev-
ing SVR, regardless of age, race, HCV treatment
history, viral load level, treatment regimen/du-
ration, history of drug or alcohol use, HIV co-
infection, or chronic kidney disease.
Conclusion: Elbasvir/grazoprevir was highly
effective in individuals with HCV genotype 1b
infection in a large national Veterans Affairs
clinical setting.

Keywords: Hepatitis C; Liver fibrosis; Real-
world; Veterans; Viral hepatitis
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Why carry out this study?

Real-world treatment of hepatitis C virus
(HCV) infection is complicated by factors
that are controlled for in the clinical trial
setting.

To confirm the real-world effectiveness of
elbasvir/grazoprevir (EBR/GZR), we have
performed a retrospective analysis of
patients from the Veterans Affairs
Healthcare System with chronic HCV
genotype 1b infection.

Comorbidities among patients in this
study included hypertension (74.4%),
history of alcohol abuse (55.7%), and
depression (54.8%).

Ninety-eight percent of patients (3288/
3371) achieved a sustained virologic
response (SVR).

What was learned from the study?

These data confirm that the high rates of
SVR achieved with EBR/GZR in clinical
trials can be replicated in a heterogeneous
real-world population with extensive
comorbidities.

INTRODUCTION

The receipt of and response to real-world treat-
ment of hepatitis C virus (HCV) infection with
direct-acting antiviral therapy is influenced by
many factors that are controlled for in the rig-
orous clinical trial setting. The heterogeneous
population of patients with HCV infection
encountered in real-world settings frequently
includes individuals with comorbidities or
receiving concomitant medications. In addition,
the high rates of adherence attained in clinical
trials are generally not achieved in real-world
settings. Factors such as active alcohol con-
sumption or active illicit drug use are frequently

exclusion criteria within HCV clinical trial set-
tings, but are often encountered when treating
patients in the real world [1]. Because of these
differences, the generalizability of clinical trial
findings to the real-world setting is often
unclear. Therefore, it is important to establish
the effectiveness of direct-acting antiviral thera-
pies in the heterogeneous population of patients
with HCV infection in clinical practice.
Elbasvir/grazoprevir is an oral fixed-dose
combination treatment approved in the United
States, Europe, and several other countries for
the treatment of HCV genotypes 1 and 4
infection [2, 3]. In clinical trials, this combina-
tion therapy has demonstrated high rates of
sustained virologic response (SVR) across a
broad population of people with HCV infection,
including those with chronic kidney disease,
inherited blood disorders, compensated cirrho-
sis, and HCV/HIV co-infection [4-10]. The high
SVR rates attained in elbasvir/grazoprevir clini-
cal trials have also been replicated in the US
Department of Veterans Affairs (VA) clinical
practice populations, where an SVR rate of
95.6% was achieved in a large population
comprised largely of male, black participants
with HCV genotype 1 (genotype 1la, 34.7%;
genotype 1b, 58.6%) infection, and more than
50% of whom had a history of drug or alcohol
use [11]. The aim of this study was to assess
elbasvir/grazoprevir regimens in individuals
with chronic HCV genotype 1b infection from
the VA population. The current study popula-
tion of 3371 patients includes the 1428 patients
with genotype 1b infection previously reported
by Kramer et al. [11], but we extended the eli-
gibility date range to incorporate more patients
with HCV genotype 1b infection. This allowed
for a more robust assessment of the effective-
ness of elbasvir/grazoprevir in HCV genotype 1b
patients from the VA population, including
examining comorbidities and receipt of con-
comitant medications. Furthermore, the larger
dataset has allowed us, in accordance with
recommendations from the European Associa-
tion for Study of the Liver, to examine the
effectiveness of elbasvir/grazoprevir within a
sub-group of predominantly treatment-naive
patients with mild liver fibrosis who received
elbasvir/grazoprevir for 8 weeks.
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METHODS

We performed a retrospective analysis of data
from the VA Corporate Data Warehouse, a
national repository of data from the VA elec-
tronic medical records. The database, which is
in the semi-closed healthcare system, consists of
data from laboratory, pharmacy, and inpatient
and outpatient clinical diagnoses. The study
was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice
guidelines, and the protocol was approved by
the VA Central Institutional Review Board.

Patients

Patients aged > 18 years with chronic HCV
genotype 1b infection, who had at least 1 pre-
scription for elbasvir/grazoprevir dispensed
between February 1, 2016, and August 31, 2017
(the treatment initiation period), and who had
at least 1 inpatient or outpatient visit within
1 year prior to treatment initiation, were inclu-
ded in the study population. Patients who had
previously received treatment for HCV infection
with a non-structural protein 5A (NSSA)
inhibitor-containing direct-acting antiviral
regimen or with an undetermined regimen or
for whom HCV RNA data 4 weeks after the end
of treatment for determination of SVR were not
available were excluded. The index date for
follow-up was defined as the first elbasvir/gra-
zoprevir prescription date during the treatment
initiation period. The elbasvir/grazoprevir regi-
mens consisted of elbasvir/grazoprevir with or
without ribavirin.

Variable Definitions

Fibrosis was assessed using the aspartate amino-
transferase to platelet ratio index (APRI), a vali-
dated, non-invasive test that uses serologic
markers as an alternative to biopsy to confirm
the presence of significant fibrosis or cirrhosis.
An APRI score < 0.7 has been shown to indicate
the absence of significant fibrosis [12]. Cirrhosis
and its complications (e.g., ascites, varices, hep-
atic encephalopathy) were defined using Inter-
national Classification of Diseases, 9th/10th

revision (ICD-9/10) codes any time prior to the
index date. Severity of chronic kidney disease
(CKD) was based on estimated glomerular filtra-
tion rate (eGFR) according to the Modification of
Diet in Renal Disease study equation [13]. We
used 2 eGFR values > 90 days apart to determine
stage of CKD using the following 3 groups;
eGFR > 60 mL/min/1.73 m? indicating mild to
no CKD, eGFR 30-59 mL/min/1.73 m? corre-
sponding to stage 3 CKD, and eGFR < 30 mL/
min/1.73 m? corresponding to stage 4/5 CKD.
The eGFR reading taken closest to the index date
was used for classification of CKD. Other
comorbid conditions present within the study
population, such as diabetes, hypertension,
depression, anxiety, history of alcohol and/or
drug use, and HIV infection, were defined by
ICD-9/10 or corresponding laboratory data any
time prior to the index date. Demographic
covariates included age, sex, race/ethnicity
(white, black, Hispanic, other), and body mass
index. The impact of concomitant medications
on treatment with elbasvir/grazoprevir was
assessed, specifically H2 receptor antagonists and
proton pump inhibitors taken during 2 weeks
prior to or during the HCV treatment course.
HCV treatment experience was defined as pre-
vious prescriptions dispensed by VA pharmacies
for any interferon-based regimen (with or with-
out ribavirin), the first-generation protease inhi-
bitors boceprevir or telaprevir, or simeprevir or
sofosbuvir. If patients had received more than
one previous treatment regimen, they were
classified based on the most recent regimen
received prior to elbasvir/grazoprevir.

Analyses

The primary analysis was conducted in the per-
protocol population, which included all
patients who completed their treatment course
(> 11 weeks) and had an available HCV RNA
assessment to determine SVR. Analyses were
also conducted in a sub-group of patients who
received elbasvir/grazoprevir prescriptions for
8 weeks. The primary outcome was SVR, defined
as HCV RNA below the lower limit of quantifi-
cation at 12 weeks after the end of treatment
(SVR12). However, if virologic data were not

I\ Adis



358

Infect Dis Ther (2020) 9:355-365

available at 12 weeks after end of treatment,
SVR was defined based on virologic data avail-
able post—follow-up from week 4. SVR12 data
were available for 90.6% of patients in the per-
protocol population and for 88.1% of those
treated for 8 weeks. Multivariable logistic
regression analyses were conducted to examine
demographic and clinical factors associated
with SVR (age, cirrhosis status, race/ethnicity,
prior HCV treatment experience, baseline viral
load, history of drug use, history of alcohol use,
HIV co-infection, CKD stage, and HCV treat-
ment regimen).

RESULTS

A total of 3614 patients who received an elbasvir/
grazoprevir-based regimen for the treatment of
HCV genotype 1b infection were included.
Mean age was 64.2 years (standard deviation,
6.0 years), 97.3% (n =3516) of patients were
male, 60.9% (n = 2199) were black, and 89.8%
(n = 3245) were treatment-naive (Table 1).
Comorbidities were common among this pop-
ulation: hypertension (74.4%), history of alco-
hol use (56.3%), and depression (54.9%) were
all diagnosed in more than half of the study
population (Table2). A total of 25.5% of
patients had cirrhosis, 39.0% had diabetes,
46.8% had a history of drug use, and 28.3% were
taking a concomitant proton pump inhibitor. The
majority of patients (89.3%) received elbasvir/
grazoprevir without ribavirin for 12 weeks, and
approximately 7% of patients received elbasvir/
grazoprevir for 8 weeks (Table 1)

A total of 3371 patients were included in the
primary per-protocol analysis. SVR was achieved
by 97.5% (3288/3371) of patients in the per-
protocol population, and response rates
remained high across all sub-groups examined
(Table 3). Notably, SVR rates were 96.0% (290/
302) among patients with CKD stage 4/5, 97.8%
(1527/1561) in those with a history of drug use,
97.6% (1834/1879) in those with a history of
alcohol use, 98.1% (942/960) in those taking
concomitant PPI medication, and 96.6% (831/
860) in those with cirrhosis. Among patients
who completed 12 weeks of follow-up, SVR12
rates were 97.5% (2978/3055) (Table 3).

Table 1 Demographics and clinical characteristics of

patients with HCV  genotype 1b treated with
elbasvir/grazoprevir
Total population
N = 3614
Age, 7 (%) years
18-65 2203 (61.0)
> 65 1411 (39.0)
Race/ethnicity, 7 (%)
Black 2199 (60.9)
White 1099 (30.4)
Other 60 (1.7)
Hispanic 104 (2.9)
Unknown 152 (4.2)
Male, 7 (%) 3516 (97.3)
BML, kg/m?, # (%)
<25 1176 (32.5)
25 to < 30 1323 (36.6)
> 30 1086 (30.1)
Unknown 29 (0.8)
Baseline HCV RNA, 7 (%)
< 800,000 [U/mL 1106 (30.6)
> 800,000 IU/mL 2347 (64.9)
Unknown 161 (4.5)
Platelets count, 7 (%)
< 100,000 cells/pL 133 (3.7)
> 100,000 cells/pL 3180 (88.0)
Missing 301 (8.3)
HCYV treatment history, 7 (%)
Treatment naive 3245 (89.8)
Treatment experienced” 369 (10.2)
Treatment regimens, 7 (%) N = 3584
EBR/GZR for 12 weeks 3201 (89.3)
Treatment-naive 2883 (80.4)
Treatment-experienced 318 (8.9)
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Table 1 continued

Total population

N = 3614
EBR/GZR for 8 weeks 240 (6.7)
Treatment-naive 218 (6.1)
Treatment-experienced 22 (0.6)
EBR/GZR + RBV (8-16 weeks) 62 (1.7)
Other 81 (2.3)

BMI body mass index, EBR/GZR elbasvir/grazoprevir,
HCV hepatitis C virus

* Chi-square p < 0.05

® HCV treatment experience was defined as prior use of
any interferon-based regimen (with or without ribavirin),
the first-generation protease inhibitors boceprevir or
telaprevir, or simeprevir or sofosbuvir

In the logistic regression analysis, no statisti-
cally significant differences in SVR were observed
in association with age, race, HCV treatment
history, viral load level, treatment regimen/dura-
tion, concomitant PPI use, history of drug or
alcohol use, HIV infection, or CKD. Despite the
high SVR rate, cirrhosis was negatively associated
with achieving SVR (p = 0.024) (Table 4).

Among treatment-naive patients, SVR rates
were 95.9% (209/218) and 97.7% (2817/2883)
in those treated for 8 and 12 weeks, respectively.
SVR rates were also high in treatment-naive
patients with an APRI score < 0.7 treated for
8 weeks (128/131, 97.7%) or 12 weeks (1708/
1743, 98.0%) (Table 3). Among treatment-ex-
perienced patients, SVR was achieved by 96.5%
(307/318) of those who received elbasvir/gra-
zoprevir for 12 weeks and 100.0% (14/14) of
those who received elbasvir/grazoprevir with
ribavirin for 12 weeks. SVR rates were also high
in treatment-experienced patients with an APRI
score < 0.7 (97.2% in those receiving elbasvir/
grazoprevir for 12 weeks and 100.0% in those
receiving elbasvir/grazoprevir with ribavirin for
12 weeks) (Table 3).

DISCUSSION

Data from the present analysis confirm the high
effectiveness of elbasvir/grazoprevir in patients

Table 2 Baseline comorbidities and concomitant medi-
cations for patients with HCV genotype 1b treated with
elbasvir/grazoprevir

Total population

N = 3614
Anxiety, 7 (%) 1039 (28.8)
Hypertension, 7 (%) 2687 (74.4)
Cirrhosis, 7 (%) 920 (25.5)
Depression, 7 (%) 1984 (54.9)
Hepatocellular carcinoma, 7 (%) 47 (1.3)
Diabetes, 7 (%) 1408 (39.0)
History of drug use, 7 (%) 1691 (46.8)
History of alcohol use, 7 (%) 2033 (56.3)
HCV/HIV co-infection, 7 (%) 56 (1.6)
History of kidney transplant, 7 (%) 39 (1.1)
History of liver transplant, 7 (%) 12 (0.3)
¢GFR stage, 7 (%)
¢GFR > 60 mL/min/1.73 m* 2661 (73.6)
Stage 3° 537 (14.9)
Stage 4/5" 325 (9.0)
Concomitant PPL 7 (%) 1021 (28.3)

¢GFR estimated glomerular filtration rate, HCV hepatitis
C virus, HIV human immunodeficiency virus, PPI proton
pump inhibitor

* eGFR > 30 to < 60 mL/min/1.73 m*

® ¢GFR < 29 mL/min/1.73 m*

with HCV genotype 1b infection in a large
nationwide VA population with considerable
comorbidities, including cirrhosis, diabetes, and
hypertension. Large proportions of patients in
this analysis also had a history of drug or alco-
hol use or were taking concomitant proton
pump inhibitor therapy (28.3%), which has
been associated with reduced efficacy in
patients receiving sofosbuvir-based regimens
[14]. Within this highly heterogeneous popu-
lation, SVR was achieved by 97.5% of all par-
ticipants, by 97.6% of those receiving elbasvir/
grazoprevir for 12 weeks, and by 97.7% of
treatment-naive participants with an APRI
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Table 3 The proportions of patients with sustained
virologic response in patient sub—groups with HCV geno-

type 1b infection

Sustained virologic response

n/N % (95% CI)

Overall 3288/3371

2978/3055

97.5 (97.0-98.1)

SVR in patients who 97.5 (96.9-98.0)

completed 12 weeks
of follow-up

SVR by treatment regimen and liver fibrosis stage
EBR/GZR for 12 weeks

3124/3201

1882/1922

97.6 (97.0-98.1)
97.9 (97.2-98.5)

All patients
APRI < 0.7

Treatment-naive patients receiving EBR/GZR for 12

weeks
All patients 2817/2883  97.7 (97.1-98.2)
APRI < 0.7 1708/1743  98.0 (97.2-98.6)
Treatment-naive patients receiving EBR/GZR for 8
weeks
All patients 209/218 95.9 (92.3-98.1)
APRI < 0.7 128/131 97.7 (93.5-99.5)

Treatment-experienced patients receiving EBR/GZR for
12 weeks

307/318
174/179

96.5 (93.9-98.3)
97.2 (93.6-99.1)

All patients
APRI < 0.7

Treatment—experienced patients receiving EBR/

GZR + RBYV for 12 weeks

All patients 14/14 100.0 (76.8-100.0)*
APRI < 0.7 8/8 100.0 (63.1-100.0)*
SVR by comorbidity
Chronic kidney 290/302 96.0 (93.8-98.2)
disease stage 4/5
Diabetes 1282/1323  96.9 (96.0-97.8)
HCV/HIV co- 50/51 98.0 (94.2-100.0)
infection
Hepatocellular 46/47 97.9 (93.7-100.0)
carcinoma

Table 3 continued

Sustained virologic response

n/N % (95% CI)

History of alcohol 1834/1879  97.6 (96.9-98.3)

usc

History of drug use ~ 1527/1561  97.8 (97.1-98.5)
Cirrhosis 831/860 96.6 (95.4-97.8)
Platelets < 10% cells/  121/123  98.4 (96.1-100.0)
pL

Concomitant PPI 942/960 98.1 (97.3-99.0)

APRI aspartate aminotransferase to platelet ratio index,
EBR/GZR clbasvir/grazoprevir, HCC hepatocellular car-
cinoma, HCV hepatitis C virus, PPI proton pump inhi-
bitor, RBV ribavirin, SVR sustained virologic response

* One-sided 97.5% confidence interval

score < 0.7 receiving elbasvir/grazoprevir for
8 weeks. An 8-week regimen of elbasvir/grazo-
previr is not approved for patients with HCV
infection in the United States, although the
regimen is approved in some European coun-
tries. Data regarding the rationale for selecting
an 8-week regimen were not collected in this
study. We are also unable to determine if an
8-week regimen was intended for participants in
this study or if a longer 12-week treatment
duration was intended but stopped early.

Data from the present analysis are consistent
with those reported previously by Kramer and
colleagues [11]. This study included 2436
patients from the VA, of whom 1428 had HCV
genotype 1b infection. SVR within this geno-
type 1b population was 96.6% (1379/1428)
compared with 97.5% (3288/3371) in the pre-
sent analysis. Further analysis of the genotype
1b population was not performed by Kramer
and colleagues, so the influence of factors such
as prior treatment history, fibrosis level, CKD,
and drug or alcohol use on SVR rates in patients
with HCV genotype 1b infection receiving
elbasvir/grazoprevir was not established. In the
present analysis, SVR rates in patients with cir-
rhosis were not dissimilar to the overall study
population (96.6% vs. 97.5%, respectively);
however, the regression analysis showed a
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Table 4 Multivariable logistic regression analyses exam-
ining predictors of SVR among VA patients with HCV
genotype 1b infection treated with elbasvir/grazoprevir

Odds ratio
(95% CI)

Parameter p value

1.00 (0.97-1.04)  0.854

Age (continuous variable)

Race/ethnicity (vs. white,

non-Hispanic)

0.154

White Hispanic 095 (0.28-3.19)  0.930

Black 0.96 (0.60-1.53)  0.890

Missing 1.37 (0.41-459) 0525

Other 0.77 (0.18-3.38)  0.673
)

1.52 (0.86-2.69

HCYV treatment naive (vs.

treatment-experienced)

Baseline viral load (vs. baseline viral
load > 800,000 IU/mL)

HCV RNA
< 800,000 IU/mL

195 (1.16-326)  0.673

HCV RNA unknown 2.63 (0.64-10.88) 0.381
0.60 (0.38-0.93)  0.024

127 (0.80-2.03)  0.314

Cirrhosis (vs. no cirrhosis)

History of drug use (vs. no
history of drug use)

History of alcohol use (vs. 092 (0.58-1.47) 0.731

no history of alcohol use)
HIV co-infection (vs. HCV 152 (0.20-11.31) 0.685

monoinfection)

CKD stage (vs. no CKD)

Stage 3 222 (1.01-491)  0.092
Stages 4-5 0.78 (0.42-1.53) 0.158
Unknown 1.31 (0.31-549) 0914

Treatment regimen

(vs. EBR/GZR for 12 weeks)
1.46 (024-0.85)  0.106

Elbasvir/grazoprevir for

8 weeks

Other 0.75 (0.27-2.10)  0.841

CI confidence interval, CKD chronic kidney disease, EBR/
GZR elbasvir/grazoprevir, HCV hepatitis C virus, HIV
human immunodeficiency virus, ¥4 Veterans Affairs

negative association between the presence of
cirrhosis and SVR. In contrast, the study by
Kramer and colleagues (including patients with
HCV GT1, GT2, GT3, and GT4 infection)
reported similar rates of SVR in patients with
and without cirrhosis. This mirrors the findings
from phase 2/3 clinical trials where cirrhosis
was also found to have no impact on treatment
outcome [9, 15].

The present study therefore represents an
important addition to the previous study, with
the increased sample size permitting a detailed
analysis of elbasvir/grazoprevir effectiveness in
discrete patient sub-groups with HCV genotype
1b infection. The findings of the present anal-
ysis indicate that, following treatment with
elbasvir/grazoprevir for 12 weeks, SVR rates are
high in patients from the VA with significant
comorbid conditions. These data suggest that
across a wide spectrum of patients with HCV
GT1b infection, a single regimen of elbasvir/
grazoprevir offers a highly effective, conve-
nient, once-daily treatment option.

The efficacy and safety of elbasvir/grazopre-
vir for 12weeks in participants with HCV
genotype 1b infection has been established in
several phase 3 clinical trials conducted in a
broad cross-section of participants with HCV
genotype 1b infection. The results from these
studies were summarized in an integrated
analysis that included 1070 participants with
HCV genotype 1b infection who received
elbasvir/grazoprevir for 12 weeks [16]. Com-
pared with the VA healthcare population
described in the present analysis, the popula-
tion described in the integrated analysis was
predominantly white (47% vs. 30%) and inclu-
ded more females (50% vs. 3%). In the current
VA population, the proportion of patients who
were black was 61% versus 9% in the integrated
analysis population. SVR was achieved by 97.2%
(1040/1070) of participants included in the
integrated analysis, and, of those who failed to
achieve SVR, 15 had non-virologic failure and
15 experienced relapse. In the supportive per-
protocol analysis (which excluded non-viro-
logic failures), SVR was achieved by 98.6%
(1040/1055) of participants, with a virologic
failure rate of 1.4%. SVR rates remained high
across all sub-groups of patients examined in
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the integrated analysis, including an SVR12 rate
of 94.7% (215/227) in patients with NSSA
resistance-associated substitutions at baseline
[16], reinforcing the US treatment recommenda-
tion that testing for NSSA resistance-associated
substitutions prior to therapy is not required for
patients with HCV genotype 1b infection receiv-
ing elbasvir/grazoprevir for 12 weeks [17].

The results from the present analysis are
consistent with previous reports regarding the
effectiveness of elbasvir/grazoprevir in real-
world, HCV-infected populations from inside
and outside the United States. Toyoda et al. [18]
and Ogawa et al. [19] reported SVR rates of
97.4% (371/381) and 97.5% (275/282) in Japa-
nese patients with primarily HCV genotype 1b
infection who were prescribed elbasvir/grazo-
previr for 12 weeks. In both studies, most
patients were treatment-naive, and approxi-
mately one-third of patients were aged >
75 years and one-third had CKD stage 3-5. SVR
rates were generally unaffected by baseline
characteristics, including presence of cirrhosis
or history of hepatocellular carcinoma; how-
ever, the presence of NSSA resistance-associated
substitutions, particularly in individuals who
had previously received all-oral direct-acting
antiviral therapy, was associated with virologic
failure [18, 19]. Similar results have also been
reported in a Spanish cohort of patients with
HCV genotype 1 infection, 73% of whom had
genotype 1b infection [20]. In this analysis, of
the 625 patients with data available at 12 weeks
post-treatment, 570 (91.2%) achieved SVR12. In
the modified intention-to-treat analysis, which
excluded 37 patients lost to follow-up, SVR12
was 96.9% (570/588). Among the patients with
HCV genotype 1b infection, SVR12 rates
remained > 96%, regardless of treatment his-
tory or presence of cirrhosis at baseline [20].
Data from the TRIO network in the United
States further supports the high effectiveness of
elbasvir/grazoprevir in patients with HCV
genotype 1 infection in a real-world setting [21].
SVR12 rates in the per-protocol population were
98.5% (396/402) for patients with HCV geno-
type 1 infection and 99.1% (113/114) in the
sub-group with CKD stage 4/5.

Our study has several strengths. First, we
used data from the nationwide VA database,

which is the largest integrated healthcare data
source for patients with HCV infection,
including those who are racially and clinically
diverse. Second, missing data are relatively low
because the VA healthcare system has an
established electronic medical record system as
well as a robust pharmacy benefits management
system including prescription data across all VA
facilities. Our data also indicate comparable
rates of SVR compared with other HCV treat-
ment regimens in real-world populations. SVR
was achieved by 91.3% of treatment-naive vet-
erans with HCV genotype 1 infection receiving
sofosbuvir/ledipasvir and by 95.3% of treat-
ment-naive patients with HCV genotype 1
infection from a TRIO network study [22, 23]. In
a German real-world study, an SVR rate of
96.7% was attained within a treatment-naive,
non-cirrhotic population with primarily HCV
genotypes 1 or 3 infection receiving glecaprevir/
pibrentasvir for 8 weeks [24]. The SVR rate of
97.5% attained within the present study there-
fore indicates that elbasvir/grazoprevir for
12 weeks is an effective treatment option for
this population of patients with genotype 1b
infection, offering rates of SVR that are at least
broadly comparable to those seen with other
second-generation DAA treatment regimens.
Our study also has certain limitations. The
VA population may not be generalizable to the
entire US population owing to the potential for
differing demographic risk factors. Some mis-
classification of diagnoses and comorbidities
identified through ICD-9/10 codes might have
also been present. Sample sizes were small for
some subgroups (e.g., those receiving elbasvir/
grazoprevir with ribavirin for 16 weeks). This
study also used a per-protocol population that
excluded patients with less than 11 weeks’
treatment duration. These data therefore do not
take intoaccount patients who discontinue
treatment early, and the reported response rates
cannot be generalized to patients with shorter
treatment durations. Although 8- and 12-week
elbasvir/grazoprevir regimens were examined in
treatment-naive and -experienced patients with
HCV genotype 1b infection, the rationale for
different treatment durations could not be
ascertained (and, as noted earlier, the 8-week
regimen is not an approved regimen for use in
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the United States). Additionally, some labora-
tory data, including NSS5A resistance-associated
substitutions and other factors possibly related
to virologic failure, were not available. Adverse
events, adherence data, and data from any
treatment received outside the VA were also not
available in this study.

CONCLUSION

Treatment with elbasvir/grazoprevir was highly
effective in individuals with HCV genotype 1b
infection from the VA. The data from this
analysis extend the observations of elbasvir/
grazoprevir efficacy and confirm that the high
rates of SVR achieved in clinical trials can be
replicated in a heterogeneous population with
extensive comorbidities.
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