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ABSTRACT

Introduction: Ledipasvir/sofosbuvir (LDV/SOF)
for hepatitis C virus (HCV) treatment provides
an oral interferon-free treatment regimen with
high rates of sustained virologic response (SVR).
This study assessed treatment discontinuation,
factors associated with treatment completion,
and real-world effectiveness.
Methods: Patients with HCV treated with LDV/
SOF between October 2014 and June 2015 and
enrolled in a large US health plan were identi-
fied. Expected treatment duration was calcu-
lated based on IDSA/AASLD treatment
guidelines and US labels using data for geno-
type, initial treatment regimen, baseline cir-
rhosis, and prior treatments. Logistic regression
was used to identify factors associated with

treatment completion, controlling for patient
characteristics.
Results: The study included 1483 LDV/SOF
patients. Mean age was 59.7 years, most were
male (63.9%), had commercial insurance
(51.9%), and were treatment-naı̈ve (85.6%).
Cirrhosis or end stage liver disease was present
in 46.1%. Among patients with an expected
8-week treatment regimen, 49.4% were treated
for longer. Most patients (99.8%) with expected
12-week treatment durations were adherent to
the expected treatment duration. Treat-
ment-experienced patients [odds ratio (OR)
0.124, p\0.001] and those on Medicare (OR
0.382, p = 0.039) had lower odds of completing
the expected treatment regimen, while males
were more likely to complete treatment than
females (OR 3.235, p = 0.003). SVR12 in
patients treated with LDV/SOF was 89.4%
(n = 76/85).
Conclusion: Half of patients eligible for an 8--
week treatment regimen with LDV/SOF were
treated longer, while most patients with a 12--
week regimen were adherent to the expected
treatment duration. Prior HCV treatment,
female gender, and Medicare Advantage insur-
ance were associated with lower odds of treat-
ment completion. Overall SVR12 was 89.4%.
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INTRODUCTION

Approximately 3.6 million people in the US
have hepatitis C virus (HCV) antibodies, with
2.7 million currently infected [1]. Accounting
for high-risk populations, the estimate is likely
much higher, with at least 4.6 million carrying
HCV antibodies and 3.5 million currently
infected [2]. Hepatitis C is the leading cause of
liver transplantation and hepatocellular cancer
and is associated with increased mortality [3].
Early HCV infections are often asymptomatic or
present with non-specific symptoms; thus, most
infections are diagnosed after serious liver
damage has already occurred. The goal of
treatment is sustained virologic response (SVR),
which represents a virologic cure and is associ-
ated with a reduced risk of mortality, cirrhosis,
and hepatocellular cancer [4, 5]. SVR has also
been shown to reverse fibrosis and significantly
reduce liver complications in compensated and
decompensated cirrhosis [6, 7].

HCV is genetically heterogeneous with at
least six genotypes. Genotype 1 is the most
prevalent, representing approximately 76% of
infections in the US and 59–89% in Europe [8].
Preliminary guidelines for treatment regimen
are based on genotype, with some therapies
initially approved with genotype-restricted
activity [9]. SVR rates vary based on patient
adherence, treatment experience, disease sever-
ity, and a variety of other known (comorbidi-
ties) and unknown (genomic) host factors.

Historically, treatment consisted of weekly
injections of pegylated interferon plus ribavirin
(RBV) for 48 weeks, yielding SVRs of 45–50%.
Direct-acting antiviral agents (DAAs) were
introduced in 2011. In combination with pegy-
lated interferon and RBV, SVR rates rose to
67–73% in treatment naı̈ve, genotype 1 patients.
Additional DAAs were approved in 2013,
including the RNA-dependent RNA polymerase
nonstructural protein 5B inhibitor, sofosbuvir
(SOF). In 2014, the FDA approved the first fix-
ed-dose oral combination therapy, ledipasvir
(NS5A inhibitor)/sofosbuvir (LDV/SOF), for the
treatment of patients with HCV genotype 1 and,
more recently, genotypes 4, 5, and 6. In clinical
trials, treatment with LDV/SOF resulted in SVRs

of C97% over 12 and 24 weeks [10] and C93%
over 8 weeks [11]. In patients with previous
interferon-based therapy failure,C94% achieved
SVR with LDV/SOF, compared to a historical rate
of 25% [12]. Shortly after the approval of LDV/
SOF, the FDA approved ombitasvir/paritaprevir/
ritonavir plus dasabuvir, which may require
co-administration of RBV [13]. While this regi-
men offers similar efficacy, the advantage of
LDV/SOF is once-daily dosing that does not
require RBV co-administration.

In December 2014, LDV/SOF was added to
the HCV treatment guidelines (http://www.
hcvguidelines.org/full-report-view). Recom-
mended treatment for genotype 1, non-cir-
rhotic, treatment-naı̈ve patients is 12 weeks;
however, patients with baseline HCV RNA
\6MM IU/mL may be treated for 8 weeks. In
cirrhotic patients, recommendations are based
on prior treatment. Twelve weeks of LDV/SOF
are recommended for treatment-naive patients
and 24 weeks are recommended for patients
with prior treatment failure [14].

Data on adherence to and discontinuation of
LDV/SOF in clinical practice are limited.
Patients treated in real-world clinical settings
are more likely to have complex disease mani-
festation than those who participate in clinical
trials. It is important to understand the real--
world utilization of LDV/SOF and to assess
adherence in order to develop strategies to
increase efficacy of these regimens in clinical
practice and to identify patients at risk for
adherence-related treatment failure.

The objectives of this study were to assess
discontinuation, adherence to the expected
treatment duration, and factors associated with
discontinuation in patients receiving LDV/SOF.
Additionally, characteristics of patients who
received treatment were evaluated and SVR was
assessed.

METHODS

Study Design and Data Source

This was a retrospective study using medical
and pharmacy claims data, enrollment
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information, and linked laboratory results from
two administrative health plan databases, the
Optum Research Database and Impact National
Benchmark Database (Impact). Data extracted
for each patient spanned November 1, 2013
through June 30, 2015 (Fig. 1). Medical claims
data included International Classification of
Disease, Ninth Revision, Clinical Modification
(ICD-9-CM) diagnosis and procedure codes,
Healthcare Common Procedure Coding System
codes, and revenue codes. Pharmacy claims data
included National Drug Codes for filled pre-
scriptions, days supplied, and quantity of drug
supplied. Linked outpatient laboratory results
were available for a subset of the research
database. This article does not contain any new
studies with human or animal subjects per-
formed by any of the authors and no identifi-
able protected health information was extracted
or accessed during the course of the study.
Pursuant to the Health Insurance Portability
and Accountability Act, the use of de-identified
data did not require Institutional Review Board
approval or waiver of authorization.

Study Population

To be included in the study, patients were
required to have C1 pharmacy claim for LDV/
SOF from October 10, 2014 (date of FDA
approval) through June 30, 2015. The index
date was defined as the first pharmacy claim for
LDV/SOF during the patient identification per-
iod. For patients with more than one treatment
regimen, the last regimen was selected for
analysis. Patients were required to have

continuous enrollment with medical and phar-
macy coverage at least 12 months prior to the
index date and until treatment discontinuation
(defined as a gap in medication possession of
30 days for the first gap and 14 days for any
subsequent gaps) and be at least 18 years old.
The initial gap of 30 days was selected as a
conservative estimate of a potential delay
between the date of the first fill and first
administration. The subsequent gap of 14 days
was selected as a maximum permissible period
without therapy beyond which a patient could
anticipate reduced or suboptimal outcomes
[15]. The post-treatment period was initiated
based on the run-out of the last prescription fill.
Patients with interferon use during the treat-
ment period were excluded from the study.

Study Measures

Patient Characteristics
Age, gender, geographic location, health plan
type (commercial, Medicare Advantage), length
of pre-index period, and prescribing physician
specialty were reported as of the index date. The
Quan–Charlson comorbidity score and liver
severity algorithm [16] were calculated during
the pre-index period. The presence of clinically
relevant conditions/events (including advanced
liver disease and cirrhosis) during the pre-index
period was identified based on ICD-9-CM diag-
nosis and procedure codes from pre-index
medical claims. Treatment status was deter-
mined by pharmacy and medical claims and
categorized as the presence/absence of any
medication.

Fig. 1 Study observation period
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Clinical Characteristics
The following laboratory results were measured
during the baseline period to detect liver dam-
age and fibrosis: alanine aminotransferase,
aspartate aminotransferase, and platelet count.
The aspartate aminotransferase-to-platelet ratio
index (APRI) was classified as no/minimal
fibrosis, \0.5; moderate fibrosis, 0.5–1.5; and
significant fibrosis, [1.5. Using the aspartate
aminotransferase, alanine aminotransferase,
and platelet count results, fibrosis-4 (FIB-4) was
calculated and defined as minimal fibrosis,
\1.45, moderate fibrosis, 1.45–3.25, and sig-
nificant fibrosis,[3.25 [17, 18]. The laboratory
result closest to the index date was used for
analysis. All HCV RNA test results during the
study period were captured. HCV genotype and
subtype were captured for those with available
laboratory results. If multiple genotypes were
recorded, the last genotype result measured
during the study period was used.

Treatment Completion and Adherence
to Expected Treatment Duration
Treatment completion was defined as having
completed a full course of treatment as per
IDSA/AASLD treatment guidelines and the Food
and Drug Administration-approved labeling for
the regimen [19]. Adherence to the expected
treatment duration was evaluated by comparing
the actual treatment length to the expected
treatment duration. The expected treatment
duration was calculated based on IDSA/AASLD
treatment guidelines accounting for HCV
genotype, HCV RNA level, treatment status
(naı̈ve or experienced for C1 year), and baseline
cirrhosis diagnosis [19]. If genotype data were
unavailable, the expected duration was calcu-
lated from the observed treatment duration,
treatment regimen, cirrhosis diagnosis, and
treatment status (naı̈ve or experienced). The
observed treatment duration was calculated
from the total number of days with medication
supply for LDV/SOF until discontinuation.

Sustained Virologic Response
SVR is defined as the proportion of patients with
HCV RNA below the limit of quantification
performed C12 weeks after treatment

completion (SVR12). When SVR12 was not
available, HCV RNA was captured from 8 weeks
post-treatment completion to maximize the
number of available results. Studies have shown
high concordance with a viral load measured
between 4 and 12 weeks [20–22].

Statistical Analyses

Descriptive statistics were used to describe the
distribution of demographics and clinical and
laboratory characteristics. Logistic regression
was used to model expected treatment com-
pletion, adjusting for demographics (age, gen-
der, insurance type), comorbidities
(Quan–Charlson comorbidity score, cirrhosis,
chronic kidney disease, HIV, diabetes, cardio-
vascular disease, hypertension, hepatitis B, drug
abuse, and liver transplant), and prior HCV
treatment. The covariance matrix was examined
to diagnose collinearity in the model.

RESULTS

After inclusion and exclusion criteria were
applied, 3438 patients receiving oral DAAs
remained; of these, 1483 received LDV/SOF
(Fig. 2).More thanhalf (54.2%) of patients had at
least 3 years of cumulative pre-index observation
time to assess baseline characteristics. Patient age
averaged 59.7 years andmost weremale (63.9%),
had commercial insurance (51.9%), and were
treatment-naı̈ve (85.6%). Of the 39.8% of
patients with a known genotype, 98.8% had
genotype 1 (Table 1). Cirrhosis or end stage liver
disease was present in 46.1% of patients, HIV/
AIDS in 7.6%, and 35.0% and 32.6% had evi-
dence of depression or anxiety, respectively.
Diagnosis codes suggesting history of drug abuse
were found for21.2%ofpatients. Inpatientswith
valid APRI (n = 674) and FIB-4 (n = 675) results,
60.7% and 71.6% of patients, respectively, had
moderate to severe fibrosis (Table 2).

Among patients eligible for an 8-week treat-
ment duration, 49.4% were treated longer. In
contrast, the majority of patients with a 12- and
24-week expected treatment duration were
adherent to the expected duration (99.8% and
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74.6%, respectively) (Table 3). Of 1100 patients
with known expected treatment duration, the
overall early discontinuation rate was 3.0%
(1.7% for patients with expected treatment
duration of 8 weeks and 0.3% for patients with
expected treatment duration of 12 weeks), but
increased with longer expected treatment
duration (25.5% for patients with expected
treatment duration of 24 weeks). In patients
who discontinued early, side effects (anemia,
rash, gastrointestinal symptoms, headache,
fatigue, or insomnia) were noted in 39.4% in
the 4 weeks prior to treatment discontinuation
(data not shown). Additionally, 49.4% of those
eligible for an 8-week treatment duration
extended beyond the 8 weeks, while no one
with an expected duration of 12 or 24 weeks
extended treatment.

A logistic regression model of early treat-
ment discontinuation showed that the odds of

completing treatment were lower in those with
prior HCV treatment [odds ratio (OR) 0.12,
p\0.001] and those with Medicare Advantage
coverage (OR 0.38, p = 0.039), while males had
over 3 times higher odds of completing treat-
ment without early discontinuation than
females (OR 3.24, p = 0.003) (Table 4). A diag-
nosis of cirrhosis was not statistically significant
(0.46, p = 0.060), nor were other demographics
and comorbidities.

In the 85 patients with complete and valid
laboratory results who completed HCV treat-
ment, overall SVR was 89.4% (Table 5). SVR was
highest among patients with an observed treat-
ment duration of 12 weeks (92.9%, 65/70) and
lower for those with an 8-week (75.0%, 9/12)
regimen. Additionally, slightly fewer patients
with cirrhosis reached SVR (85.0%, n = 17/20)
than patients without cirrhosis (90.8%, n = 59/
65), while those with prior treatment (90.0%,

Fig. 2 Patient sample identification
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Table 1 Baseline patient demographics and clinical
characteristics

Demographics LDV/SOF
(n5 1483)

Age, mean (SD) 59.7 (9.6)

Male gender, n (%) 948 (63.9)

Insurance type, n (%)

Commercial 770 (51.9)

Medicare advantage 713 (48.1)

Pre-index observation period (continuous months), n (%)

C12 to\18 211 (14.2)

C18 to\24 159 (10.7)

C24 to\36 309 (20.8)

C36 804 (54.2)

Treatment status, n (%)

Treatment naı̈ve 1270 (85.6)

Treatment experienced 213 (14.4)

Liver disease severity, n (%)

Non-cirrhotic disease 800 (53.9)

Cirrhosis 242 (16.3)

Decompensated cirrhosis/end-stage

liver disease

441 (29.7)

Quan-Charlson comorbidity score, n (%)

0 39 (2.6)

1–2 521 (35.1)

3–4 501 (33.8)

5? 422 (28.5)

Pre-index conditions/events, n (%)

Chronic kidney disease 89 (6.0)

HIV 113 (7.6)

Liver transplant 47 (3.2)

Drug abuse 315 (21.2)

Anxiety 484 (32.6)

Depression 519 (35.0)

Table 1 continued

Demographics LDV/SOF
(n5 1483)

Genotypea, n (%) (Available

n = 590)

1 583 (98.8)

Other 7 (1.2)

LDV ledipasvir, SOF sofosbuvir
a Measured during the entire study period

Table 2 Baseline laboratory values

Laboratory test result LDV/SOF
(n5 1483)

Highest HCV viral load measured,

n
508

Mean (SD) 3,506,200.9

(5,254,156.7)

APRIa test result, n 674

No/minimal fibrosis:\0.5, n (%) 265 (39.3)

Moderate fibrosis: C0.5 to B1.5,

n (%)

265 (39.3)

Significant fibrosis:[1.5, n (%) 144 (21.4)

FIB-4b test result, n 675

Minimal fibrosis 0 to\1.45,

n (%)

192 (28.4)

Moderate fibrosis C1.45 to

B3.25, n (%)

298 (44.2)

Significant fibrosis[3.25, n (%) 185 (27.4)

LDV ledipasvir, SOF sofosbuvir, APRI aspartate amino-
transferase-to-platelet ratio index, FIB-4 fibrosis-4
a APRI = (aspartate aminotransferase/normality upper
limit)/platelet [109/L] 9 100. Results must occur within
30 days of each other for ratio calculation
b FIB-4 = [age (years) 9 aspartate aminotransferase (IU/
L)]/[platelets (109/L) 9 sqrt(alanine aminotransferase
(IU/L)]. Results must occur within 30 days of each other
for ratio calculation
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n = 9/10) had a similar SVR to those who were
treatment naı̈ve (89.3%, n = 67/75). Although
laboratory results were only available for a small
subset of the patient population, baseline
demographic and clinical characteristics were
similar between those with and without SVR
results (Supplementary Table 1).

DISCUSSION

This retrospective study evaluated patient
characteristics and medication discontinuation
and adherence to LDV/SOF in HCV genotype 1
patients in the US. Our results provide impor-
tant insights into adherence to and discontin-
uation of LDV/SOF in patients with HCV in a
real-world setting. Adherence to the expected
treatment duration was over 99% in those with
a 12-week regimen. Those with a 24-week
treatment duration were more likely to experi-
ence early treatment discontinuation, and
almost half of the patients who were eligible for
8 weeks of treatment were treated longer.

The latter findings were similar to other
recent real-world studies. In a study population
from the TRIO network, 50% of those eligible
for 8 weeks of treatment were treated longer
[23]. Similarly, two additional real-world studies
reported that 42% [24] and 60% [25] of patients
who were eligible for 8 weeks of treatment were
treated for 12 weeks. These results suggest that
patients were prescribed treatment for a longer
duration than recommended in the product
labeling. It is important to note the limitation
that, while HIV/AIDS status impacts the expec-
ted treatment duration, it was not accounted for
in our analysis.

Table 3 Discontinuation and adherence to expected treatment duration

Total (n 5 1100) 8 weeks (n5 176) 12 weeks (n5 814) 24 weeks (n5 110)

n % n % n % n %

Early discontinuation 33 3.0 3 1.7 2 0.3 28 25.5

Completed as expected 980 89.1 86 48.9 812 99.8 82 74.6

Extend beyond expected 87 7.9 87 49.4 0 0.0 0 0.0

Includes only those with known expected treatment duration

Table 4 Logistic model of treatment completion
(n = 1100)

Odds
ratio

Lower
95%
CI

Upper
95%
CI

p value

Baseline Quan–Charlson comorbidity index score (5? is

reference)

0–2 1.49 0.50 4.44 0.478

3–4 1.12 0.48 2.63 0.795

Cirrhosis 0.46 0.20 1.03 0.060

Chronic kidney

disease

1.04 0.22 4.89 0.960

HIV 1.30 0.15 11.15 0.810

Diabetes 1.06 0.44 2.57 0.892

Hypertension 0.65 0.27 1.57 0.340

Hepatitis B 0.91 0.17 4.84 0.915

Drug abuse 0.76 0.32 1.79 0.525

Prior treatment for

hepatitis C

0.12 0.06 0.27 \0.001

Male gender 3.24 1.49 7.02 0.003

Medicare insurance

(commercial is

reference)

0.38 0.15 0.96 0.039

Side effects 1.10 0.51 2.39 0.808

Age (55–64 years is reference)

18–44 0.71 0.08 6.20 0.753

45–54 1.42 0.39 5.12 0.592

65? 2.18 0.85 5.55 0.104
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The overall early discontinuation rate was
3.0%. Early discontinuation rates were 1.7% for
those with 8-week and 0.3% for those with
12-week treatment durations; however, 25.5%
of patients who were eligible for 24 weeks of
treatment were treated less than 24 weeks.
Patients who were treatment-experienced ver-
sus treatment-naive or with Medicare Advan-
tage coverage versus commercial insurance had
lower odds of completing treatment, while
males were more likely (OR = 3.2) to complete
treatment than females. In the HCV-TARGET
study, a consortium of academic and commu-
nity medical centers, the overall discontinua-
tion rate in those treated with LDV/SOF ± RBV
for 8, 12, or 24 weeks was 1.9% [25]. Addition-
ally, only 1.5% of patients with cirrhosis in the
TRIO cohort discontinued early during
24 weeks of treatment [23]. The higher discon-
tinuation rate reported in our study for the
24-week patients could represent the eligibility
for shorter treatment durations. Additionally,
these patients have more severe and advanced

disease and may experience more treat-
ment-related side effects. In those who discon-
tinued early, almost 40% had evidence of side
effects (anemia, rash, gastrointestinal symp-
toms, headache, fatigue, or insomnia) in the
4 weeks prior to treatment discontinuation.

In clinical trials of LDV/SOF, SVR rates
among genotype 1 HCV-infected patients ran-
ged from 94% in those with previous treatment
failure [12] to 97% in treatment-naı̈ve patients
[10]. Patients in real-world clinical settings are
often sicker, older, have more comorbidities,
and are not followed as closely as those in
clinical trials. In our study, SVR in patients
treated for 12 weeks was 93% (n = 65/70).
Slightly fewer patients with cirrhosis (85%)
reached SVR compared to patients without cir-
rhosis (91%), and there was no significant dif-
ference between treatment-experienced and
treatment-naı̈ve patients (89% vs. 90%). Over-
all, SVR was 89.4%. Our findings are consistent
with findings from the Veterans Affairs popu-
lation evaluating genotype1 patients with
overall SVR rates of 91–92% in those treated
with LDV/SOF [22, 26]. Similar to our study,
treatment-experienced cirrhotic patients in the
TRIO population had a SVR rate of 84% at
12 weeks [27]. Treatment-naı̈ve patients in the
TRIO network treated with LDV/SOF for
12 weeks also experienced similar rates of SVR12
as our study, with a rate of 94% [28].

The overall effectiveness rate of LDV/SOF in
this study is consistent with large database
studies especially in the Veterans Affairs popu-
lation [22, 26]. In our study, patients had higher
baseline cirrhosis or ESLD (46.8%) compared to
that reported in other studies (ranged from 30%
to 38%) [24–26, 28], which may have affected
rates of SVR.

Limitations

Claims data provide a powerful method to
examine utilization and effectiveness in routine
clinical settings. These data also offer the
advantage of large sample sizes of patients with
diverse medical histories; however, certain lim-
itations inherent to claims-based analyses
should be considered when interpreting the

Table 5 SVR among HCV-infected patients who com-
pleted LDV/SOF treatment

Available
n

SVR12
n (%)

Overall treatment response 85 76 (89.4)

8-week observed treatment

duration

12 9 (75.0)

12-week observed treatment

duration

70 65 (92.9)

No cirrhosis 65 59 (90.8)

Cirrhosis 20 17 (85.0)

Treatment-naı̈ve 75 67 (89.3)

Treatment-experienced 10 9 (90.0)

Age\65 58 51 (87.9)

Age C65 27 25 (92.6)

Male 58 50 (86.2)

Female 27 26 (96.3)

LDV ledipasvir, SOF sofosbuvir, SVR sustained virologic
response

430 Infect Dis Ther (2017) 6:423–433



results of this study. First, the presence of a
medical or pharmacy claim is not proof positive
for the presence of disease or that the medica-
tion was consumed or taken as prescribed. Sec-
ond, laboratory test results were only available
for a subset of patients. The extent of missing
laboratory test results may not be distinguish-
able from the lack of an administered test.
Additionally, misclassification of treatment
naı̈ve status could exist because the study
required 1 year or more of baseline medical
history; however, more than half of patients in
this study had at least 3 years of baseline data.
The lack of HIV/AIDS status may also have
resulted in misclassification of the 8-week
treatment regimen. The study data come from a
commercial and Medicare Advantage popula-
tion and may not be generalizable to the entire
US population. Lastly, our inability to detect
deaths, particularly in this advanced popula-
tion, may have resulted in misclassification of
some patients as early discontinuers.

CONCLUSION

Within the observed sample of a US insured
population, the overall early discontinuation
rate for patients treated with LDV/SOF was 3%.
Half of patients with HCV who were eligible for
an 8-week LDV/SOF regimen were treated
longer, while most patients with a 12-week
regimen were adherent to the expected treat-
ment duration. Controlling for patient charac-
teristics, those with prior HCV treatment,
females, and those on Medicare Advantage were
less likely to complete the expected amount of
treatment. Overall SVR in patients treated with
LDV/SOF was 89.4%. It is important to under-
stand adherence and patient characteristics
associated with treatment completion in real--
world clinical practice to develop better strate-
gies to increase efficacy in those settings.
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