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Abstract
Real-life data on interferon (IFN)-free direct acting antiviral (DAA) therapies for chronic hepatitis C (CHC) is limited for Asian Americans.
To evaluate sustained virologic response (SVR) and adverse events (AE) in Asian Americans treated with sofosbuvir (SOF)-based,

IFN-free DAA therapies.
This is a retrospective study of 110 consecutive Asian Americans with HCV genotypes 1 to 3 or 6 treated with IFN-free SOF-based

regimens for 8 to 24 weeks between February 2014 and March 2016 at a university center in Northern California.
Mean agewas 63±12 years, mean BMI was 25±6 (kg/m2), and about half (52%) weremale. Most patients were infected with HCV

genotype 1 (HCV-1, 64%), followed by HCV-2 (14%), HCV-6 (13%), and HCV-3 (8%). Half had cirrhosis, and the majority of these
(67%) had decompensation. Overall SVR12 was 93% (102/110), and highest among patients without cirrhosis, liver transplant, or
HCC (100%, 37/37). SVR12 was lower among patients with HCC (82%, 14/17), decompensated cirrhosis (84%, 31/37), or liver
transplant (89%, 17/19), regardless of treatment and genotype. Most common AEswere anemia (25%), fatigue (20%), and headache
(12%). Anemia was highest in patients receiving SOF/RBV (67%). There was 1 treatment-unrelated serious adverse effect (SAE).
There were 7 dose reductions due to anemia or fatigue from RBV and 2 treatment discontinuations due to fatigue or loss of insurance
authorization.
This real-life cohort of Asian American CHC patients treated with IFN-free SOF-based therapies showed high overall treatment

response and good tolerability, despite very high rates of advanced disease and prior treatment failure.

Abbreviations: AE= adverse effect, ALT= alanine aminotransferase, AST= aspartate aminotransferase, CHC= chronic hepatitis
C, CRF= case report form, DCV= daclastavir, ESLD= end-stage liver disease, ETR= end-of-treatment response, HBV= hepatitis B
virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, HIV = human immunodeficiency virus, IFN = interferon, LDV =
ledipasvir, MELD = model for end-stage liver disease, PCR = polymerase chain reaction, PEG-IFN = pegylated interferon, PPI =
proton pump inhibitor, RBV = ribavirin, SAE = serious adverse effect, SD = standard deviation, SMV= simeprevir, SOF = sofosbuvir,
SVR = sustained virologic response.
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1. Introduction

Hepatitis C virus (HCV) represents a large and growing global
health burden. Recent estimates have shown an increase in anti-
HCV seroprevalence from 2.3% to 2.8% in the past 15 years,
and approximately 150 million people worldwide live with
chronic HCV infection, the majority of whom (94.6 million)
reside in theWestern Pacific or Southeast Asia.[1–3] Chronic HCV
infection is a major cause of death and morbidity due to serious
liver disease complications, including cirrhosis and hepatocellu-
lar carcinoma (HCC).[4] Indeed, recent data suggest that the
global burden of viral hepatitis has now surpassed many other
common infectious diseases such as tuberculosis, AIDS, diarrheal
disease, and malaria.[5]

Sustained virological response (SVR), defined as undetectable
serum HCV ribonucleic acid (RNA) levels 12 or 24 weeks after
completing treatment, is used as a measure of treatment success,
as it has been associated with improvements in fibrosis as
compared to patients who did not achieve SVR.[6,7]

In patients receiving therapies consisting of pegylated
interferon (PEG-IFN) and ribavirin (RBV), several studies have
identified key virological and host factors that contribute to SVR,
including viral genotype and viral load, age, gender, ethnicity,
genetic variation, and insulin resistance.[8,9] In particular, higher
SVR has been reported in Asians receiving PEG-IFN+RBV, as
compared to non-Asians.[10–14] This has been partially attributed
to the favorable IL28B genetic polymorphism more frequently
found among Asians.[8,15–17] However, IL28B may not account
for this difference entirely, as both IL28B and ethnicity have been
shown to be independent pretreatment predictors for SVR.[18]

This suggests that there may be other genetic variants or
nongenetic differences in baseline demographics or disease
characteristics associated with ethnicity that may affect treatment
response with IFN. There have also been reports of ethnic
differences in tolerability with RBV-containing treatments, with
higher rates of anemia and anemia-related side effects due to
RBV as compared to non-Asians.[14,19,20] The majority of Asian
patients may also have contracted HCV infection via iatrogenic
exposure at an earlier age.[3,21,22]

Recently, anti-HCV treatments involving a combination of
potent, direct acting antivirals (DAA) have emerged and this has
led to IFN-free therapies with higher efficacy and tolerabili-
ty.[23]IL28B appears to be less important in achieving SVR with
these new therapies.[24] In regards to tolerability, Asians have
lower metabolism of simeprevir (SMV), and this may result in
an increased frequency of adverse effects (AEs), such as rash and
photosensitivity.[25] In the Western hemisphere, large clinical
trials of IFN-free treatments have included mostly Caucasians,
with few Asian Americans.[26–31] In Asia, clinical trials of new
DAAs have reported generally higher rates of SVR and few
AEs.[32–34] However, there have been few reports of real-life
studies, and data on DAAs in Asian Americans remains limited.
Thus, in this study, our goal is to characterize the treatment

response and tolerability of sofosbuvir (SOF)-based, IFN-free
therapies in Asian Americans infected with HCV genotypes 1 to
3 or 6.
2. Methods

2.1. Study design and data collection

This was a retrospective study of consecutive Asian Americans
with HCV genotypes 1 to 3 or 6 receiving IFN-free SOF-based
regimens for 8 to 24 weeks between February 2014 and March
2

2016 at a single university center in Northern California. Patients
were identified consecutively via ICD-9 electronic query or by
their referring physician. All clinical records were reviewed
individually using a patient case report form (CRF) that included
patient baseline demographic characteristics, liver disease status
(cirrhosis, HCC, hepatic decompensation), HCV therapy,
laboratory tests for HCV (HCV RNA, HCV genotype) and
liver function, and treatment-associated side effects. Patients were
included if they were Asian and >18 years of age, chronically
infected with HCV, had detectable baseline serum HCV RNA,
and HCV genotype, received HCV antiviral therapy containing
SOF without IFN, and had SVR12 data. Exclusion criteria were
coinfection with hepatitis A, B, D, or human immunodeficiency
virus, acute HCV, or prior exposure to NS5a inhibitors.
Decisions on treatment type and duration were made based on
the discretion of the treating physicians, which was largely based
on patient’s HCV genotype, viral load, and liver disease status
as per the prevalent AASLD practice guidelines, commercial
availability of approved DAAs, and preference of patient’s
insurance.
2.2. Definitions

Baseline data were defined as data up to 1 year before the start of
treatment. Cirrhosis was determined by the clinical presence of
portal hypertension (thrombocytopenia, splenomegaly, ascites,
hepatic encephalopathy, varices), stage 4 fibrosis on liver
histology, or imaging data (ultrasound, computed tomography,
and magnetic resonance) or other noninvasive tests (Fibrosure,
Fibrotest). Decompensated cirrhosis was defined as cirrhosis
with the additional presence of ascites, encephalopathy, varices,
liver cancer, or model for end-stage liver disease (MELD) >10.
HCC diagnosis was determined by imaging data (computed
tomography, magnetic resonance imaging) or biopsy reports.
Anemia while on treatment was defined as hemoglobin (Hgb)
<11g/dL if baseline Hgb was >13g/dL or >10% decrease from
baseline.
2.3. Statistical analyses

Primary endpoint analyzed was SVR12, defined as undetectable
HCV RNA polymerase chain reaction (PCR) (<43IU/mL)
12 weeks following the end of treatment. Secondary endpoints
included end-of-treatment response, defined as undetectable
HCV RNA PCR at the end of treatment, AEs, dose reductions,
interruptions in treatment, and treatment discontinuation. Chi-
squared (x2) tests were used to evaluate categorical variables, and
Student t tests were used to evaluate continuous variables.
Analysis was by intention-to-treat. Statistical significance was
defined with a two-sided test and P-value of �0.05. All statistical
analyses were performed using Stata version 11.2 (STATA
Corporation, College Station, TX).
This study was approved by the Administrative Panel for

Human Subjects at Stanford University.
3. Results

A total of 118 HCV-infected patients treated with IFN-free
regimens containing SOF for 8 to 24 weeks were identified. Seven
patients were excluded due to insufficient laboratory data, and
1 patient was excluded for receiving SOF/RBV that was
transitioned to SMV/SOF without a gap between treatments,
leaving 110 patients for study analysis.



Table 1

Baseline patient demographics and clinical characteristics for overall cohort, and patients with and without SVR12.

Characteristic Overall (N=110) SVR12 (N=102) No SVR12 (N=8) P

Mean age, y 63.3±11.7 63.4±11.8 61.6±11.0 0.68
Male 57 (51.8%) 50 (49.0%) 7 (87.5%) 0.06
Mean BMI, kg/m2 25.0±5.8 25.0±5.9 24.8±4.2 0.95
Ethnicity
Vietnamese 41 (37.3%) 39 (38.2%) 2 (25.0%)
Chinese/Taiwanese 25 (22.7%) 24 (23.5%) 1 (12.5%)
Korean 6 (5.5%) 6 (5.9%) 0 (0.0%)
Japanese 14 (12.7%) 10 (9.8%) 4 (50.0%)
Cambodian 1 (0.9%) 1 (1.0%) 0 (0.0%)
Filipino 5 (4.5%) 5 (4.9%) 0 (0.0%)
Laotian 1 (0.9%) 1 (1.0%) 0 (0.0%)
Asian Indian 3 (2.7%) 3 (2.9%) 0 (0.0%)
Other 14 (12.7%) 13 (12.8%) 1 (12.5%)

Comorbidities
Diabetes 33 (30.0%) 28 (27.5%) 5 (62.5%) 0.053
Hypertension 56 (50.9%) 49 (48.0%) 7 (87.5%) 0.061
Hyperlipidemia 23 (20.9%) 22 (21.6%) 1 (12.5%) 1.00
Coronary artery disease 7 (6.4%) 7 (6.9%) 0 (0.0%) 1.00

Liver transplant before treatment 19 (17.3%) 17 (16.7%) 2 (25.0%) 0.62
Liver cancer 17 (15.5%) 14 (13.7%) 3 (37.5%) 0.10
Cirrhosis 55 (50.0%) 49 (48.0%) 6 (75.0%) 0.27
Cirrhosis nontransplant 54 (49.1%) 48 (47.1%) 6 (75.0%)
Decompensation among nontransplant patients with cirrhosis 36 (66.7%) 30 (62.5%) 6 (100.0%)

Cirrhosis posttransplant 1 (1.0%) 1 (1.0%) 0 (0.0%) —

Decompensation among posttransplant patients with cirrhosis 1 (100.0%) 1 (100.0%) —

Ascites 6 (5.5%) 5 (4.9%) 1 (12.5%) 0.38
Encephalopathy 5 (4.5%) 4 (3.9%) 1 (12.5%) 0.33
Varices 13 (11.8%) 10 (9.8%) 3 (37.5%) 0.044
Prior treatment 32 (29.1%) 28 (27.5%) 4 (50.0%) 0.23
IFN+RBV 4 (12.5%) 3 (10.7%) 1 (25.0%)
PEG-IFN+RBV 22 (68.8%) 19 (67.9%) 3 (75.0%)
TVR+PEG-IFN+RBV 1 (3.1%) 0 (0.0%) 1 (25.0%)
SOF+RBV 1 (3.1%) 1 (3.6%) 0 (0.0%)
Other 6 (18.8%) 6 (21.4%) 0 (0.0%)

Concomitant use of PPI and LDV 6 (11.1%) 6 (11.5%) — —

Data expressed as mean±SD or n (%).
BMI=body mass index, IFN= interferon, LDV= ledipasvir, PEG-IFN=pegylated interferon, PPI=proton pump inhibitor, RBV= ribavirin, SOF= sofosbuvir, SVR= sustained virologic response, TVR= telaprevir.

Table 2

Baseline laboratory values for overall cohort, and patientswith and
without SVR12.

Laboratory value
Overall
(N=110)

SVR12
(N=102)

No SVR12
(N=8) P

HCV genotype 0.25
1 71 (64.5%) 67 (65.7%) 4 (50.0%)
1—mixed or unspecified 4 (5.6%) 4 (6.0%) 0 (0.0%)
1a 27 (38.0%) 23 (34.3%) 4 (100.0%)
1b 40 (56.3%) 40 (59.7%) 0 (0.0%)

2 16 (14.5%) 13 (12.8%) 3 (37.5%)
3 9 (8.2%) 9 (8.8%) 0 (0.0%)
6 14 (12.7%) 13 (12.8%) 1 (12.5%)

Log HCV RNA, IU/mL 6.4 (5.8–6.8) 6.4 (5.8–6.8) 6.3 (5.8–6.9) 0.48
WBC, K/mL 4.8 (3.9–5.7) 4.8 (3.9–5.7) 5.1 (3.9–6.8) 0.99
Hemoglobin, g/dL 13.6 (12.6–14.6) 13.5 (12.5–14.4) 14.5 (14.4–15.2) 0.03
Platelets, K/mL 148 (91–186) 150 (91–187) 128 (116–178) 0.77
Creatinine, mg/dL 0.9 (0.8–1.1) 0.9 (0.8–1.1) 0.9 (0.9–1.0) 0.65
Creatinine >1.5 9 (8.5%) 9 (9.1%) 0 (0.0%) 1.00

Total bilirubin, mg/dL 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.6 (0.6–1.0) 0.56
Total bilirubin >2 5 (4.8%) 5 (5.1%) 0 (0.0%) 1.00

Albumin, g/dL 3.9 (3.5–4.1) 3.9 (3.5–4.1) 3.6 (3.4–3.9) 0.60
Albumin <3.5 26 (24.8%) 24 (24.5%) 2 (28.6%) 1.00
AST, U/L 70 (36–110) 66 (36–104) 110 (45–144) 0.69
ALT, U/L 82 (49–128) 76 (47–128) 106 (76–129) 0.80
MELD 8 (7–10) 8 (7–10) 6 (6–9) 0.38

Data expressed as median (IQR) or n (%).
ALT= alanine aminotransferase, AST= aspartate aminotransferase, HCV=hepatitis C virus, MELD=
model for end-stage liver disease, SVR= sustained virologic response, WBC=white blood cells.
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3.1. Baseline characteristics

Baseline patient demographics and clinical characteristics are
described in Table 1, and laboratory data are listed in Table 2. All
patients were Asian American, and most were Vietnamese (37%)
orChinese (23%).Mean agewas 63±12 years,meanBMIwas 25
±6(kg/m2), and about half (52%) were male. Most patients were
infectedwithHCVgenotype1 (HCV-1,64%), followedbyHCV-2
(14%), HCV-6 (13%), and HCV-3 (8%). There were no patients
with HCV-4 or HCV-5 in our cohort. Mean baseline HCV RNA
was 6.2±0.9 log IU/mL, and mean serum alanine aminotransfer-
ase (ALT) was 110±133U/L. Half had cirrhosis, of whom
67% were decompensated, according to our criteria for hepatic
decompensation. Nineteen patients (17%) had received a liver
transplant, and 17 (16%) had HCC. About one-third (29%)
of patients had failed prior HCV treatment, mostly consisting of
PEG-IFN+RBV (69%).Therewereno significantdifferences in the
proportions of patients with cirrhosis, decompensation, HCC,
liver transplant, or prior HCV treatment across HCV genotypes.

3.2. Treatment regimens

Most patients were treated with ledipasvir (LDV)/SOF (n=51,
46%) for 8, 12, or 24 weeks, SOF/RBV (n=30, 27%) for 12 or
24 weeks, or SMV/SOF (n=25, 23%) for 12 or 24 weeks (Fig. 1).
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Figure 1. Patients by treatment regimen and HCV genotype. Treatment regimens included SMV/SOF, SOF/RBV, LDV/SOF, LDV/SOF/RBV, and SOF/DCV. Within
each HCV genotype (HCV-1, 2, 3, or 6), a breakdown by treatment type is shown.

Chang et al. Medicine (2017) 96:6 Medicine
Those treated with LDV/SOF were infected with HCV-1 or 6,
while those receiving SOF/RBVwere infected withmostly HCV-2
or 3, with most HCV-2 patients (15/16) receiving 12 weeks and
most HCV-3 patients (8/9) receiving 24 weeks of SOF/RBV. Less
common treatment regimens included LDV/SOF/RBV for 12 to
24 weeks (n=3, 3%) and SOF/daclastavir (DCV) for 12 weeks
(n=1, 1%). Of patients receiving LDV, 6 (11%) had concomitant
use of an acid-suppressing medication (20–80mg/day) while on
treatment.

3.3. Treatment efficacy

All patients (110/110) achieved virological suppression by the
end of treatment. SVR (undetectable HCV RNA) 4 weeks
Table 3

SVR12 rates by treatment regimen and HCV genotype.

Treatment regimen Overall (N=110)

HCV-1 (N=71)

Overall 92.7% (102/110) 94.4% (67/71)
SMV/SOF �12 91.7% (22/24) 90.5% (19/21)
SMV/SOF �24 100.0% (1/1) 100.0% (1/1)
SOF/RBV �12 82.4% (14/17) —

SOF/RBV �24 92.3% (12/13) 50.0% (1/2)
LDV/SOF �8 100.0% (6/6) 100.0% (6/6)
LDV/SOF �12 95.1% (39/41) 97.1% (34/35)
LDV/SOF �24 100.0% (4/4) 100.0% (3/3)
LDV/SOF/RBV �12 100.0% (2/2) 100.0% (2/2)
LDV/SOF/RBV �24 100.0% (1/1) 100.0% (1/1)
SOF/DCV �12 100.0% (1/1) —

DCV=daclastavir, HCV=hepatitis C virus, LDV= ledipasvir, RBV= ribavirin, SMV= simeprevir, SOF= so

4

following treatment cessation (SVR4) was 94.4% (102/108) in
patients with available laboratory data at this time point. SVR12
was also high overall, with 93% (102/110) of patients having
undetectable HCV RNA PCR 12 weeks after treatment. SVR12
was generally high across all treatment regimens (92–100%) and
genotypes (93–100%), with the exception of HCV-2 patients
(Table 3). Among patients with HCV-2, SVR12 was 81% (13/
16). In HCV-2 patients who had cirrhosis and were treated with
12 weeks of SOF/RBV, SVR12 was even lower, at 75% (6/8).
Regardless of types of treatment or genotype, all patients

without cirrhosis, liver transplant, or HCC achieved SVR12 (37/
37, 100%) (Fig. 2). SVR12 was lower among patients with
cirrhosis (89%, 49/55), especially those with decompensated
cirrhosis (84%, 31/37), HCC (82%, 14/17), prior transplant
HCV genotype

HCV-2 (N=16) HCV-3 (N=9) HCV-6 (N=14)

81.2% (13/16) 100.0% (9/9) 92.9% (13/14)
— — 100% (3/3)
— — —

80.0% (12/15) — 100.0% (2/2)
100.0% (1/1) 100.0% (8/8) 100.0% (2/2)

— — —

— — 83.3% (5/6)
— — 100.0% (1/1)
— — —

— — —

— 100.0% (1/1) —

fosbuvir.
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Figure 2. SVR12 rates by cirrhosis and HCC status, and history of prior liver transplant and HCV treatment.
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(89%, 17/19), or prior treatment failure (88%, 28/32). However,
there were no statistically significant differences in SVR12
between patients with cirrhosis and without, HCC versus no
HCC, nontransplant versus posttransplant, or treatment naïve
versus treatment experienced patients. All patients who had
concomitant use of a proton pump inhibitor (PPI) and LDV
achieved SVR12 (6/6, 100%).
Within each subgroup with low SVR12 (cirrhosis, decom-

pensated cirrhosis, HCC, prior transplant, or prior treatment),
the distribution ofHCV genotypes was similar, with amajority of
HCV-1 (53–75%) in all groups, followed by HCV-2 (9–18%)
and HCV-3 (5–6%). HCV-6 was most common among
posttransplant patients (32%, 6/19), as compared to other
subgroups (9–18%). Among those with cirrhosis, decompensa-
tion, HCC, or prior transplant, the distribution of patients who
had failed prior HCV treatment was also similar (21–35%).
Notably, almost all patients with cirrhosis had not received a liver
transplant (98%, 54/55), and most had signs of advanced stage
liver disease, with 67% (37/55) having decompensation and 31%
(17/55) having HCC. The proportion of patients with HCC was
even higher among those with decompensated cirrhosis (46%,
17/37). Finally, none of the patients with HCC (0/17) had
received a liver transplant.
Table 4

Demographics, clinical characteristics, and treatment regimens for p

Subject Sex Age HCV genotype Treatment Liver transplant statu

1 Female 74 HCV-2 SOF/RBV �12 Posttransplant
2 Male 54 HCV-1 SMV/SOF �12 Posttransplant

3 Male 56 HCV-1 SMV/SOF �12 Nontransplant

4 Male 46 HCV-2 SOF/RBV �12 Nontransplant

5 Male 68 HCV-1 SOF/RBV �24 Nontransplant

6 Male 78 HCV-2 SOF/RBV �12 Nontransplant
7 Male 62 HCV-1 LDV/SOF �12 Nontransplant
8 Male 55 HCV-6 LDV/SOF �12 Nontransplant

HCC=hepatocellular carcinoma, HCV=hepatitis C virus, IFN= interferon, LDV= ledipasvir, PEG-IFN=p

5

A total of 8 out of 110 patients (7%) failed to achieve SVR12
and all were relapsers. Nearly all were male (7/8). Half hadHCV-
1a (4/8), while 3 had HCV-2 and one had HCV-6. Four (1 HCV-
1 and 3HCV-2) received 12 to 24 weeks of SOF/RBV, 2 (1 HCV-
1 and 1 HCV-6) received 12 weeks of LDV/SOF, and 2 (both
HCV-1) received 12 weeks of SMV/SOF. Most relapsers had
advanced stage liver disease, with 75% having decompensated
cirrhosis (6/8), of whom half (3/6) also had HCC and half (3/6)
were also treatment experienced (Table 4). Of the 2 relapsers
without cirrhosis, both had received a liver transplant. Only 1
relapser treated with 24 weeks of SOF/RBV had a reduction in
RBV due to anemia.
3.4. Adverse effects, treatment reductions, and treatment
discontinuations

Overall, the most common adverse events (AEs) were anemia
(25%), fatigue (20%), and headache (12%) (Table 5). Most cases
of anemia occurred in those receiving SOF/RBV, and were
observed in over half of these patients (67%, 20/30), including all
4 relapsers receiving SOF/RBV. Among patients who did not
receive RBV, 8% (6/77) had significant decreases in Hgb (>10%
decrease from baseline), of whom 3 had baseline Hgb <11g/dL.
atients who failed to achieve SVR12.

s Cirrhosis status HCC status Prior treatment

No cirrhosis No HCC Treatment naïve
No cirrhosis No HCC Treatment experienced (INF+RBV and

TVR+PEG-IFN+RBV)
Decompensated cirrhosis HCC Treatment experienced

(PEG-IFN+RBV)
Decompensated cirrhosis No HCC Treatment experienced

(PEG-IFN+RBV)
Decompensated cirrhosis No HCC Treatment experienced

(PEG-IFN+RBV)
Decompensated cirrhosis HCC Treatment naïve
Decompensated cirrhosis HCC Treatment naïve
Decompensated cirrhosis No HCC Treatment naïve

egylated interferon, RBV= ribavirin, SMV= simeprevir, SOF= sofosbuvir.
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Table 5

Adverse events by treatment regimen.

Adverse event,
n (%)

Overall
(N=110)

SMV/SOF �12–24
(N=25)

SOF/RBV �12–24
(N=30)

LDV/SOF
�8–24 (N=51)

LDV/SOF/RBV
�12–24 (N=3)

SOF/DCV
(N=1)

Headache 13 (11.8%) 6 (24.0%) 5 (16.7%) 2 (3.9%) 0 (0.0%) 0 (0.0%)
Fatigue 22 (20.0%) 7 (28.0%) 10 (33.3%) 4 (7.8%) 1 (33.3%) 0 (0.0%)
Insomnia 5 (4.5%) 2 (8.0%) 3 (10.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Nausea 2 (1.8%) 0 (0.0%) 1 (3.3%) 1 (2.0%) 0 (0.0%) 0 (0.0%)
Decreased appetite 1 (0.9%) 1 (4.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Arthralgia 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Myalgia 1 (0.9%) 1 (4.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Rash 3 (2.7%) 1 (4.0%) 2 (6.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Pruritus 6 (5.5%) 3 (12.0%) 2 (6.7%) 1 (2.0%) 0 (0.0%) 0 (0.0%)
Dyspnea 1 (0.9%) 1 (4.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Photosensitivity 2 (1.8%) 1 (4.0%) 1 (3.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
AST >�2 baseline 2 (1.8%) 1 (4.0%) 0 (0.0%) 1 (2.0%) 0 (0.0%) 0 (0.0%)
ALT >�2 baseline 6 (5.5%) 3 (12.0%) 1 (3.3%) 2 (3.9%) 0 (0.0%) 0 (0.0%)
Anemia 27 (24.5%) 1 (4.0%) 20 (66.7%) 5 (9.8%) 1 (33.3%) 0 (0.0%)
Serious adverse event 1 (0.8%) 0 (0.0%) 0 (0.0%) 1 (1.7%) 0 (0.0%) 0 (0.0%)

ALT= alanine aminotransferase, AST= aspartate aminotransferase, DCV=daclastavir, LDV= ledipasvir, RBV= ribavirin, SMV= simeprevir, SOF= sofosbuvir.
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Serum creatinine while on treatment is shown in Table 6. Only 1
patient (1%) experienced a serious adverse event (SAE) that was
unrelated to treatment. Seven patients, including 1 relapser,
required dose reductions, mostly due to anemia or fatigue from
RBV. One patient discontinued RBV during the last week of
treatment due to fatigue, and 1 HCV-6 patient discontinued
treatment at week 8 of 12 due to loss of insurance authorization
for medication prescription. No patient developed hepatic
decompensation while on treatment.
4. Discussion

Data on efficacy and safety of DAA regimens in Asian Americans
is lacking, as large pivotal trials conducted in the Western
hemisphere have included mostly Caucasian patients, with few
Asians. In this study, we examined the real-world treatment
experience of SOF-based, IFN-free DAA regimens in HCV-
infected Asian Americans with HCV genotypes 1 to 3, or 6.
Overall SVR12 was high at 93% (102/110), especially in those
without cirrhosis, liver transplant, or HCC, all of whom achieved
SVR12 (37/37, 100%). In addition, 6 out of 8 patients who failed
to achieve SVR12 should either be treated longer or with RBV as
per current practice guidelines or labeling, some of which were
not available at the time of treatment initiation for some of these
patients (Table 4).
In studies on PEG-IFN+RBV, Asian ethnicity was found to be

important in predicting SVR, with higher rates of SVR in Asians
Table 6

Serum creatinine levels in patients while receiving HCV therapy.

Treatment week Creatinine, mg/dL

Baseline 0.9 (0.8–1.1)
Week 2 0.9 (0.8–1.2)
Week 4 0.9 (0.8–1.1)
Week 8 0.9 (0.8–1.1)
Week 12 0.9 (0.8–1.2)
Week 16 1.0 (0.9–1.0)
Week 20 0.9 (0.9–1.1)
Week 24 1.0 (0.9–1.2)

Data expressed as median (IQR).

6

being associated with IL28B. Owing to the high potency of
new generation of DAAs including SOF which have become the
standard of care in Western countries, it is less clear if ethnic
differences in treatment response remain. It appears that IL28B
may play less of a role in predicting virological response with
DAAs.[24] Due to the unavailability of IL28B genotype
information in much of our cohort, we were not able to
determine its effect on treatment efficacy in this study.
Aside from IL28B, there are other differences between Asians

and non-Asians that may affect treatment response and
tolerability. Compared to HCV-infected non-Asians, Asians
with HCV are more likely to be of older age, have lower BMI,
present with more advanced stages of liver disease, and may be
more likely to develop HCC once they have cirrhosis.[3,35] This
was reflected in our cohort, in which mean age was 63 years,
mean BMI was 25, and more advanced stages of liver disease
were present in at least half of all patients—liver cancer in 16%
and cirrhosis in 50%, of whom 67% had decompensation. We
found that patients with advanced liver disease generally had
lower SVR12. SVR12 was significantly lower in patients with
hepatic decompensation than those without decompensation
(84% vs 97%, P=0.017). SVR12 was also lower among patients
with cirrhosis (89%, 49/55), HCC (82%, 14/17), prior liver
transplant (89%, 17/19), or prior treatment (88%, 28/32).
Differences in SVR12 within these subsequent subgroups were
not found to be statistically significant, but this may have been
due to limited statistical power due to small sample size.
Lower rates of SVR12 in patients with advanced liver disease

(cirrhosis, decompensated cirrhosis, HCC) were reported in a
recent real-world, retrospective study of HCV patients treated
within the Veterans Health with DAAs, including LDV/SOF±
RBV and SMV/SOF±RBV.[36] The effect of cirrhosis on response
to DAAs was also evaluated in a retrospective study fromHawaii
that included a significant proportion of Asian patients with
HCV-1 (51 Asians and 87 non-Asians) and reported lower rates
of SVR12 following 12 weeks of SMV/SOF in patients with
cirrhosis than those without cirrhosis (85% vs 93%), but this was
not statistically significant, and the authors did not report the
effect of cirrhosis in Asians versus non-Asians.[37] In contrast,
recent clinical trials on IFN-free DAA regimens from Asia (SOF/
RBV, LDV/SOF±RBV, and daclatasvir/asunaprevir) reported
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that cirrhosis had no effect on SVR12; rates of SVR were high
regardless of cirrhosis (93–100%).[32–34,38–40] However, the
proportion of patients with cirrhosis was low in most studies
(10–22%), and all were compensated, as compared to our study,
in which 50%of patients had cirrhosis, andmost (67%) hadwere
decompensated. A recent study from Japan including a significant
proportion of patients with cirrhosis (n=94) and a small real-life
study from Hong Kong (n=41) including patients with cirrhosis
(61%) and prior liver transplant (7%) found high rate of SVR24
(93%) or SVR12 (95%), respectively, but neither of these studies
included patients with hepatic decompensation.[40,41] Thus, while
rates of SVR12 with IFN-free DAAs are generally high, further
investigation is warranted to determine the efficacy in Asians with
more advanced stages of liver disease.
In our study, SVR12 was also particularly low among patients

with HCV-2 (80%, 12/15) who were treated with SOF/RBV for
12 weeks. In contrast, 3 recent phase 3 clinical trials from
Korea, Japan, and Taiwan reported higher rates of SVR12 in
HCV-2 patients treated with 12 weeks of SOF/RBV than
in similar studies from Western countries (97–100% vs
86–97%).[30,38,39,42–44] This difference was attributed to differ-
ences in baseline and disease characteristics, such as older age,
lower BMI, and more favorable IL28B genotype in Asians, but
the significance of these differences in new generation HCV
regimens has not been validated.[42] Additionally, these clinical
trials enrolled low numbers of patients with cirrhosis (10–15%),
as compared to our study, in which over half (53%, 8/15) of
HCV-2 patients receiving 12 weeks SOF/RBV had cirrhosis. We
found that among HCV-2 patients with cirrhosis who were
treated with 12 weeks SOF/RBV, only 75% (6/8) achieved
SVR12, but we were limited by the small sample size in this
subgroup to evaluate the importance of cirrhosis for these
patients. Thus, further investigation is needed to determine
differences in SVR in Asians versus non-Asians with HCV-2
treated with SOF/RBV for 12 weeks, especially in those with
advanced stages of liver disease; however, this clinical question
may be obviated with the recent FDA approval of SOF/
velpatasvir (VEL), which showed high rates of SVR12 (99%,
133/134) in patients with HCV-2 in the ASTRAL-2 trial.[45]

It has been shown that the use of a PPI may decrease the
concentration of LDV, which may affect treatment response.[46]

In the present study, all patients with concomitant use of acid-
suppressing medication and LDV/SOF achieved SVR12 (6/6),
suggesting that the interaction of LDV with acid-suppressing
medication may not impact treatment efficacy.
Regarding tolerability, it has been shown that compared to

non-Asians, Asians have lower rates of metabolism of SMV and
higher rates of anemia-related side effects due to RBV.[19,25]

Significantly higher rates of pruritus have been reported in Asians
receiving 12 weeks of SMV/SOF as compared to non-Asians
(22% vs 6%, P=0.017).[37] In our study, 12% (3/25) of patients
receiving SMV/SOF reported pruritus. None of the AEs among
these patients resulted in dose reductions or treatment discontin-
uations. Conversely, RBV was associated with high rates of
anemia (63%, 19/30) and anemia-related side effects, such as
fatigue (33%, 10/30). In 7 patients experiencing RBV-related side
effects, the dosage of RBV was reduced or discontinued, but only
1 of these patients failed to achieve SVR12. Overall, regardless of
treatment type or duration, IFN-free, SOF-containing regimens
were safe and well-tolerated.
The main limitation of our study was the heterogeneity of

treatment regimens, HCV genotypes, and disease severity. This
resulted in relatively small sample sizes in each subgroup, making
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it difficult to draw direct comparisons in treatment efficacy and
other statistical analyses to other studies. However, data on
Asians from pivotal clinical trials conducted in the Western
hemisphere is limited.[3] Our study provided real-world experi-
ence of new, all-oral DAAs in a sizable cohort of Asians in the
United State, where Asians represent one of the fastest-growing
ethnic groups.[3] In addition, a diverse set of HCV genotypes were
represented (HCV-1, 2, 3, and 6). Importantly, our study may
also help guide decisions on treatment of Asian patients with
more severe degrees of liver disease, as much of our cohort had
cirrhosis (50%), liver cancer (16%), prior liver transplant (17%),
or prior treatment (29%). This is in contrast to recent clinical
trials on new DAAs from Asia, most of which have included only
those patients with low levels of liver disease.[32–34,38,39,42,47]

In conclusion, despite high rates of advanced disease and prior
treatment failure, we found generally high rates of treatment
effectiveness, with 93% overall SVR (102/110) in Asian
Americans with HCV genotypes 1 to 3, or 6 who received all-
oral, IFN-free, SOF-based DAA regimens. SVR12 was lower in
patients with cirrhosis (89%), hepatic decompensation (84%),
HCC (82%), liver transplant (89%), or prior treatment (88%).
Treatment was safe and well-tolerated, with the most common
AEs being anemia (25%), fatigue (20%), and headache (12%),
and anemia most commonly associated with RBV.
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