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Abstract
AIM: To determine risk factors associated with 
hepatitis C virus (HCV) treatment failure after direct 
acting antivirals in patients with complex treatment 
histories.

METHODS: All HCV mono-infected patients who 
received treatment at our institution were queried. 

Observational Study
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Analysis was restricted to patients who previously 
failed treatment with boceprevir (BOC) or telaprevir 
(TVR) and started simeprevir (SMV) and sofosbuvir 
(SOF) ± ribavirin (RBV) between December 2013 and 
June 2014. Patients with human immunodeficiency 
virus (HIV)/HCV co-infection or patients who received 
a liver transplant in the past were excluded. Viral 
loads were recorded while on treatment and after 
treatment. Data collection continued until December, 
31st 2014 when data analysis was initiated. Patients 
missing virologic outcomes data were not included in 
the analysis. Analysis of 35 patients who had virologic 
outcome data available resulted in eight patients who 
were viral load negative at the end of treatment with 
SMF/SOF but later relapsed. Data related to patient 
demographics, HCV infection, and treatment history 
was collected in order to identify risk factors shared 
among patients who failed treatment with SMF/SOF.

RESULTS: Eight patients who were treated with the 
first generation HCV protease inhibitors BOC or TVR in 
combination with pegylated-interferon (PEG) and RBV 
who failed this triple therapy were subsequently re-
treated with an off-label all-oral regimen of SMV and 
SOF for 12 wk, with RBV in seven cases. Treatment 
was initiated before the Food and Drug Administration 
approved a 24-wk SMV/SOF regimen for patients 
with liver cirrhosis. All eight patients had an end of 
treatment response, but later relapsed. Eight (100%) 
patients were male. Mean age was 56 (range, 49-64). 
Eight (100%) patients had previously failed PEG/
RBV dual therapy at least once in addition to prior 
failure with triple therapy. Total number of times 
treated ranged from 3-6 (mean 3.8). Eight (100%) 
patients were male had liver cirrhosis as determined 
by Fibroscan or MRI. Seven (87.5%) patients had 
genotype 1a HCV. Seven (87.5%) patients had over 1 
million IU/mL HCV RNA at the time of re-treatment.

CONCLUSION: This study identifies factors associated 
with SMV/SOF treatment failure and provides evidence 
that twleve weeks of SMV/SOF/RBV is insufficient in 
cirrhotics with high-titer genotype 1a HCV.

Key words: Hepatitis C; Protease inhibitor; Relapse; 
Simeprevir; Sofosbuvir; Treatment failure

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Direct acting antivirals are revolutionizing the 
treatment of chronic hepatitis C (HCV) infection, but 
are also increasing the number of patients who have 
failed multiple rounds of treatment. Information about 
these patients is needed to plan salvage treatment 
strategies. We present eight patients who failed 
treatment with the first generation protease inhibitors 
and subsequently failed treatment with simeprevir 
and sofosbuvir. Their shared characteristics include 
a history of failed treatment with interferon/ribavirin 
and liver cirrhosis. Seven had genotype 1a HCV and a 

high viral load. Our findings suggest that patients with 
cirrhosis and high viral load remain hard-to-treat.
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INTRODUCTION
Over 170 million people worldwide have chronic 
hepatitis C virus (HCV) infection[1,2]. HCV is a leading 
cause of liver-related mortality and is now responsible 
for more deaths than human immunodeficiency virus 
(HIV) infection in the United States[3,4]. The goal of 
treatment is to achieve a sustained virologic response 
(SVR), defined as undetectable HCV viral load 12 or 24 
wk after the end of treatment[5]. Patients who achieve 
an SVR have decreased morbidity and mortality 
compared to null responders[6]. For many years, the 
standard of care (SOC) for chronic HCV infection 
was dual therapy with pegylated-interferon (PEG) 
and ribavirin (RBV)[7], but much less toxic and more 
effective regimens are available now[8]. Information 
about the performance of new agents in various 
subgroups of patients is needed to optimize care. 

Direct acting antiviral (DAA) drugs for HCV target 
specific viral proteins. The first DAAs to receive Food 
and Drug Administration (FDA) approval, boceprevir 
(BOC) and telaprevir (TVR), inhibit the HCV serine 
protease, NS3/4A[7]. BOC and TVR have several 
shortcomings, however, including their need to be 
combined with PEG and RBV, a relatively low barrier 
to resistance, toxicity, and poor activity against non-
genotype 1 HCV[9]. Newer DAAs include sofosbuvir 
(SOF), a NS5B polymerase inhibitor, and simeprevir 
(SMV), a second phase NS3/4A protease inhibitor 
(PI)[10-12]. These medications were approved in the 
United States in late 2013 and were recommended 
as first-line agents in the January 2014 AASLD/IDSA 
practice guidelines[13]. Early studies of therapeutic 
regimens containing these agents reported SVR12 
rates ranging from 93%-100%[12,14-17]. The success of 
these antivirals was very encouraging[18]; however, the 
efficacy of the newer DAAs has not been extensively 
studied in patients with advanced liver disease and 
complex treatment histories, including those previously 
exposed to BOC and/or TVR.

MATERIALS AND METHODS
We examined a cohort of 47 HCV mono-infected 
patients who previously failed TVR or BOC and started 
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SMV/SOF ± RBV between December 2013 and June 
2014. All patients had genotype 1 HCV. All patients 
received at least one dose of any HCV medication. 
Patients with HIV/HCV co-infection or patients who 
received a liver transplant in the past were excluded. 
Viral loads were recorded for each patient while 
on-treatment and after treatment. Data collection 
continued until December, 31st 2014 when data 
analysis was initiated. The analysis was restricted to 
35 patients who had virologic outcomes data available. 
Patients missing virologic outcomes data were not 
included in the analysis.

Eight patients (described in detail below) who 
were viral load negative at the end of treatment (EOT) 
with SMV/SOF later relapsed. The present study was 
conducted with approval of the Mount Sinai IRB in 
compliance with the Helsinki accord. Following the 
case presentations, the use of DAAs in patients with 
complex histories is reviewed, and suggestions for 
optimizing HCV treatment in the future are presented.

RESULTS
Case 1
Case 1 is a 60-year-old white male with no significant 
medical history prior to being diagnosed with HCV 
genotype 1a in 1978. His risk factor for acquisition 
of HCV was intravenous drug use in the 1970s. He 
was previously a non-responder to PEG/RBV during 
two rounds of treatment. He was treated with 
PEG/RBV for a third time in 2009 after undergoing 
chemotherapy with cyclophosphamide, doxorubicin, 
vincristine, prednisone, and rituximab for treatment 
of non-Hodgkin’s B-cell lymphoma. Prior to starting 
treatment, his viral load was 3300000 IU/mL. At 
week 4, he had a 1-log drop in viral load (to 567910 
IU/mL); however, by week 9, his viral load had 
increased and remained elevated so treatment was 
stopped. In 2011, a FibroScan has a score of 22 kPa, 
consistent with cirrhosis and he was treated with 
TVR/PEG/RBV. He had a rapid virological response 
(RVR) with undetectable viral load at week 4 (Figure 
1A) that remained undetectable for the remainder of 
eight weeks of TVR-based triple therapy, however, the 
viral load was 169000 IU/mL at week 18 of PEG/RBV 
(five weeks after he completed TVR). Treatment was 
again stopped. A repeat FibroScan in 2013 suggested 
worsening cirrhosis (26 kPa) but he remained well 
compensated. In December, 2013, he began treat-
ment with an off-label all-oral regimen of SMV/SOF/
RBV. After 4 wk of treatment, his viral load went 
from 1449160 IU/mL to undetectable and remained 
undetected throughout the 12 wk of treatment. Four 
weeks post-EOT the viral load was 166684 IU/mL, 
indicating relapse.

Case 2
Case 2 is a 49-year-old white male with no significant 
medical history prior to being diagnosed with HCV 

genotype 1b in 1993 at the age of 28. His risk factor 
for acquisition of HCV was a blood transfusion during 
surgery in his late teens for a sports-related injury. 
He was first treated in 2011 with TVR/PEG/RBV; 
however, he stopped TVR after two weeks due to a 
severe, diffuse rash. He continued PEG/RBV for a 
total of 12 wk but never had an undetectable HCV 
viral load. In 2012, his FibroScan was consistent 
with cirrhosis (33.3 kPa) but he had no evidence of 
decompensated liver disease. He was started on BOC 
after a 4-wk lead in with PEG/RBV. The viral load prior 
to initiation of treatment was 410332 IU/mL (Figure 
1B). At week 8 (BOC week 4), he reported a small 
rash over the legs and arms, dysgeusia, and flu-like 
symptoms. His continued treatment and his viral load 
became undetectable at week 16 and remained so 
through week 48. Four weeks post-EOT, he relapsed 
with a viral load of 766 IU/mL. In January 2014, he 
was started on SOF/SMV/RBV, with a viral load of 
180020 IU/mL. During the first two weeks of therapy, 
his viral load was below 43 IU/mL and after 6 wk the 
viral load was undetectable. Despite his viral load 
remaining undetectable for the remainder of therapy, 
he had a viral load of 370430 IU/mL at 4 wk post-EOT, 
indicating relapse.

Case 3
Case 3 is a 54-year-old white male with no significant 
medical history prior to being diagnosed with HCV 
genotype 1a in 2006. His risk factor for acquisition of 
HCV was a tattoo that he received over 30 years prior 
to diagnosis. A liver biopsy in 2006 demonstrated 
cirrhosis. He was treated with PEG/RBV in 2006 at 
an outside institution but had difficulty tolerating 
this regimen due to side effects so treatment was 
stopped. He was re-treated with PEG/RBV in 2008 for 
20 wk and was a partial responder. In 2011, he began 
treatment with TVR/PEG/RBV and remained on this 
regimen for 12 wk, although his viral load remained 
detectable (Figure 1C). In 2013, routine surveillance 
imaging revealed a 2.0 cm mass consistent with 
hepatocellular carcinoma. He received transcatheter 
arterial chemoembolization and then CT-guided 
thermal ablation of the lesion. Follow-up imaging 
showed complete ablation of the tumor and no 
recurrence. A FibroScan later that year was consistent 
with cirrhosis (32.8 kPa). He required diuretics for 
minimal ascites but was otherwise well compensated. 
He was started on treatment with SOF/SMV/RBV in 
2014, with a viral load of 10349963 IU/mL. Two weeks 
after starting therapy, his viral load was 1363 IU/mL. 
The viral load dropped to less than 43 IU at week 6 
and was undetectable for the remainder of therapy; 
however 6 wk post-EOT, his viral load was 1588696 
IU/mL, indicating relapse.

Case 4
Case 4 is a 50-year-old African American male with 
a history of diabetes mellitus, hypertension, major 
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Figure 1  Viral load over time. SOF: Sofosbuvir; SMV: Simeprevir; TVR: Telaprevir; BOC: Boceprevir.
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depression, substance abuse requiring inpatient 
rehabilitation, and HCV genotype 1a. His risk factor 
for acquisition was being incarcerated multiple times 
in the 1980s. He was treated once with PEG/RBV 
at an outside center without achieving an SVR. In 
2009, he was re-treated with PEG/RBV. The course 
was complicated by severe, symptomatic anemia for 
which he was treated with Epoetin alpha; however, 
HCV treatment was stopped at 46 wk as he was again 
a non-responder. Later, an abdominal MRI revealed 
cirrhosis and portal hypertension. In 2011, he began 
PEG/RBV/TVR, with a viral load of 11361480 IU/mL. 
Treatment was complicated by symptomatic anemia, 
thrombocytopenia, and hemorrhoidal bleeding. He was 
again prescribed Epoetin. At 4 wk of treatment, the 
viral load dropped to 152172 IU/mL, a 2-log decrease. 
Given this response, treatment was continued; 
however, at week 8, the viral load was 1557865 IU/mL 
so treatment was stopped early (Figure 1D). In 2014, 
he was started on SOF/SMV/RBV with a viral load of 
7753010 IU/mL. After 4 wk, the viral load dropped to 
1629 IU/mL and then became undetectable after 8 wk 
and remained so throughout the 12 wk of treatment. 
Four weeks post-EOT, his viral load was 808797 IU/
mL, indicating relapse.

Case 5
Case 5 is a 63-year-old white male with congenital 
absence of one kidney, hypertension, and HCV 
genotype 1a diagnosed in 2007. His risk factor for 
acquisition of HCV was intravenous drug use decades 
prior to diagnosis. He was first treated with PEG/RBV 
at another institution soon after diagnosis but was 
a non-responder. In 2011, after a FibroScan was 
consistent with cirrhosis (17 kPa), he was treated 
with PEG/RBV/TVR. Eight weeks after starting, the 
medication regimen was discontinued due to acute 
kidney injury attributed to dehydration requiring 
hospitalization for intravenous fluid hydration (Figure 
1E). Months later, a FibroScan was consistent with 
worsening cirrhosis (34.3 kPa), although he remained 
well compensated. He was treated in November 2012 
with PEG/RBV/BOC but was a non-responder. He 
began treatment with SOF/SMV/RBV in 2014, with 
a viral load of 8450674 IU/mL. After 4 wk, the viral 
load was undetectable and remained so throughout 
treatment. At 12 wk post-EOT, his viral load was 
9485523 IU/mL, indicating late relapse.

Case 6
Case 6 is a 53-year-old white male with no significant 
past medical history prior to being diagnosed with HCV 
genotype 1a in 2005. His risk factor for acquisition 
of HCV was a blood transfusion after a motor vehicle 
accident in Puerto Rico during his childhood. He had 
previously been treated with PEG/RBV at an outside 
center, which was discontinued early due to a severe 
episode of depression. He underwent treatment with 
PEG/RBV/TVR in 2012 but treatment was stopped 

after eight months due to virologic breakthrough. 
While awaiting new therapies, he underwent an MRI 
of the abdomen in 2013 that demonstrated changes 
consistent with cirrhosis and mild portal hypertension 
but no ascites or hepatocellular carcinoma. In February 
2014, his viral load was 2429839 IU/mL (Figure 1F). 
He subsequently began treatment with a 12 wk course 
of SOF/SMV. Labs at week 4 and week 8 of treatment 
revealed an undetectable viral load. He remained viral 
load negative after completing treatment, however he 
had a viral load of 744508 IU/mL 12 wk post-EOT with 
SOF/SMV, indicating relapse.

Case 7
Case 7 is a 64-year-old white male with no significant 
medical history prior to being diagnosed with HCV 
genotype 1a (unknown risk factor). He was first 
treated in 2010 with PEG/RBV but treatment was 
stopped after six-months as he was a non-responder. 
After an abdominal MRI in 2011 revealed cirrhosis 
and portal hypertension, he underwent treatment 
with TVR/PEG/RBV. Prior to initiation of therapy, his 
viral load was 3732211 IU/mL. At treatment week 
2, his viral load was 4614 IU/mL, which increased to 
45205 IU/mL at week 4 (Figure 1G). Triple therapy 
was discontinued after six weeks of treatment. In 
2014, he was started on a 12 wk course of SOF/SMV/
RBV. His viral load decreased from 5448450 IU/mL 
to 49 IU/mL at week 4 of treatment. His viral load 
subsequently became undetectable and remained 
undetectable through 12 wk of treatment. At four 
weeks post-EOT, his viral load was 2166059 IU/mL, 
indicating relapse.

Case 8
Case 8 is a 54-year-old African-American male with 
a history of hypertension and HCV genotype 1a 
(risk factor unknown). He had previously failed four 
courses of PEG/RBV at an outside institution. In 2011, 
a FibroScan indicated cirrhosis (23.1 kPa). After FDA 
approval of PIs, he was started on treatment with 
TVR/PEG/RBV. Viral load prior to starting was 4512245 
IU/mL. He initially had a decrease in viral load to 359 
IU/mL at week 4 and 224 IU/mL at week 8 (Figure 
1H). Treatment course was complicated by anemia 
treated with Epoetin alpha. He completed 12 wk of 
TVR but had a viral load of 63858 IU/mL at week 20, 
so treatment was discontinued. He was monitored 
throughout 2013 with a FibroScan showing worsening 
cirrhosis (26.3 kPa). In 2014, he was started on a 
12 wk course of SOF/SMV/RBV with a viral load of 
3108263 IU/mL. His viral load became undetectable at 
week 5 and remained so throughout the remainder of 
treatment. At week 4 post-EOT, he had a viral load of 
491287 IU/mL, indicating relapse (Table 1).

DISCUSSION
As DAA drug treatments for HCV gain widespread 
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use, the number of patients who have failed multiple 
rounds of treatment will inevitably increase. This study 
provides data about eight patients who relapsed after 
12 wk of treatment with SOF/SMV (RBV). Information 
about their shared characteristics helps to identify 
patients at high risk of failure, raises questions about 
what pre-treatment testing might be done in the 
future to optimize outcomes for patients with complex 
treatment histories, and highlights the need for future 
research to determine optimal salvage strategies. The 
cases have several features in common. All were male 
and all had cirrhosis. All had previously failed both dual 
therapy (PEG/RBV) and PI-based (TVR or BOC) triple 
therapy. Seven had genotype 1a HCV and seven had 
an HCV viral load over 1 million IU/mL at the time of 
re-re-treatment. Several of these shared features may 
have contributed to the most recent treatment failure.

Liver cirrhosis has been associated with treatment 
failure for many years. With PEG/RBV dual therapy, 
SVR rates were lower in patients with compensated 
cirrhosis than in those without cirrhosis, particularly 
among patients with genotype 1 HCV in whom SVR 
rates were about 20% lower in cirrhotics[18-20]. Patients 
with advanced fibrosis/cirrhosis accounted for 9%-48% 
of patients enrolled in the larger trials of PIs[14,21-24]. 
The REALIZE trial, which had the highest proportion of 
patients with advanced fibrosis and cirrhosis (48%), 
found SVR rates were inversely related to the stage of 
fibrosis, with 75% in mild fibrosis, 67% in advanced 
fibrosis, and 47% in cirrhosis after treatment with 
PEG/RBV. Additionally, relapse rates were higher in 
previous partial or null responders with cirrhosis than 
without (10% vs 4%)[15,23].

The mechanism for reduced SVR rates with more 
advanced liver disease has not been well elucidated. 
It is possible that cirrhosis prevents even perfusion 
of the liver with antiviral drugs, creating pockets that 

have low drug concentrations where HCV can persist. 
Alternatively, patients with cirrhosis have impaired 
immunity, as indicated by their enhanced susceptibility 
to infection[24]. Studies suggest that prostaglandin E2 
(PGE2) may have an immunosuppressive effect by 
inhibiting the production of proinflammatory cytokines 
by macrophages. PGE2 has been found in higher 
concentrations in cirrhotics and additionally has higher 
bioavailability in cirrhotics due to decreased levels of 
albumin, which normally binds to PGE2 and therefore 
decreases its bioavailability[25]. Whatever its cause, the 
immunodeficiency of patients with liver cirrhosis may 
contribute to treatment failure by slowing the kinetics 
of the second phase of viral decline-either by reducing 
the killing of infected cells or by reducing the process 
that allows infected cells to clear the virus.

Recent studies of all-oral regimens have reported 
favorable results even in patients with liver cirrhosis. In 
COSMOS, of 41 treatment-naive and null responders 
to PEG/RBV with METAVIR fibrosis stage F3-F4 treated 
with SMV/SOF ± RBV for 12 wk, only three patients 
failed[12]. The LONESTAR trial contained a cohort of 40 
patients who failed PI-based triple therapy with BOC 
or TVR, over half of the patients had compensated 
cirrhosis. On SOF and ledipasvir, an NS5A inhibitor, 
the SVR12 rate was 95% without RBV and 100% with 
RBV[16]. The ELECTRON trial used the same regimen 
of SOF/ledipasvir and in the cohort with cirrhotics 
and prior null responders, the SVR12 rate was 70% 
without RBV and 100% with RBV[17]. Many of the case 
patients in our study had advanced cirrhosis. When 
considering how the promising published results 
relate to our investigation of patients who failed 
treatment, it is important to keep in mind that not 
all patients with cirrhosis have the same degree of 
liver damage. Rather, there is a spectrum of disease 
among cirrhotics. Many of the case patients had 

Case Race Age Genotype Test to 
diagnose 
cirrhosis

IL-28b Total number 
of times treated 

(including 
DAAs)

Number of 
times treated 

with PEG/RBV 
dual therapy

Prior PI 
treatment

Time interval 
between PI 
and SMV/
SOF (mo)

Viral load prior 
to SMV/SOF 

treatment (IU/
mL)

RBV 
used 
with 

SM/SOF

Duration 
of 

treatment 
(wk)

1 White 60 1a Fibroscan 
(24 kPa)

CT 5 3 TVR 30 1449160 Yes 12

2 White 49 1b Fibroscan 
(33.3 kPa)

Unknown 3 0 TVR, BOC 19 180020 Yes 12

3 White 54 1a Fibroscan 
(32.8 kPa)

Unknown 4 2 TVR 26 10349963 Yes 12

4 African
American

50 1a MRI TT 4 2 TVR 25 7753010 Yes 12

5 White 63 1a Fibroscan 
(34.3 kPa)

Unknown 4 1 TVR, BOC 12 8450674 Yes 12

6 White 53 1a MRI Unknown 3 1 TVR -- 2429839 No 12
7 White 64 1a MRI Unknown 3 1 TVR 28 5448450 Yes 12
8 African

American
54 1a Fibroscan 

(26.3 kPa)
Unknown 6 4 TVR 31 3108263 Yes 12

DAA: Direct acting antiviral; PEG: Pegylated-interferon; RBV: Ribavirin; PI: Protease inhibitor; SOF: Sofosbuvir; SMV: Simeprevir; TVR: Telaprevir; BOC: 
Boceprevir; CT: Computed tomography; MRI: Magnetic resonance imaging.
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advanced cirrhosis, and this may have increased their 
susceptibility to treatment failure. FibroScan scores, 
because they report liver stiffness as a continuous 
variable, may help stratify the extent of liver scarring 
and delineate high-risk patients.

The treatment regimen chosen for our patients was 
based on results of the COSMOS study at a time when 
the FDA had not yet approved SMV/SOF combination 
therapy. COSMOS reported SVR rates in patients with 
METAVIR F3-F4 fibrosis who were treated with SMV/
SOF for 12 wk of 93% compared to 93% in patients 
treated with SMV/SOF/RBV and 100% in patients 
treated with SMV/SOF for 24 wk[12]. In November 
2014, the FDA approved a 24 wk regimen of SMV/
SOF for patients with cirrhosis. All of the case patients 
in our case series were treated before this approval 
with 12 wk of treatment. This longer regimen reflects 
the growing awareness of the persistent challenge 
of treating patients with liver cirrhosis despite the 
availability of DAAs. The treatment failure of our 
patients highlights a potential limitation with early 
adoption of HCV treatment regimens that are not yet 
approved by the FDA.

High viral load is a second factor predisposing 
to treatment failure. An early study on PEG/RBV by 
Fried et al[26] showed that SVR rates were significantly 
lower in patients with viral load over 800000 IU/
mL than in patients with lower viral load: 41% vs 
56%, respectively. Multivariate logistic regression 
analysis has shown that low baseline viral load is an 
independent predictor of SVR to treatment with PEG/
RBV[27]. Showing a similar trend, early studies of SMV 
had SVR rates of 91% in patients with low viral load 
vs 77% in patients with high viral load[28]. COSMOS 
did not look at the difference in SVR based on pre-
treatment viral load in patients treated with SMV/SOF. 
Seven of the cases had a viral load over 1 million IU/
mL prior to treatment, which likely further increased 
susceptibility to treatment failure.

In addition to these factors, baseline polymorphisms 
and mutations that develop during exposure to antiviral 
drugs may contribute to the failure of DAA-based 
treatments. Numerous viral sequence variants confer 
partial or complete resistance to SMV. The barrier to 
resistance is especially low for genotype 1a HCV. Q80K 
is one of the most common resistance mutations in the 
HCV NS3/4A protease. It is often present at baseline. 
The importance of the Q80K mutation was exhibited 
in the QUEST-1 study where treatment naïve patients 
were treated with SMV/PEG/RBV. The SVR rate was 
71% in patients with genotype 1a and 90% in patients 
with genotype 1b, but it was 85% in genotype 1a 
patients without the baseline Q80K mutation and 52% 
in genotype 1a patients with the mutation[28]. Tests for 
the Q80K mutation are available, but were not used 
prior to treating the patients in our case series as there 
is no formal recommendation to use this test in clinical 
practice and insurance companies were not providing 
consistent coverage for this test. There are additional 

baseline polymorphisms that exist in genotype 1a HCV 
that make it challenging to treat[29]. In addition, prior 
exposure to TVR/BOC can promote the development of 
cross-resistant mutations, such as R155[30]. Therefore, 
patients such as those presented here who previously 
were treated with PIs could have baseline and/or 
acquired cross-resistant mutations to SMV. Baseline 
polymorphisms that reduce effectiveness of SOF 
have also been described. Using deep-sequencing 
methods, Donaldson et al[31] identified numerous low-
frequency substitutions in the target of SOF, the NS5B 
(nonstructural protein 5B) polymerase. Two, L159F and 
V321A, were located in the catalytic pocket of the viral 
enzyme and likely altered drug binding. Research is 
needed to determine the utility of HCV RNA sequence 
analysis in selecting optimal first-line and salvage 
strategies.

The strengths of this report include its timeliness, 
real-world setting, and case series with eight patients. 
The real-world setting of this study allows us to report 
experiences of these new medications in clinical 
practice. Given the number of cases reported here, 
we are able to highlight common factors for relapse to 
better identify and understand patients who may be 
at higher risk for failure. Data reported in registration 
trials is not always complete and generalizable to 
clinical practice. In our cohort, physicians selected the 
HCV treatment regimen based on their best clinical 
judgment, which can include early adoption of promising 
regimens based on data available. Limitations of this 
report include a lack of resistance data on our case 
series. Resistance analysis is not yet commonly used 
in clinical practice but consideration should be given 
to incorporate into recommendations for patients who 
fail DAA regimens in order to identify optimal salvage 
regimens. Barriers to coverage of resistance analysis 
including Q80K mutation analysis may have a better 
chance to be overcome once adopted into guidelines.

Early studies examining the efficacy of IFN-free 
regimens had very high SVR rates in patients with 
and without liver cirrhosis. The treatment failure in 
our eight patients was disappointing for the patients 
and their providers and carries a significant economic 
burden, as well. The pharmaceutical cost of a 12 
wk regimen of SMV/SOF is $150360. Research is 
needed to identify the underlying causes of DAA-based 
treatment failure and to identify the best salvage 
regimens for patients who have failed on specific drug 
combinations.

COMMENTS
Background
The goal of treatment in patients with chronic hepatitis C virus (HCV) infection is 
to achieve a sustained virologic response. Historically, the standard of care for 
chronic HCV infection was dual therapy with pegylated-interferon and ribavirin 
but less toxic and more effective regimens are available now.

Research frontiers
Direct acting antiviral (DAA) drugs for HCV target specific viral proteins. The first 
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DAAs to receive Food and Drug Administration (FDA) approval were boceprevir 
and telaprevir, inhibitors of the HCV serine protease NS3/4A. Newer DAAs 
include sofosbuvir, a NS5B polymerase inhibitor, and simeprevir, a second 
phase NS3/4A protease inhibitor. These drugs are do not require the addition 
of interferon and have less toxicity and therefore are now recommended as 
first-line agents by the FDA for HCV genotype 1. Early studies of therapeutic 
regimens containing these agents reported sustained virologic response (SVR) 
12 rates ranging from 93%-100%.

Innovations and breakthroughs
DAA drugs are increasing the number of patients who achieve SVR, but are 
also increasing the number of patients who have failed multiple rounds of 
treatment. The efficacy of the newer DAAs has not been extensively studied in 
patients with advanced liver disease and complex treatment histories, including 
those previously exposed to BOC and/or TVR. Information about patients who 
repeatedly fail DAA-based therapy may help guide the development of salvage 
strategies.

Applications
This study identifies a number of factors associated with SMV/SOF treatment 
failure, which included prior treatment with earlier DAAs, HCV 1a genotype, 
liver cirrhosis, and high pre-treatment viral load.

Terminology
Hepatitis C is an infectious disease caused by the HCV, a small infectious 
agent, which primarily infects cells of the liver. Cirrhosis is advanced scarring 
of the liver, often induced by chronic viral infection, including Hepatitis C, or 
chronic alcohol abuse, which render the liver unable to conduct a number of 
necessary functions. Sustained virologic response describes when there are 
no viral particles detected in the blood 12 or 24 wk after the end of treatment. 
Direct-acting antiviral drugs are medications that target specific parts of the 
HCV in order to prevent the virus from duplicating.

Peer-review
This is a comprehensive observational study in which the authors characterized 
and analyzed patients who failed treatment with new DAAs to uncover risk 
factors associated with SMV/SOF for treatment of chronic HCV infection. 
Identifying factors associated with treatment failure prior to initiating treatment 
is important in order to optimize treatment strategies and reduce health care 
costs. The results suggest that patients with complex histories may benefit from 
individualized risk analysis prior to treatment.
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