
Background: Treatment of hepatitis C virus (HCV) infection with 
direct-acting antivirals (DAAs) results in sustained virologic re-
sponse (SVR) in > 90% of patients. However, some patients 
required retreatment with newer DAA options. Treatment was 
selected after consultation with a clinical pharmacy specialist.

Methods: A retrospective chart review of patients at the West 
Palm Beach Veterans Affairs Medical Center (WPBVAMC) in 
Florida retreated from January 2015 to December 2019 was 
conducted. Data collected included HCV genotype, previ-
ous therapy, newly prescribed medications, and treatment  
outcomes. 

Results: Since 2015, > 900 patients have been treated at WPB-
VAMC, including 22 patients who had previously failed interferon 

combined with DAA regimens and 46 patients who needed re-
treatment after failure with an all-oral therapy. This review docu-
ments the outcomes of retreatment with DAA after initial failure to 
achieve SVR Of 28 patients treated with a boceprevir-based regi-
men, 10 ended in failure. All 10 were retreated, and all achieved 
SVR with ledipasvir/sofosbuvir. Of 53 patients treated with a so-
fosbuvir-based interferon regimen, 12 failed treatment. All 12 were 
retreated and all achieved SVR. Thirty patients were retreated 
after failure with an all-oral DAA. Of 27 tested, 21 achieved SVR. 
All patients who failed therapy again had cirrhosis. 

Conclusions: Veterans retreated with DAAs for HCV infection 
had a high success rate. Repeat failures of DAAs were rare, but 
cirrhosis seems to be common among these patients. 
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An estimated 3.5 million people in the US 
have chronic hepatitis C virus (HCV) 
infection, and between 10% and 20% 

of those developed cirrhosis over 20 to  
30 years.1 There are at least 6 genotypes 
(GTs) of HCV, with GT1 being the most 
common in the US and previously one of 
the most difficult to treat.2,3 The goal of treat-
ment is to achieve viral cure, called sustained 
virologic response (SVR) when HCV viral 
load remains undetectable several weeks 
after therapy completion. In the 2000s, pe-
gylated interferon (pegIFN) and ribavirin 
(RBV) were the standard of care.2 For pa-
tients with GT1 infections, an SVR of 40 to 
50% was commonly seen after 48 weeks of 
pegIFN/RBV regimens compared with 70 to 
80% SVR for GT2 or GT3 after 24 weeks of 
pegIFN/RBV therapy.2 However, treatment 
has evolved rapidly (Table 1).2-17 

In 2011, the US Food and Drug Admin-
istration (FDA) approved the protease in-
hibitors (PIs) boceprevir and telaprevir, 
which added a new class of agents with in-
creased SVR for patients with GT1 infec-
tion; however, pegIFN and RBV were still 
needed for treatment.4 In addition, both PIs 
required multiple doses per day and strict 
adherence to an 8-hour schedule.4 Bocepre-
vir required treatment with RBV and pe-
gIFN for 48 weeks unless futility rule was 
met at 24 weeks of treatment (ie, viral load 

still detectable).4 The SVR in patients with 
GT1 infection improved to > 65% for patients 
in clinical trials.2 FDA approval of the di-
rect-acting antivirals (DAAs) sofosbuvir and 
simeprevir in late 2013 decreased the usual 
duration of therapy to only 12 weeks with 
improved SVR rates 12 weeks posttherapy 
(SVR12) to 90% or higher.2,6,10

FDA approval of ledipasvir (LDV)/sofos-
buvir (SOF) in October 2014 resulted in the 
first interferon-free all-oral regimen indi-
cated for HCV GT1 infection.11 In December 
2014, FDA approved a combination of pari-
taprevir, ritonavir, ombitasvir, and dasabu-
vir (PrOD).12 In 2015 GT-specific approvals 
were issued for daclastavir to be used with 
SOV for GT1 and GT3 and a combination 
similar to PrOD without dasabuvir (PrO) for 
GT4.13 In 2016, a combination of elbasvir 
(ERB) and grazoprevir (GZP) was approved 
for GT1 and GT4.14 

In 2016, a pangenotypic DAA of SOF and 
velpatasvir (VEL) was approved.15 Most re-
cently, combinations of SOF, VEL, and voxi-
laprevir (VOX), and glecaprevir (GLE) and 
pibrentasvir (PIB) were approved for patients 
with previous DAA treatment failures.7, 8,16,17 
These oral regimens avoided the significant 
adverse events (AEs) associated with pegIFN 
and RBV (eg, thrombocytopenia, depres-
sion), were expected to improve treatment 
adherence and shorten duration of therapy.



The West Palm Beach Veterans Affairs  has 
had a nurse practitioner (NP)-based HCV 
treatment clinic since the late 1990s. When 
PIs became available, a CPS started reviewing 
patient electronic health records (EHRs) and 
monitored response to therapy along with 
the NP to ensure discontinuation of therapy 
if futility criteria were met.7 Our unpublished 
experience showed SVR > 60% with both bo-
ceprevir and SOF regimens and > 90% with 
oral DAA regimens. 

This review will provide the SVR rates for 
patients that needed retreatment for HCV 
infection since 2015 until December 2019. 
We treated all willing patients, beginning 
with the patients who had experienced fail-
ures with previous regimens. Patients first 
received education on HCV infection and 
treatment options in a group class then they 
were seen by the NP individually for specific 
education on treatment. The CPS reviewed 
the patient’s medical record to assess for ap-
propriate therapy, possible drug-drug inter-
actions and contraindications to therapy. In 
addition, patient outcomes (eg, viral load, 
AEs) were documented by the CPS in col-
laboration with the NP throughout treatment 
until viral load for SVR evaluation was ob-
tained.

METHODS
A retrospective EHR review of patients re-
treated from January 2015 to December 2019 
was conducted. Data collected included age, 
sex, HCV GT, previous therapy, new medi-
cations prescribed, creatinine clearance, and 
achievement of SVR12. This retrospective re-
view was approved by the facility’s scientific 
advisory committee as part of performance 
improvement efforts. Descriptive statistics are 
provided. 

RESULTS
Boceprevir
We treated 31 patients with boceprevir of 
which 3 met futility rule and 28 completed 
therapy. Eighteen of 28 responded (64%) to 
the treatment. The 10 patients who failed 
treatment were retreated with LDV/SOF, and 
all achieved SVR. 

Sofosbuvir
A total of 53 patients were treated with SOF, 
RBV, and pegIFN for 12 weeks. Forty-one 

achieved SVR (77%). Of the 12 who failed 
therapy, all have been retreated and achieved 
SVR (Table 2). 

Interferon-Free DAA Oral Regimens
More than 900 patients have been treated 
with interferon-free regimens since 2015 and 
outcomes were documented for > 800 pa-
tients. The SVR rates by GT were as follows: 
GT1 639 of 676 (95%); GT2 76 of 79 (96%); 
GT3 40 of 48 (83%); and GT4 6 of 6 (100%). 
Eighty-four percent of patients had GT1 in-
fection. The median age of patient was  
62 years, 72% were treatment naïve, and 35% 
having cirrhosis (based on liver biopsy or 
FIB4 score).18 

Of 48 treatment failures, 30 patients 
were retreated; the rest of the patients 
were lost to follow-up (n = 9) or unable to  
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TABLE 1 Treatment Milestones for Hepatitis C Infection

Years Treatment Milestones

2000s Interferon-based therapy with ribavirin for 24 to 48 wk depending on GT

2011 Boceprevir and telaprevir (protease inhibitors) for GT1 for 48 wk combined 
with interferon and ribavirin

2013 SOF and simeprevir for GT1; treatment for 12 wk combined with interferon 
and ribavirin 

2014 SOF/ledipasvir and PrOD; all-oral for 8 wk (SOF/ledipasvir) or 12 wk; some 
patients required ribavirin 

2015 Daclatasvir (GT1 and GT3) and PrO (GT4) ; all-oral treatment for 12 wk

2016 ERB/GZP for GT1 and GT4; SOF/VEL for all genotypes; all oral treatment 
for 12 wk

2017 GLE/PIB and SOF/VEL/VOX; all-oral treatment, options for previously 
treated patients, treatment 16 wk (GLE/PIB) or 12 wk; GLE/PIB can be 
used for 8 wk in treatment-naïve patients

Abbreviations: ERB, elbasvir; GLE, glecaprevir; GT, genotype; GZP, grazoprevir; PIB, 
pibrentasvir; PrO, paritaprevir, ritonavir, and ombitasvir; PrOD, paritaprevir, ritonavir, 
ombitasvir, and dasabuvir; SOF, sofosbuvir; VEL, velpatasvir; VOX, voxilaprevir.

TABLE 2 SVR Following Failed Treatment With Sofosbuvir, 
Ribavirin, and Pegylated Interferon (n = 12)

Genotypes Medications Used SVR Achieved, No.

1 Ledipasvir/sofosbuvir
Sofosbuvir/velpatasvir
Sofosbuvir/velpatasvir/voxilaprevir

5
1 
1 

2 Sofosbuvir/velpatasvir 3

3 Sofosbuvir/velpatasvir 2

Abbreviation: SVR, sustained virologic response.
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receive retreatment (n = 9) mainly due to  
decompensated cirrhosis or liver cancer and 
short life expectancy. The median age of pa-
tient in this retreatment group was 62 years, 
62% had cirrhosis, and most were infected 
with GT1. The average creatinine clearance 
was 73 mL/min. Twenty-two patients who 
failed therapy with ledipasvir/SOF were re-
treated (Table 3). A total of 13 patients out of 
the 19 tested eventually achieved SVR (68%). 
Four of the patients who had treatment fail-
ure again had GT1 infection and the other  
2 GT3. All had cirrhosis.  

Thirty-five patients were treated with 
PrOD, and 32 achieved SVR (91%). All  
3 patients were retreated. One patient each 
achieved SVR with ERB/GZP, SOF/VEL and 
SOF/VEL/VOX. Fifty patients were treated 
with ERB/GZP and 45 achieved SVR (90%). 
All 5 treatment failures were retreated. Four 
achieved SVR and 1 was lost to follow-up 
(Table 4). Overall, of 30 patients who were 
retreated after failure with an all-oral DAA 
regimen, 27 patients had SVR values avail-
able and 21 achieved it (78%). 

DISCUSSION
Overall SVR was very high for patients 
who received oral treatment for HCV infec-
tion. A low number of patients failed ther-
apy and were retreated. Patients who failed 
therapy again were similar in age but were 
more likely to have cirrhosis when compared 
with the overall interferon-free treated group. 
Thus, prompt treatment after HCV detection 
and before disease progression may improve 
treatment outcomes. Achieving SVR has been 

shown to improve fibrosis, portal hyperten-
sion, splenomegaly and cirrhosis, and reduce 
the risk of hepatocellular carcinoma by 70% 
and liver-related mortality by 90%.19-21/

Patients who failed therapy primarily 
had GT1—the most prevalent GT treated. A 
higher prevalence of GT1 is expected since 
it is the most common GT in the US.6 How-
ever, disease progression occurs more rapidly 
in those with GT3 and is more difficult to 
treat.22 The overall response rate was lower 
with this GT (83%) in this report, with only 
1 of 3 patients retreated achieving an SVR. 

Similar results are documented in retreat-
ment trials.23 In the POLARIS-1 trial, treat-
ment with SOF/VEL/VOX resulted in an 
overall response rate of 96% but only 91% 
for patients with GT3, compared with 95 to 
100% for GTs 1, 2, or 4.23 In the current re-
port, only 1 patient (GT1) failed retreatment 
with SOF/VEL/VOX. At this time, there are 
no clear treatment options for this patient. 
However, patients who fail GLE/PIB (none 
so far in the current report) may be able to 
receive SOF/VEL/VOX.24 In a small study,  
29 of 31 patients achieved SVR with SOF/
VEL/VOX after GLE/PIB failure (12 of 13 
GT1 and 17 of 18 GT3).24 

Limitations
This review was an observational, nonran-
domized design, and only 1 medical center 
was involved. These results may not be ap-
plicable to other patient populations without 
a clinic set up with routine follow-ups to en-
courage adherence and completion of therapy.

CONCLUSIONS
Treatment of HCV infection has improved 
significantly over the past 10 years. Use of 
DAAs results in SVR for >  90% of patients, 
especially if the disease had not progressed to 
cirrhosis. Failure after retreatment for HCV 

TABLE 3 SVR After Ledipasvir/SOF Failure (n = 22)

GT Treatment Details No. SVR, No. (%) Treatment Failures

1 8-wk treatment regimen
  SOF/VEL
  ERB/GZP
  SOF/VEL/VOX

10
2
1
7

7 (88)
1
1
5

1
1a

--
1b

1 12-wk treatment regimen
  SOF/VEL
  SOF/VEL/VOX 
  GLE/PIBb

9
5
2
2

4 (57)
3
1
--

3
2
1
--

3 SOF/VEL 3 1 (33) 2

Abbreviations: ERB, elbasvir; GLE, glecaprevir; GT, genotype; GZP, grazoprevir; PIB, 
pibrentasvir; SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatasvir; VOX, 
voxilaprevir.
aSVR achieved with SOF/VEL/VOX.
bSVR pending.

TABLE 4 Retreatment After ERB/GZP  
Failure Genotype 1 (n = 5) 

Treatments SVR Total, No. 

SOF/VEL
SOF/VEL/VOXa

2
2

2
3

Abbreviations: ERB, elbasvir; GZP, grazoprevir; SOF,  
sofosbuvir; VEL, velpatasvir; VOX, voxilaprevir; SVR,  
sustained virologic response.
a1 lost to follow-up.
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infection was rare as well. Given that cirrho-
sis seems to increase the chance of treatment 
failure, it is imperative to identify candidates 
for treatment before the infection has pro-
gressed to cirrhosis. Patients infected with 
GT3 in particular should be more aggres-
sively identified and treated. 
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