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COMMENTARY
HCV is still a major public health burden affecting 170 million individuals worldwide. It
remains the leading indication for liver transplantation in North America and western
Europe. Direct-acting antiviral (DAA) agents have revolutionized HCV treatment. The HCV
treatment field has been rapidly evolving with the approval of newer DAAs, and clinicians
need to update themselves on the topic, to understand the rationale for evolving treatment
recommendations.

Dubuisson et al describe the HCV life cycle and the antiviral drugs targets and their article
(reviewed herein) puts the topic in perspective by elucidating the mechanisms of action
and pros and cons of both the available DAAs (NS3 PI, NS5A, and NS5B inhibitors) and
the newer DAAs in the investigational phase.1 Similar to HIV treatment, the treatment of
HCV clearly should involve more than one DAA with complementary mechanism of actions
to improve efficacy and minimize resistance. The virologic mechanisms in HIV-HCV
coinfection are complex, and there is clear evidence that HIV enhances the replication of
HCV and stimulates stellate cells, leading to accelerated fibrosis in coinfected patients.2
HIV-HCV coinfection, which was historically considered a special population, should now
no longer be considered such because of similar treatment outcomes compared to HCV
monoinfection. The following papers summarize the recently published data on the HIVHCV coinfection cohort.
Prior studies of sofosbuvir (SOF) plus ribavirin (RBV) in PHOTON-1 and PHOTON-2
resulted in SVR rates between 75% to 92%.3,4 ION-4 is a large, multicenter, phase III
study that explored the efficacy of two DAAs, sofosbuvir plus ledipasvir (LED), in treating
HCV genotype (GT) 1 or 4 for 12 weeks. The SVR 12 rate with the combination was 98%
with only one relapse. In ALLY-2, coinfected patients with HCV GT 1, 2, 3, or 4 were
treated with two DAAs, SOF plus daclatasvir (DCV), for eight or 12 weeks. Although the
shorter eight-week trial resulted in a compromised SVR12 of 75%, the longer duration arm
of 12 weeks achieved an SVR 12 greater than 96%. In the TURQUOISE-I study 3D or
PrOD regimen (paritaprevir/ritonavir/ombitasvir, and dasabuvir) for 12 or 24 weeks resulted
in SVR 12 of 94% and 91%, respectively.
Finally, in the C-EDGE trial, grazoprevir plus elbasvir (GZP/EBR), which were recently
approved, were studied in HCV GT 1, 4, or 6 and 12-week therapy, with the combination
resulting in SVR 12 of 96%.
HCV-infected patients with ESRD are still considered a special population because of
limited options for HCV treatment in this cohort. Although all approved DAAs are safe in
varying stages of renal insufficiency, an optimal or safe SOF dose has not been
established for those with ESRD or those on hemodialysis (HD). GZP/EBR which were
recently approved were used in the C-SURFER trial which resulted in an SVR 12 rate of
99% in per-protocol analysis.5 However, patients currently in clinical practices who need
urgent treatment of HCV could be treated with other alternate options.
We reviewed our own paper, which looked at HCV treatment in ESRD with reduced dose
SOF plus full dose simeprevir (SIM). Although the sample size was small, in our
experience the SVR12 was 87%. The only relapsers in our cohort were those with
cirrhosis and those who failed prior NS3 PI therapy. The PrOD regimen, which does not
need renal dose adjustment when combined with RBV in GT1a and without RBV in GT1b,
has resulted in SVR12 of 90%.6
The current review summarizes the published data on HCV treatment in HIV coinfection
and in dialysis populations. Ongoing clinical trials using other DAAs target HCV not only at
the polymerase but also at other sites in the HCV life cycle. The DAAs which are currently
under investigation have pan-genotypic activity and high barrier to resistance and could
potentially lead to shorter duration of therapy. The results of these trials are eagerly
awaited which could transform the field in the future.
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HCV LIFE CYCLE, INTERACTIONS BETWEEN HIV-HCV
VIRUSES AND DRUG TARGETS
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HCV was identified in 1989 as a positive sense, single stranded RNA virus of Flaviviridae
family.1 HCV virions are pleomorphic, measuring 50-80 nm consisting of SS-RNA genome,
core, and envelope glycoproteins (E1, E2). Several phases of the HCV life cycle are
closely linked to lipid metabolism in the human hepatocyte. HCV virus has high
tropism/affinity for the hepatocytes as the virus particles are transported via the portal
venous blood stream during the primary infection.
Life cycle stages and antiviral targets include:
• HCV entry: The virus particle enters the hepatocyte by a fusion process between the viral
envelope proteins and the host lipoprotein receptors (ApoE, LDLR, SRB1, etc) present on
hepatocyte membranes. Inhibition of HCV entry into the hepatocyte is thus a potential
antiviral target. Neutralizing antibodies against viral E1/ E2 complex, or even those that
specifically target E2, have in vitro efficacy but have limited antiviral efficacy due to high
variability of HCV envelope proteins and inability to block cell to cell transmission of
HCV.2,3 Other drugs targeting host cell entry such as CD81, SCARB1, EGFR, or NPC1L1
are currently under investigation in animal models.
• HCV Replication: The HCV RNA consists of a single open reading frame (ORF) flanked
by 5' and 3' nontranslated regions (NTRs). The 5' NTR enters the ribosome and initiates
the translation of the HCV genome into a single polyprotein which is then processed into
10 mature proteins (core, E1, E2, p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B) by
host/viral proteases. HCV induces major alterations in the cytoplasmic milieu to form a
membranous web consisting of double membrane vesicles (DMVs) to facilitate HCV
replication. The structural proteins (core, E1, E2, p7) form the virus particle, whereas the
non-structural proteins NS2, NS3 mediate protein cleavage for viral assembly; NS4A
activates NS3; NS4B induces membrane alterations; NS5A assists in replication/
assembly; and NS5B is the actual RNA dependent RNA polymerase (RdRp) that is
essential for amplification of the RNA template. Newly formed nucleocapsids assemble
with the structural proteins close to the lipid droplets and acquire ER membrane using the
host VLDL secretory pathway to form the lipoviroparticle. Large amounts of such virus
particles are now ready to infect new host cells.4 Antiviral agents targeting the HCV
replication cycle include:
a) NS3 Protease: NS3 has two functions: a protease that's responsible for cleavage at
NS3-4A, NS4A4B, NS4B-NS5A, and NS5A-NS5B; and a helicase that's responsible for
unwinding HCV RNA. NS3 is also responsible for inactivating or down-regulating the host
innate immune response and thus perpetuating viral replication. The protease inhibitors
were the first DAAs introduced in the field. They interfere with HCV viral replication by
causing a conformational change in the substrate and blocking their cleavage.
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There are three different classes of NS3 PIs: 1) covalent and reversible binders (telaprevir,
boceprevir); 2) noncovalent binding inhibitors (asunaprevir, faldaprevir); and 3) macrocyclic
inhibitors (simeprevir, vaniprevir, danoprevir, grazoprevir). Although these drugs are highly
potent, a single nucleotide substitution can induce antiviral drug resistance without
diminishing viral fitness. The presence of baseline mutations and limited activity against
multiple genotypes are some of the disadvantages seen with first-generation NS3 PIs, but
newer PIs like grazoprevir have no such limitations.
b) NS5B: NS5B RdRp is an enzyme essential for HCV replication. It has the configuration
of a right hand with palm, thumb, and fingers and can occur in a closed state seen during
RNA synthesis, or an open state seen during RNA elongation. New RNA synthesized by
NS5B is stabilized by host liver-specific microRNA (miR-122) before packaging as new
virion particles. There are two subclasses of NS5B inhibitors 1) nucleos(t)ide inhibitors
(NIs, eg, sofosbuvir), which mimic natural substrate and become incorporated into the new
RNA, resulting in chair termination, or 2) nonnucleoside inhibitors (NNIs, eg, dasabuvir,
beclabuvir), which bind to the enzyme and impair its function as RdRp.
The delivery of NIs into the hepatocyte is complex and involves several steps. NIs are
administered as prodrug in monophosphate form to increase cellular permeability/uptake
and are then converted to a triphosphate by host kinases, becoming a substrate for viral
RdRp. NIs are pangenotypic and highly potent, and have a high genetic barrier to
resistance. A single nucleotide polymorphism S282T confers resistance to NIs, but the
variant occurs rarely, and its replication fitness is dramatically reduced.
On the other hand, NNIs can be chemically different based on their allosteric binding sites
on NS5B (palm-1, palm-2, thumb-1, thumb-2) and thus are highly specific to certain
genotypes. NNI mutations are typically nonoverlapping except for palm-1 and 2; thus more
than one NNI can be used in a combination regimen if needed.
c) NS5A: Unlike NS3 and NS5B, NS5A has no enzymatic property but is essential for RNA
replication due to its role in formation of the membranous web and viral assembly. It also
exerts other functions by interacting with viral proteins (NS4B, NS5B, RNA) and host cell
proteins (cyclophilin A, kinases, etc). It is thought that NS5A inhibitors can disrupt or
fragment the NS5A multimers and the membranous web, resulting in marked inhibition of
RNA replication. De novo formation of DMVs is also blocked by cyclophilin A inhibitor,
which is a partner of NS5A.
d) New targets: As discussed above, microRNAs like miR-122 and cyclophilin A inhibitors
are also crucial in HCV replication. Miravirsen is a modified antisense oligonucleotide
(antagomirs) that can deplete miR-122 and block HCV replication. Preliminary results
confirm no development of resistance, but animal studies detected development of
steatohepatitis, fibrosis, and even tumors.5 Cyclophilin A inhibitors like alisporivir can
induce conformational changes in NS5A and block HCV replication directly or indirectly
through stimulation of NS5B activity.
• HCV assembly and release: The newly formed nucleocapsids interact with the core
protein and are assembled into cytosolic lipid droplets. NS2 interacts with E1/E2 and p7
close to the lipid droplets during the assembly. It's interesting to note that HCV virion
biogenesis closely resembles VLDL biogenesis and involves recruitment of several
common factors in the VLDL secretory pathway. Assembled virus particles separate from
ER via budding and exit the cell through a p7-dependent secretory pathway.
• HIV-HCV coinfection: HIV and HCV have shared modes of transmission, thus coinfection
with HCV is prevalent in up to a third of patients infected with HIV globally. In the US, 1.2
million HIV patients (25%) are coinfected with HCV. Due to the profound immune
dysregulation that induces HIV, coinfected patients with HCV have lower rates of
spontaneous virologic control of HCV, accelerated fibrosis, and higher rates of
hepatocellular cancer.6 HIV and HCV proteins interact with host immune responses and
can evade the innate defense mechanisms. Specific mechanisms involved in coinfection
include:
a) Effect of HIV on HCV: HIV proteins gp120, Rev, Tat, Nef, and Vpr play an important role
in enhancing HCV replication, and gp120 is associated with increased levels of
proinflammatory cytokines (IL8), hepatocyte apoptosis, and stimulation of fibrogenesis via
stellate cells.

b) Effect of HCV on HIV: The effect of HCV on HIV replication is not well understood. The
NS3/ NS4A proteins of HCV interact with the Vpu protein of HIV-1 genome and stimulate
the transcription of HIV. HCV core protein also modulates cellular transduction, gene
expression and leads to enhanced HIV replication in the macrophages.6
These interactions translate clinically into coinfected patients being at three-fold greater
risk of progression to liver cirrhosis or decompensation and ten-fold greater risk for liverrelated mortality compared to HCV monoinfected patients.7,8
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ION-4: SOFOSBUVIR PLUS LEDIPASVIR IN HIV-HCV
COINFECTED PATIENTS (GENOTYPE 1 OR 4)
Naggie S, Cooper C, Saag M, et al; for the ION-4 Investigators. Ledipasvir and Sofosbuvir
for HCV in Patients Coinfected with HIV-1. N Engl J Med. 2015 Aug 20;373(8):705-13
(For non-subscribers to this journal, an additional fee may apply to obtain full-text articles.)
View journal abstract
Prior to the DAA era, HIV-HCV coinfected patients represented one of the difficult-to-treat
cohorts with interferon (IFN) containing regimens. Pegylated interferon and ribavirin
therapy (PR) was associated with low SVR rates, poor tolerability due to AEs resulting
from treatment-induced cytopenias.1,2 Addition of a protease inhibitor (PI), i.e. telaprevir or
boceprevir, to PR improved SVR 12 rates compared to PR therapy alone, although such
regimens were initially not approved.3,4 Furthermore many coinfected patients were
ineligible to receive interferon and the first generation NS3/4A protease inhibitors due to
concerns about side effects with several drug-drug interactions with anti-retroviral therapy
(ART) complicating treatment.3,4
Sofosbuvir (SOF) is a potent pan-genotypic NS5B nucleotide inhibitor; in the early DAA
era, SOF plus ribavirin (RBV) established the concept that all-oral, IFN-free regimens are
feasible to treat HCV in HCV-HIV coinfected patients. Initial experience with the IFN-free
regimen (SOF plus RBV) was confirmed in the PHOTON-1 and PHOTON-2 trials.5,6 In
PHOTON-1, SOF plus RBV for 12 or 24 weeks in genotype (GT) 1, 2, or 3 resulted in high
SVR rates of 75-92%.5 PHOTON-2 explored the results of same treatment agents as in
PHOTON-1, but also in GT4 and for an extended duration of 24 weeks in GT3 coinfected
patients.6 SVR rates > 85% were observed in all the arms of the study across all
genotypes.
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Ledipasvir (LED) an NS5A inhibitor, in combination with SOF, was reported in the
treatment of HIV-HCV coinfected patients in a phase II pilot study by Osinusi et al.7 Twelve
week therapy in a noncirrhotic, HCV GT1 treatment naïve cohort resulted in an SVR 12
rate of 98% with only one relapse.
ION-4 is a large multicenter phase III study that explored SOF/LED as a fixed-dose
combination for 12 weeks in HIV-HCV coinfected patients with GT 1 or 4; the study also
included those with prior treatment experience (55%) and compensated cirrhosis (20%).
Patients were required to have stable HIV (CD4+ count> 100 and HIV RNA < 50
copies/ml), and to have been on antiretroviral therapy (ART) for at least eight weeks prior
to treatment. Several ART agents – emtricitabine, tenofovir, efavirenz, raltegravir, or
rilpivirine — were allowed in the study, but not those that included ritonavir or cobicistatboosted ART. SVR 12 was 96%. Neither the presence of cirrhosis nor prior HCV treatment
negatively affected the SVR. Pharmacokinetic profile and SVR rates were identical in all
patients, regardless of the ART regimen. Two patients had HCV virologic breakthrough
during treatment, which was attributable to noncompliance.
Baseline NS5A RAVs were noted in 18% of the study subjects with GT 1; SVR12 rates
were 93% and 97% in those with and without RAVs, respectively. The two patients with ontreatment virologic failure did not have baseline NS5A RAVs but did develop treatmentemergent NS5A RAVs and no NS5B RAVs at the time of breakthrough. CD4+ counts and
HIV RNA levels were stable in all patients.
The majority of the patients (77%) had mild to moderate adverse effects (AEs). Serious
AEs were noted only in cirrhotic patients, which included development of hepatocellular
carcinoma (HCC), spontaneous bacterial peritonitis (SBP), or portal vein thrombosis. One
patient died post-treatment from septic endocarditis in the setting of intravenous drug use.
Based on these results, all-oral therapy with SOF/LED —one pill once daily for 12 weeks
— appears to be an effective and attractive option in HIV-HCV coinfection. The SVR rates
in HIV-HCV coinfected patients are similar to those observed in phase III SOF/LED trials
for HCV monoinfected patients (ION-1, 2, 3).8-10
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Sofosbuvir (SOF), an NS5B nucleotide inhibitor, and daclatasvir (DCV), an NS5A inhibitor,
have pangenotypic activity effective in the treatment of HCV genotypes 1 to 6.1,2 SOF and
DCV have good pharmacokinetic profiles and lower potential for drug-drug interactions
with most agents used in antiretroviral therapy (ART).3 The QUADRIH study with DCV,
asunaprevir, pegylated interferon, and ribavirin in HIV-HCV coinfected patients resulted in
SVR12 of 96%.4 Results from the ION-3 study5 showed high SVR rates in HCV GT1
monoinfected patients who were treated with SOF (NS5B) plus ledipasvir (NS5A). ALLY-2
explored whether treatment duration could be truncated to eight weeks in the coinfected
population.
ALLY-2 is an open label study in 203 coinfected patients: 151 treatment naïve patients
were randomized assigned in 2:1 fashion to receive SOF + DCV for eight weeks or 12
weeks, and 52 treatment-experienced patients (any prior DAA except NS5A) received the
therapy for 12 weeks. The study included patients with genotypes 1, 2, 3, or 4 and up to
14% with compensated cirrhosis. The majority of the patients (98%) were on ART and had
good HIV virologic control (CD4 > 100, HIV RNA < 200 copies/ml). Several ART agents
were allowed in the study, including darunavir–ritonavir, atazanavir– ritonavir, lopinavir–
ritonavir, efavirenz, nevirapine, rilpivirine, dolutegravir, raltegravir, enfuvirtide, maraviroc,
tenofovir, emtricitabine, abacavir, lamivudine, and zidovudine.
There was a striking difference in the SVR12 rates between the eight-week and 12 week
duration arms. Therapy duration of 12 weeks in treatment naïve and treatment
experienced HCV GT 1 coinfected patients resulted in high SVR rates of 96% and 97%
respectively, whereas those who received only eight weeks of therapy had lower SVR12 of
75%. Among GT 2, 3, and 4 patients, those who received the 12 week course had 100%
SVR12, but those who received the eight week course had 78% SVR12. SVR rates were
92% in the patients who had cirrhosis. ALLY-2 results did not mirror ION-3 results because
the study subjects were quite different between the two studies (treatment naïve
noncirrhotics in ION-3). Therefore, 12 week therapy has been found to be the best
approach for patients similar to those in the ALLY-2 cohort (coinfected, multigenotypic, with
or without treatment experience, with or without cirrhosis).
No virologic breakthroughs occurred. Baseline NS5A mutation testing was performed in
98% of the patients, 17% of whom harbored RAVs against DCV, although their presence
did not significantly effect SVR 12 rates. Among the 12 patients who relapsed, three
patients (25%) each with GT 1a, GT 2, GT 3, had baseline RAVs against DCV. Treatment
emergent RAVs were found in three other patients.
The treatment was well tolerated, with no drug discontinuation because of AEs. The most
common AEs were fatigue, nausea, and headache. Two deaths occurred from cardiac
causes after treatment completion but were unrelated to the therapy. Laboratory
abnormalities included grade 3-4 hyperbilirubinemia in 4% (among patients taking
atazanavir-ritonavir) and lipase elevation in 3% without pancreatitis. CD4 counts remained
unchanged, and HIV RNA levels also remained stable, except in one patient who was
incarcerated and discontinued the study.
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TURQUOISE-I: ABBVIE 3D IN HIV-HCV COINFECTED
PATIENTS (GENOTYPE 1)
Sulkowski M, Eron JJ, Wyles D, et al. Ombitasvir, paritaprevir co-dosed with ritonavir,
dasabuvir, and ribavirin for hepatitis C in patients co-infected with HIV-1: a randomized
trial. JAMA. 2015 Mar 24-31;313(12):1223-1231.
(For non-subscribers to this journal, an additional fee may apply to obtain full-text articles.)
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TURQUOISE-I is a randomized, multicenter, open-label study that addressed the safety,
efficacy, and tolerability of ombitasvir, paritaprevir plus ritonavir, dasabuvir (3D/PrOD), and
ribavirin in HIV-HCV coinfected patients with genotype 1. Ombitasvir is a potent HCV
NS5A inhibitor, dasabuvir is a nonnucleoside NS5B polymerase inhibitor, and paritaprevir
is a potent NS3/4A protease inhibitor which is boosted with ritonavir. Paritaprevir/ritonavir
and ombitasvir are coformulated in a single pill, enabling once daily administration, and
along with dasabuvir twice daily with or without ribavirin (RBV), have shown good efficacy
in HCV genotype 1 treatment naïve or experienced patients.1,2 Even with the inclusion of
ritonavir in the 3D regimen, no clinically significant drug-drug interactions (DDI) occurred
with ART containing any of the following agents: tenofovir, emtricitabine, atazanavir, and
raltegravir.3
The TURQUOISE-I study included 63 coinfected patients (19% cirrhotics) with HCV GT1
who were randomized to receive 3D plus RBV for 12 or 24 weeks. All patients were on
stable antiretroviral therapy with undetectable HIV RNA and CD4 > 200 for at least 24
weeks prior to enrollment. The ART regimen consisted of atazanavir or raltegravir plus two
nucleos(t)ide analogue reverse transcriptase inhibitors for at least eight weeks prior to
enrollment. SVR 12 rates in the 12 and 24 week arms were 94% and 91%, respectively.
Two patients each in the 12 week and 24 week arms relapsed, and one patient in the 24
week arm experienced a virologic breakthrough. Among the patients who relapsed, those
who were previously treatment experienced had treatment emergent RAVs against all
three viral targets, namely NS3/4A, NS5A, and NS5B.
There was a mild decline in CD4 count (although only during treatment duration in both
arms), and three patients had an elevation in HIV RNA > 40 copies/ml but < 200 copies/ml.
However, none of the patients required modification of ART regimen during the study
period. Up to 90% of the patients reported AEs, but most were mild to moderate. No
treatment related SAEs and no drug discontinuations were reported. Severe (grade 3 or 4)
laboratory abnormalities were infrequent. Most patients (up to 32%) taking atazanavir
inclusive ART experienced indirect hyperbilirubinemia, and up to 19% of patients had RBV
induced anemia, which was managed solely by RBV dose adjustment.
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C-EDGE CO-INFECTION: GRAZOPREVIR/ELBASVIR IN
HIV-HCV COINFECTED PATIENTS (GENOTYPE 1, 4 OR
6)
Rockstroh JK, Nelson M, Katlama C, et al. Efficacy and safety of grazoprevir (MK-5172)
and elbasvir (MK-8742) in patients with hepatitis C virus and HIV co-infection (C-EDGE
CO-INFECTION): a non-randomised, open-label trial. Lancet HIV. 2015 Aug;2(8):e319327.
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Grazoprevir (GZP), a next-generation NS3/4A protease inhibitor (MK-5172) and elbasvir
(EBR), an NS5A inhibitor (MK-8742) have activity against multiple HCV genotypes (1, 4, 6)
and are coformulated in a single pill as a fixed dose combination taken once daily.
GZP/EBR has been tested successfully in HCV monoinfection, C-EDGE treatment
naïve/treatment experienced trials1,2 and also in a previously published open label phase
II trial in HIV-HCV coinfected patients.3 In the C-WORTHY trial, 59 HIV-HCV coinfected
patients who had good HIV virologic control (undetectable HIV for at least 24 weeks, CD4
count > 300, on antiretroviral therapy for at least eight weeks) were randomized to 12
weeks of GZP/EBR with or without ribavirin (RBV). SVR12 rates for GZP/EBR with and
without RBV was 97% and 87%, respectively. The treatment was reportedly well tolerated
in this study, which did not include any cirrhotic patients.
The C-EDGE CO-INFECTION study is a phase III, multicenter, international trial that
included HIV-HCV coinfected patients with multiple genotypes (1, 4, and 6) and also
included patients with compensated cirrhosis (16%). The study included 218 patients who
were on stable antiretroviral therapy (ART) and also those who were ART naïve but had
favorable characteristics (baseline CD4 > 300, HIV RNA < 50,000 copies/ml). In this open
label, single arm trial, all patients received the GZP/EBR fixed dose combination pill once
daily (without RBV) for 12 weeks. SVR 12 was reported to be 96% with no virologic
breakthrough during treatment. Interestingly, all coinfected patients with cirrhosis (100%)
achieved SVR 12. There were no virologic breakthroughs; however, five patients relapsed,
two patients reinfected, and one was lost to follow up.
Baseline NS3 resistance was found in 41% of patients, of whom only one had > five-fold
resistance to GZP (D168E). All genotype 1b with NS3 resistance associated variants
(RAVs) achieved SVR12, and 96% of genotype 1a patients achieved SVR12 —
comparable to those who did not have NS3 RAVs. Baseline NS5A RAVs were found in 8%
of the total study subjects with genotype 1, with resultant SVR12 of 87%. Only four
patients had baseline NS5A RAVs > five-fold against EBR, and three achieved SVR12
(75%). Treatment emergent NS3 and NS5A RAVs were noted in three of four relapsed
genotype 1 patients, and only one NS5A RAV was noted in the relapsed genotype 4
patient.

COMPLETE THE
POST-TEST

The treatment was generally well tolerated; although a majority of subjects reported at
least one mild AE, none led to drug discontinuation. Six SAEs were noted post treatment
completion, none of which were drug related. Of note, four patients had increased liver
enzymes (ALT/AST > 5x ULN) during and even after treatment completion, which resolved
spontaneously and did not affect SVR12. There were no clinically significant changes in
CD4 counts or HIV RNA levels during the study period.
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SOFOSBUVIR PLUS SIMEPREVIR IN HCV PATIENTS
WITH SEVERE RENAL IMPAIRMENT OR DIALYSIS
Bhamidimarri KR, Czul F, Adam P, et al. Safety, efficacy and tolerability of half-dose
sofosbuvir plus simeprevir in treatment of Hepatitis C in patients with end stage renal
disease. J Hepatol. 2015 Sep;63(3):763-765.
(For non-subscribers to this journal, an additional fee may apply to obtain full-text articles.)
View Full Text
All the DAAs approved thus far can be safely used without any dose adjustments in patients
with glomerular filtration rate (GFR) more than 30 ml/min/1.73 m2. However, no DAAs have
been approved for patients with severe renal impairment or end stage renal disease
(ESRD) patients on hemodialysis (HD). The C-SURFER study using grazoprevir/elbasvir
(GZP/EBR) in severe renal impairment or HD patients demonstrated excellent SVR rates of
99% per protocol analysis and is currently pending approval.1 HCV treatment in this difficult
to treat cohort is feasible with the currently available DAAs, although they are not approved
for the indication. This commentary therefore should be considered for off-label use of
DAAs in the ESRD cohort and is intended solely to summarize the currently available data
so clinicians can consider their use only in patients in urgent need HCV treatment.
Among currently approved drugs to treat HCV, interferon (IFN), ribavirin (RBV) and
sofosbuvir (SOF) are eliminated renally. Although IFN is now no longer required in the DAA
era, RBV still remains an important component of certain drug regimens. RBV causes
hemolytic anemia, which can exacerbate the anemia typically seen in ESRD patients. Thus,
RBV dose reduction to approximately 20% of the total dose used in patients with normal
renal function is recommended.
The paritaprevir/ritonavir/ombitasvir and dasabuvir (3D/PrOD) regimen requires no dose
adjustment in ESRD or HD patients. In the RUBY-1 trial, 20 noncirrhotic ESRD patients, 13
with GT1a received 3D plus RBV 200 mg daily, and seven with GT1b received 3D alone for
12 weeks. Their primary end point was SVR 12, which was achieved in 90% of the
patients.2
Reduced dose SOF (200mg daily) plus RBV was used in noncirrhotic, non-HD patients with
severe renal impairment, but the results showed SVR of only 40%.3 SOF 200 mg daily had
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equivalent drug levels compared to SOF 400 mg daily and significantly reduced GS-331007
metabolite level (300% vs 2070%).3 This report describes a series of 15 HCV GT 1, ESRD
patients (60% cirrhotic) on the transplant waiting list (kidney or liver plus kidney). Treatment
in this series included a RBV-free regimen with reduced dose SOF plus full dose simeprevir
(SIM) for 12 or 24 weeks. SVR12 was 87%. Two patients, both of whom were cirrhotic,
relapsed post treatment completion, had failed prior HCV treatment with protease inhibitor
(PI), and were on HD. The treatment was well tolerated and there were no SAEs or
treatment discontinuations.
Real world observational data collected by the HCV TARGET group showed that full dose
SOF in combination with PR or RBV or SIM (with or without RBV) was well tolerated by the
patients, and an overall SVR 12 of 88% was observed.4 Another small case series of 17
patients by Nazario et al reported SVR12 of 100% with full dose SOF plus SIM for 12
weeks; the regimen was well tolerated in their cohort.5 Their cohort included 24% cirrhotics,
82% treatment naïve patients, and no PI failures, which could explain the higher SVR12
observed in their study.
Ledipasvir (LED) and daclatasvir (DCV) are NS5A inhibitors that do not need renal dose
adjustment and could be combined with another DAAs to treat HCV in ESRD patients.
Currently there is no strong safety data in humans with the use of full dose SOF in the
ESRD setting, except those reported in small case series. The optimal dose of SOF needs
to be formally studied not only in severe renal insufficiency (GFR < 30 ml/min) but also in
the HD setting. The PrOD regimen, although unapproved, is a reasonable option to treat
HCV patients with ESRD, but it is to be noted that RBV is recommended in those with
GT1a. HCV treatment strategies for wait-listed patients for kidney transplant have also been
evolving and the transplant team (hepatologist and nephrologist) should be involved in
deciding the timing of HCV treatment.
In summary, there are current options to treat HCV in ESRD patients who need to be
treated urgently. We recommend individualizing such off-label use to every patient and
managed preferably by an HCV expert.
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KEY TAKEAWAYS
• The review summarizes the current knowledge of HCV life cycle and possible drug targets
of approved and investigational DAAs.
• Current treatment strategies for HIV-HCV coinfection include a variety of DAA
combinations (with or without ribavirin), with research showing efficacy differences
determined by both HCV genotype and length of therapy.
• There is some case-report guidance on the use of currently available DAAs for HCV
treatment in ESRD patients, although no particular combinations or dosing schedules are
as yet approved.
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