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Abstract

Over the past several years, more so recently, treatment
options for hepatitis C virus (HCV) have seemed to
exponentially grow. Up until recently, the regimen of
pegylated interferon (peg-IFN) and ribavirin (RBV) stood
as the standard of care. Direct acting antivirals, which
target nonstructural proteins involved in replication
and infection of HCV were first approved in 2011 as an
addition to the peg-IFN and RBV regimen and with them
have come increased sustained virological response rates
(SVR). The previously reported 50%-70% SVR rates
using the combination of peg-IFN and RBV are no longer
the standard of care with direct acting antiviral (DAA)
based regimens now achieving SVR of 70%-90%. Peg-
IFN free as well as “all oral” regimens are also available.
The current randomized controlled trials available show
favorable SVRs in patients who are naive to treatment,
non-cirrhotic, and not human immunodeficiency virus
(HIV)-co-infected. What about patients who do not
fit into these categories? In this review, we aim to
discuss the currently approved and soon to be approved
DAAs while focusing on their roles in patients that are
treatment experienced, cirrhotic, or co-infected with HIV.
In this discussion, review of the clinical trials leading
to recent consensus guidelines as well as discussion of
barriers to treatment will occur. A case will attempt will
be made that social services, including financial support
and drug/alcohol treatment, should be provided to all
HCV infected patients to improve chances of cure and
thus prevention of late stage sequela.

Key words: Hepatitis C virus; Direct acting antiviral;
Human immunodeficiency virus; Cirrhosis; Treatment
experienced
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Core tip: The current randomized controlled trials
available show favorable sustained virologic responses
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in patients who are naive to treatment, non-cirrhotic,
and not human immunodeficiency virus (HIV)-co-
infected. What about patients who do not fit into
these categories? In this review, we aim to discuss the
currently approved and soon to be approved direct
acting antivirals while focusing on their roles in patients
that are treatment experienced, cirrhotic, or co-infected
with HIV.

Hilgenfeldt EG, Schlachterman A, Firpi RJ. Hepatitis C:
Treatment of difficult to treat patients. World J Hepatol 2015;
7(15): 1953-1963 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i15/1953.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i115.1953

INTRODUCTION

In the most recent national health and nutrition exami-
nation survey the estimated prevalence of hepatitis C
virus (HCV) infection was approximately 3.9 million in
the United States alone, with an estimated 2.7 million
with chronic infection™. Worldwide, the number living
with chronic hepatitis C approaches 150 million'?. These
estimates likely fall significantly short given that nearly
half of all infected patients have never been tested
for HCV. This survey also excluded prisoners and the
homeless; two well-known high-risk populations. Over
the past several years, more so recently, treatment
options for HCV have seemed to exponentially grow.
Treatment for HCV began with Food and Drug Admini-
stration approval of interferon (IFN) in 1991, followed
by combined IFN and ribavirin (RBV) in 1998, and
later with pegylated IFN (peg-IFN) in 2001. Up until
recently, the regimen of peg-IFN and RBV stood as the
standard of care. Direct acting antivirals (DAAs), which
target nonstructural proteins involved in replication
and infection of HCV were first approved in 2011 as an
addition to the peg-IFN and RBV regimen (Table 1).
Sustained virologic response (SVR), which is com-
monly defined as a lack of HCV detection 12-24 wk
following treatment, with RBV and peg-IFN alone was
marginal but has continued to improve. By understanding
the genome of the HCV, scientists and researchers have
been able to exploit its mechanism of transmission by
creating inhibitors against several of the nonstructural
proteins that are integral to HCV replication and function.
As it currently stands, four classes of DAA exist which
can be categorized according to the protein they inhibit.
They include the NS3/4 protease, NS5A polymerase,
and NS5B polymerases (nucleoside and non-nucleoside).
The approval of telaprevir (TVR) and boceprevir (BOC)
in 2011 marked the start of this new era. The approval
of these NS3/4 protease inhibitors occurred following
studies showing increased SVR, in comparison to IFN and
RBV alone. Two years later this was followed by approval
of sofosbuvir (SOF), a nucleoside NS5B inhibitor, and
simeprevir (SIM), an NS3/4 protease inhibitor (Table 2).
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Several other agents are currently undergoing late stage
clinical trials and expected to be approved in the near
future (Table 3).

The previously reported 50%-70% SVR rates using
the combination of peg-IFN and RBV are no longer the
standard of care (Figure 1). New guidelines clearly echo
this®.. IFN free as well as “all oral” regimens are already
in place for genotype 2 and probably for genotypes 1
and 4 by the end of the year. RBV free regimens are also
being explored™. The current randomized controlled
trials available convincingly show favorable SVR in
patients who are naive to treatment, non-cirrhotic, and
in non-human immunodeficiency virus (HIV)-co-infected,
but what about patients who do not fit into these
categories? Furthermore, concern for side-effect profile,
unfamiliar practitioners and concern for drug-drug
interaction has led to avoidance in all but treatment-
naive and otherwise healthy patients.

In this review, we aim to discuss the currently
approved and soon to be approved DAAs while focusing
on their roles in patients that are treatment experienced,
cirrhotic, or co-infected with HIV. In this discussion,
particular attention will be paid to the continued barriers
of treatment including ongoing psychological conditions
such as addiction or depression, lack of access to care,
poor social support, lack of financial resources, and
many others. A case will attempt to be made that social
services such as financial support and drug or alcohol
treatment should be provided to all HCV infected
patients in hopes that cure of hepatitis C will become
a preventative measure for future development of
HCV associated conditions; the most well-known being
cirrhosis and hepatocellular carcinoma.

TREATMENT-EXPERIENCED PATIENTS

Treatment-experienced patients is perhaps the largest
percentage of the patients to be discussed in this review.
Patients who have been previously treated pose perhaps
one of the most common dilemmas that practitioners
face. This group can be divided into patients who have
relapsed, those who partially responded to therapy,
and to those who did not respond to treatment or null
responders. Other variables to be considered are those
that underwent incomplete treatment secondary to drop
out and noncompliance.

TVR and BOC

REALIZE: Previous peg-IFN + RBV treated and
peg-IFN + RBYV failures: Non-responders, partial
responders or those who have suffered a relapse were
randomized into three treatment groups separated by
treatment duration. An SVR rate of 66% was achieve
in the 12-wk treatment arm utilizing TVR, peg-IFN, and
RBV. Additionally, this study was also able to show a
decreased relapse rate of 1% compared to 26% in the
control group®™. In a study published by the Journal
of Hepatology treatment of prior non-responders,
partial responders, and those with relapse using BOC
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Table 1 Chronologically listed, Food and Drug Administration approved treatment regimens for hepatitis C virus

HCV (identified in 1989)

Approved drugs 1991-2001
Interferon (approved in 1991)
RBV + standard interferon (1998)
Peg-IFNs (approved in 2001)

Peg-IFN
Peg-IFN + RBV

DAAs 2011-present

Telaprevir and boceprevir

Increase SVR rates and provide the option of response-guided therapy and retreatment for genotype 1 patients

Telaprevir + peg-IFN + RBV, genotype 1 only (2011)
Boceprevir + peg-IFN + RBV, genotype 1 only (2011)
Sofosbuvir

Approved for use in all genotypes. High SVR rates with better tolerability, shorter duration, use in HIV-HCV co-infection, and first interferon-free

all-oral regimen in genotype 2, 3 and certain other patients
Sofosbuvir + peg-IFN + RBV, in genotype 1 only (2013)

Sofosbuvir + RBV, without interferon, in genotype 2 and 3, in HIV-HCV co-infection, with any genotype, and in selected situations of genotype 1 (2013)

Simeprevir

High SVR rates with better tolerability and shorter duration for genotype 1

Simeprevir + peg-IFN + RBV, in genotype 1 only (2013)

Adapted from http:/ /www.hepatitis.va.gov. DAAs: Direct acting antivirals; SVR: Sustained virological response; HIV: Human immunodeficiency virus;

HCV: Hepatitis C virus; RBV: Ribavirin; Peg-IFN: Pegylated interferon.

Table 2 Currently available Food and Drug Administration

approved pharmaceuticals for treatment of hepatitis C virus

Approved treatments for hepatitis C

Brand name Generic names Manufacturer name
Sovaldi SOF Gilead Sciences
Olysio SIM Janssen
Incivek TVR Vertex
Victrelis BOC Merck and Co.
Pegasys Peg-IFN Roche
CoPegus RBV Roche
Pegintron Peg-IFN alpha-2b Schering
Intron A IFN alpha-2b Schering
Rebetol RBV Schering
Roferon IFN alpha-2a Roche
Infergen IFN aphacon-1 Three Rivers Pharma

Adapted from http:/ /www.fda.gov/. SOF: Sofosbuvir; SIM: Simeprevir;
TVR: Telaprevir; BOC: Boceprevir; RBV: Ribavirin; Peg-IFN: Pegylated
interferon.

in combination peg-IFN and RBV was able to achieve
rates of SVR of 63% percent of all treated followed by
38%, 67%, 93% respectively for each subgroup. The
most commonly reported adverse events related to
combination therapy utilizing BOC included anemia,

fatigue, and dysgeusia™.

RESPOND-2: Previous peg-IFN + RBYV failure: In
the RESPOND-2 trial conducted by Bacon et alf” over
400 patients were randomized to receive treatment with
BOC along with peg-IFN and RBV following previously
failed treatment to peg-IFN and RBV alone. In this trial
an SVR of 59%-66% in the BOC group, was achieved
as compared with the control group SVR of 21%.

CUPIC: Previous peg-IFN + RBV failure: In this trial
Hézode et al® looked at genotype-1, previously treated
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Figure 1 Sustained virologic response of various treatment regimens.
DAAs: Direct acting antivirals; RBV: Ribavirin; Peg-IFN: Pegylated interferon.

with peg-interferon and RBV patients with a baseline
MELD < 13 and Child-Pugh A compensated cirrhosis and
examined SVR rates using TVR or BOC in combination
with interferon and RBV. Compared with the REALIZE
and RESPOND-2 trial, similar rates of SVR at 12 wk was
achieved. In the TVR treatment arm an SVR of 75%,
40% and 20% were achieved in previously relapsed
patients, partial responders, and null-responders,
respectively. The BOC treatment group received slightly
less encouraging results with rates of 54%, 38%, 0%,
comparatively. Significant side effects occurred in almost
half of all those treated in the study. Fifty patients
(10%) experienced severe complications or death,
with nearly half of these occurring during the first 12
wk of treatment. As has been previously noted in prior
studies, severe anemia, requiring either discontinuation
or reduction in dosing, as well as transfusion occurred
in 134 and 78 of the 511 studied patients, respectively.
Multivariate analysis suggested higher risk of side
effects in patients with severe hypoalbuminemia and
thrombocytopenia. Given the poor response of prior
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Table 3 Food and Drug Administration approved and investigational drugs by mechanism of action

HCV NS3/4 protease inhibitors Nucleos(t)ide HCV NS5B

polymerase inhibitors

Non-nucleos(t)ide HCV
NS5B polymerase inhibitors

HCV NS5A inhibitors

Sofosbuvir'
Mericitabine

Telaprevir'

Boceprevir'

Danoprevir

Simeprevir'

ABT-450 (with ritonavir)
Faldaprevir
Asunaprevir

GS-9451

BI-207127
VX-222
ABT-333
BMS-791325
Tegobuvir
GS-9669

Daclatasvir
Ledipasvir
ABT-267

'"Drugs have received Food and Drug Administration approval. Adapted from http:/ /www.hepatitis.va.gov. HCV: Hepatitis

C virus.

null responders, treatment utilizing BOC or TVR in
combination with peg-IFN and RBV is not recommended.
Due to adverse events, the authors also recommend
considering not treating patients with platelet counts <
100000/mm? and serum albumin < 3.5 g/dL.

Simeprevir

In a phase I clinic trial by Zeuzem et al’®!, previously
treated, genotype-1 infected patients underwent
randomization to receive simeprevir in combination with
peg-IFN and RBV for either 12, 24, or 48 wk or peg-
IFN and RBV alone for 48 wk. The rate of overall SVR
was significantly higher in the simeprevir group with
61%-80% vs 23% in the peg-IFN + RBV (PR) group.
When examining prior null responders, an SVR rate of
38%-59% vs 19% was noted. Partial responders and
relapsers achieved even higher rates; 48%-86% and
77%-89%, respectively. All groups had comparable
numbers of adverse events.

In follow-up, a phase III trial conducted by Forns
et al™® randomized genotype 1, PR failure patients
into either a 12 wk course of SIM + PR (followed by
either a 12 or 36 wk course of PR) or 48 wk of PR.
SVR12 of 79.2% vs 36.1% was noted in the study
groups, respectively. Similar adverse events were noted
regardless of therapy.

SOF

FUSION: Previous PR + PR failures: Jacobson et
al™ looked at treatment with SOF and RBV in genotype
2 and 3 patients who previously failed peg-IFN based
therapy. Patients were randomized to receive either
12 or 16 wk of treatment. Patients receiving 16 wk of
therapy fared better than the 12 wk group and were able
to achieve rates of SVR at 12 wk post therapy of 50%
(50/100) and 73% (69/95), respectively. Breakdown of
subgroups identified that genotype 2 patients had higher
SVR rates than genotype 3. Additionally, non-cirrhotic
patients had higher rates of response as compared with
cirrhotic patients.

SOF/simeprevir
COSMOS: Previous PR failures: A phase 1I clinical
trial randomized 167 treatment naive and previously

WJH | www.wjgnet.com
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treated genotype 1 patients to receive both SOF and
SIM alone or in combination with RBV!*?, Additionally,
these patients were selected to receive either a 12 or
24-wk course of treatment. Among prior null responders
with Metavir scores of FO-2 and without the Q80K
mutation an SVR12 of 100% was achieved regardless
of treatment regimen or duration. In patients with either
F3-4 Metavir scores SVR12 fell slightly to 92% (38/41)
in the 12 wk treatment arm regardless of treatment
regimen. Among all subgroups, the presence of the
Q80K mutation in genotype la patients conferred a
decreased chance of achieving SVR. The extent of
treatment resistance remains an area of future study
but never the less should be noted when considering
simeprevir-containing regimens.

SOF/ledipasvir

ION-2: Previous PR and DAA + PR failures: A trial
by Afdhal et al* published in New England Journal of
Medicine in 2014 looked at 440 patients who had failed
previous peg-IFN and RBV therapy and treated them
with SOF and ledipasvir (LED), a nucleoside 5A inhibitor,
either with or without RBV. Treatment course was either
12 or 24 wk. In the 12 wk group, triple therapy with
RBV resulted in a 96% SVR compared with a 94%
in the dual treatment group. When the duration of
treatment was extended to 24 wk both treatment arms
had 99% SVR.

LONESTAR: Previous DAA + DAA failure: Lawitz
et al" gathered 40 patients previously treated with
BOC or TVR who then went on to fail therapy or have
recurrence and randomized them to receive SOF and
LED with or without RBV for a total of 12 wk. At 12
wk following therapy 95% (18/19) achieved SVR in
the dual therapy group vs 100% (21/21) in the triple
therapy group. Anemia was more common with those
treated with RBV, occurring in 6 of the 21 patients, but
did not lead to treatment failure or discontinuation.

SOF/daclatasvir

In a study by Sulkowski et al*!, 41 of 211 patients
with genotype 1 were noted to have previously been
treated with protease inhibitors, either BOC or TVR,
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without achieving SVR. In this subgroup, randomization
to daclatasvir, a nucleoside 5A inhibitor, and SOF with
or without RBV for a total of 24 wk showed SVR12 of
100% (21/21) and 95% (19/20), respectively. Notable
side effects included nausea, fatigue and headache and
were reported in a majority of subjects. Side effects did
not lead to discontinuation of treatment.

ABT-450/r/ombitasvir/dasabuvir/RBV

SAPPHIRE-II : Previous PR failures: In a phase
I trial conducted by Zeuzem et al™*!, 394 genotype
1 patients with prior treatment failure underwent
randomization to receive 12 wk of treatment with the
study drug regimen or placebo. SVR12 in the active
regimen group was noted to be 96.3% (286/297).
With only 1% drop out due to side effects and only
4.7% experiencing grade 2 or 3 anemia, this regimen
shows some of the best results for HCV therapy to date.
Additionally, SVR12 of prior null responders was 95.3%
(139/146).

HIV/HCV CO-INFECTION

HIV-infected individuals with concomitant hepatitis C are
known to have an increased morbidity and mortality™®.
They are also known to have relatively poor responses
to peg-IFN and RBV therapy, as compared with mono-
infected patients™’*®, In a study by Benhamou et a/'**!
which examined HCV-related liver fibrosis progression,
a CD4 count below 200/microliter, heavy alcohol con-
sumption, and absence of protease inhibitor therapy
were all identified as independent risk factors for
progression to cirrhosis in HIV co-infected patients.
Several mechanisms are described throughout the
literature aiming to address this finding. On a molecular
level, it has been noticed that when compared to the
HCV mono-infected, HCV-HIV co-infected persons
have higher levels of HCV RNA. The higher viral lode of
HCV RNA is suspected to be secondary to an increased
replication of HCV RNA by HIV proteins®®. It is also
thought that the overall state of immunodeficiency leads
to an environment of rapid hepatocyte destruction and
fibrosis progression®4,

Following the development of highly active anti-
retroviral therapy (HAART) there has been an ever-
increasing percentage of HIV infected patients who are
dying from liver disease. In HIV infected patients, death
from liver disease remains far more prevalent than
death attributable to HIV-related complications'*>**', The
increased mortality from liver-related illness appears to
be uniquely associated with co-infected patients only. In
a large, multi-center, prospective trial examining HAART-
related liver mortality in patients not infected with HCV
or HBV the rate of death was 0.04/1000 person-years.
Of the 12 recorded liver related deaths, seven were
deemed to be due to excessive alcohol use while the
other five were deemed to be related to HAART-related
toxicity!**. There also exists a mechanism by which
HCV and HIV co-infection is thought to increase the risk
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for both HAART-related liver toxicity and cirrhosis. This
mechanism consists of direct cell stress, mitochondrial
dysfunction and immune reaction™®’. Though not com-
pletely clear, liver related deaths in HIV co-infected
patients has been speculated to be the result of either
of two reasons; increased lifespan from appropriately
treated HIV (leading to the natural progression of HCV
related cirrhosis and liver dysfunction) or HAART therapy
induced liver toxicity™. Confound this with the potential
drug-drug interactions, particularly with the newest
of DAAs, and it is no wonder trepidation to providing
treatment exists™”*),

Prior to the creation of DAA, RBV and peg-IFN had
been used with modest results. In a study published by
Torriani et al''” in the New England Journal of Medicine,
868 co-infected patients were randomized to receive
either peg-IFN and RBV or peg-interferon and placebo
for a total of 48 wk. Among the genotype-1 patients
who received both peg-IFN as well as RBV an SVR of
29% compared with 62% in those with genotype 2 or 3
was achieved. In particular, a subgroup utilizing a higher
dosing regimen proved to be the most efficacious, albeit
with a greater prevalence of RBV associated anemia.
Additional studies showing similar results exist™=>4,

TVR

With the approval of DAAs, subsequent studies looking
at rates of SVR in the HIV co-infected population have
shown promising results. In a study by Sulkowski et a/f*
published in the Annals of Internal Medicine in 2013, a
relatively small, yet randomized treatment population
underwent combination therapy utilizing TVR in addition
to peg-IFN and RBV. In this study 62 patients co-infected
with both HCV and HIV were enrolled at multiple
investigational sites. Genotype-1 infected patients,
without cirrhosis, who had not had any previous HCV
treatment and were noted to have “stable HIV disease”
where eligible. Stable disease was classified as CD4
counts greater than 0.500 x 10° cells/L and HIV RNA
levels < 100000 copies/mL. Antiretroviral regimens
were allowed. SVR occurred in 74% (28/30) patients
receiving TVR, peg-IFN and RBV vs 45% (10/22) of
patients receiving peg-IFN and RBV alone. Side effects
of pruritus, headache, rash and rectal pain were noted
to be higher in the treatment group. Two patients were
noted to have HCV breakthrough with TVR resistant
variants. With these findings TVR in combination with
peg-IFN and RBV improved upon previous rates SVR
without appreciable drug-drug interaction or significant
side effect.

BOC

In a phase I trial by Sulkowski et al'** 99 patients
with co-infection of HIV and HCV were randomized in a
1:2 ratio to receive a 48-wk treatment course of either
placebo or BOC in combination with RBV and peg-IFN.
SVR in the triple therapy group was noted to be 63%
compared with 29% in the control group. Adverse
events were more common in the triple therapy arm
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leading to significant amount of dropout (12 of 65).
Reported adverse events included anemia, pyrexia,
dysgeusia, vomiting and neutropenia. Additionally, HIV
virological breakthrough occurred in seven patients;
three receiving triple therapy and four in the control
group. Considerable variability among patients that had
breakthrough existed. In comparison to patients with
HCV alone, co-infected patients who did not achieve
SVR were noted to have significantly more (80% vs
53%) had resistant variants. Given some of the findings
in this study, larger trials should be done to better
characterize safety and efficacy of this regimen.

SOF

PHOTON-1: Genotype 1 patients with HIV
infection: Sulkowski et ai®** conducted a trial utilizing
an interferon sparing, 24-wk regimen comprised of
SOF and RBV in genotype-1, 2 and 3. In the genotype
1 group an SVR of 76% regardless of antiretroviral
regimen and with minimal drug-drug interactions was
achieved. Based on this study, extrapolations of this
data in co-infected patients with genotypes 2, 4, 5, and
6 current HCV guidelines recommend treatment with
SOF in combination with RBV for 12 wk. Genotype 1
and 3 patients are recommended to undergo treatment
with a 12 or 24-wk course of SOF, RBV and peg-IFN,
respectively. Alternatives for patients who are peg-
IFN intolerant exist. These regimens typically include
combination therapy with SOF, simeprevir and RBV™.,

SOF/LED

NIAID ERADICATE: Genotype 1 patients with HIV
infection: In the abstract presented by Osinusi et al**,
50 HCV and HIV co-infected patients were given a 12-wk
course of SOF and LED. Grouping based on HAART
naivevs on HAART showed no difference in the 100%
SVR rates achieved in both groups. No adverse events
or discontinuations were noted during the treatment
period.

CIRRHOTIC PATIENTS

Development of cirrhosis in patients with chronic
hepatitis C infection occurs by molecular mechanisms
involving inappropriate collagen deposition via the
hepatic stellate cell. As described by Fontana et a/*®
HCV infection is thought first to lead to release of
metalloproteinases, which break down the surrounding
low-density matrix within the sub-endothelial space.
Then, recruitment and activation of stellate and Kupffer
cells go on to deposit various forms of collagen within
the extracellular matrix, forming what is termed
fibrosis. More specifically, fibrosis is characterized by the
presence of portal-central and portal-portal bands of
this deposited collagen. With this change in the typical
architecture, eventual disruption of normal processes
of blood flow and nutrient exchange occurs, leading to
the physiological manifestations of cirrhosis. Although
new imaging modalities such as computed tomography,
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magnetic resonance imaging, ultrasound and transient
elastography remain promising noninvasive methods
for diagnosing and grading cirrhosis, the ability to
distinguish moderate, less advanced, disease is lacking.
The gold standard for diagnosis and monitoring both the
extent of fibrosis and portal hypertension remains liver
biopsy and measurement of the hepatic venous portal
gradient, respectively™”, Of all patients with HCV, 80%
are estimated to go on to developed chronic infection,
10%-15% of which will develop cirrhosis at 20 years
after contracting the illness™®.

BOC

Cirrhosis, regardless of its level of compensation,
has been documented on several occasions to result
in decreased SVR in patients being treated for HCV.
A meta-analysis done by Vierling et al® examined
5, phase III, clinical trials of biopsy proven cirrhosis
patients treated with either RBV and peg-IFN alone or
in combination with BOC. Pooled estimates from these
studies revealed a 55% SVR in the triple therapy group
compared with 17% in the RBV and peg-IFN group.
In terms of adverse side effects, anemia and diarrhea
were significantly more prevalent in the triple therapy
treatment arm. This postulated to be the result of either
added side effects of BOC or the patient’s underlying
cirrhosis.

Simeprevir

PROMISE: Genotype 1, previous PR, with cirrhosis:
In the trial by Forns et a"” as mentioned above, a
subpopulation of patients with cirrhosis/advanced
fibrosis were studied and were able to achieve an
SVR of 74%, compared to 79% when not taking into
account presence of cirrhosis. Common adverse events
included rash, flulike illness, pruritus and therefore had
a better side effect profile than its predecessor’s BOC
and TVR. One factor that must be considered when
using simeprevir is testing for the Q80K mutation prior
to treatment initiation. Diminished responses were
noted in genotype 1A with the mutation.

SOF

FISSION: Genotype 2 and genotype 3, treatment
naive, with and without cirrhosis: Four hundred
and ninety nine genotype 2 and 3 patients were treated
with either 12 wk of SOF and RBV or 24 wk of peg-
IFN and RBV. Of the 499, 70% were genotype 3 and of
these 20% were documented cirrhotic. The trial met the
non-inferiority endpoint, showing an overall SVR rate of
67%, however analysis based on HCV genotype showed
genotype 2 patients achieved 93% SVR, compared to
only 56% in genotype 3 patients. Furthermore, liver
fibrosis further decreased SVR to 34%. Cirrhosis in the
genotype-2 patients did not influence SVR rates (91%)
comparatively™,

FUSION: Genotype 2 and genotype 3, previous
PR, with and without cirrhosis: In the FUSION trial,
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Figure 2 Cirrhotic patients in the fusion trial. SOF: Sofosbuvir; RBV: Ribavirin.

subgroup analysis among cirrhotic patients with HCV
treated with either 12 or 16 wk of SOF and RBV showed
favorable results among genotype 2 patients treated for
16 wk. In this group an SVR of 78% was achieved. Less
favorable results were noted in the 12-wk group with
slightly better results occurring in those with genotype 2
(Figure 2).

SOF/LED

A recently published randomized trial by Gane et af*”
in Gastroenterology focusing on treatment with SOF in
combination with LED with or without RBV for treatment
of null responders with cirrhosis showed promising
results. All patients (9/9) receiving triple therapy were
able to achieve SVR. In the group of those receiving only
SOF and LED, 7 of 10 achieved SVR. Both the unknown
degree of cirrhosis and the small sample size remain
limiting factors in this study. Adverse effects related
to the RBV regimen are consistent with prior studies
of cirrhotic patients showing a greater percentage of
anemia in this group. In the RBV free regimen patients
remained with stable hemoglobin levels suggesting that
RBV and not cirrhosis itself contributes the anemia seen
with typical treatment regimens.

LONESTAR: Previous DAA + DAA failure: In the
trial by Lawitz et al™¥, similar success rates in cirrhotic
patients being treated with SOF based regimens vs
non-cirrhotic patients was noted. Twenty two of 40
previously treated patients with compensated cirrhosis
fared well overall, given that 39/40 of the patients
achieved SVR, however this study is limited by its
relatively small size.

It remains essential that we understand that
development of cirrhosis in patients with hepatitis C
leads to a potentially devastating disease. Once decom-
pensation with either development of ascites, variceal
hemorrhage, encephalopathy, coagulopathy, the
probability of survival is only 50% at five years, with
a median survival of only two years“**!. Therefore,
pursuit of a cure using direct antiviral therapy should be
pursued. Of the discussed DAAs, SOF-based regimens
appear to provide the best chance of this and are
consistent with the recommended treatment regimens
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of recently published consensus guidelines.

BARRIERS TO TREATMENT

Hepatitis C is a physical, mental, and social disease
affecting not only the individual, but also the individual’s
loved ones and society as a whole. Considered a global
disease, and for that matter the only currently curable
chronic viral infection, the importance of pursuing treat-
ment for hepatitis C remains paramount. Despite this,
several barriers hindering this effort have been identified.
These include: awareness of available therapy, financial
constraints, and practitioners willing to prescribe
treatment.

Comorbid psychiatric illness

It is well known the concomitant psychiatric illness
plagues patients with hepatitis C. It is currently estimated
that the largest at risk population for contracting
hepatitis C is it that of intravenous (iv) drug users™*?. The
problem is two-fold, in a study done by Johnson et af**!
in the American Journal of Gastroenterology, 309 current
iv drug users undergoing substance abuse treatment
were evaluated. In this group over 50% of test subjects
were found to be positive for HCV antibodies and of
the HCV positive patients, over half were noted to have
concomitant depression. In addition to the pre-existing
depression seen in this group, the treatment for HCV
itself up until this point had also significantly contributed
to depressive symptoms. Interferon in particular, has
had a documented side effect profile consisting of
fatigue, anxiety, and depression. Despite the black box
warhing associated with peg-IFN, studies show that
patients with mood disorders currently in remission
and receiving treatment should not be excluded from
receiving interferon therapy™**. Additionally, treatment of
interferon associated depression and cognitive disorders
can be achieved with the use of antidepressants and
stimulators™**,

It is estimated that one in six incarcerated patients
have hepatitis C and therefor the public perception
remains that hepatitis C is acquired illness. As such,
I anticipate continued difficulty obtaining social and
financial support for concomitant /v drug use treatment,
despite the fact that studies show co-administration of
strict drug treatment program decreased risk of relapse
and increase completion of treatment and monitoring.

Cost

Despite the excitement and promise these new
therapies all hold, the cost-effectiveness of pursuing
cure for hepatitis C has been a tougher pill to swallow
than the actual treatment itself. SOF has been drawing
attention recently. At around one thousand dollars per
pill, 12 wk, a standard treatment course would run
the patient and their insurance provider approximately
$84000 with other DAA sharing similar price tags.
The endeavor of validating coverage depends on the
potential long-term savings from providing a cure. It is
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difficult to estimate the exact savings per patient due
to the various other factors involved, however rough
estimates are possible. Consider this, the average
annual health care costs for patients with chronic
hepatitis C infection without cirrhosis is $17277. Once
cirrhosis develops costs rise to $22752 among patients
with compensated cirrhosis, and $59995 once end-stage
liver disease develops'*’. Patients with compensated
cirrhosis have been documented to live for at least a
decade prior to development of decompensation™.
This would amount to approximately $275000 in health
care costs over this decade. Considering the median
two-year survival for decompensated cirrhosis an
additional $120000 would accrue. Lastly, if a candidate,
liver transplantation with an average price tag ranging
in upwards of $575000, per United Network for Organ
Sharing, brings the total to over $1 million in health
care costs™®, Looking back at the treatment price tag
of $84000 little hesitation should be had. This is not
the case however because many variables play a part.
Notably, incomplete treatment, unsuccessful treatment,
and reinfection are always possible, particularly in
patients with comorbid psychiatric illness, concomitant
drug addiction, and poor social support; all known risks
factors for contracting HCV'*®'. In the long run this issue
should continue to fade in its controversy given that
minimum manufacturing costs for producing direct
acting antivirals have been estimated at $100-$250 for
a 12 wk course of treatment once patent expires and
production of generic versions is available®™”,

Aside from the cost savings achieved when no
longer needing to treat the manifestations of chronic
hepatitis C, cure of hepatitis C has been shown to
provide additional benefits. Beside the improvement in
psychological and social well-being which accompanies
cure of hepatitis C, treatment also has been shown to
decrease and potentially reverse cirrhosis, esophageal
varices, and the risk for development of hepatocellular
carcinoma®">?,

Practitioner experience

In patients who are co-infected with HIV as well as
HCV, the potential for complex drug interactions
between HAART and direct antiviral agents can lead
to trepidation among primary care providers when
debating the initiation of treatment for HCV. Additionally,
a practitioner’s concerns about reinfection as well as
their bias regarding iv drug users also represent barriers
to engagement in treatment of HCV in patients®™.
Therefore, it is recommended, as outlined in the recent
consensus article published in The Infectious Disease
Society of America, that only practitioners who are
comfortable in routine treatment of HIV, cirrhosis,
and/or have familiarity with DAA should be involved in
treatment for HCV. Therefor infectious disease specialists
and hepatologists should be the providers responsible
for initiating treatment of HCV for co-infected individuals,
cirrhotic patients, and patients who have previously
failed treatment.
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Tolerability

Treatment for HCV had long been known to be as
unpleasant as it was burdensome, leading to noncom-
pliance and decreased quality of life during treatment.
IFN based regimens, in particular, are riddled with
adverse side effects®>!. For example, both the BOC
and TVR regimens have complex dosing schedules
and heavy pill burdens that will invariably lead to both
incomplete compliance and treatment dropout™®. As
new treatments arise, the effect of the various regimens
should not only be examined for response rates but
should be evaluated for their tolerability. In several
studies, Younossi et al®’*® did just that. Examination
of patient reported outcomes and health related quality
of life data of patients in four different phase III clinical
trials noted that patients who received treatment
with the peg-IFN free regimen of SOF and RBV noted
the smallest decline in quality of life scores among all
treatment groups suggesting that INF free regimens
lead to better tolerability and better adherence; both
factors essential in increasing compliance. Aside from
side effects, route of administration will surely have
patients asking for IFN free regimens™.

CONCLUSION

As indicated in several of the studies reviewed, SOF
appears to currently be one of the best choices in all-
comers. Further studies with larger populations of
difficult to treat patients are warranted to fully assess
the continued success, safety and side effects. Based
on the studies examined, most of which included phase
II and III trials, the current literature favors usage of a
SOF-based regimen in patients with cirrhosis, HIV/HCV
co-infection and prior treatment failure. As shown, SOF
has proven efficacy in both cirrhotic and non-cirrhotic
patients and also appears to span all genotypes. The
limited drug-drug interactions make it a favorable option
in patients co-infected with HIV. Additionally, the route
of administration and the favorable side effect profile
will lead to overall improvement in quality of life and
compliance. Treatment and cure of hepatitis C is nhow
probable, even in “difficult to treat” patients. Without
financial assistance programs, practitioner awareness,
and co-administered substance abuse treatment
programs the potential gains these revolutionary drugs
offer will fail to render an impact on prevention of long-
term hepatitis C complications.
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