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Abstract: Approximately 350 million people worldwide are infect-
ed with hepatitis C virus (HCV), which is associated with morbidity
and mortality related to cirrhosis, hepatocellular carcinoma, or
liver failure. Recently, vast improvements have been made with
the development of direct-acting antiviral (DAA) agents, which are
all-oral, are better tolerated than interferon-based treatment, and
provide a sustained virologic response in more than 90% of treated
patients. This article reviews the new therapies available for HCV
infection, with a focus on patients who have chronic HCV with and
without compensated cirrhosis. As DAA development continues,
more attention will need to be given to special patient popula-
tions, specifically to patients who fail treatment due to emerging
resistant strains. Considerable challenges yet to be overcome are
incremental diagnosis of unidentified patients and linkage to care

that is affordable and available to all patients.

he introduction of the first-generation protease inhibitors

telaprevir (Incivek, Vertex Pharmaceuticals) and boceprevir

(Victrelis, Merck) in 2011 transformed the treatment of
hepatitis C virus (HCV) infection.! With the approval of sofosbuvir/
velpatasvir (Epclusa, Gilead) in June 2016, clinicians now have treat-
ment options that achieve a high rate of sustained virologic response
(SVR) in patients with any HCV genotype and that consist of an all-
oral regimen that, for most patients, has a short duration (12 weeks)
and a low pill burden. Additional regimens are currently under
development, but much work remains to further lower the barriers to
effective, large-scale treatment.

Hepatitis C Virus Epidemiology

The World Health Organization estimates that there are 130 to 150
million cases of HCV infection worldwide, totaling 3% of the world’s
population, with an average of 3 to 4 million new infections occurring
each year.? HCV infection causes substantial morbidity, ranging from
cirthosis (and its related complications) to hepatocellular carcinoma
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(HCCQC), liver failure, and death. HCV infection and HCC
were the leading indications for liver transplantation in
the United States in 2014; however, the spectrum for
transplantation is expected to shift as more patients with
HCYV infection are identified and successfully treated.?
According to estimates in 2013, 3.2 million Americans
have chronic HCV infection, yet only 50% of patients
infected with HCV know of their viral status; of those,
7% to 11% are treated, and 5% to 6% have successful
clearance of the virus.* Furthermore, it is predicted that
the burden of cirrhosis due to HCV infection could reach
37.2% by 2020 in infected patients.’

In order to identify patients infected with HCV,
recommendations have been made for routine testing
in people born between 1945 and 1965; in people who
have injected illegal drugs, received blood transfusion
or organ transplantation prior to July 1992, or received
clotting factor concentrates before 1987; in patients on
long-term dialysis; in children born to HCV-positive
mothers; in health care workers who have been exposed
to HCV infection; and in patients with evidence of
chronic liver disease.®

The overriding principles of treatment guidelines
are that HCV infection is curable and all HCV-infected
patients should receive treatment.” Patients with cirrhosis,
patients who are still HCV-positive after transplantation,
patients with HIV coinfection, and patients with extra-
hepatic manifestations of HCV infection derive the most
immediate benefit. Additionally, consideration should be
given to patients who have a high risk of transmitting the
disease to the community, including active intravenous
drug users.® Only patients with life-threatening illnesses
who are not expected to survive beyond 1 year are not
recommended for treatment.

Direct-Acting Antiviral Agents

The current understanding of the HCV viral life cycle has
led to the development of pharmacologic direct targets
to inhibit the replication cycle. These pharmaceutical
agents, the direct-acting antiviral (DAA) agents, currently
work against specific targets of the HCV replication cycle
to achieve 2 goals: block virus replication and induce
progressive clearance of the virus through cellular death
of infected cells. Progressive clearance of infected cells is
achieved by avoidance of resistant viruses being selected
and induced.’

Existing strategies to address the avoidance of
resistance include combining agents that work on dif-
ferent viral targets to decrease the likelihood of selecting
resistant strains, increasing the duration of treatment in
challenging settings, and adding ribavirin to the treat-
ment regimen.’

Classes of Drugs

Nonstructural 3/4A Protease Inhibitors

The RNA genome of HCV is translated into proteins
intracellularly in order to carry out viral function. Follow-
ing RNA translation, unprocessed polyproteins are cleaved
to create functional, individual proteins. A large bulk of
this process is carried out by a nonstructural (NS) 3/4A
serine protease.'”"® Protease inhibitors block this NS3/4A
serine protease, inhibiting functional viral proteins from
being created. Boceprevir and telaprevir were the first DAA
agents approved in 2011 and revolutionized the way HCV
infection could be treated. The initial protease inhibitors
were used in combination with pegylated interferon-a
and ribavirin, were only effective against HCV genotype 1
infection, and had a low barrier to resistance. Due to these
factors as well as unfavorable side-effect profiles, bocepre-
vir and telaprevir fell out of favor with the introduction
of newer agents. Following boceprevir and telaprevir,
simeprevir (Olysio, Janssen) became available in the United
States at the end of 2013. Simeprevir has broader viral
genotype coverage, but still has a low barrier to resistance,
particularly in patients infected with HCV genotype la
harboring the protease polymorphism Q80K, leading to
treatment relapse.' Simeprevir was widely used in combi-
nation with sofosbuvir (Sovaldi, Gilead) as the first viable,
interferon-free regimen against HCV genotypes 1 and 4
infections. This combination, initially used off-label, was
eventually approved by the US Food and Drug Admin-
istration (FDA) in 2014. Additional NS3/4A protease
inhibitors include asunaprevir, paritaprevir (boosted with
ritonavir), vedroprevir, grazoprevir, faldaprevir, sovaprevir,
voxilaprevir, deldeprevir, and glecaprevir (Figure). As a
class, these agents have high potency but limited genotype
coverage and a low barrier to resistance.!>'

Nonstructural 5A Complex Inhibitors

The NS5A complex plays a role in HCV RNA replication
regulation as well as viral assembly and packaging, and
directly interacts with the RNA-dependent RNA poly-
merase (RARp). The exact antiviral action of NS5A inhibi-
tors is unknown; they are theorized to inhibit hyperphos-
phorylation of the NS5A protein and alter the protein’s
location from the endoplasmic reticulum, likely causing
faulty HCV assembly."? Ledipasvir, ombitasvir, daclatasvir
(Daklinza, Bristol-Myers Squibb), elbasvir, velpatasvir,
odalasvir, samatasvir, ravidasvir, ruzasvir, and pibrentasvir
currently make up the class of NS5A inhibitors (Figure).
Ledipasvir is one of the most potent inhibitors of the
NS5A complex, but may have lower activity in HCV
genotypes 2 and 3 infections.’>'” Ombitasvir is approved
in combination with paritaprevir, ritonavir, and dasabuvir

as part of the 3D regimen (Viekira Pak, AbbVie) for the
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Figure. The RNA genome of hepatitis C virus (HCV) is translated into proteins intracellularly to carry out viral function. A
NS3/4A serine protease cleaves unprocessed polyproteins to create functional, individual proteins, a process blocked by protease
inhibitors. The NS5A protein helps with HCV RNA replication regulation and viral assembly and packaging, and directly
interacts with the RNA-dependent RNA polymerase (RdRp). NS5A inhibitors prevent hyperphosphorylation of the NS5A protein
and alter the protein’s location from the endoplasmic reticulum. NS5B polymerase inhibitors have a high barrier to resistance and
work broadly against genotypes with intermediate potency. Nucleos(t)ide inhibitors arrest RNA synthesis, while nonnucleoside
inhibitors bind and disrupt the RdRp function.

3’NTR, 3’ nontranslated region; 5’NTR, 5’ nontranslated region; NS, nonstructural.

Used in clinical practice in the United States.

treatment of HCV genotypes 1 and 4 infections, but also
has a higher pill burden, which could affect compliance.'®
Velpatasvir has antiviral activity against HCV replicons in
genotypes 1 through 6." NS5A complex inhibitors have
high potency, multigenotypic coverage, and generally a
low barrier to resistance.'”> Newer agents in this class have
the promise to increase the resistance threshold.

Nonstructural 5B Polymerase Inbibitors

The RdRp is vital to HCV replication, acting to catalyze
RNA synthesis and genome replication. Nucleos(t)ide
inhibitors arrest RNA synthesis, while nonnucleoside

inhibitors bind and disrupt the RdRp function.*

The nucleos(t)ide inhibitors are analogues that are
incorporated into the viral RNA genome by the RdRp,
causing termination of further replication, and competi-
tively bind the active polymerase site. Single mutations
can lead to resistance; however, there is some evidence
that mutations also seem to decrease viral fitness.!? This
class of NS5B polymerase inhibitors has a high barrier
to resistance and works broadly against genotypes with
intermediate potency.”® Sofosbuvir was the first available
NS5B nucleos(t)ide inhibitor (in 2014).'

Nonnucleoside inhibitors inhibit the RdRp by bind-
ing an allosteric site in a noncompetitive fashion, which
changes the biochemical activity of the polymerase. They
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have a low barrier of resistance. Beclabuvir, an indole
derivative, binds the thumb I subdomain on the RdRp
with potent activity but has reduced activity against HCV
genotypes 2 and 6 infections. Dasabuvir, a benzothiadia-
zine derivative, binds the palm I site on the RdRp, causing
changes to the active site and preventing transcription.'>*!
Deleobuvir and radalbuvir are additional nonnucleoside

inhibitors (Figure).
Current Treatment Regimens

The treatment regimens discussed in this article are those
currently available in the United States. The scope of this
review is the management of patients infected with HCV
genotypes 1 through 6, including both treatment-naive
and -experienced patients. Recommendations for cir-
thotic patients are made with well-compensated cirrhosis
in mind (normal bilirubin and albumin levels and no
evidence of hepatic encephalopathy or portal hyperten-
sion complications). The Table provides a guide for HCV
infection management in both initial treatment and
treatment-experienced failures.

Special groups, such as HIV/HCV-coinfected
patients, patients with HCV after liver transplantation,
patients with decompensated cirrhosis, and patients with
end-stage renal disease, deserve the attention of special-

ized treatment centers and are discussed elsewhere.”*%

Genotype 1

Treatment-Naive, Noncirrhotic Patients

At least 6 treatment regimens are available in the United
States for the treatment-naive, noncirrhotic patient
infected with HCV genotype 1. All of these regimens
can potentially lead to a SVR rate greater than 95%.
When administered for 12 weeks, sofosbuvir/ledipasvir
(Harvoni, Gilead) has an expected SVR rate of 98%
to 99%.%* A post hoc analysis of the registration trial
data led the FDA to approve this regimen for 8 weeks
in patients who had viral titers less than or equal to 6
million IU/mL.” Further analysis of the data from the
registration trials raises caution in the use of this dura-
tion in patients who are HIV-coinfected, are African
American, or harbor unfavorable interleukin-28B geno-
types.”® Data outside of registration clinical trials have
demonstrated that 4365 HCV genotype l-infected,
treatment-naive patients had a cure rate greater than
90%, confirming the expectations of robust response
in this patient population.?”” A second regimen, recently
approved in the United States, is sofosbuvir/velpatasvir,
which, when administered in this patient population for
12 weeks, can be expected to achieve a SVR rate of 98%
to 99%." Sofosbuvir plus daclatasvir administered for

12 weeks can be expected to yield a SVR rate as high as
98%.%8

The triple combination of paritaprevir/ritonavir/
ombitasvir and dasabuvir combined with ribavirin yields
a SVR rate between 97% and 99%. In HCV genotype
1b infection, ribavirin is not necessary.”” The elbasvir/
grazoprevir (Zepatier, Merck) combination for 12 weeks
can be expected to lead to high SVR rates, but treatment
is adjusted in patients with HCV genotype 1a infection
with persistence-associated variants or for patients on
chronic dialysis.*** Patients who test positive for NS5A
resistance-associated variants (RAVs) for elbasvir should
be reviewed, and, in this particular population, extend-
ing treatment to 16 weeks with the addition of weight-
based ribavirin has excellent response rates, with initial
data reporting a SVR rate of up to 99%.%3% The older
sofosbuvir/simeprevir regimen can also be successfully
used; however, caution is required if patients have HCV
genotype la infection with expression of the Q80K poly-
morphism in the viral protease, and SVR rates are reduced

compared to alternative regimens.>®

Treatment-Naive, Cirrhotic Patients
In cirrhotic patients, the newly approved sofosbuvir/
velpatasvir regimen is highly effective with SVR rates of
98% to 99% after 12 weeks of treatment.'”* Sofosbuvir/
ledipasvir for 12 weeks (coadministered with ribavirin in
patients with decompensated cirrhosis) and the elbasvir/
grazoprevir regimen should be used with caution in
patients with preexistent RAVs.2#3040

While approved for use in compensated cirrhotic
patients, paritaprevir/ritonavir/ombitasvir and dasabuvir
should be used with caution if there is any sign of decom-
pensation, as the FDA has issued a warning of hepatic
decompensation and liver failure in rare cases with this
regimen.”! In patients with HCV genotype 1a infection,
the duration of this regimen is increased from 12 weeks
to 24 weeks.*

Treatment-Experienced Patients

Prior treatment in patients with HCV genotype 1 infec-
tion should be carefully assessed. The complexity of man-
agement in this setting will increase as patients who have
failed DAA therapies begin to surface.

Pegylated Interferon and Ribavirin Failures in Noncir-
rhotic Patients Sofosbuvir-containing regimens include
sofosbuvir/ledipasvir for 12 weeks, sofosbuvir/velpatasvir
for 12 weeks, and sofosbuvir/daclatasvir for 12 weeks,
with SVR expectations for these regimens ranging from
96% to 99%.1943-4

Paritaprevir/ritonavir/ombitasvir and dasabuvir with
weight-based ribavirin for 12 weeks is an alternative
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Table. Guide for HCV Infection Management in Both Initial Treatment and Treatment-Experienced Failures

12 weeks treatment
* If sofosbuvir/ribavirin-experienced,
+ ribavirin: 24 weeks treatment

Genotype | Available Regimens Genotype | Available Regimens

Sofosbuvir/velpatasvir: 12 weeks treatment Sofosbuvir/velpatasvir: 12 weeks treatment

® For decompensated cirrhosis, add ribavirin® * For decompensated cirrhosis, pegylated

® For decompensated cirrhosis and for interferon/ribavirin-experienced, or sofosbu-
sofosbuvir or NS5A failure, add ribavirin: 24 vir/ribavirin-experienced, add ribavirin
weeks treatment Sofosbuvir/elbasvir/grazoprevir: 12 weeks

Elbasvir/grazoprevir: 12 weeks treatment treatment

* In genotype la, check RAVs to NS5A; if 3 e If cirrhotic and/or treatment-experienced,
positive: 16 weeks treatment + ribavirin: 12 weeks treatment

* For NS3/protease inhibitor+pegylated Sofosbuvir/daclatasvir: 12 weeks treatment
interferon/ribavirin-experienced patients, o If cirrhotic + ribavirin: 24 weeks treatment
add ribavirin; if +RAVs to NS5A: 16 weeks * If sofosbuvir/ribavirin-experienced, add
Crcaunent ribavirin: 24 weeks treatment

2 Wi o o=l gl o dsgompars ® For decompensated cirrhosis, add ribavirin:
sated cirrhosis 12 weeks treatment

Sofosbuvir/ledipasvir: 12 weeks treatment Sofosbuvir/velpatasvir: 12 weeks treatment

* Naive, noncirrhotic, non-African American, ® For decompensated cirrhosis, add ribavirin®
and <10° copies: 8 wecks trearment * If sofosbuvir/NS5A-experienced, add

® For decompensated cirrhosis, NS3A/protease ribavirin: 24 weeks treatment
inhibitor+pegylated interferon/ribavirin-

1 experienced with cirrhosis, or post-liver Sofosbuvir/ledipasvir: 12 weeks treatment
transplant, add ribavirin® ® For decompensated cirrhosis, add ribavirin®
» If sofosbuvir/ribavirin-experienced, add * If pegylated interferon/ribavirin-experienced

ribavirin: 12 weeks treatment; if cirrhotic, and cirrhotic, add ribavirin®
add ribavirin: 24 weeks treatment * If sofosbuvir-experienced, add ribavirin
Paritaprevir/ritonavir/ombitasvir+dasabuvir: 4 Elbasvir/grazoprevir: 12 weeks treatment
12 weeks treatment * For treatment-experienced, if failure to sup-
* If genotype 1a or 1, add ribavirin press virus on prior treatment, add ribavirin:
o If cirrhotic, caution (per FDA) genotype 1b: 16 weeks treatr.nent
12 weeks treatment; genotype 1a or 1, add * Not for post-liver transplant or decompen-
ribavirin: 24 weeks treatment sated cirrhosis
Sofosbuvir/simeprevir: 12 weeks treatment Paritaprevir/ritonavir/ombitasvir+ribavirin:
 If NS5A-experienced, avoid in genotype la if 12 weeks treatment
+NS3 Q80K e If cirrhotic, caution (per FDA), add ribavirin
_ : * If pegylated interferon/ribavirin-experienced,
Sofosbuvir/daclatasvir: 12 weeks treatment add ribavirin
o If cirrhotic or NS3/protease
inhibitor+pegylated interferon/ribavirin- Sofosbuvir/velpatasvir: 12 weeks treatment
experienced, + ribavirin: 24 weeks treatment . . .
. F(Fr decompensated cirrhosis, add ribavirin® 5 f(;ﬁos];uwrll'edlpaswflr: 12 weeks trejatment
sofosbuvir-experienced or post-liver
Sofosbuvir/velpatasvir: 12 weeks treatment transplant, add ribavirin
® For decompensated cirrhosis, add ribavirin
Sofosbuvir/daclatasvir: 12 weeks treatment Sofosbuvir/velpatasvir: 12 weeks treatment
) o If cirrhotic, 16-24 weeks treatment - - -
® For decompensated cirrhosis, add ribavirin: 6 Sofosbuvir/ledipasvir: 12 weeks treatment

* If sofosbuvir-experienced or post-liver
transplant, add ribavirin

FDA, US Food and Drug Administration; HCV, hepatitis C virus; NS, nonstructural; Q80K, hepatitis C virus polymorphism; RAVs, resistance-

associated variants.

*If patient is ribavirin-intolerant, extend duration of treatment to 24 weeks.

bCirrhosis refers to compensated cirrhosis unless stated as decompensated cirrhosis.

Developed by Dr Vargas and Dr Horsley-Silva, copyright of Mayo Foundation for Medical Education and Research, 2016.
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choice in patients with HCV genotype 1a infection, with
an expected SVR rate of 96%. Ribavirin is not needed
for HCV genotype 1b infection, and clinical trials of
paritaprevir/ritonavir/ombitasvir and dasabuvir have
demonstrated 100% response rates.“*”” While elbasvir/
grazoprevir can be used in this patient population,
patients infected with HCV genotype 1a require screen-
ing for RAVs.*

Pegylated Interferon and Ribavirin Failures in Cir-
rhotic Patients In treatment-experienced patients with
cirrhosis, sofosbuvir/velpatasvir for 12 weeks not only
yields a 99% SVR rate, but also does not require riba-
virin."”” Sofosbuvir/ledipasvir can be used for 12 weeks
in combination with ribavirin; alternatively, in patients
who do not tolerate ribavirin, a 24-week treatment dura-
tion is a possibility.” Elbasvir/grazoprevir yields a 96%
SVR rate when used for 16 weeks.*
Sofosbuvir-Experienced Patients Patients who have
failed a sofosbuvir-containing regimen should be con-
sidered for treatment with sofosbuvir/ledipasvir and
ribavirin for 12 weeks; in cirrhotic patients, the duration
should be extended to 24 weeks.®

Protease  Inhibitor—Experienced, Noncirrhotic
Patients If patients have previously failed telaprevir-,
boceprevir-, or simeprevir-based regimens, they can be
switched to sofosbuvir/velpatasvir,"” sofosbuvir/ledi-
pasvir,” or sofosbuvir/daclatasvir® for 12 weeks, as all
therapy combinations yield high SVR rates. Elbasvir/
grazoprevir for 12 weeks is also adequate if there are no
preexisting RAVs in patients infected with HCV geno-

type la.”

Protease Inhibitor—Experienced, Cirrhotic Patients
In this patient subtype, sofosbuvir/velpatasvir for 12
weeks or sofosbuvir/ledipasvir and ribavirin for 12 weeks
are alternative treatment options.'>*® Elbasvir/grazopre-
vir for 12 weeks is an option in patients without NS5A

RAVs.#

Complex Treatment Failures Although possibly a
numerical minority, failures to sofosbuvir/simeprevir
combinations and any regimens containing NS5A agents
constitute a difficult-to-treat population. The approach
to treating complex treatment failures is nascent and will
need to be addressed in future clinical trials with newer-
generation agents that have higher barriers to resistance.
Referral to clinical trials or expert treatment centers is
recommended. If treatment is to be entertained, analysis
for resistant-variant populations is necessary to avoid
futile therapy.

Genotype 2

Treatment-Naive, Noncirrhotic Patients
Sofosbuvir/velpatasvir for 12 weeks yields SVR rates
greater than 99% in treatment-naive, noncirrhotic
patients infected with HCV genotype 2.°! Sofosbuvir/
daclatasvir for 12 weeks is an alternative option, as prior
studies have found high rates of SVR in treatment-naive
patients with both 12- and 24-week regimens.”®*

Treatment-Naive, Cirrhotic Patients

In cirrhotic patients, 12 weeks of sofosbuvir/velpatasvir
is an optimal treatment approach. Sofosbuvir/daclatas-
vir requires a longer duration of treatment (at least 16
weeks). The use of ribavirin is advisable in this setting,
as additional data have demonstrated lower SVR rates in
patients with advanced Child-Turcotte-Pugh class C or
albumin levels less than 2.8 g/dL.!*5"%

Treatment-Experienced Patients

Pegylated Interferon and Ribavirin Failures in Non-
cirrhotic Patients The use of sofosbuvir/velpatasvir for
12 weeks is recommended in this patient population
and yields a 99% SVR rate.’' The sofosbuvir/daclatasvir
combination therapy is also likely to be successful.?*>2

Pegylated Interferon and Ribavirin Failures in Cir-
rhotic Patients Sofosbuvir/velpatasvir for a total of 12
weeks is recommended in cirrhotic patients who have pre-
viously failed pegylated interferon and ribavirin. This com-
bination therapy yields a SVR rate of up to 99%.>' Alterna-
tively, patients could take sofosbuvir/daclatasvir from 16 to
24 weeks, with additional ribavirin recommended.”

Genotype 3

HCV genotype 3 infection remains the most challeng-
ing of all of the commonly encountered genotypes in
the United States. The treating clinician should pay
particular attention to patients who have cirrhosis and
those who have previously received therapy.

Treatment-Naive, Noncirrbotic Patients

In noncirrhotic patients, the sofosbuvir/velpatasvir com-
bination for 12 weeks will render a 98% SVR rate.’!
Sofosbuvir/daclatasvir, another FDA-approved regimen,
can achieve SVR in 97% of patients.”* The regimen of
sofosbuvir/elbasvir/grazoprevir for 12 weeks is likely to be
highly effective in noncirrhotic, treatment-naive patients.”

Treatment-Naive, Cirrhotic Patients
The sofosbuvir/velpatasvir combination is an effective
regimen in the subgroup of treatment-naive, cirrhotic,
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genotype 3—infected patients.’’ The sofosbuvir/daclatas-
vir combination has a much lower SVR rate, shown to
be 82% in studies, and requires 24 weeks of treatment
with the addition of ribavirin.*%>°

Treatment-Experienced Patients (Including Sofosbuvir-
and Protease Inhibitor—Experienced)
Treatment-Experienced, Noncirrhotic Patients Sofos-
buvir/daclatasvir for 12 weeks can be expected to yield
a 94% SVR rate in treatment-experienced, noncirrhotic
patients.”® Sofosbuvir/velpatasvir is expected to lead to a
SVR in 91% of patients.’! Sofosbuvir/elbasvir/grazopre-
vir with ribavirin for 12 weeks has been shown to have a
95% SVR rate in this population.’”

Treatment-Experienced, Cirrhotic Patients  This
patient population has the lowest SVR rate in the DAA
era. Treatment-experienced, cirrhotic patients present a
double challenge of treating in the setting of advanced
fibrosis as well as potentially harboring resistant vari-
ants. Together, these challenges decrease the chances of
SVR to below 90%. Sofosbuvir/velpatasvir accompa-
nied by ribavirin for 12 weeks is an effective regimen
that approximates a 90% SVR rate.”>*® If sofosbuvir/
daclatasvir is the chosen treatment regimen, ribavirin is
strongly recommended, and the duration should be 24
weeks, as the SVR rate is expected to be close to 90%.

Genotype 4

Treatment-Naive, Noncirrhotic and Cirrhotic Patients
There are 4 effective treatment regimens for cirrhotic and
noncirrhotic patients who are treatment-naive. Each regi-
men has very high efficacy and safety. The combination
of ombitasvir/paritaprevir/ritonavir (Technivie, AbbVie)
with ribavirin can lead to a SVR in 97% to 100% of
patients.”” The number of patients treated in registration
trials is limited; thus, forthcoming real-world experience
will help improve the predictions of SVR. Sofosbuvir/
velpatasvir can be used with expectations of a nearly
100% SVR rate, whereas sofosbuvir/ledipasvir for 12
weeks can lead to a SVR in 95% of patients.!”**¢! The
elbasvir/grazoprevir regimen must be used for 12 weeks
and also leads to a very high SVR rate (97%).%

Treatment-Experienced Patients

Treatment-Experienced, Noncirrhotic Patients The
treatment regimens available to treatment-naive patients
(described above) are also available to treatment-
experienced, noncirrhotic patients. If choosing elbasvir/
grazoprevir, care should be given to documenting the
patient’s prior response to treatment. Patients who failed
a pegylated interferon and ribavirin regimen should be

treated for 16 weeks instead of 12 weeks to ensure a

SVR.®

Treatment-Experienced, Cirrhotic Patients Sofosbu-
vir/velpatasvir and sofosbuvir/ledipasvir for 12 weeks

are likely to lead to rates of 100% SVR and 95% SVR,
respectively.!>®

Genotypes 5 and 6

HCV genotypes 5 and 6 infections are exceedingly rare
in North America. Data backing the currently available
recommendations for treatment are limited. Future
updates through trials and real-world experience will
provide more solid recommendations in these genotypes.

Treatment-Naive, Noncirrhotic and Cirrhotic Patients
Currently available treatment combinations include
sofosbuvir/velpatasvir for 12 weeks (yielding a 99% SVR
rate) and sofosbuvir/ledipasvir for 12 weeks (reaching a
95% SVR rate).!?%

Elbasvir/grazoprevir for 12 weeks has been shown in
a limited number of patients to lead to a SVR rate of 80%
in patients infected with HCV genotype 6.%° In patients
with genotype 5 infection, elbasvir/grazoprevir with
ribavirin for 12 weeks can be recommended, with SVR
expectations close to 100%.% In this difficult-to-treat
population, the regimen of sofosbuvir/elbasvir/grazopre-
vir and ribavirin for 12 weeks is likely to lead to a greater
than 95% response rate based on a recent small study.”

Drug-Drug Interactions

The effectiveness of DAA agents notwithstanding, phy-
sicians should be aware of drugs that negatively impact
HCV treatment or put patients at risk. Protease inhibi-
tors are metabolized through the cytochrome P450 3A4
(CYP3A4) isoenzyme and can lead to disruption of
therapeutic regimens that may be in place when patients
are receiving HCV treatment. Interactions can also
occur with drug transporter proteins (eg, P-glycoprotein,
breast cancer resistance protein), leading to increased
elimination or altered absorption of medications.!®¢>%
Many benzodiazepines, antidepressant medications,
and 3-hydroxy-3-methylglutaryl-coenzyme A reductase
inhibitors can interact with DAA agents.

Every DAA regimen has the potential for drug
interactions with HIV antiretroviral combinations, and
most can be continued with careful monitoring or dosing
modifications. However, there are a few contraindicated
combinations. Consultation with an HIV treatment
center is paramount if patients with HCV/HIV coinfec-
tion are treated in the primary care setting.
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Immunosuppressive agents also are metabolized
through some of the same pathways as DAA agents and
can alter their drug levels. Simeprevir is contraindicated
with cyclosporine and should be monitored closely when

administered with tacrolimus.

Mammalian target of
rapamycin inhibitors, including sirolimus and everoli-
mus, should be monitored carefully with DAA agents.
Because the 3D regimen contains ritonavir, which
inhibits the CYP3A4 isoenzyme, this regimen should
be monitored closely with cyclosporine and tacrolimus.
Treatment of HCV infection in posttransplant patients
should be carried out in coordination with the transplant
center to ensure the safety of this patient population.
Specific drug regimen cautions exist that should
be understood by the treating clinician. Sofosbuvir-
containing regimens have been noted to induce severe
and life-threatening bradyarrhythmias in patients with
concurrent amiodarone administration. This cannot be
overlooked, particularly in view of the long half-life of

amiodarone.®”%

Paritaprevir/ritonavir/ombitasvir and
dasabuvir, while studied and approved for use in com-
pensated cirrhotic patients, has had a warning issued
postapproval by the FDA alerting clinicians to the pos-
sibility of decompensation. Although the mechanics
are difficult to explain, protease inhibitors have been
reported to cause hepatic decompensation and as a class
should be used with caution and without hesitation to
discontinue if signs of decompensation are present.!

Another easily avoided dosing issue is the decrease
of ledipasvir absorption when used concurrently with
strong acid inhibitors such as proton pump inhibitors.
Guidelines exist for dosing acid-lowering agents in this
setting, although avoidance of these agents is strongly
encouraged when using the sofosbuvir/ledipasvir cofor-
mulated regimen.'¢

As DAA prescriptions increase, physicians should be
aware of the potential complications created by drug-drug
interactions. An authoritative, easy-to-use online refer-
ence provides the latest updates and interactions.”” The
Department of Health and Human Services also provides
treatment guidelines, including drug interactions of DAA
agents and antiretroviral agents.”’ Patients should avoid
herbal and dietary supplements while taking DAA agents

to avoid any unforeseen interactions.*

Challenges

Despite great advances in treatment options for HCV
infection, patients may still not have access to effective
treatments. Highly efficacious treatments are important
to the success of managing HCV infection, but if more
than half of affected individuals remain undiagnosed,
the improvement of the prevalence of this disease at the
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national level will remain marginal. Recognition of HCV
infection and linkage to care should be a high health care
delivery imperative. Additionally, efforts to deliver these
medications at a reasonable cost to patients and health
care systems are limited and form the foundation of the
linkage to care.

Clinicians should make the diagnosis, direct pre-
scriptions to correct third-party payers with appropriate
documentation to avoid coverage denials, and have a
rebuttal strategy. It is important for clinicians to make
a clear therapeutic plan with patients based upon prior
therapy history, hepatic fibrosis staging, and viral factors
such as genotype and RAV analysis. Ultimately, patient
selection and education can lead to maximal success rates.

Certain patient populations should be evaluated and
receive therapy at an experienced treatment center. These
populations include patients with decompensated cirrho-
sis and patients who previously failed sofosbuvir/simepre-
vir or sofosbuvir/ledipasvir combinations, or any regimens
containing NS5A agents. Careful evaluation should also
occur in populations not covered in this review, including
patients with renal impairment or failure, patients with
HIV coinfection, patients with HCV infection after liver
transplantation, and children with HCV infection.

Summary

Knowledge of treatment regimens and expected results
facilitates high rates of response to treatment. There are
very few contraindications to treating patients infected
with HCV. As more data on the tolerability and effec-
tiveness of DAA agents emerge, the barriers to treatment
shift toward cost and identifying patients who are actively
infected with HCV. Future directions should focus on
medical policies and advancement of physician knowledge
on diagnosing the HCV-infected population. Ultimately,
once HCV infection is identified, appropriate treatment
can be selected based upon genotype, clinical situation,
contraindication, and drug-drug interactions.
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