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Abstract: Direct-acting antiviral (DAA) therapy has changed the landscape of hepatitis C

virus (HCV) management and has changed the focus to the possibility of HCVelimination in

the near future. Glecaprevir, an NS3/4A protease inhibitor, and pibrentasvir, an HCV NS5A

inhibitor, have addressed many of the existing shortcomings in the DAA therapy spectrum.

This combination has proven to be a highly efficacious pan-genotypic DAA with a high

barrier to resistance as a once-daily, all-oral medication. This review explores the design and

development of glecaprevir and pibrentasvir, its place in current HCV management in the

midst of a myriad of DAA therapy options, and also remaining challenges.
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Introduction
It is estimated that over 70 million individuals have hepatitis C virus (HCV)

viremia worldwide, with the incidence still increasing.1 If left untreated, chronic

infection can lead to advanced liver disease with associated high morbidity and

mortality rates from complications of decompensated disease, including hepatocel-

lular carcinoma.2

Direct-acting antiviral (DAA) therapy has changed the landscape of HCV

management and also of HCV-related liver transplantation (LT). Previously seen

as a chronic, often incurable, infection, the highly effective DAA therapy has

resulted in extremely high eradication rates and has changed the focus to the

possibility of HCV elimination in the near future.3 In fact, the WHO has recently

adopted the first “Global Health Sector Strategy on Viral Hepatitis, 2016–2021,”

which has a vision of eliminating viral hepatitis as a public health problem by

globally reducing new viral hepatitis infections by 90% and reducing deaths due to

viral hepatitis by 65% by 2030.4 In order to realize this goal, many challenges exist,

not least the variability of many different genotypes (and subtypes) throughout the

world.1

There are an estimated 3.5 million people in the United States with chronic

HCV infection.5 Despite this, HCV is no longer the leading listing indication for LT

in the United States, decreasing from 25.2% to 17.6% between 2006 and 2016,

having been overtaken by non-alcoholic steatohepatitis and alcohol-related liver

disease.6 Moreover, HCV-positive LT recipients in the DAA era have experienced

improved 3-year graft survival, comparable to the outcomes of non-HCV-infected
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patients.7 In addition, the DAA era has afforded an oppor-

tunity to expand the use of HCV-positive liver donors,

given the highly effective therapy now available, with

increasing HCV-positive liver grafts being transplanted

into both HCV-positive and HCV-negative recipients.8

Similar trends have been noted in Europe with a notable

rapid decline of LTs due to HCV infection and dramati-

cally improved post-LT survival noted in the DAA era.9

Glecaprevir/pibrentasvir (GLE/PIB, AbbVie, North

Chicago, IL, USA) is a fixed-dose combination of 2 DAA

therapies and received Food and Drug Administration

(FDA) approval on August 3, 2017, for the treatment of

adult patients with chronic HCV genotype (GT) 1, 2, 3, 4, 5,

or 6 infection without cirrhosis or with compensated cirrho-

sis. Additionally, it is indicated for adults with HCV GT 1

infection, who previously have been treated with an HCV

NS5A inhibitor or an NS3/4A protease inhibitor (PI). This

review explores the design and development of GLE/PIB,

examines its place in current HCVmanagement in the midst

of a myriad of DAA therapy options, and discusses the

outstanding challenges in HCV treatment.

Design and development
Hepatitis C virology
To understand the design and development of GLE/PIB, one

must first examine the structure and lifecycle of the HCV.

HCVis a positive-sense, single-stranded enveloped ribonu-

cleic acid (RNA) virus. There are 7 major GTs (1–7), which

vary by over 30% in nucleotide sequence from one another,

and several subtypes (Figure 1).10 The natural course of

infection can vary among these GTs, for example, GT 3 is

6% of all HCV infections.
prevalent in southeast
Asia. subtype 6a – IDU
spread in Hong Kong
and vietnam.

46% of all HCV infections. worldwide distribution.
subtypes 1a and 1b most prevalent. subtype 1a widespread IDU.

subtype 1b – iatrogenic spread.

8% of all HCV infections.
highly prevalent in middle east
and north and central Africa.
subtype 4a – iatrogenic spread,
primarily in Egypt.
subtype 4d – IDU spread in
european cities.

1% of all HCV infections.
highly prevalent in South Africa.

30% of all HCV infections.
Worldwide distribution
Highly prevalent in northern
Europe and south Asia.
Subtype 3a – widespread IDU.

Only found in a few individuals
from central Africa.

9% of all HCV infections. worldwide distribution.
highly prevalent in western Africa. subtype 2a and 2b most prevalent.

subtypes 2a and 2b – iatrogenic spread.

Figure 1 Classification of hepatitis C virus into 7 major genotypes and subtypes. The tree is based on phylogenetic analysis of the open-reading frame (nucleotide)

sequences. The overall prevalence and distribution are indicated for each major genotype.

Note: Reprinted from Journal of Hepatology, 65, Bukh J, The history of hepatitis C virus (HCV): basic research reveals unique features in phylogeny, evolution and the viral life

cycle with new perspectives for epidemic control, S2–S21, Copyright (2016), with permission from Elsevier.11

Abbreviations: HCV, hepatitis C virus; IDU, intravenous drug use.
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associated with liver steatosis, increased fibrosis progression,

and a higher risk of HCC, leading to difficulty in treating this

subtype. HCV replicates primarily in hepatocytes of infected

patients11 and has been found to be dependent on the liver-

specific microRNA-122.12 Extrahepatic replication of HCV

has been recognized, and there had been a concern in the pre-

DAA era that persistence of HCV replication at these sites

could potentially play a role in late recurrence after treatment.

In the pre-DAA era, it had been shown that in most patients

with sustained virologic response (SVR), low-level HCV

RNA can be detected in lymphocytes and monocytes/macro-

phages, and occasionally in liver and serum for up to 9 years

after the end of therapy.13

Genotypes 1 and 3 are the most prevalent worldwide,

accounting for 46% and 30% of all infections, respec-

tively, while GTs 2, 4, 5, and 6 account for 9%, 8%, 1%,

and 6%, respectively (Figure 1).14 Some GTs show a high

degree of endemicity, notably GT 3 in Pakistan and India

and GT 4 in the Middle East and Egypt (Figure 1).15,16 In

addition, there has been changing geographical distribu-

tion of GTs and subtypes over time due to eradication of

transfusion-associated transmission, increasing intrave-

nous drug abuse, and population migration patterns. For

example, subtypes 1b, 2a, and 2b are typically associated

with elderly populations thought to be related to transfu-

sion exposures, while other subtypes, such as 1a, 3a, 4d,

and 6a, are linked with intravenous drug abuse.17

The HCV genome has one continuous open-reading

frame flanked by nontranslated regions (NTRs) at 5ʹ and

3ʹ ends. The 5ʹ NTR also contains the internal ribosome

entry site that initiates the cap-independent translation of

HCV genome into a single 3000 amino acid polyprotein,18

which is cleaved by a combination of viral and host

proteases into 10 mature viral proteins – divided into

structural and nonstructural (NS) proteins (Figure 2).11

The structural proteins consist of core and envelope.

HCV core is the viral nucleocapsid protein with several

functions including RNA binding, immune modulation,

cell signaling, autophagy, and assisting with HCV

assembly.11 HCV E1/E2 are glycosylated envelope glyco-

proteins that surround the viral particles, protecting it from

immunological responses and contributing to HCV

persistence.19

The identification of the NS (p7, NS2, NS3, NS4A,

NS4B, NS5A, and NS5B) proteins and their recognition as

therapeutic targets were important therapeutic break-

throughs in HCV management. The ion channel protein

p7 is downstream of the envelope region and contributes

to viral assembly and release. NS2 is a viral autoprotease

that mediates the cleavage between NS2 and NS3, thus

having a vital role in viral assembly. The NS3 and NS4A

viral proteins act synergistically to perform a serine-type

protease function, resulting in the cleavage of the HCV

viral polyprotein at four sites.20 The role of NS4B is not

well understood, although it is known to induce the mem-

branous web formation. The NS5A is a dimeric zinc-

binding metalloprotein which binds the viral RNA and

various host factors in close proximity to HCV core and

lipid droplets and is essential for RNA replication and the

assembly of infectious virions, although the precise

mechanism is unknown.21 Last, NS5B is an RNA-depen-

dent RNA polymerase. Altogether, these proteins contri-

bute to various aspects of HCV life cycle, including viral

attachment, entry and fusion, HCV RNA translation,

Core E1 E2 p7 NS3NS2 NS4
A

NS5BNS4B NS5AU U

IRES IRES

5’UTR Structural Non-structural 3’UTR

Nucleocapsid

Envelope 
glycoproteins Viroporin

& assembly 
factor

Autoprotease
& assembly 

factor Protease 
helicase 

& assembly 
factor

NS3 protease
& co-factor

Membranous 
web & 

replication 
complex 
formation

Regulates 
replication & 

virus assembly
RNA-dependent
RNA-polymerase

glecaprevir pibrentasvir

Figure 2 The structure and replication cycle of the hepatitis C virus. The identification of the nonstructural proteins was an important therapeutic breakthrough. The sites

of action of glecaprevir and pibrentasvir are shown.

Abbreviations: IRES, internal ribosome entry site; E, envelope; NS, nonstructural.
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posttranslational processing, HCV replication, virus

assembly, and release. Of note, due to the highly error-

prone RNA polymerase, HCV also displays remarkable

genetic diversity and propensity for selection of immune

evasion or drug resistance mutations.

DAA therapy and the rationale for

glecaprevir/pibrentasvir
In the DAA era, there are three broad pharmacological

groups which act in combination targeting multiple com-

ponents of the HCV viral replication process: NS3/4A

protease inhibitors (PIs), NS5A replication complex inhi-

bitors, and NS5B polymerase inhibitors (Table 1).

The first DAAs were approved for combination use with

peginterferon alfa and ribavirin in May 2011 by the US

FDA. These NS3/4A protease inhibitors, boceprevir and

telaprevir, achieved an SVR of up to 68% and 75%, respec-

tively, in untreated chronic HCV GT 1 infection.22,23

However, high rates of adverse events, drug–drug interac-

tions, and an inherent low barrier to viral resistance limited

their overall impact.24 In November 2013, another NS3/4A

PI, simeprevir, was FDA approved for HCV GT 1 treatment

in combination with peginterferon alfa and ribavirin and

achieved an 80% 12-week SVR (SVR12).25 Sofosbuvir, an

NS5B polymerase inhibitor, was then approved by the FDA

in December 2013, after demonstrating an SVR12 of 90%

in GTs 1 and 4 infection in combination with peginterferon

alfa and ribavirin.26

Subsequently, the combination use of DAAs has

resulted in highly effective interferon-free regimens. As

an example, combined simeprevir and sofosbuvir treatment

has resulted in SVR12s of 73–97%, with higher cure rates

obtained in those without cirrhosis and those treated for 12

weeks as opposed to 8 weeks.27–29 Combined ledipasvir and

sofosbuvir has achieved 94–100% SVR12 rates for treat-

ment-naïve (TN) patients and 87–100% SVR12 rates for

treatment-experienced (TE) patients.30,31

Despite these rapidly evolving and highly effective treat-

ments, a number of challenges remained. Virologic failures of

DAA regimens were increasing and thought to be related to

baseline resistance-associated polymorphisms or resistance-

associated substitutions (RASs) that emerged during therapy.32

As our understanding increased, it was observed that variants

within the NS5A region markedly increased the risk of treat-

ment failure.33 Retreatment strategies were also inadequate,

with no treatments specifically indicated for either NS5A or

NS5B inhibitor-experienced patients. As an example,

retreatment with ledipasvir/sofosbuvir demonstrated only an

18% SVR12 in patients with prior nonresponse to NS5A

inhibitors regimens.34 Although much improved SVR12 was

noted with the addition of ribavirin to ledipasvir/sofosbuvir.35

Moreover, none of the existingDAA options was approved for

patients with advanced chronic kidney disease (CKD), a major

shortcoming considering the high prevalence of HCV in this

patient population. Last, most of the approved regimens

recommended 12 weeks of treatment; however, there was

concern of declining patient adherence during the last 4

weeks of treatment, suggesting that shorter treatment durations

may improve adherence particularly in difficult-to-treat popu-

lation such as psychiatric patients and the prison population.36

Therefore, a highly effective pan-genotypic DAA for

patients with HCV without the requirement of baseline

genotyping, viral load, or resistance testing and with

shorter treatment duration and safe in advanced renal dis-

ease was highly sought after, with the ideal of simplifying

future treatment algorithms.

Pharmacology of glecaprevir and

pibrentasvir
In order to attempt to address the shortcomings in the existing

HCV-treatment market, GLE/PIB was developed.

Glecaprevir’s (identified by AbbVie and Enanta) molecular

formula is C38H46F4N6O9S, and its chemical structure is

shown in Figure 3.37 It is an HCV NS3/4A PI, preventing

the proteolytic cleavage of the HCV-encoded polyprotein into

mature forms of the NS3, NS4A, NS4B, NS5A, and NS5B

proteins, and thus preventing viral replication. In a pre-

approval biochemical assay, glecaprevir inhibited the proteo-

lytic activity of recombinant NS3/4A enzymes from clinical

isolates of HCV GTs 1a, 1b, 2a, 2b, 3a, 4a, 5a, and 6a.37

Moreover, it demonstrated <5-fold loss of activity against

common GT 1 variants at key resistance-associated positions

of R155 and D168 to existing NS3/4A PIs.37 It is readily oral

bioavailable with time for peak plasma concentration (Tmax)

at 5 hrs. It is predominantly protein bound, undergoes second-

ary metabolism via cytochrome P450 (CYP) 3A, and has an

elimination half-life (t1/2) of 6 hrs, with the biliary-fecal route

being the major route of excretion.37

Pibrentasvir’s molecular formula is C57H65F5N10O8,

and its chemical structure is shown in Figure 4. It is an

HCV NS5A inhibitor, preventing viral RNA replication

and virion assembly. Half-maximal effective concentration

(EC50) values are ≤5 picomolar across all major HCV GTs

and maintain high potency against common NS5A
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resistance-associated variants, including GT1a Y93H (6.7-

fold increase in EC50),38 which has been associated with

reduced susceptibility to other NS5A inhibitors.39

Pibrentasvir has a Tmax of 5 hrs when taken orally. It is

predominantly protein bound, does not undergo metabo-

lism, and has an elimination t1/2 of 13 hrs, with the biliary-

fecal route again being the major route of excretion.37

Both glecaprevir and pibrentasvir are inhibitors of P-gly-

coprotein and organic anion transporting polypeptide 1B1/3,

as well as being weak inhibitors of CYP3A, 1A2, and uridine

glucuronosyltransferase 1A1, which leads to a number of

important potential drug interactions. Co-administration of

carbamazepine, phenytoin, rifampin, efavirenz, and St.

John’s wort may significantly decrease the plasma concentra-

tions of GLE/PIB, and the use of these medications with GLE/

PIB is not recommended. Other potentially significant drug

interactions include GLE/PIB increasing the levels of digoxin,

statins, and dabigatran, while conversely, cyclosporine

increases GLE/PIB levels.37

There is not enough safety data to support GLE/PIB use

in pregnancy. Its safety in children <18 years of age has not

been established. No dosage adjustment is required in CKD,

including patients on dialysis, while GLE/PIB is contra-

indicated in severe hepatic impairment (Child–Pugh C).37

In summary, when used in combination, GLE/PIB has

pan-genotypic anti-HCV activity including against resis-

tant strains, minimal metabolism, primarily biliary excre-

tion, and negligible renal excretion. The next step was to

assess its performance in human clinical trials.

Registrational studies of glecaprevir/
pibrentasvir in HCV treatment
The registrational clinical trials of glecaprevir/pibrentasvir

are summarized in Table 2.

HCV GT 1, 2, 4, 5, or 6 infection without

cirrhosis
The efficacy of GLE/PIB was assessed in TN or (peg)inter-

feron, ribavirin, and/or sofosbuvir (PRS)-TE adult patients

with HCV GT 1, 2, 4, 5, or 6 infection without cirrhosis in 4

trials using 8- or 12-week durations: ENDURANCE-1,

ENDURANCE-4, SURVEYOR-1 (Part 2), and

SURVEYOR-2 (Part 2 and Part 4). ENDURANCE-1 was

a randomized, open-label trial comparing 8 and 12 weeks of

treatment with GLE/PIB in patients with GT 1 infection.40

There was a 99% (348/351) SVR12 in the 8-week treatment

group, which was numerically similar to the 12-week treat-

ment group outcome. Pooled analysis from the other 3
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clinical trials (ENDURANCE-4, SURVEYOR-1, and

SURVEYOR-2)41,42 showed SVR12 rates of 98%

(193/197), 93% (43/46), 100% (2/2), and 100% (10/10) in

GT 2, 4, 5, and 6 patients treated for 8 weeks, respectively.

While SVR12 rates were 100% (27/27) and 100% (30/30)

in GT 5 and 6 patients treated for 12 weeks, respectively.

HCV GT 1, 2, 4, 5, or 6 infection with

compensated cirrhosis
The effectiveness of GLE/PIB in TN or PRS-TE patients

with chronic HCV GT 1, 2, 4, 5, or 6 infection with compen-

sated cirrhosis (Child–Pugh A) was studied in the single-arm,

open-label EXPEDITION-1 trial.43 Of the 146 patients trea-

ted, 145 (99%) achieved SVR12 after 12 weeks of treatment.

The 1 patient who did not respond was GT 1.

HCV GT 3 infection without and with

compensated cirrhosis
The effectiveness of GLE/PIB in TN or PRS-TE

patients with chronic HCV GT 3 infection without

cirrhosis or with compensated cirrhosis was explored

in ENDURANCE-3 and in SURVEYOR-2 (Part 3).

ENDURANCE-3 was a partially randomized, open-

label, active-controlled trial in TN subjects.40 Patients

were randomized to either 12 weeks of GLE/PIB or

sofosbuvir/daclatasvir. The trial included a third non-

randomized arm with GLE/PIB for 8 weeks. The

SVR12 was 94.9% (149/157) and 95.3% (222/233) in

the 8- and 12-week glecaprevir/pibrentasvir treatment

groups, respectively. Notably, among those treated for

8 weeks, only 75% (12/16) with the A30K RAS at

baseline achieved SVR, although such patients repre-

sented a minority (<7%) of the study population.

SURVEYOR-2 was an open-label trial randomizing

PRS-TE patients with GT 3 infection without cirrhosis

and with compensated cirrhosis to 12 or 16 weeks of

treatment.42 TN patients with cirrhosis achieved a 98%

(39/40) SVR12 after 12 weeks of treatment, while

PRS-TE patients±cirrhosis achieved a 96% (66/99)

SVR12 after 16 weeks of treatment.

Table 2 Overview of the clinical trials evaluating the efficacy of glecaprevir/pibrentasvir in patients with HCV genotype 1, 2, 3, 4, 5, or

6 infection, according to treatment history and cirrhosis status

TRIAL Genotype Treatment duration 12-SVR rate (%)

TN and PRS-TE patients without cirrhosis

ENDURANCE-1 1 8 (n=351) or 12 weeks (n=352) 99

SURVEYOR-2 2 8 weeks (n=197) 98

ENDURANCE-3 3 8 (n=157) or 12 weeks (n=233) 94.9, 95.3

SURVEYOR-2 3 16 (PRS-TE only) weeks (n=22) 96–98

ENDURANCE-4/SURVEYOR-1/SURVEYOR-2 4, 5, 6 12 weeks (n=245) 93–100

ENDURANCE-4/SURVEYOR-1/SURVEYOR-2 4, 5, 6 8 weeks (n=10) 100

TN and PRS-TE patients with compensated cirrhosis

EXPEDITION-1 1, 2 ,4, 5 ,6 12 weeks (n=146) 99

SURVEYOR-2 3 12 weeks (TN) or 16 weeks (PRS-TE) 96–98

Patients with CKD stage 4 and 5± compensated cirrhosis

EXPEDITION-4 1–6 12 weeks (n=104) 98

NS5A inhibitor or PI-experienced patients ± compensated cirrhosis

MAGELLAN-1 1 12 or 16 weeks 86–100

HCV-HIV-1 co-infected patients ± compensated cirrhosis

EXPEDITION-2 1, 2 , 3, 4, 6 8 or 12 weeks (n=153) 98

Liver or kidney transplant recipients without cirrhosis

MAGELLAN-2 1, 2 ,3, 4, 6 12 weeks (n=100) 98

Abbreviations: n, sample size; TN, treatment naïve; PRS-TE (peg)interferon, ribavirin ± sofosbuvir-treatment experienced; SVR, sustained virologic response; CKD, chronic

kidney disease; HCV, hepatitis C virus; NS5A, nonstructural protein 5S.
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NS5A inhibitor and/or NS3/4A PI-

experienced patients
In MAGELLAN-1, the efficacy of 12 weeks of GLE/PIB

in patients with prior treatment failure of regimens con-

taining an NS5A inhibitor and/or NS3/4A PI±NS5B inhi-

bitors was evaluated. The trial was a randomized, open-

label trial in 141 GT 1- or 4-infected patients. Part 1

(n=50) was a randomized trial exploring 12 weeks of

glecaprevir 200 mg and pibrentasvir 80 mg (arm A),

glecaprevir 300 mg and pibrentasvir 120 mg, ± ribavirin

(arms B & C).44 The results showed SVR12 was achieved

in 100% (6/6), 95% (21/22), and 86% (19/22) of patients

in arms A, B, and C, respectively. Part 2 (n=91) rando-

mized GT 1- or 4-infected patients without cirrhosis or

with compensated cirrhosis to 12 or 16 weeks of treatment

with GLE/PIB.45 SVR12 was achieved by 89% (39 of 44)

and 91% (43 of 47) of patients who received 12 and 16

weeks of GLE/PIB, respectively. Virological relapse

occurred in 9% (4 of 44) of the patients treated with 12

weeks of GLE/PIB, with no relapses in the 16 weeks of the

treatment group. Past treatment history with one class of

inhibitor (protease or NS5A) had no impact on SVR12,

whereas past treatment with both classes of inhibitors was

associated with lower SVR12 rates.

Special groups
EXPEDITION-4 was an open-label, single-arm trial asses-

sing the safety and efficacy of GLE/PIB in patients with

CKD Stages 4 and 5 without cirrhosis and with compensated

cirrhosis.46 In this cohort, there were 104 patients (81%

without cirrhosis and 42% PRS-TE), of whom 82% were

on hemodialysis, and 53%, 15%, 11%, 19%, 1%, and 1%

were infected with HCVGTs 1, 2, 3, 4, 5, and 6, respectively.

The overall SVR12 rate was 98% and there were no virologic

failures. Importantly, renal impairment did not affect the

efficacy and no dose adjustments were required.

EXPEDITION-2 was an open-label study in 153 HCV/

HIV-1-coinfected TN or PRS-TE patients without (8

weeks of treatment) or with compensated cirrhosis (12

weeks of treatment).47 The SVR12 rate was 98% (150/

153). One subject experienced on-treatment virologic fail-

ure and no subjects relapsed.

MAGELLAN-2 was a single-arm, open-label study in

100 liver or kidney transplant recipients without cirrhosis

who were infected with HCV GTs 1, 2, 3, 4, or 6.48 The

study included HCV TN or PRS-TE patients and patients

were treated for 12 weeks. Immunosuppressants allowed

for co-administration were cyclosporine ≤100 mg, tacroli-

mus, sirolimus, everolimus, azathioprine, mycophenolate,

prednisone, and prednisolone. The overall SVR12 rate was

98% (98/100). There was one relapse and no on-treatment

virologic failures.

GLE/PIB was well tolerated in all these registrational

studies with a low rate of serious adverse events and

withdrawal due to adverse events (Table 3).

Discussion
As a result of the aforementioned registrational clinic

studies, GLE/PIB became the first pan-genotypic regimen

approved for 8 weeks in TN, noncirrhotic patients and the

only 8-week regimen for patients co-infected with HIV. It

also addressed the void of pan-genotypic options for

patients with chronic HCV and advanced CKD, including

Table 3 Summary of the adverse events of glecaprevir and

pibrentasvir from Registrational Clinical Trialsa

Most common AEs Rate (%)

Headache 6.7–25.8

Fatigue 7.0–24.0

Nausea/vomiting 3.3–13.7

Asthesia 0.0–10.0

Pruritis 0.0–20.0

Diarrhea 0.0–11.5

Abdominal pain 0.0–7.0

Dizziness 0.0–6.0

URTI 0.0–15.2

Back pain 0.0–9.0

Constipation 0.0–9.0

Lethargy 0.0–7.0

Stomatitis 0.0–1.1

Malaise 0.0–5.6

Bilirubin increase 0.0–1.1

Insomnia 0.0–6.0

SAEs 0.8–7.5

WDAEs 0.3–3.8

Notes: aCanadian Agency for Drugs and Technologies in Health. Clinical Review

Report: Glecaprevir/Pibrentasvir (Maviret): (AbbVie Corporation; North

Chicago, IL, USA): Indication: Hepatitis C genotype 1 to 6. Ottawa (ON), Feb 2018.

Abbreviations: AEs, adverse events; SAEs, serious adverse events; WDAEs, with-

drawals due to adverse events.
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dialysis patients. Following on from the index clinical

trials, there have been a number of subsequent studies,

including real-world data, which has helped to consolidate

the place of GLE/PIB in HCV treatment and understand its

role in certain clinical situations, such as previous treat-

ment failures, elderly patients, and HCV GT 3 infection.

The efficacy and safety of GLE/PIB in patients with

chronic HCV GT 5 or 6 infection was confirmed in the

ENDURANCE-5, 6 trials.49 In this study, 22/23 and 60/61

patients achieved SVR12 in GT5 and GT6 infections, respec-

tively. The safety and efficacy of GLE/PIB have also been

shown in patients aged 65 years or older with chronic HCV

infection. In a study on 328 patients aged ≥65 years, the

SVR12 rate of 97.9% was not significantly different from

the 97.3% SVR12 rate in patients <65 years (p=0.555).50 In

addition, the rate of AEs was similarly rare between the

groups (<0.5%).

The treatment of HCV GT 3 infection in patients with

cirrhosis and/or prior treatment failure has remained challen-

ging. Subsequent to the ENDURANCE-3 and SURVEYOR-2

(Part 3) trials, a real-world study from Italy on GLE/PIB

demonstrated an SVR12 rate of 99.3% and excellent safety

profiles in 723 patients with chronic HCV, although there were

notably lower SVR rates in HCV GT3 patients treated for 8

weeks.51 Pooled data from five Phase 2 or 3 trials that eval-

uated 8-, 12-, and 16-week GLE/PIB in 693 patients with

chronic HCV GT3 infection demonstrated SVR12 in 95% of

the TN patients without cirrhosis receiving 8-week and 12-

week GLE/PIB.52 TN patients with cirrhosis had a 97%

SVR12 rate with 12-week GLE/PIB. Treatment-experienced

(PRS), noncirrhotic patients had SVR rates of 90% and 95%

with 12- and 16-week GLE/PIB, respectively, while 94% of

the TE patients with cirrhosis treated for 16 weeks achieved

SVR12. With this in mind, a 16-week course of GLE/PIB

should be considered for TE patients with HCVGT3 infection

irrespective of the presence of cirrhosis. Furthermore, 12

weeks may be more prudent than 8 weeks for TN patients

with HCV GT3 infection and difficult-to-treat characteristics,

such as progressive fibrosis or preexisting A30K mutations.

There has been ongoing research aimed at ascertaining

the appropriate management of TE patients with HCV

infection, with duration ranging from 8 to 16 weeks depend-

ing on HCV GTand specific agents previously received. As

noted earlier in the registrational clinical trials, PRS-TE

patients can be effectively treated with GLE/PIB.

However, in patients previously treated with a class of

medication other than PRS, the indications for GLE/PIB

are somewhat restricted. These indications do not include

NS5A or NS3/4A PI-experienced patients with GT 2–6 or

HCV GT 1 who have received both NS5A and NS3/4A

inhibitors. Approval has been restricted to patients infected

with GT1, given the few patients with GT4 enrolled in

MAGELLAN-1 trial. Salvage therapy with GLE/PIB was

not recommended in patients with prior failure of both NS3/

4A and NS5A inhibitors, after past treatment with both

classes of inhibitors was associated with a significant

lower SVR12 rate in MAGELLAN-1. These are notable

limitations of GLE/PIB therapy. At this time, sofosbuvir,

velpatasvir, and voxilaprevir (SOF/VEL/VOX) appear to

hold a unique position in the treatment of patients with

prior DAA failures on the basis of data from the

POLARIS-1 and POLARIS-4 trials which showed no asso-

ciation between baseline RASs and treatment outcomes.53

In a real-world study in 30 patients with chronic HCV

infection with prior DAA therapy failures, 28/30 (93.3%)

achieved SVR12 with GLE/PIB.54 Liver fibrosis stage did

not affect efficacy; however, the results of this study sug-

gested that some GT 1b HCV-infected patients, particularly

those with NS5A-P32 deletion, may have low susceptibility

to GLE/PIB. Additionally, another study found NS5A-P32

deletion to be a factor involved in virologic failure in patients

receiving GLE/PIB.55 More extensive analysis has occurred

assessing the affect on baseline polymorphisms (BPs) on

GLE/PIB efficacy in order to assess if these need to be

assessed for in everyday clinical practice. The resistance

analysis of 2200 patients with HCV GT 1–6 infection from

Phase 2 and 3 clinical trials showed that BPs in NS3 and/or

NS5A did not have an impact on efficacy for patients with

GT1–GT6, with the exception of TE GT3-infected patients

treated for 12 weeks (as noted earlier).56 This led the authors

to conclude that the GLE/PIB regimen, when the recom-

mended durations are used, allows for a pan-genotypic treat-

ment option without the need for baseline resistance testing.

This represents a major advantage over the previous practice

of resistance testing prior to grazoprevir/elbasvir and exten-

sive use of ribavirin with either paritaprevir/ombitasvir/dasa-

buvir or LDV/SOF in TE patients with and without cirrhosis.

There are a number of remaining challenges and limita-

tions of GLE/PIB at the present time. As with all other regi-

mens containing HCV NS3/4A PIs, GLE/PIB is not

recommended in patients with decompensated cirrhosis

(Child–Turcotte–Pugh stage B or C). This means that patients

with decompensated cirrhosis and prior DAA failure have no

explicit treatment options at this time. For these patients,

alternative treatment options, including off-label DAA combi-

nations without an NS3/4A inhibitor such as SOF/VEL
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±ribavirin, can be considered. Alternatively, treatment can be

completed post-LT if the patient is a transplant candidate.

There is uncertainty about the approach to patients with prior

GLE/PIB failure, with one approach of 16 weeks of GLE/PIB

plus SOF and ribavirin shown to be effective,57 alternatively

treatment with SOF/VEL/VOX has also been suggested.53

One of the remaining challenges is the treatment of HCV in

children, given the lack of availability of most DAAs for this

age group. Sofosbuvir/ledipasvir and sofosbuvir/daclatasvir

have been shown to be safe and effective in children.58

There is currently no data available on GLE/PIB on children

with HCV. Only SOF/LDV and SOF plus ribavirin are

approved for children aged 12 and over, whereas treatment

in younger patients is recommended to be deferred until inter-

feron-free regimens are approved.59 Finally, the lack of

African American (4–5%) and Hispanic (negligible) partici-

pants among TN patients limited the generalizability of GLE/

PIB from the registrational clinical trials, a deficit which has

not been fully addressed by subsequent real-world data.

Therefore, the majority of the existing data are more suppor-

tive of treating a European rather than a US population.

The existing body of evidence has prompted the FDA to

approve GLE/PIB for the treatment of adult patients with

chronic HCV GT 1–6 infection without cirrhosis (8 weeks of

treatment) or with compensated cirrhosis (12 weeks of treat-

ment), and for patients with HCV GT 1 infection, who

previously have been treated with an NS5A inhibitor or an

NS3/4A PI. The current HCV treatment guidelines, a partner-

ship between the American Association for the Study of

Liver Diseases (AALSD) and the Infectious Diseases

Society of America (IDSA), recommend GLE/PIB for TN

HCV GT 1–6-infected patients without cirrhosis and with

compensated cirrhosis, as Class 1, Level A evidence.59 As

noted earlier, it may be more prudent to treat GT 3 patients

for 12 weeks even in the absence of cirrhosis should difficult-

to-treat characteristics be present. For TE patients, the

strength of recommendation ranges from Class 1, Level A,

to Class 2, Level B, for patients with prior ribavirin/peg-

interferon exposure, or GT 1 and 2 with prior DAA failure.

However, it is not recommended for patients with GT 3–6

with prior DAA failure, with the regimen of sofosbuvir,

velpatasvir, and voxilaprevir being favored (Table 1).53 The

European Association for the Study of the Liver (EASL)

2018 Guidelines also endorse that TN and TE patients with-

out or with cirrhosis (Child–Pugh A) can be treated with

GLE/PIB for 12 weeks without testing GT. If cirrhosis can

be reliably excluded bymeans of a noninvasivemarker in TN

patients, GLE/PIB can be administered for 8 weeks only.60

Future studies should examine GLE/PIB efficacy in GT 2–6

patients with prior NS 3/4a PI or NS5a failures, in children, in

more diverse population, and decompensated cirrhotic

patients. Given the effectiveness of 8-week therapy, a shorter

duration of therapy may be even possible, which would have

benefits in terms of compliance and cost.

Conclusion
Glecaprevir/pibrentasvir has proven to be a highly effective

pan-genotypic treatment for HCV in patients without cirrho-

sis and with compensated cirrhosis, with a high barrier to

resistance, and is safe and effective in patients with advanced

renal disease, HIV, and solid organ transplants. Moreover, it

has high success rates in PRS-TE patients and in patients who

have either received prior NS3/4A PIs or NS5A inhibitor

therapies; however, its effectiveness is noticeably lower in

patients who have previously failed both NS3/4A PIs and

NS5A inhibitor therapies. The WHO has put HCV elimina-

tion high on the world health agenda. The use of pan-geno-

typic DAA regimens, such as GLE/PIB, has the potential to

support the worldwide goal of HCVelimination.
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