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Summary

A recent NHS England dataset including 15,000 people with HCV naive to direct acting
antivirals (DAA) identified a high (>95%) cure rate for many DAA regimens across
genotypes 1-3, and for a smaller number with genotypes 4-6'. Although information on
treatment history and impact of resistance-associated substitutions (RAS) on treatment
outcomes was not presented, this data provide reassurance that many patients will be
cured without access to RAS testing.

The aim of this document is to support clinicians treating people with HCV, where the
issue of resistance may be a factor in clinical-decision making. Based on its expert
opinion and following review of evidence from in vitro data, clinical trials and real world

cohorts, the PHE HCV Resistance Group suggests the following pragmatic approach t (L(L

testing is limited, or where the clinical setting requires rapid initiation of therapy
waiting for the results of specialised testing, RAS testing may be omitted. er

the use of RAS testing in the current NHS landscape. Where access to resistanc
it
e
testing is accessible, resistance testing may be performed in the scengg elow.

Recommendations for RAS testing \&
v

1. NS5A RAS in GTla prior to Elbasvir C i
Where elbasvir RAS are identified, patig flould receive 16 weeks of therapy with

ribavirin or an alternative reginQ
2. NS5A RASin GT3 wi ef¥sated cirrhosis prior to Sofosbuvir/Velpatasvir.

Where YO93H is j jpled, Watients should receive 12 weeks of therapy with ribavirin,
24 weeks ap an alternative regimen.

. % all patients with decompensated cirrhosis prior to DAA therapy.
& ISto identify patients who may benefit from ribavirin or extension of therapy, or, in

me cases, to guide future treatment decisions.

4. NS5A RAS in subtypes not commonly found in high income countries, including

genotypes 4, 5 and 6.
This is to guide future treatment decisions, as resistance data is currently lacking.

5. NS3 and NS5A RAS in all patients with previous exposure to NS3 and/or NS5A

inhibitors, prior to re-treatment.
This is either to determine duration of therapy, in some cases, or to guide future
treatment decisions.

i. Drysdale et al, BASL, 2018, York
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Although RAS testing may not influence the immediate treatment decision in all cases, it
may be helpful either to the particular patient or to others in the future. Clinicians are
referred to Tables 1-5 on pages 6-10 for a summary of the relevant evidence.

Some of the available data, in particular analyses of the NHS England registry, has
been presented in preliminary form, without peer review, and this must be considered a
limitation in interpreting clinical significance. As a result, the Group acknowledges that
its recommendations may change as more detailed analysis of existing data, as well as
newer data, becomes available.

It is hoped that this document will be useful to NHS clinicians, and we would welcome

any feedback you may have. (L(L
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Table 1. HCV resistance testing in treatment-naive individuals

SOF/LDV +/- ELB/GZR +/- | SOF/VEL +/-
GT1la RBV PrOD + RBV RBV RBV GLE/PIB SOF/ELB/GZR | SOF/VE
Non Regimen Regimen (1) Regimen Regimen
Cirrhotic | recommended | recommended recommended | recommended

. : Regimen Regimen
Cirrhotic recommended - (1) (2) recommended

GT3a

Non
Cirrhotic

Regimen
recommended

Cirrhotic

Green — data available supporting use of the regimen wi pre-tred RAS testing
Yellow — data available supporting pre-treatment R tin some or all groups of patients
Red — regimen not recommended in internatio

1. Where elbasvir RAS are identifi B/GZR/RBV or an alternative regimen is advised [1].

fi W
2. Data is available supporti AS testing in individuals with decompensated cirrhosis. Where NS5A RAS are identified, 12 weeks of
SOF/VEL/RBYV or 24 Wee fS are advised [2].

3. Where the NS5A RA identified, 12 weeks of SOF/VEL/RBV, 24 weeks of SOF/VEL, or an alternative regimen is advised [3].

4, Ifth psent, 12 weeks of SOF/VEL is advised [3].
)
ve

GLE, glecaprevir; GZR, grazoprevir; LDV, ledipasvir; PIB, pibrentasvir; PrOD, ritonavir-boosted paritaprevir, ombitasvir, dasabuvir; RBV, ribavirin; SOF, sofosbuvir; VEL,
svir; VOX, voxilaprevir
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Table 2. HCV resistance testing in individuals previously treated with pegylated interferon and ribavirin

‘ "
GLE/PIB SOF/ELB/GZR | SOEA4EL &; 5 'm

SOF/LDV +/- ELB/GZR +/- | SOF/VEL +/-
GTla RBV PrOD + RBV RBV RBV
Non Regimen Regimen (1) Regimen Regimen
Cirrhotic | recommended | recommended recommended | recommended
. , Regimen Regimen
Cirrhotic recommended (1) (2) recommended

GT3a
Non Regimen
Cirrhotic recommended

Cirrhotic

t pre-treAS testing

Green — data available supporting use of the regimen with

2. Data are available supportingst

Y“\.

(4)

en
ré@ommended

Regimen
recommended

(4)

*See section B7

esting in individuals with decompensated cirrhosis. Where NS5A RAS are identified, 12 weeks of

led, 12 weeks of SOF/VEL/RBV, 24 weeks of SOF/VEL, or an alternative regimen is advised [3].

SOF/VEL/RBYV or 24 \iceR8lof S re advised [2].
3. Where the NS5A 3 id
4. Wherethe IS absent, 12 weeks of SOF/VEL is an alternative [3].

N\

Welbasvir; GLE, glecaprevir; GZR, grazoprevir; LDV, ledipasvir; PIB, pibrentasvir; PrOD, ritonavir-boosted paritaprevir, ombitasvir, dasabuvir; RBV, ribavirin; SOF, sofosbuvir; VEL,

velpatasvir; VOX, voxilaprevir
7
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Table 3. HCV resistance testing in individuals previously treated with sofosbuvir and ribavirin with or without pegylated eieron

SOF/LDV + ELB/GZR +/- | SOF/VEL +/- SOF/ELB/ SOFN
GTla RBV RBV RBV GLE/PIB GZR ‘
Non Regimen (1) Regimen Regimen egi
Cirrhotic | recommended recommended | recommended recompie -
e ’r Ittt

Regimen
(1) (2) recommended recommended

GT3a 2 9

Non
Cirrhotic (3)

Cirrhotic

Regimen
recommended

Regimen
recommended

Cirrhotic (4)

Green — data available supporting use of the regimen without pre-
Grey — insufficient data available on the use of pre-treatment RAS
Red - regimen not recommended in international guidelines

0,

1. No current data exists for SOF-exposed indjvid
impact of baseline elbasvir RAS in PEG/R
elbasvir RAS are identified [1]

2. Where NS5A RAS a with decompensated cirrhosis, 12 weeks of SOF/VEL/RBV or 24 weeks of SOF/VEL are advised. This is
by extensmn of findin -PI experienced individuals in the absence of other available data [2].

t théfiegimen is recommended in treatment guidelines [4] . By extension of data showing an
-Rl -eXerienced individuals, 16 weeks of ELB/GZR/RBV or an alternative regimen is advised where

lent data to inform interpretation. By extension of data from therapy-naive and PEG/RBV-experienced patients, where the
identified in patients with cirrhosis, 12 weeks of SOF/VEL/RBV, 24 weeks of SOF/VEL, or an alternative regimen is advised [3].
ntly insufficient data to inform interpretation. By extension of data from therapy-naive and PEG/RBV-experienced patients, baseline
S5MRAS are unlikely to impact SVR12, although further data is required [5, 6].

asvir; GLE, glecaprevir; GZR, grazoprevir; LDV, ledipasvir; PIB, pibrentasvir; PrOD, ritonavir-boosted paritaprevir, ombitasvir, dasabuvir; RBV, ribavirin; SOF, sofosbuvir; VEL,
velpatasvir; VOX, voxilaprevir

8
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Table 4a. HCV resistance testing in individuals previously treated with pegylated interferon, ribavirin and a protease.inh

itor

SOF/LDV +/- ELB/GZR +/- | SOF/VEL +/- SOF/ELB/ S E/
GTla RBV RBV RBV GLE/PIB IB
Non Regimen (1) Regimen 3) Regimen
Cirrhotic | recommended recommended recommended
. , Regimen Regimen Regimen
Cirrhotic recommended (1) (2) (3) recommended | recommended
SOF/VEL/ SOF/GLE/
SOF/LDV GZR VOX PIB
Non Regimen Regimen
Cirrhotic recommended | recommended
Cirrhotic Regimen Regimen
recommended | recommended

Yellow — data available supporting pr
Red — regimen not recommendeg i

weeks of ELB/GZR/RBV or an alternative regimen is advised [1].

of SOF/VEL are advised [2].

velpatasvir; VOX, voxilaprevir

9

use of RAS testing in individuals with decompensated cirrhosis. Where NS5A RAS are identified, 12 weeks of
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Table 5. HCV resistance testing in individuals previously treated with an NS5A inhibitor-containing regimen

SOF/VEL +

SOF/LDV ELB/GZR RBV GLE/PIB SOF/ELB/GZR +/- RBV

Non 2) Regimen
Cirrhotic reco recommended

: , Regimen Regimen Regimen

Cirrhotic .

recommended recommended | recommended

Non Regimen Regimen
Cirrhotic recommended | recommended

Cirrhotic Regimen Regimen
recommended | recommended

*only if decompensated cirrhosis

Green — data available supporting use of the reglmen
Yellow — data available supporting pre- treatme R
Grey — insufficient data available on the u

Red — regimen not recommended in

re-treatment RAS testing

1. Therapy with 24 wee is recommended in individuals with decompensated cirrhosis and prior NS5A inhibitor containing

reduced SVR12 with 24 weeks of SOF/VEL/RBYV in genotype 3a-infected individuals, with or without
or NSSA inhibitor treatment and baseline NS5A RAS [9] . However, there is no currently available alternative
decompensated cirrhosis [2]. NS5A RAS testing is advised to obtain data to inform future clinical decision making in

NS5A RAS are identified, GLE/PIB is advised for a duration of 12 or 16 weeks, respectively. Where both NS3 and NS5A RAS are
d, an alternative regimen is recommended [7, 8, 10].

Q

en

asvir; GLE, glecaprevir; GZR, grazoprevir; LDV, ledipasvir; PIB, pibrentasvir; PrOD, ritonavir-boosted paritaprevir, ombitasvir, dasabuvir; RBV, ribavirin; SOF, sofosbuvir; VEL,
velpatasvir; VOX, voxilaprevir

10
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A. Introduction to HCV resistance testing

1. Background

The management of hepatitis C virus (HCV) infection has been revolutionised by the
advent of direct-acting antiviral (DAA) therapies. These all oral, well-tolerated therapies
result in sustained virological response (SVR) rates of >95%. SVR is typically assessed
at 12 weeks after cessation of antiviral therapy and is referred to as ‘SVR12'. Many of
the DAA regimens currently available in the UK exert differential activity according to the
viral genotype and the presence of viral resistance, and an understanding of the
principles of resistance testing is therefore required.

The aim of this document is to support clinicians treating people with HCV in the UK
where the issue of resistance may be a factor in clinical-decision making. ere
guidance is presented, this represents the opinion of the PHE HCV R%ﬁ Group, a
panel of experts who have considered data from in vitro studie d lll clinical
trials and real world studies. In general, data supportin istance testing
has been included where the presence of resistanc I In increased virological
failure with an SVR12 of less than 95%.

The Group also recognises the incre
regimens, which exert pan-genot
presence of viral resistancega

ng a ility of second-generation DAA
adlivity and may retain high antiviral potency in the
substitutions (RAS). The use of these newer
stfategy that may remove the requirement for viral

regimens underpins a
genotype determi ﬁ: esistance testing, thereby permitting treatment scale up,
& r

with limited access to specialised tests.

particularly in
.
ix&) ised that this working document does not seek to provide an overarching
at

r HCV elimination or to recommend the use of one DAA regimen over
ther. Clinicians wishing to access resources on these topics are advised to consult
treatment guidelines [4, 11, 12] or policy documents available from other sources [13].

2. Mechanisms of viral resistance

HCV virology

HCV is an enveloped, single-stranded, positive-sense RNA virus of the family
Flaviviridae and has a genome length of approximately 9.6 kilobases. As a
consequence of the low fidelity of the viral RNA-dependent RNA polymerase (RdRp),
multiple errors are introduced into progeny viruses during virus RNA replication. The

11
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high error rate, in conjunction with a high turnover and progeny number (10"
virions/day) [14, 15], result in a large number of viral variants, harbouring different
mutations, which coexist within the same host. These are commonly termed
quasispecies.

Some of these nucleotide substitutions result in amino acid variants that confer a
selective replication advantage in the presence of antiviral drug pressure. Amino acid
substitutions thus may change the susceptibility of the virus to one or more drugs and,
in this context, the variant amino acid is referred to as RAS. Such RAS-harbouring
variants are preferentially selected for, or enriched from baseline, following

unsuccessful DAA therapy, in view of the growth advantage they confer. (L(L

Antiviral resistance

Currently-available DAA inhibit one of three virally-encoded proteins: the Ng8/4A
protease complex, the NS5A protein (required for viral replication and %ﬁly) and
the NS5B RdRp. RAS in these genes are found in therapy-nai ta
prevalence of up to 50% and 15% for NS3 and NS5A, respegij

NS5B RAS are rarely observed (1-3%), probably refle @ )s8 1n replicative
capacity (or fitness) that they impart. In parti i bstitutions in the highly
conserved active site of RARp may effectiy, plication [18].

Of the three drug classes, resistan NS5A ibitors is clinically the most important.
This reflects the substantial i “A RAS on drug susceptibility, the high fitness
of NS5A RAS-bearing vag the ability of such variants to persist for years even
in the absence @f d

inhibitors in so &ﬁn ut tend to become undetectable within months of stopping

NS3 infihi Mg therapy [19]). By contrast, variants harbouring NS5B RAS
wing exposure to an NS5B inhibitor (1% of virologic failures) and are

, 17]. By contrast,

RAS are typically divided into those that are drug-specific (conferring reduced
susceptibility to one particular antiviral agent) and those that are class-specific
(conferring reduced susceptibility to =2 agents in the same class although not
necessarily reducing susceptibility to all drugs of that class).

3. Recommended types of resistance test

Two types of tests predict susceptibility to antiviral drugs based on an analysis of the
viral genotype or phenotype. Genotypic susceptibility testing is fast and easier to set up,
and is performed at several centres in the UK. Phenotypic resistance testing is laborious
and complicated, and is currently only available in research settings.

12
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Genotypic resistance testing

In genotypic antiviral susceptibility testing, either a fragment or the full length HCV
genome is sequenced. The product is then compared with a database of mutations
reported previously as being associated with drug resistance in clinical trials and/or in
vitro studies. Through this comparison, a ‘virtual phenotype’ for the sequence of interest
is generated with predicted antiviral susceptibilities. Both Sanger (direct) sequencing
and next generation sequencing (NGS) platforms are now available.

Direct sequencing involves reverse transcription and PCR amplification of usually short
(0.2 -2.0 kilobase) segments of the NS3, NS5A and/or NS5B genes followed by Sanger

virus population.

sequencing. The method can reliably detect RAS if present in = 15-25% of the total Q(L(L

Most NGS assays use massive parallel sequencing of short fragments, whigh toge

encompass the whole or part of the HCV genome. The large number ncing

products are aligned to a reference genome and software is us w@ tify RAS. Minor
3P

variants present at 1% of the total population may be detecieeho atform. For
clinical purposes, a cut-off of 15% is recommended, w @ pxtmates to the results
of Sanger sequencing. Below this cut-off, RA e (ess | 0 be clinically significant
and susceptibility will be reported [4, 11, 17 % data from clinical trials was
generated through an NGS platform, this 13§ hold has been applied in the DAA-
specific guidance of Sections B a“nless otherwise specified.

The cut-off for HCV RN %e sample selected for resistance testing varies
according to assgay, i assays will use a lower limit of 100-300 IU/mL, others
N

may require a el of at least 1000 IU/mL in order for genome amplification
to be, réji d. The cut-off should therefore be confirmed with the testing

Bor@fory, SWred frozen samples can be tested without the need to recall individuals.

endtypic resistance testing

In phenotypic testing, RAS are introduced as point mutations into a sub-fragment of the
HCV genome that has the capability of replicating viral RNA in tissue culture cells (the
sub-genomic replicon assay). The extent of viral replication can be measured by
expression of a reporter gene and, using this approach, drug susceptibility and viral
fithess can be assessed. RAS-bearing isolates are challenged with increasing
concentrations of antivirals to establish fold changes, such as EC50, the concentration
at which 50% of viral replication is inhibited with respect to wild-type. Of note, HCV cell
culture systems for the culture of HCV directly from clinical isolates are still in the early
stages of development and are therefore not yet widely used.

13
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4. Indications for resistance testing

Resistance testing may be indicated in the following scenarios:

RAS testing in DAA-naive individuals is recommended prior to initiation of therapy for
some treatment regimens in view of the reduction in SVR12 that may be associated with
particular baseline RAS. See section B for details of specific DAA regimens.

In cases of failure following DAA-based therapy, the results of RAS testing may inform
the choice of the retreatment regimen. If RAS testing is performed, this should be
carried out using a blood sample taken as close as possible to the planned retreatment
start date. This is to take into account the likelihood of the RAS-harbouring variant
becoming a minor population over time with the dominant population having wild e
characteristics. See sections B and C for resistance testing recommendations prio t
retreatment with specific DAA regimens.

5. Interpretation of results Q@‘
Clinical context O

The potential impact of RAS on predicted @ > AA therapy may vary according
to:

e patient characterlstlcs Qesence of hepatic cirrhosis (particularly if
decompensated ent history

e proposed D uch as regimen composition and interactions with
concomita

o v a cs such as the genotype (particularly genotype 3), subtype (where

ly prevalent in high income countries, such as 1l or 4r), the decrease in
sceptlblllty conferred by specific RAS, the number and pattern of RAS, any
assomated fitness costs and the pre-treatment HCV RNA level

Given these multiple factors, treatment decisions should not be made solely on the
basis of resistance testing. It is recommended that such decisions are made by a multi-
disciplinary team (MDT), which is likely to include hepatologists, infectious disease
physicians, pharmacists, clinical nurse specialists and virologists.

14
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Management approaches following identification of RAS

Where clinically-relevant RAS are identified, consequent actions may involve one or
more of:

e prolongation of DAA therapy
¢ intensification of therapy with an additional drug, such as weight-based ribavirin
e avoidance of a particular DAA regimen

If resources permit, ribavirin-sparing strategies may be preferable in many cases to

avoid possible ribavirin-associated toxicities. (L
The decision to offer DAA treatment to a patient who has baseline RAS also neegagio (L
consider the predicted reduction in SVR12 rate (if known), the liver disease fibrosis

stage and the degree of urgency for viral elimination. Thus, the role of the M®T is

consider the merits of immediate versus deferred exposure of the pati eatment

with DAA. For patients with advanced liver disease, the decisidp je %n needs to

consider the likely suitability of the patient for liver transplat

possible
impact of transplantation on future timing and responsi& Iviral treatment.

Interpretation of multiple resistance tes

Where more than one resistance t s been performed for the same HCV infection, it
may be necessary to consider clmulative results of both current and prior RAS
testing, particularly in t S5A RAS. This may be less relevant for NS5B or
NS3 RAS, partigul s Nave elapsed between the two tests, in view of the lower
likelihood of t S pefsisting in the absence of drug pressure.

o

V 8 currently classified into seven genotypes (1-7), which differ by as much as 30%
in their nucleotide sequence. Each genotype is further subdivided into subtypes, which
may differ by up to 15% in their nucleotide composition, with >80 currently recognised
[20]. Accurate determination of genotype/subtype can be critical, as this may impact
response to DAA therapies. Recommended methods of genotyping are Sanger
sequencing of NS5B or core, and whole genome sequencing by NGS [11, 12]. Other
platforms, including Line Probe assays and 5UTR PCR amplification, are not
recommended, as they may be insufficiently sensitive to be able to distinguish between
subtypes [21, 22].

Clinical trials have notably focused on HCV genotypes 1a, 1b and 3a, reflecting the
distribution of HCV genotypes in high income settings, with limited data presented for
other genotypes and subtypes. There is consequently less evidence to support the

15
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interpretation of RAS in other genotypes and subtypes, particularly those more
prevalent in low income countries (‘rare’ subtypes). More data on the sensitivity of these
HCV subtypes to current DAA regimens (including but not limited to genotypes 1l, 4r, 3b
and 6a-x) is needed and this represents an unmet need.

Rarely, recombinant strains of HCV have been described, representing HCV genomes
comprised of two different viral genotypes. The recombinant 2k/1b is the most
frequently observed in real world settings, in which 5’ sequence from genotype 2k is
combined with non-structural sequences from genotype 1b. Therefore any specimen
provisionally assigned by core sequencing or 5’UTR (a non-recommended method) to

genotype 2 should be additionally sequenced for NS5B or for the whole genome, in

order to exclude a recombinant form [23]. (L

7. Mixed infection (LQ
%

A proportion of individuals with HCV are infected with two or more diff,
genotypes or subtypes (‘mixed infection’). Mixed infection prevalg %
considerably, with most estimates reported at between 1-3 . This
likely reflects the heterogeneity of the populations sam
mixed infection in groups with frequent HCV gagosires,
drugs (PWID). In addition, identification of @ idh may be limited by the
sequencing method, with studies relying on§gangér sequencing failing to detect minor

broad range

N as people who inject

populations. Q

Where individuals with gai intection receive therapy with a genotype-specific

DAA regimen, tie ach infecting genotype may be discordant. Thus,

treatment fail %e sent the emergence of a previously-undetected minor

popula text of clearance of the dominant infecting genotype. The newly-

[ én%gent genotype may be incorrectly interpreted as a new infection and, in
% y have developed RAS following DAA exposure, the pattern of failure in this
natio is often viral breakthrough, rather than the more frequently-observed relapse.

Where mixed infections are identified prior to therapy, use of a pan-genotypic DAA

regimen increases the likelihood for successful cure of both infecting genotypes.

8. Reinfection

Reinfection is common amongst certain populations with repeated exposures to HCV,
such as men who have sex with men (MSM) living with HIV, and PWID, with reinfection
incidence rates of up to 10-15/100 person-years [32-34]. If reinfection is suspected as a
possible cause of recurrence of viraemia during or on completion of therapy, viral
sequencing should be performed on the failure specimen and compared with the
sequence of the pre-treatment specimen to allow distinction between relapse and
reinfection. NGS may be preferable in this scenario, in view of the greater sequencing
16



Antiviral resistance testing in the management of hepatitis C virus infection

information it provides. Sequencing is particularly relevant where recurrence of viraemia
occurs with the same subtype in individuals with continued exposure to HCV. However,
this approach cannot distinguish between treatment failure and reinfection from the
same source.

Where sequencing has not been performed prior to DAA therapy, it is recommended
that a pre-treatment blood specimen is stored locally for a minimum of six months,
which if necessary may be tested retrospectively in parallel to the failure specimen.

9. Difficult-to-engage patient groups

Many people living with HCV are not currently engaged with HCV services. This mayQ(L(L

a result of difficulties attending follow-up after a positive HCV diagnosis, or beca
diagnosis has not yet been made. Patient groups who may have difficulty acces§in
HCV services include PWID, people with mental health problems and peoplg.who
homeless. For example, only around half of PWID sampled in the Unli nonymous
Survey in 2016 were aware of their positive HCV antibody sta

For individuals from these groups, it is particularly criti nt be available as
soon as possible after diagnosis to minimise the ris, I IIow—up. Any benefit of
performing resistance testing must be weig st ghe delay in initiating therapy.
Early use of a pan-genotypic DAA regimen$§ etains potency against RAS-
harbouring virus (ie has a high ge arrieM® resistance) avoids the requirement for
viral genotyping and resistancg t d facilitates early initiation of treatment in
these individuals.

10. Assay tu

results of resistance testing are made available in a timely fashion
Iay treatment initiation. Results should therefore be available within
|mately 7-10 working days.

17
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B. HCV resistance testing prior to the use of
specific DAA: treatment-naive individuals
and those for whom non-NS5A inhibitor-
containing therapy has previously failed

1. Sofosbuvir-Ledipasvir

Genotypes 1, 4, 5 and 6. Treatment-naive individuals or those expo%g
of Vir-

pegylated interferon-ribavirin with or without a protease inhibitor, gr s
ribavirin with or without pegylated interferon

The NS5A inhibitor ledipasvir in combination with the Q analogue,
sofosbuvir, is coformulated as a fixed drug cQgabinafio i) and recommended for

the treatment of HCV genotypes 1a, 1b, 4,

AASLD and EASL guidelines reco d treatment durations of between 8 and 24
weeks, with or without ribavirig, agcQding to individual patient- and virus-associated
characteristics. Factors j INg the treatment duration and/or need for ribavirin are:
HCV genotype/gub , tment history, cirrhosis status, baseline viral load, and
presence of legi % conferring 2100 fold change in the EC50).

el

Through in vitro replicon systems, RAS noted to confer high (=100x EC50) fold changes
to ledipasvir for genotype 1a include Q30E/H/K/R, L31M/V, 32del, H58D and Y93C/H/N
[37-39].

For genotype 1b, L31V, 32del and Y93H/N were observed to confer high fold resistance
[37, 39].

For genotype 4a, Y93H was reported as conferring a 135 fold reduction in susceptibility
to ledipasvir in vitro, with no other individual RAS conferring high fold change
resistance. Of note, however, RAS impact on ledipasvir susceptibility may be different in

non-4a/d subtypes (ie subtypes not commonly found in high income countries). For
18
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example, L31M reduced susceptibility by up to 141 fold in genotype 4r. For some
subtypes, such as genotype 4b, there may be a high prevalence of multiple NS5A RAS
within naive populations, with averages of 3.3 RAS for genotype 4b versus 1.8 RAS
across all genotype 4 subtypes, respectively. In addition, the impact of the same
multiple RAS pattern may vary between subtypes, with examples reported of a

greater reduction in susceptibility to ledipasvir in vitro for non-4a/d subtypes such as
4b or 4r [40].

For genotypes 5a and 6a, L31F/V and L31M/V were observed to confer high fold
resistance, respectively [39].

Phase I, lll and IV clinical trials : (L(L

Several pooled analyses have reported SVR12 rates in individuals receiving the¥ap
with sofosbuvir-ledipasvir in the context of baseline RAS [16, 17].

Zeuzem et al presented a pooled analysis of data from 15 phage tudies”
including 1,765 individuals, both cirrhotic and noncirrhotic, reated with
sofosbuvir-ledipasvir, with or without ribavirin, accordi LD or EASL
guidelines [16]. A slight impact of baseline high dPasvir RAS on SVR12 in

(5639/546) in those with and without ledipas

no impact of baseline ledipasvir R SVRTZ'In genotype 1b therapy-naive
ity aml without ledipasvir RAS).

individuals (SVR12 99% in@
* GS-US-334-1274 ONe3, ION-2, GS-US-337-0113, ION-4, LONESTAR 1, GS-

US-337-0121, n-2&olar-1, Solar-2, GS-US-337-0125, GS-US-337-0131,
Trilo , 1406
*
e nt-experienced individuals infected with HCV genotype 1a (excluding those

osed to NS5A inhibitors), there was a substantial impact of baseline ledipasvir RAS
on treatment efficacy, with an SVR12 of 76% (22/29) vs 97% (409/420) in those with
and without ledipasvir RAS, respectively. For treatment-experienced individuals infected
with HCV genotype 1b (excluding those exposed to NS5A inhibitors), a modest impact
of baseline ledipasvir RAS was observed, with SVR12 89% (41/46) vs 98% (267/272) in
those with and without ledipasvir RAS, respectively [16].

A separate pooled analysis was performed by Sarrazin et al, involving 2144 HCV
genotype 1-infected individuals, with and without cirrhosis, who had been recruited to
five of the same studies as outlined in the analysis by Zeuzem et al (ION-1, ION-2, ION-
3, Lonestar-1, Electron-2). The analysis included individuals treated with both guideline-
recommended and investigational regimens containing sofosbuvir-ledipasvir +/- ribavirin
of 8-24 weeks’ duration [17]. Overall, 16% of individuals had baseline NS5A RAS.
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Baseline ledipasvir RAS had no effect on SVR12 in individuals with genotype 1b
infection. SVR12 was reduced where baseline ledipasvir RAS (FC =2100) were present
in treatment-naive individuals infected with genotype 1a receiving 8 weeks of
sofosbuvir-ledipasvir (SVR12 83%, 24/29), but with no impact for individuals receiving
12 weeks of therapy (SVR12 96%, 45/47). Of note, 3 of the 5 patients not achieving
SVR12 following 8 weeks of therapy had a baseline viral load > 6 million [U/mL.
Baseline ledipasvir RAS reduced SVR12 in genotype 1a-infected individuals with
previous exposure to pegylated interferon-ribavirin +/- a protease inhibitor who received
therapy with 12 weeks of sofosbuvir- ledipasvir, but with no impact for 24 weeks of
sofosbuvir-ledipasvir (SVR12 65%, 11/17 and 100%, 6/6, respectively). A reduction in
SVR12 was observed in the therapy-experienced group with 12 weeks of sofosbuvir-
ledipasvir plus ribavirin in the presence of baseline ledipasvir RAS, but there was
minimal impact on SVR12 with 24 weeks of the same therapy (82%, 9/11 and 924
11/12, respectively). (The single individual failing therapy in the latter group wasgno

individuals with cirrhosis and HCV genotype 1a infection who h3@ y not
achieved SVR12 with pegylated interferon-ribavirin an ibitor. Individuals
with baseline ledipasvir RAS achieved an SVR12 o 88¥ and 78% (7/9) with 12
weeks of sofosbuvir-ledipasvir plus ribavirinfand'@4W\wedks of sofosbuvir-ledipasvir,
respectively [41]). Overall, the small numbé @ apy-experienced individuals with

compliant.) [17].
These results contrast with those of the SIRIUS study, a phasgll (@&included
56

RAS in the different therapy arms lirgitg interpretation of differences between the two
studies. !
A phase Il open lab em®lling 30 genotype 1a-infected individuals, with or

without cirrhosi &h eviously not achieved SVR12 following therapy with
sofosbuvir=rib or without pegylated-interferon, found no impact of baseline
R12 following 12 weeks of sofosbuvir-ledipasvir with ribavirin [42]. It

p8ssible to characterise any impact of NS5A RAS on SVR12 with 12 weeks of
os@uvir-ledipasvir in this cohort, as there was no ribavirin-free arm.

For HCV genotype 4, resistance analyses have been presented for a phase Il study
including both cirrhotic and non-cirrhotic individuals, who were treatment-naive or had
previously failed (an unspecified) therapy. Most had genotype 4a or 4d infection. SVR12
rates following 12 weeks of sofosbuvir-ledipasvir were 24/27 (89%) and 100% (17/17) in
those with and without baseline NS5A RAS [43]. Also of note, in a prospectively-
recruited, phase 1V, single-arm study in Rwanda of genotype 4 infected, DAA naive
individuals, with and without compensated cirrhosis, only 54% (21/39) of those with
subtype 4r achieved SVR12 following 12 weeks of sofosbuvir-ledipasvir, compared to
92% (240/261) for other subtypes (mostly 4k, 4q or 4v), although RAS data w as not
presented [44].
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In a small phase Il study including 40 cirrhotic and noncirrhotic individuals infected with
genotype 5a, both therapy-naive and those previously treated with pegylated interferon-
ribavirin +/- a protease inhibitor, baseline NS5A RAS did not impact SVR12 following 12
weeks of sofosbuvir-ledipasvir therapy [45]). Similarly, a phase |l study including 25
individuals (therapy naive or pegylated interferon-ribavirin experienced) with HCV
genotype 6 of multiple subtypes did not identify an effect of baseline NS5A RAS on
SVR12 following 12 weeks of sofosbuvir-ledipasvir therapy [46].

Real world data

A recently presented NHS England dataset of approximately 1800 DAA-naive, HCV
genotype 1a-infected patients, both with and without compensated cirrhosis, who
received therapy with sofosbuvir-ledipasvir or sofosbuvir-ledipasvir and ribavirin,

identified SVR12 rates of 94-98% and 93-96% respectively [6]. SVR12 was lower i

patients with decompensated cirrhosis (94% and 90% for those receiving sgfosbuvir-
ledipasvir with and without ribavirin, respectively). The maijority of treaj gitres re

thought unlikely to have used RAS testing in treatment decisio ifformation

A German real world dataset igcl 17 genotype 1a infected patients with and
without cirrhosis also idegti parable SVR12 for those receiving 8 versus 12
weeks of sofosRuvi i irt'SVR12 98% according to the per protocol analysis). Of
note, most of % g the shorter duration were therapy-naive patients without
cirrho . ast, a US real world study including 4365 treatment-naive,

an % d individuals with and without cirrhosis identified slightly lower SVR12
r& receiving 8 versus 12 weeks of sofosbuvir-ledipasvir (SVR12 92% vs 94%
Y

tively) . Detailed resistance analyses were not available for either study [48].

Sofosbuvir

There is minimal impact of baseline sofosbuvir RAS on SVR12 following sofosbuvir-
ledipasvir-containing therapies. In a pooled analysis of phase Il & Il studies including
8598 HCV genotype 1-infected individuals exposed to sofosbuvir, with or without
ledipasvir, the signature mutation of S282T was detected in only 1% (10/901) of
individuals with virological failure [18]. In vitro, S282T conferred only a modest (2-19
fold) reduction in susceptibility to sofosbuvir and associated replication capacity was
reduced to only 3-22% of wild type [49].
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Ledipasvir-sofosbuvir: summary

Outcome data from a large NHS dataset is reassuring that routine pre-therapy RAS testing
may not be necessary prior to use of sofosbuvir-ledipasvir with or without ribavirin in genotype
1a [6].

However, where NS5A RAS testing has been performed, there is data supporting the
following approach.

Where ledipasvir RAS (=100 FC) are detected in individuals with genotype 1a infection
planned to receive 8 weeks of sofosbuvir-ledipasvir, therapy should be extended to 12 we
or an alternative regimen used [17].

Where ledipasvir RAS (=100 FC) are detected in individuals without cirrhosis w, Q
previously failed therapy with pegylated interferon-ribavirin +/- a protease inhibitor,j12 S
of sofosbuvir-ledipasvir plus ribavirin, 24 weeks of sofosbuvir-ledipasvir, n alt e
regimen are advised [17, 41]. ((

Where ledipasvir RAS (2100 FC) are detected in individuals wi ¥, who have
previously failed therapy with pegylated interferon-ribayiri ase inhibitor, 24 weeks
of sofosbuvir-ledipasvir plus ribavirin or an alternati % re recommended [17].

NS
In view of the current paucity of data on th @ t of RAS in subtypes not commonly found in
high income countries, including g pes #=8¥pre therapy NS5A RAS testing is
recommended in these patients, ide data to guide future practice [43, 45, 46].

Data SMAS testing does not inform the management of patients in the
fQII % :

%{ 1a infected therapy-naive individuals being proposed for 12 weeks of sofosbuvir-
ipasvir [16, 17].

Genotype 1a infected individuals with a history of treatment failure on sofosbuvir-ribavirin, with
or without pegylated interferon, prior to retreatment with sofosbuvir-ledipasvir and ribavirin
[42].

Genotype 1b infected, therapy naive individuals or those with a history of failure on pegylated
interferon-ribavirin +/- a protease inhibitor [16, 17].

Routine baseline NS5B resistance testing is not recommended in individuals being proposed
for therapy with sofosbuvir-ledipasvir [18, 49].
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2. Ritonavir-boosted paritaprevir, ombitasvir, dasabuvir (PrOD) +/- ribavirin in
genotype 1

Ritonavir-boosted paritaprevir, ombitasvir (PrO) + ribavirin in genotype 4

For therapy-naive individuals and those previously treated with pegylated interferon-
ribavirin

The combination of ritonavir-boosted paritaprevir, an NS3/4A protease inhibitor,
ombitasvir, an NS5A inhibitor, and dasabuvir, a non-nucleoside NS5B RdRp inhibitor
(Abbvie 3D or Viekirax/Exviera) is licensed for genotypes 1a and 1b, with or without
ribavirin, respectively. For genotype 4, ritonavir-boosted paritaprevir with ombitasyi
(Abbvie 2D or Viekirax) and ribavirin is the licensed combination.

In vitro g
In replicon systems, dasabuvir selects for NS5B RAS |ncIu 1 o Ing which

confer high fold changes: C316Y and Y448C/H in gen 316Y, S368T,

C448C and A553V in genotype 1b [50].
In vitro, ombitasvir selects for high fold cha & 5A RAS including M28T, Q30R,

H58D and Y93C/H/N/S in genotyp@d LZ8T in genotype 1b [51]. L28V confers high

fold reduction in susceptibility 4d [52]. Combinations of RAS have also been

frequently selected in g and may confer substantial reductions in

Phase Il & Il clinical trials

A Phase Il study reported outcomes for 406 genotype 1a or 1b infected individuals
without cirrhosis, who were therapy naive or had previously received unsuccessful
therapy with pegylated interferon-ribavirin, and were treated with PrOD with or without
ribavirin for 8-24 weeks. There was no impact of baseline RAS on SVR12 [54].
Similarly, a pooled resistance analysis of phase Il randomised controlled trials of PrOD
with or without ribavirin (Turquoise-Il, Sapphire-Il and -1V) has been presented,
including individuals with and without cirrhosis, both therapy-naive and those with prior
unsuccessful pegylated interferon-ribavirin therapy. For 736 genotype 1a infected
individuals, the presence of baseline RAS did not impact SVR12 where individuals were
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treated according to the SPC recommendation [55]. Similarly, baseline RAS did not
impact SVR12 for genotype 1b with this regimen (Turquoise-Ill and Pearl-Il) [56].

Regarding genotype 4, high SVR12 rates (97-100%) were reported for the phase Il
PEARL-I study, which included individuals without cirrhosis who were therapy-naive or
had previously received unsuccessful pegylated interferon-ribavirin containing therapy.
Most patients were infected with genotype 4a or 4d. There was no impact of baseline
NS5A RAS on SVR12 in those receiving 12 weeks of PrO with ribavirin (SVR12 100%,
56/56) [52]. A phase Ill randomised controlled study of 120 genotype 4 infected

individuals with compensated cirrhosis (Agate-1), predominantly with 4a or 4d subtype,
similarly found no impact of baseline NS5A RAS on SVR12 with this regimen [57]. (L(L

Ritonavir-boosted paritaprevir and ombitasvir, with or without dasabuvir: su

of
enotypes

Data does not support the use of baseline resistance testing prior to j
therapy with PrOD for genotypes 1a or 1b or prior to therapy

4a or 4d [54, 55, 57] [52]. @

3. Elbasvir-grazoprevir
Genotypes 1 & 4 — Therapy @wdividuals or those previously treated with
pegylated interferon-rib@u or without a protease inhibitor

r an NS5A inhibitor, and grazoprevir, an NS3/4A inhibitor

The re « , , )
% epatier) with or without ribavirin, is licensed for the treatment of
1b and 4 infections, in treatment-naive individuals and those previously

W|th pegylated interferon-ribavirin with or without a protease inhibitor.

In vitro

In replicon systems, individual NS5A RAS conferring substantially (=100 fold) reduced
susceptibility to elbasvir have been identified for genotype 1a including Q30D/R,
L31F/V, del32 and Y93C/H/N. For genotypes 1b and 4, single NS5A RAS may be
associated with only slight reductions in susceptibility e.g. Y93H (17 fold) and L30F (15
fold) for genotypes 1b and 4, respectively [1, 39, 58-60].

RAS conferring 2100 fold change in susceptibility to grazoprevir in vitro include
D168A/V for genotype 1a and A156T and D168K in genotype 1b [58, 61].
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For both drugs, combinations of 22 RAS may have considerably greater impact than
individual RAS [39, 58].

Phase Il & Il clinical trials

A pooled analysis of phase Il and Ill clinical trials of elbasvir and grazoprevir in 1969
cirrhotic and non-cirrhotic, treatment-naive individuals and those previously treated with
pegylated interferon-ribavirin with or without a protease inhibitor, with HCV genotype 1a,
1b or 4 infection, was performed by the US Food and Drug Administration (the C-
SURFER, C-EDGE TN, C-EDGE Coinfection, C-EDGE TE, C-WORTHY and C-
SALVAGE studies). Following 12 weeks of therapy with elbasvir-grazoprevir, SVR12
was 70% (39/56) versus 98% (441/450) in individuals infected with genotype 1a with
and without baseline elbasvir RAS (positions M28, Q30, L31, or Y93), respectiv

In a subsequent analysis, a low baseline HCV RNA level ( <800,000 IU/mL) appear: d
to reduce the impact of NS5A RAS on SVR12, with 8/8 individuals with elbasvir R

and an HCV RNA <800,000 IU/mL achieving SVR12 [62]. Of note, M the
commonest variant seen of the four positions, and was associ odestly

reduced SVR12 (86%). Based on data from only 6 individug pjation of the
regimen to 16 weeks and intensification with ribavirin a\ oWicrease efficacy in

those with baseline NS5A RAS [1]. O

In a further pooled analysis confined to ind Fwith cirrhosis enrolled in the same
studies, SVR12 was reduced in ge@k& iNfected individuals following 12 weeks of

elbasvir-grazoprevir in those hose without baseline NS5A RAS (SVR12
73%, 8/11 versus 98%, ectively) [63].

For genotype r&l y lower SVR12 was seen in those with versus those without
basel (SVR12 94% (48/51) versus 99% (247/248), respectively) with
i ilures overall [1]. In a separate pooled analysis involving five of the
& utlined above, individuals infected with HCV genotype 1b with elbasvir RAS
o fad had no response to pegylated interferon and ribavirin achieved an SVR12 of
only 67% (4/6) following 12 weeks of elbasvir-grazoprevir, versus 100% (12/12)
following 16-18 weeks of elbasvir/grazoprevir with ribavirin [64]. There was no impact of
elbasvir RAS in therapy-naive individuals or those with relapse on prior therapy.
Together, this data suggests that although baseline NS5A RAS rarely impact on SVR12
in genotype 1b-infected patients receiving elbasvir-grazoprevir therapy, a small number
of patients with prior non-response to pegylated interferon-ribavirin and elbasvir RAS
may benefit from intensified therapy.

For genotype 4 (mostly 4a or 4d), no significant reduction in SVR12 was observed in the
context of baseline NS5A RAS in the FDA analysis, where recommended therapy was
used [1].
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Baseline NS3 RAS did not impact SVR12 in genotypes 1a, 1b and 4 for cirrhotic and
noncirrhotic, treatment-naive individuals, or those with prior exposure to pegylated
interferon-ribavirin with or without a protease inhibitor [1].

Elbasvir-grazoprevir. summary

Data supporting use of RAS testing in some or all patient groups.

Data is available supporting the use of baseline NS5A RAS testing in genotype
1a-infected, treatment-naive individuals and those with prior exposure to

pegylated interferon-ribavirin with or without a protease inhibitor, both with and
without cirrhosis, prior to starting elbasvir-grazoprevir. Individuals with elbasvir
RAS should receive an alternative regimen, or 16 weeks of therapy with ribavirj

[1].

Data suggesting RAS testing not required.

Data does not support the routine use of baseline sting in

individuals infected with genotype 1b priord0 stagti y with elbasvir-
grazoprevir due to the minor reduction in ¢ ith"baseline elbasvir RAS.

However, there may be a small nu r of INdiefCuals, particularly those with
exposure to pegylated interferorgril@avin with or without a protease inhibitor, for

whom baseline elbasvir R ct8SVR12 [1, 64].

the use of baseline NS5A RAS testing in individuals
pe 4a or 4d prior to starting elbasvir-grazoprevir [1].

ta does not support the use of baseline NS3 RAS testing in individuals infected
with HCV genotype 1a, 1b or 4 prior to starting elbasvir-grazoprevir [1].
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4. Sofosbuvir-velpatasvir

Treatment-naive individuals and those previously treated with pegylated interferon-
ribavirin with or without a protease inhibitor

This regimen represents the combination of the NS5B nucleotide analogue inhibitor
sofosbuvir with the second generation NS5A inhibitor, velpatasvir. The combination is
licensed for genotypes 1-6 and prescribed as a single tablet regimen, Epclusa, for 12-24
weeks, with or without ribavirin.

Velpatasvir (L(L
In vitro Q

L31V in genotype 6a. Combinations of more than one
associated with high fold changes, such as L31M+Y,

type 1b [39, 65, 66].
Phase Il clinical trials

Randomised controlled phase llI @rave demonstrated high efficacy of sofosbuvir-
velpatasvir in cirrhotic and otic, treatment naive individuals, and those who had
received prior treat inantly with pegylated interferon-ribavirin with or

without a protegSe
POLARIS 2 a

h| pooled resistance analysis of the ASTRAL 1-3 and 5, and
ies reported no difference in SVR12 for 1300 individuals with and
5A RAS for genotypes 1, 2, 4, 5 and 6 (SVR12 97-100%) [3].

Wi X

&n ype 3 (predominantly 3a) infected individuals, SVR12 was 93% (53/57) and
98% (411/420) in individuals with and without NS5A RAS, respectively. SVR12 was
lowest for those with the Y93H mutation (86%, 19/22 and 98%, 445/454 for those with
and without Y93H, respectively). Previous interferon-containing treatment and/or
cirrhosis were additional factors in reducing treatment efficacy, with SVR12 of 89%
(83/37) in individuals with both these characteristics. In the small number of individuals
with cirrhosis and Y93H, SVR12 was only 67% (4/6) [3, 67].

In the phase Ill ASTRAL-4 study, 267 individuals with genotypes 1, 2, 3, 4 or 6 with
decompensated cirrhosis who were treatment-naive or had received prior treatment with
pegylated interferon-ribavirin with or without a protease inhibitor, were randomised to
receiving 12 weeks of sofosbuvir-velpatasvir, 12 weeks of sofosbuvir-velpatasvir and
ribavirin or 24 weeks of sofosbuvir-velpatasvir. At baseline, 72/255 (28%) had baseline
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NSS5A RAS as assessed by NGS with a 1% cut off. SVR12 in genotype 1-infected
individuals with and without baseline NS5A RAS was 80% and 96%, respectively in
those receiving 12 weeks of sofosbuvir-velpatasvir and 90% and 98%, respectively in
those receiving 24 weeks of sofosbuvir-velpatasvir. Individuals receiving 12 weeks of
therapy with sofosbuvir-velpatasvir plus ribavirin achieved an SVR12 of 100% and 98%
in those with and without baseline NS5A RAS, respectively. Only 6 individuals with
genotype 3 harbouring NS5A RAS were included in this study, limiting resistance data
interpretation for this genotype [2].

Real world studies

cirrhosis and included those with prior treatment failure, including NS3 or NS5B
inhibitor-containing regimens, following 12 weeks of sofosbuvir-velpatasvir with 8r
without ribavirin. SVR12 in those with baseline YO3H who received treatmegg® with
without ribavirin was 89% (8/9) versus 50% (2/4), respectively [68]. In t, an
analysis of the prospectively-recruited, real world GECCO coh® inBluded 293
predominantly therapy-naive and pegylated interferon-ribays enced individuals,
both cirrhotic and noncirrhotic, found no impact of Y93 kig
infection (subtype not reported) following tregig nm eeks of sofosbuvir-
velpatasvir with or without ribavirin. Howevy, @ jpgdividuals (5%) had baseline
Y93H, and only one individual with cirrhosiSig 93H was included [69].
roximately 1500 genotype 3 infected DAA-naive

individuals without cirrhgajs; was 97-98% following sofosbuvir-velpatasvir and
96-100% followigg @r Ipatasvir plus ribavirin. For 470 genotype 3 infected
patients with cgmigeRsated cirrhosis, SVR12 was 92-93% and 95% in those receiving
sofosblyi I Wir and sofosbuvir-velpatasvir plus ribavirin, respectively [6]. Lower
R -8§%) was seen for 63 individuals with decompensated cirrhosis receiving

t X sofosbuvir-velpatasvir +/- ribavirin. Information on RAS prevalence, use of
-therapy RAS testing, and prior treatment history, were not available.

A Spanish real world study reported outcomes in genotype 3-infected individuals wthQ(L(L

In an NHS England dataset of;

Sofosbuvir

The presence of baseline NS5B RAS did not impact SVR12 for individuals infected with
genotypes 1-6 who received therapy with sofosbuvir-velpatasvir with or without ribavirin
[3]. Individuals failing therapy with sofosbuvir-velpatasvir did not develop sofosbuvir-
specific NS5B RAS [2, 3].
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Sofosbuvir-velpatasvir: summary

Data supporting use of RAS testing in some or all patient groups.

Data is available supporting the use of baseline NS5A RAS testing in genotype 3a infected
individuals with cirrhosis, both treatment-naive and those have previously received therapy

with pegylated interferon-ribavirin, who are being considered for 12 weeks of sofosbuvir-
velpatasvir. If YO3H is identified, addition of ribavirin, extension of therapy from 12 to 24
weeks, or an alternative regimen is recommended [3, 67]. (L
Data is available supporting the use of baseline NS5A RAS testing in HCV gen Q@
infected individuals with decompensated cirrhosis who are treatment-naive or Hav

previously received therapy with pegylated interferon-ribavirin with or wit a pr e

inhibitor prior to treatment with 12 weeks of sofosbuvir-velpatasuvir. | hgxith NS5A RAS,

addition of ribavirin is recommended or extension of therapy t ]

In view of the current paucity of data on thegmpg in subtypes not commonly found
in high income countries, including genot ‘ herapy NS5A RAS testing is
recommended prior to therapy with sofosb patasvir, to provide data to guide future
practice.

gests routine pre-therapy RAS testing may not be

A large real world NH t
necessary prioft osbuvir-velpatasvir in genotype 3 infected individuals without
cirrhosis [6].

enwhere RAS testing has been performed, the following approach is suggested.

ividuals who have previously received unsuccessful therapy with interferon-containing
therapy who are being considered for 12 weeks of sofosbuvir-velpatasvir : if YO3H is
identified, addition of ribavirin, extension of therapy from 12 to 24 weeks, or an alternative
regimen is recommended [3, 67]

29



Antiviral resistance testing in the management of hepatitis C virus infection

Data suggesting RAS testing not required.

Data suggests that routine NS5A RAS testing may not be necessary prior to therapy with
sofosbuvir-velpatasvir in genotype 3 infected, therapy-naive individuals without cirrhosis [3].

Data does not support the use of baseline NS5A RAS testing prior to therapy in genotype 1 or
genotype 2 infected, therapy-naive individuals, or those with prior treatment with pegylated

interferon-ribavirin, both with and without compensated cirrhosis, prior to starting sofosbuvir- (L

velpatasvir [3]. (L

Data does not support the use of baseline NS5B RAS testing prior to therapy v@

sofosbuvir-velpatasvir for genotypes 1-6 [3]. ;S

Areas of unmet need
For genotype 3a infected individuals wi tXtential impact on SVR12 of

substitutions other than H at position Y¢ be confirmed

5. Glecaprevir-pibrentamv

Q/ and those previously treated with pegylated interferon-

Therapy-nai
ribavign wit

out sofosbuvir.

e agents, glecaprevir and pibrentasvir, are next generation inhibitors of the HCV

3/4A protease and NS5A protein, respectively. They are coformulated into a fixed
dose combination (Maviret), which is prescribed for between 8 and 16 weeks. Both
agents demonstrate pangenotypic activity and a high genetic barrier to resistance.

In vitro

In replicon systems, individual NS3 RAS at a limited number of positions were
associated with reduced susceptibility to glecaprevir. Those at position A156 conferred
the greatest reduction in susceptibility (>100 fold change in EC50): A156T in genotype
1a, A156T/V in genotypes 1b, 2a, 2b and 4a, and A156G in genotype 3a. The RAS
D168H was associated with a high fold reduction in susceptibility in genotype 6a. Some
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combinations of two or more RAS had a synergistic impact on resistance, such as
Y56H+Q168R in genotype 3a [70].

Pibrentasvir rarely selected for RAS in replicon systems and no individual NS5A RAS
conferred >100 fold resistance in the EC50 with respect to wild type for genotypes 1a,
1b, 2a, 2b, 3a, 4a, 5a and 6a. In particular, Y93H/N conferred <7 fold resistance in
genotypes 1a and 3a. The deletion del32 conferred high fold change in genotypes 1a
and 1b [39]. Also, some combinations of RAS appeared to interact synergistically to
produce substantial reductions in susceptibility, such as Q30R+Y93H for genotype 1a
[71] and F28S+Y93H for genotype 2a [39]. Of note, for genotype 3a, A30K+Y93H

conferred 69 fold resistance [5]. (L
Phase Il & Il clinical trials Q(L

A pooled analysis of resistance data from eight phase Il and Il clinical trial

glecaprevir-pibrentasvir has been presented (Surveyor 1 and 2, Endur, 2 3 and
4, and Expedition 1 and 2). Cirrhotic and non-cirrhotic individug @ fected
with genotypes 1-6, and were treatment-naive or - experl p ylated

interferon -ribavirin with or without sofosbuvir) recelve of therapy at the
recommended dose [5].

Overall, there were <1% virological failures with the majority of failures
amongst the genotype 3-infected i uals edomlnantly genotype 3a) (18/22, 82%).
SVR12 treatment outcome w by presence of baseline NS3 RAS for all

genotypes (1-6), or by 5 RAS for genotypes 1, 2, 4, 5 and 6.
zt

ol

Regarding ge % ed individuals without cirrhosis and the baseline NS5A RAS
A30K, €\ achieved in 14/18 (78%) and 13/14 (93%) of treatment-naive

g 8 and 12 weeks of glecaprevir-pibrentasvir, respectively, and for
‘ eatment-experienced (prior pegylated interferon -ribavirin with or without
osBuvir) individuals receiving 12 weeks of glecaprevir-pibrentasvir. Inclusion of only
one individual per group limited analysis of results for individuals with baseline A30K
who were therapy-experienced without cirrhosis receiving 16 weeks of glecaprevir-
pibrentasvir, or who had baseline A30K and cirrhosis [5].

For genotype 3 infected, treatment-naive individuals without cirrhosis and the baseline
NS5A RAS Y93H, SVR12 was achieved in 10/10 (100%) and 10/11 (91%) of individuals
receiving 8 and 12 weeks of glecaprevir-pibrentasvir respectively, and for 2/4 (50%)
treatment-experienced individuals (prior pegylated interferon-ribavirin with or without
sofosbuvir) who received 12 weeks of glecaprevir-pibrentasvir. No therapy-experienced
individual without cirrhosis who had this RAS at baseline received 16 weeks of therapy.
For therapy-naive individuals with cirrhosis and baseline YO3H, 5/5 (100%) achieved
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SVR12 with 12 weeks of glecaprevir-pibrentasvir. Only one therapy-experienced
individual with baseline Y93H and cirrhosis was included [5].

For individuals infected with genotype 3 who did not achieve SVR12, the most frequent
treatment emergent NS5A RAS overall was Y93H (15/18, 83%). This may reflect the
requirement for only one nucleotide substitution to generate YO93H. By comparison,
development of A30K from wild type requires two substitutions and was rarely observed
as a treatment-emergent RAS [5].

Real world data

cirrhosis, identified SVR12 of 97-98% for individuals receiving therapy with glec
pibrentasvir. Although data on prior treatment history, HCV subtype and RAS data
not available, this large real world dataset suggest routine pre-therapy RA stin
not be necessary prior to use of glecaprevir-pibrentasvir [6].

Glecaprevir-pibrentasvir: summary Q

An NHS dataset of 642 DAA-naive, genotype 3-infected patients, with and without Q(L(L

A large NHS dataset is reassuring that roujj cfther, AS testing may
not be necessary prior to use of glecapre @ rin DAA-naive

individuals infected with HCV genot
However, where RAS test@ﬁerformed there is data supporting

the following approac

treatment-na duals without cirrhosis infected with genotype 3 and the
NS ! K ho are being considered for 8 weeks of therapy with
reyir-ptorentasvir, should receive an extended duration of 12 weeks of
e or receive an alternative regimen [5].

In view of the current paucity of data on the impact of RAS in subtypes not
commonly found in high income countries, including genotypes 4-6, pre therapy
NS5A RAS testing is recommended prior to therapy with glecaprevir-pibrentasuvir,
to provide data to guide future practice.
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Data does not support the use of baseline NS5A RAS testing in treatment-naive
individuals and those with prior exposure to pegylated interferon-ribavirin with or
without sofosbuvir, who are infected with genotypes 1 or 2 prior to therapy with
glecaprevir-pibrentasvir [5].

Data does not support the use of baseline NS3 RAS testing in treatment-naive
individuals and those previously exposed to pegylated interferon-ribavirin with or
without sofosbuvir, who are infected with genotypes 1-6, prior to therapy with
glecaprevir-pibrentasvir [5].

6. Sofosbuvir-velpatasvir-voxilaprevir Q(L(L

The combination of sofosbuvir, velpatasvir and voxilaprevir, a second genergtion
inhibitor of the NS3/4A protease, coformulated as Vosevi, has recently, e&cens for
use in both DAA-naive and DAA-experienced individuals. The gegime n-
genotypic activity and a high genetic barrier to resistance. In delines
currently do not recommend sofosbuvir-velpatasvir-vo Fé€atment-naive or
pegylated interferon and ribavirin-experienced indivj d with genotypes 1, 2,

4, 5 or 6 with or without cirrhosis, or for gentyp€ fedted, therapy-naive individuals
without cirrhosis, owing to the availability ofga tive, high efficacy regimens,
including sofosbuvir-velpatasvir [4, Q

In vitro ®

ingivi S3 RAS conferring a high fold (=100) reduction in
i[Jprevir is A156L/T in genotype 1a, A156T/V in genotypes 1b and
genotype 2a and A156L/T/V in genotype 4a with none described for

a or 6a. Combinations of two or more RAS may also confer high fold
ndes, such as Q80K+D168Y for genotype 1a [72, 73].

The only reporig
susceptibiity 1@

Phase Il clinical trials

A pooled resistance analysis of two phase Il studies evaluating the efficacy of 8 weeks
of sofosbuvir-velpatasvir-voxilaprevir in 584 DAA-naive individuals with or without
cirrhosis (Polaris-2 and -3), found no impact of baseline NS5A or NS5B RAS on SVR12
for genotypes 1-6, and of baseline NS3 RAS on SVR12 for genotypes 1b, 2, 3, 4, 5 and
6. Overall SVR12 was 94% (257/273) versus 98% (304/311) in those with and without
NS3 or NS5A RAS, respectively. However, for genotype 1a, SVR12 was 88% (51/58)
versus 94% (101/108) in those with and without the NS3 RAS Q80K, respectively [74].
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For HCV genotypes 1-6, baseline RAS did not impact SVR12 in individuals previously
treated with DAA-containing therapy who were retreated with 12 weeks of sofosbuvir-
velpatasvir-voxilaprevir (see section C) [75].

Sofosbuvir-velpatasvir-voxilaprevir: summary

Data does not support the use of baseline resistance testing prior to therapy with
sofosbuvir-velpatasvir-voxilaprevir in treatment-naive individuals [74] or those
previously treated with pegylated interferon-ribavirin and/or DAA [75].

7. Sofosbuvir-elbasvir-grazoprevir

The triple combination of sofosbuvir-elbasvir-grazoprevir is currently recommenetzg

genotype 3-infected individuals with compensated cirrhosis who have been jgeated
previously with pegylated interferon-ribavirin [12]. Data from phase Il climigcaltrials also
suggest high efficacy in therapy-naive individuals with genoty i [#6, 77].

Phase Il clinical trials \O

sofosbuvir-elbasvir-grazoprevir for 2 weeks, achieved an SVR12 of 93% (14/15)
and 100% (14/14), respective p#naive, genotype 3 infected individuals with
cirrhosis received 12 w py with an SVR12 of 83% (10/12), although one of
the two patient R12 was a study withdrawal. SVR12 was unaffected
by the presen NS3 or NS5A RAS [76]. In the same study, short courses
(4-8 w with sofosbuvir-elbasvir-grazoprevir in treatment-naive, genotype

—hf& indlyidUals, with or without cirrhosis, yielded a low (32-87%) SVR12 [76].
A\

hase I, randomised, open-label C-ISLE study, the efficacy of sofosbuvir-
elbasvir-grazoprevir, was further investigated in 100 individuals with compensated
cirrhosis infected with HCV genotype 3 (subtypes not presented). Treatment-naive
individuals received 8 weeks of sofosbuvir-elbasvir-grazoprevir plus ribavirin, or 12
weeks of therapy without ribavirin, with SVR12 of 91% (21/23) and 96% (23/24),
respectively. Individuals who had previously been treated with pegylated interferon-
ribavirin received 12 weeks sofosbuvir-elbasvir-grazoprevir with ribavirin, 12 weeks of
the same therapy without ribavirin, or 16 weeks of therapy without ribavirin. SVR12 in
these groups was 94% (17/18), 100% (17/17) and 94% (17/18) respectively. The
presence of baseline NS3 or NS5A RAS did not impact SVR12 [77].
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Sofosbuvir-elbasvir-grazoprevir: summary

Data does not support the use of baseline resistance testing prior to therapy with
sofosbuvir-elbasvir-grazoprevir in genotype 3 infected individuals with
compensated cirrhosis previously treated with pegylated interferon-ribavirin [76,
77].

Although not currently recommended in international guidelines, data suggests the
regimen is effective in genotype 3 infected, therapy naive individuals, with no
impact of baseline RAS on SVR12 [76, 77].

8. Sofosbuvir-glecaprevir-pibrentasvir Q(L
The regimen of sofosbuvir-glecaprevir-pibrentasvir is recommended in tionl

int
guidelines in NS3 and/or NS5A inhibitor experienced individuals [4]. Fﬁr details,

see section C. O\OQ
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C. Retreatment of individuals for whom
prior NS5A inhibitor-containing therapy
has failed

Background

Approximately 5-10% of individuals receiving DAA therapies in the real world setting do
not achieve SVR12 [6, 11, 12, 78]. (L
The maijority of these individuals achieve an end-of-treatment response but (LQ

subsequently experience viral rebound (relapse), which in many cases represents the
emergence of a DAA-resistant viral strain. Other possible patterns of faj r%e vir
rebound whilst on therapy (breakthrough) or failure of the viral doad to s (non-

response).

There is currently limited data to inform the optimal Qr retreatment of
individuals experiencing failure with first-lingfDA ie, particularly for non-
genotype 1 infections. Treatment failure fo @ -inhibitor-containing therapy is

clinically the most significant. This is gdye to gh fitness of variants harbouring RAS,
which may persist for over 2 yeang \@nd$he low genetic barrier to developing resistance

for this drug class [79].

op @ ®ently following unsuccessful NS3 inhibitor-containing
ely to persist, whilst the improved genetic barrier to resistance of
ations often overcomes the effect of these RAS [19] .

NS3 RAS also de

therapy but a ﬁ

n %W

5 may also emerge following treatment failure with a regimen containing the

-nucleotide NS5B inhibitor, dasabuvir. However, this currently has little clinical
impact on retreatment as dasabuvir remains the only drug in its class and is not
recommended in DAA-experienced individuals. NS5B RAS are rarely observed
following therapy with sofosbuvir, likely due to the high fitness cost such RAS impart
[80]. Retreatment of individuals failing non-NS5A inhibitor containing therapy have
largely been considered in previous sections.

Note: In individuals with repeated HCV exposures, such as MSM reporting condomless
anal sex with multiple casual partners, or PWID, reinfection rather than ‘treatment
failure’ may account for recurrent viraemia after therapy [33, 81]. Mixed infection may
also account for some cases of treatment failure, with emerging dominance of a
previously-undiagnosed minor population [24, 82].
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Phase Il & lll clinical trials and real world studies
Sofosbuvir-velpatasvir-voxilaprevir

The pan-genotypic, fixed dose combination of sofosbuvir, velpatasvir and voxilaprevir, is
licensed for the retreatment of individuals who have previously failed DAA therapy. Data
has recently been presented from POLARIS-4, which enrolled individuals infected with
genotypes 1, 2 or 3 and a past history of failure with non-NS5A inhibitor containing
therapy and POLARIS-1 that included individuals with genotype 1, and previous failure
with an NS5A inhibitor containing regimen (mostly containing ledipasvir, daclatasvir or

individuals with and without cirrhosis.

ombitasvir). Both studies were phase Il randomised controlled trials including Q(L(L

In a pooled analysis (total n=417), the baseline prevalence of RAS was 63%8, of w
83% were NS5A RAS. Overall SVR12 rates of >95% were observed, impact of
baseline NS3, NS5A and/or NS5B RAS. The lowest SVR12 ratg 4082 seen in
HCV genotype 3 infected individuals (subtypes not presentge rhosis and
baseline NS5A RAS [75, 83]. An integrated resistance
with this drug combination (n=262), includingsggnoifpes
the lack of impact of baseline RAS on SVR
1169, Trilogy-3) [84]. Notably, however, vo
in individuals with decompensate mis or an eGFR <30 mL/min/1.73m?,

respectively.

Glecaprevir-pi re§®
In th an-1, Part 2 study, individuals with or without cirrhosis infected

I & enptype 1 (n=87) or genotype 4 (n=4), who had previously failed NS3-

d A inhibitor containing therapy, were retreated with glecaprevir-pibrentasvir.
roximately 1/3 (n=30) had received prior therapy with both NS3 and NS5A
inhibitors. The median time between first and second DAA regimen was 17 months. For
individuals receiving 12 weeks of therapy, 2/2 (100%) with baseline NS3 RAS alone and
20/24 (83%) with NS5A RAS alone achieved SVR12, respectively. Extension of therapy
to 16 weeks led to improved SVR12 (22/23, 96%) in the latter group. However, in those
with dual class NS3 and NS5A RAS, SVR12 was low for individuals receiving 12 or 16
week therapy (4/5 (80%) and 1/4 (25%), respectively) [8]. A phase Il dose-finding study
of therapy with 12 weeks of glecaprevir-pibrentasvir with or without ribavirin in 50
genotype 1-infected individuals without cirrhosis who had previously been exposed to
an NS3, (n=25) or NS5A inhibitor (n=8) or both classes (n=17) identified lower SVR12
rates (91-93%) in those with baseline NS5A +/- NS3 RAS compared to those with NS3
RAS alone (100%) (Magellan-1, Part 1) [7].
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These results contrast with those of another open label, randomised, phase Il study, in
which individuals infected with HCV genotype 1, who had previously received therapy
with an NS5A inhibitor plus sofosbuvir, were retreated with glecaprevir-pibrentasvir.
Median time between first and second regimens was 12-16 months, depending on
treatment arm. Prevalence of NS5A and NS3 RAS, amongst those with sequencing
data available, was 79% (107/136) and 49% (67/136), respectively.

Individuals without cirrhosis received 12 or 16 weeks of glecaprevir-pibrentasvir with
65/68 (96%) and 28/29 (96%) respectively, achieving SVR4 (SVR12 data is awaited).
Individuals with compensated cirrhosis received 12 weeks of glecaprevir-pibrentasvir
plus ribavirin or 16 weeks of glecaprevir-pibrentasvir alone, with 18/21 (86%) and 21/21
(100%) respectively achieving SVR4. There were only eight individuals who also had
prior NS3 inhibitor exposure, all of whom received 16 weeks of therapy. Of note,
enrolment to the 12 week glecaprevir-pibrentasvir plus ribavirin group was stopged @a
due to the low SVR, with a high proportion reporting ribavirin toxicity. Resultg over
demonstrated a high SVR4 in spite of the high baseline prevalence of 3Qd N

RAS [10].

In a phase Il study (GS-US-342-1553) eva ct of 24 weeks of sofosbuvir-
velpatasvir and ribavirin in cirrhotic and no gic individuals infected with genotypes
1, 2 or 3, who had failed first line N inhiblt&Fcontaining therapy, overall SVR12 was
91% (63/69). For those with agd %aseline NS5A RAS; SVR12 rates were 5/5
(100%) versus 31/32 (97°0®t e 1, and 5/5 (100%) versus 8/9 (89%) in
genotype 2, respecti ting no impact of baseline NS5A RAS on SVR12.

However, for gg & R12 was 77% (10/13) and 100% (4/4) in those with and
RAS, respectively [9].

Sofosbuvir-velpatasvir \OQ
&

NE)

THe triple combination of sofosbuvir-elbasvir-grazoprevir is not currently recommended
for DAA-experienced patients in international guidelines, but early data suggests it may
be highly effective. In the C-SWIFT study (outlined above), genotype 1-infected
individuals, with and without cirrhosis, who did not achieve SVR12 with 4-8 weeks of
sofosbuvir-elbasvir-grazoprevir were retreated approximately 7 months later with 12
weeks of sofosbuvir-elbasvir-grazoprevir plus ribavirin. SVR12 was 100% (23/23). RAS
prior to retreatment were identified by NGS with a 1% cut off: NS3 and NS5A RAS were
present in 17 (74%) and 14 (61%) individuals respectively, and, for 11 (48%)
individuals, RAS were identified in both viral proteins. There was no impact of pre-
retreatment RAS on subsequent SVR12 [76].
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In a real world study of patients with HCV genotype 1 or 4 infection, who had failed an
NS5A or NS3 inhibitor containing regimen, mostly with advanced fibrosis or
compensated cirrhosis, retreatment was provided with sofosbuvir-elbasvir-grazoprevir
plus ribavirin for 16 weeks (the ANRS HC34 REVENGE study). Overall 24/26 (92%)
had pre-retreatment NS5A RAS and SVR12 was 96% (25/26) [85].

Sofosbuvir-glecaprevir-pibrentasvir

In an open label, phase Il study (Magellan-3), individuals without cirrhosis or with
compensated cirrhosis, who had previously received therapy with glecaprevir-

following criteria: infection with HCV genotype 3, cirrhosis or prior exposure to a

pibrentasvir, were retreated with sofosbuvir-glecaprevir-pibrentasvir plus ribavirin.
Individuals (n=21) received 16 weeks of therapy if they also fulfilled at least one of thw

NS5A and/or NS3 inhibitor. Others (n=2) received 12 weeks of therapy. Most in@ividihia

were infected with genotype 3a (n=13) or 1a (n=7). For the 16 week arm, int

NS3 and NS5A genes were present in 0 and 16 (76%) individuals res@ y and were
2

present in both genes for 5 (24%) individuals. Overall SVR12 \@ ) [86].

NS5A inhibitor experienced individuals: summ@

Data supporting use of RAS testing in som p&ALieyt groups.

~——

Glecaprevir-pibrentasvir
RAS testing may be p @r to therapy with glecaprevir-pibrentasvir in
genotype 1 alS'who have previously received treatment with an

nfect
NSBand/or!@ i

g sefge of NS3 RAS alone, the use of 12 weeks of therapy is supported by
ata fl linical trials, for individuals with and without cirrhosis [7, 8, 10].

In the presence of NS5A RAS alone, 16 weeks of therapy is supported by data from
clinical trials, in individuals with and without cirrhosis [7, 8, 10]. One study reported
high SVR4 with 12 weeks of therapy in noncirrhotic individuals exposed to an NS5A
inhibitor + sofosbuvir [10], but SVR12 outcomes were not available. This data is also
conflicting with those of Magellan-1, Part-2, and this shorter duration is not currently
recommended in international guidelines [7, 8] [12] [4].

Where both NS3 and NS5A RAS are detected, particularly following exposure to
both NS3 and NS5A inhibitors, the writing group advises use of an alternative
regimen to glecaprevir-pibrentasvir until further data becomes available, in view of
conflicting data from clinical trials involving small numbers of patients and the
recommendations of current treatment guidelines [8, 10] [4, 12].
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Sofosbuvir-velpatasvir

Data is available suggesting that baseline NS5A RAS in genotype 3 infected
individuals, who have previously failed an NS5A inhibitor containing regimen, may
reduce SVR12 following retreatment with 24 weeks of sofosbuvir-velpatasvir and
ribavirin [9]. For individuals with decompensated cirrhosis who may be
recommended this combination, alternative regimens are not currently available.
However RAS testing is advised to obtain data to inform future clinical decision-
making.

Viral sequencing should be performed in all individuals who have viral recurrence

after therapy, where high-risk behaviour means that there is a significant risk of a

new infection rather than viral relapse, when re-treatment is being considered. Q

Viral sequencing should also be performed where treatment failure due to e::i;

dominance of a minority variant is suspected in the context of an undj d initfal

mixed infection. Testing should be performed on a stored pre S le in
conjunction with the failure sample.

sequencing information it provides.

Next generation sequencing may be preferafj in@@reater
d.

Data suggesting RAS testing is

@;e

Sofosbuvir-velp ilaprevir
Data é the routine use of baseline resistance testing prior to therapy
it bl I™¥elpatasvir-voxilaprevir in individuals infected with genotypes 1-6,
ithout cirrhosis, who have previously been exposed to DAA-containing
y [75].

Sofosbuvir-glecaprevir-pibrentasvir

Data does not support the use of baseline resistance testing prior to retreatment with
sofosbuvir-glecaprevir-pibrentasvir in individuals infected with HCV genotype 1a or
3a who have received prior NS3 and/or NS5A inhibitor containing therapy [86].
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Sofosbuvir-elbasvir-grazoprevir

Note: this regimen is not currently recommended in DAA-exposed individuals in
international guidelines [4, 12].

Data does not support the use of baseline resistance testing prior to retreatment
with sofosbuvir-elbasvir-grazoprevir in genotype 1-infected individuals, both with
and without cirrhosis, who have received previous NS3 and/or NS5A inhibitor
containing therapy [76].

Areas of unmet need

Further data is needed to assess the impact of RAS on retreatment(co%

the duration between first and second DAA regimens. Q

e Further data is required on the optimal treatment stra » uals exposed
to second-generation DAA, who are infected wi& aring NS5A and/or

NS3 RAS. O
e

e Further data is needed to clarify the duration of therapy with glecaprevir-
pibrentasvir in DAA-exposed gmlividua™®®ith virus harbouring NS3 and/or NS5A

RAS. !
e Further gptio r ble for retreatment strategies for NS5A-inhibitor
experie d%i s, particularly in the following groups: genotype 3 infection,
@ tawl cirrhosis and severe renal impairment.
@ \
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Abbreviations

DAA direct acting antiviral

ECS50 half maximal effective concentration
eGFR estimated glomerular filtration rate
ELB elbasvir

FC fold change

FDA Food and Drug Administration (USA)
GLE glecaprevir

GT genotype

GZR grazoprevir

HCV hepatitis C virus

HIV human immunodeficiency virus
LDV ledipasvir

MDT multi-disciplinary team ‘
MSM men who have sex with men Q

NGS next generation sequencing
PCR polymerase chain reaction O\

PEG pegylated-interferon

Pl protease inhibitor

PIB pibrentasvir

PWID people who inject d

ProO ritonavir-boosje jtaprevir and ombitasvir

PrOD ritonavir- t
RAS reSis c%ciated substitution
RdRp endent RNA polymerase
RN leic acid

bavirin

sofosbuvir

C Summary of Product Characteristics
SVR sustained virologic response
SVR12 sustained virologic response at 12 weeks post end of treatment
TE treatment-experienced
TN treatment-naive
VEL velpatasvir
VOX voxilaprevir
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