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METHODS
STUDY DESIGN

• AGATE-II (NCT02247401) was a phase 3, 
open-label trial conducted at 5 sites in Egypt

• Pati ents without cirrhosis received once-daily 
OBV/PTV/r (25 mg/150 mg/100 mg) with 
weight-based RBV for 12 weeks (Arm A)

• Pati ents with compensated cirrhosis were 
randomized 1:1 to the same regimen for either 
12 (Arm B) or 24 weeks (Arm C)

• RBV dosage could be reduced if hemoglobin 
declined <10 g/dL, and interrupted if it declined 
<8.5 g/dL

KEY ELIGIBILITY CRITERIA

• Eligible pati ents were adults chronically infected 
with HCV GT4 for at least 6 months (plasma HCV 
RNA >1000 IU/mL at screening):

 – HCV treatment-naive or treatment-
experienced (prior pegylated-interferon/RBV 
null responders, parti al responders 
or relapsers)

 – Without cirrhosis or with compensated 
cirrhosis (Child-Pugh score ≤6 at screening)

• Pati ents with hepati ti s B or HIV virus 
co-infecti on, or infecti on with any HCV GT 
other than GT4 were excluded

• Pati ents with a history of hepati c 
decompensati on were also excluded

STUDY ANALYSES

• Effi  cacy was assessed by the proporti on of 
pati ents with SVR12 (HCV RNA < lower limit 
of quanti fi cati on 12 weeks post-treatment), 
on-treatment virologic failure and relapse

• In the primary effi  cacy analyses, all subjects 
who did not achieve SVR12 for any reason, 
including missing data, were included in the 
analysis and counted as failures. A sensiti vity 
analysis for primary effi  cacy endpoint was 
completed in which subjects who did not 
achieve SVR12 for reasons other than virologic 
failure were excluded 

• Mean changes from baseline to post-treatment 
week (PTW) 24 in biomarkers of liver syntheti c 
functi on, liver injury, and liver fi brosis were 
assessed for pati ents with compensated 
cirrhosis

 – Hepati c syntheti c functi on or liver’s 
ability to eliminate toxins was assessed 
by internati onal normalized rati o (INR), 
albumin, and total bilirubin

 – Liver injury was assessed by alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST)

 – Liver fi brosis was assessed by platelet 
count, AST to platelet rati o index (APRI), 
and fi brosis-4 (FIB-4)

• Treatment-emergent adverse events (TEAEs) 
and laboratory abnormaliti es were assessed 
in all pati ents receiving at least 1 dose of 
study drug

PATIENTS

• Pati ent demographics and baseline disease 
characteristi cs for pati ents with compensated 
cirrhosis are presented in Table 1

Table 1. Pati ent Demographics and 
Baseline Disease Characteristi cs 
for Pati ents With Compensated 
Cirrhosis

Characteristic

Arm B
12 weeks

N = 31

Arm C
24 weeks

N = 29

Male, n (%) 29 (94) 22 (76)

Age, years, mean (SD) 57 (6) 56 (8)

BMI, kg/m,2 mean (SD) 29 (4) 31 (5)

HCV RNA, log
10

 IU/mL, mean (SD) 6.02 (0.62) 5.97 (0.69)

Prior PegIFN/RBV treatment experience, n (%) 16 (52) 14 (48)

 Null responder 9 (56) 7 (50)

 Partial responder 2 (13) 2 (14)

 Relapser 5 (31) 5 (36)

Metavir fi brosis stage, n (%)

 F0–1 0 0

 F2 0 0

 F3 1 (3)* 0

 F4 30 (97) 29 (100)

Platelet count, × 109/L, median (range) 141 (46–365) 125 (59–238)

Albumin, g/L, median (range) 41(34–53) 40 (31–54)

BMI, body-mass index; SD, standard deviati on.
*One pati ent without cirrhosis was miscategorized as having compensated cirrhosis at the 
ti me of enrollment and was assigned to Arm B.

EFFICACY

• SVR12 rates were comparable between 
treatment arms in pati ents with compensated 
cirrhosis (Figure 1)

• Two pati ents who failed to achieve SVR12 
had on treatment virologic failure (1 each 
from Arm B and C); 1 pati ent had missing 
SVR12 data (Arm C)

• No post-treatment relapses were observed

Figure 1. SVR12 Rates Among Pati ents 
With Cirrhosis by Treatment Arm
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BACKGROUND
• In Egypt, chronic hepati ti s C virus (HCV) infecti on 

is a leading cause of liver cirrhosis and liver 
cancer1

• Although HCV genotype (GT) 4 accounts for 
approximately 8% of HCV infecti ons globally, 
it consti tutes 97% of HCV infecti ons in Egypt2

• Achievement of sustained virologic response 
12 weeks post-treatment (SVR12) is associated 
with improvement in liver fi brosis and functi on 
and reduced risk of liver decompensati on and 
need for transplant3–5

• The 2 direct-acti ng anti viral (2-DAA) regimen of 
ombitasvir (OBV) co-formulated with paritaprevir 
and the pharmacokineti c enhancer ritonavir 
(PTV/r) plus ribavirin (RBV) achieved high SVR12 
rates in GT4-infected pati ents without cirrhosis 
or with compensated cirrhosis5–8

 – In the phase 3 AGATE-I study, OBV/PTV/r + RBV 
for 12 or 16 weeks achieved high SVR12 rates 
(97% and 98% for 12- and 16-week regimens, 
respecti vely) and improved markers of liver 
fi brosis and syntheti c functi on in GT4-infected 
pati ents with compensated cirrhosis from 
Europe and North America5,7

 – In the phase 3 AGATE-II study, OBV/PTV/r + 
RBV for 12 or 24 weeks achieved high 
SVR12 rates in Egypti an GT4-infected pati ents 
without cirrhosis (94% for 12-week regimen) 
or with compensated cirrhosis (97% and 93% 
for 12- and 24-week regimens, respecti vely)8

2-DAA HCV Regimen

Ombitasvir
Paritaprevir
/ritonavir

Paritaprevir (PTV)
NS3/4A protease inhibitor
boosted with ritonavir (r)

Ombitasvir (OBV)
NS5A inhibitor

PTV was identi fi ed by AbbVie and Enanta.
Ritonavir does not have anti viral acti vity against HCV.

OBJECTIVES
• The primary objecti ves of the AGATE-II 

study were to assess the effi  cacy and safety 
of OBV/PTV/r + RBV in Egypti an GT4-infected 
pati ents without cirrhosis or with 
compensated cirrhosis

• Improvements in biomarkers of liver syntheti c 
functi on, injury, and fi brosis aft er treatment 
with OBV/PTV/r + RBV in Egypti an GT4-infected 
pati ents with compensated cirrhosis in 
AGATE-II are presented here
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IMPROVEMENT IN BIOMARKERS OF LIVER 
SYNTHETIC FUNCTION IN PATIENTS WITH 
COMPENSATED CIRRHOSIS

• Biomarkers of liver syntheti c functi on at baseline 
and PTW24 are presented in Figure 2

Figure 2. Mean Changes From 
Baseline to Post-treatment 
Week 24 in Biomarkers of Liver 
Syntheti c Functi on in Pati ents 
With Compensated Cirrhosis
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INR, internati onal normalized rati o; PTW, post-treatment week.

CONCLUSIONS
 High SVR rates were achieved with both the 
12- and 24-week OBT/PTV/r + RBV regimens 
in Egypti an HCV GT4-infected pati ents with 
compensated cirrhosis

 OBT/PTV/r + RBV treatment resulted in 
improvements in most biomarkers of liver 
syntheti c functi on, liver injury, and liver 
fi brosis 

 Liver biomarker improvements were 
independent of treatment durati on 

 Treatment was well tolerated with no 
disconti nuati ons due to AEs

IMPROVEMENT IN BIOMARKERS OF 
LIVER INJURY IN PATIENTS WITH 
COMPENSATED CIRRHOSIS

• Biomarkers of liver injury at baseline and PTW24 
are presented in Figure 3

Figure 3. Mean Changes From 
Baseline to Post-treatment 
Week 24 in Biomarkers of 
Liver Injury in Pati ents With 
Compensated Cirrhosis
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IMPROVEMENT IN BIOMARKERS OF 
LIVER FIBROSIS IN PATIENTS WITH 
COMPENSATED CIRRHOSIS

• Biomarkers of liver fi brosis at baseline and 
PTW24 are presented in Figure 4

Figure 4. Mean Changes From 
Baseline to Post-treatment in 
Biomarkers of Liver Fibrosis 
in Pati ents With Compensated 
Cirrhosis
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SAFETY

• Safety summary for pati ents with compensated 
cirrhosis is presented in Table 2

• The majority of TEAEs were mild to moderate 
in severity

• No TEAE led to disconti nuati on of treatment

• Two pati ents in Arm C experienced serious 
TEAEs; neither were considered to be related 
to study drug

• All pati ents with an RBV dose modifi cati on 
achieved SVR12

• One pati ent reported HCC in post-treatment 
Week 36 and is awaiti ng liver transplantati on:

 – The pati ent was screened for HCC prior 
to study by alpha-fetoprotein (AFP) and 
ultrasound (approximately 3 weeks prior 
to starti ng therapy)

 – No baseline or near-baseline CT scan was 
available to rule out HCC

 – Pati ent AFP levels were 8.8 ng/ml, 31 ng/ml, 
and 38ng/ml at baseline, PTW12, and PTW24, 
respecti vely

 – Barcelona clinic liver cancer (BCLC) staging at 
ti me of HCC diagnosis confi rmed early stage-A 
HCC in this pati ent

 – The pati ent achieved SVR

Table 2. Treatment-emergent 
Adverse Events in Pati ents With 
Compensated Cirrhosis

Events, n (%)

Arm B
12 weeks

N = 31

Arm C
24 weeks

N = 29

Any AE, n (%) 26 (84) 25 (86)

SAE 0 2 (7)*

Death 0 0

AE leading to study drug discontinuation 0 0

RBV dose reduction due to Hb decline 4 (13) 6 (21)

AE, adverse event; Hb, hemoglobin; RBV, ribavirin; SAE, serious adverse event.
*One case of variceal bleeding (post-treatment Day 19) and 1 case of acute cholecysti ti s 
requiring cholecystectomy in a pati ent with previously diagnosed gall stones (treatment 
Day 137).
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CONCLUSIONS
High SVR rates were seen among GT3-infected pati ents
without cirrhosis treated with 2D + SOF with or without
RBV for 12 weeks

– 100% of GT3-infected pati ents with compensated cirrhosis
achieved SVR12 following 12-week 2D + SOF + RBV

An 8-week regimen of 2D + SOF + RBV achieved an SVR rate
of 90% in GT2-infected non-cirrhoti c pati ents

– Shortening treatment durati on to 6 weeks resulted in a
high rate of relapse

2D + SOF ± RBV had a favorable safety profi le consistent
with previous observed regimens of 2D or SOF ± RBV

These results suggest that 2D + SOF ± RBV may be a useful
treatment opti on for pati ents with GT3 infecti on with or
without cirrhosis

INTRODUCTION
• Hepati ti s C virus (HCV) genotypes (GTs) 2 and 3 account for

approximately 40% of HCV infecti ons worldwide and are highly
prevalent in Europe, South Asia, and Australasia1

• In the direct-acti ng anti viral (DAA) era, GT3 has emerged as the
most diffi  cult to cure, especially in pati ents with cirrhosis and
prior treatment experience2,3

2D Regimen + Sofosbuvir

Ombitasvir
Paritaprevir
/ritonavir

Paritaprevir (PTV)
NS3/4A protease inhibitor
boosted with ritonavir (r)

Ombitasvir (OBV)
NS5A inhibitor

Sofosbuvir (SOF)*
NS5B inhibitor

Sofosbuvir

PTV was identi fi ed by AbbVie and Enanta. Ritonavir does not have anti viral acti vity against HCV.
*SOF was identi fi ed by Gilead Sciences.

• The DAAs OBV, PTV, and SOF have shown anti viral acti vity
against GT2 and GT3 but have not been assessed as a
combined regimen

– In a previous study conducted in healthy volunteers, there
were no signifi cant drug-drug interacti ons between DAAs

Stable HCV Replicon Half Maximal Effective Concentration (EC
50

)

GT2a GT3a

Ombitasvir (OBV): NS5A inhibitor4 12 pM 19 pM

Paritaprevir (PTV): NS3/4A protease inhibitor4 5.3 nM 19 nM

Sofosbuvir (SOF): NS5B inhibitor5 29 nM 81 nM

• Combining multi ple DAAs with diff erent mechanisms of acti on
may enhance anti viral acti vity, which could yield higher
response rates and may allow shorter durati ons of treatment

OBJECTIVE
• QUARTZ II-III (NCT02292719) is an open-label, multi center,

phase 2 study designed to evaluate the safety and effi  cacy of 6-
and 8-week treatment durati ons of 2D + SOF + RBV in pati ents
with GT2 infecti on, and 12-week treatment with 2D + SOF ±
RBV in pati ents with GT3 infecti on, including those with
cirrhosis

MATERIALS AND METHODS
STUDY DESIGN

SVR12

0     6      8      12 18  20 24 60

OBV/PTV/r
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Open-label Treatment

GT3
N = 9*

OBV/PTV/r
+ SOF + RBV

GT3
N = 11

SVR12

OBV/PTV/r
+ SOF + RBV

OBV/PTV/r
+ SOF

OBV/PTV/r
+ SOF + RBV

GT3
N = 10*

GT2
N = 10

GT2
N = 9

GT3 F4†

N = 21

SVR12

= randomized treatment arms

OBV/PTV/r + SOF
+ RBV

SVR12, sustained virologic response at post-treatment Week 12.
*Treatment arms were pooled for analysis.
†All other arms were non-cirrhoti c (F0–F3).
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MATERIALS AND METHODS ΈCONTINUEDΉ

KEY ELIGIBILITY CRITERIA

• ≥18 years

• Chronic HCV GT2 or GT3 infecti on

• HCV RNA >10 000 IU/mL

• For pati ents with cirrhosis, cirrhosis was documented by liver
biopsy, FibroScan score ≥12.5 kPa, or FibroTest score >0.72 and
Aminotransferase-to-Platelet Rati o Index >2

• HCV treatment-naïve or treatment-experienced (peginterferon
[pegIFN]/RBV, pegIFN/RBV + SOF, or SOF + RBV)

• Pati ents testi ng positi ve for hepati ti s B, HIV, or an HCV
genotype or subtype other than GT2 or 3 were excluded

ENDPOINTS AND ANALYSES

Safety Assessments

Primary Efficacy 
Endpoint

Secondary Efficacy
Endpoints

The percentage of pa�ents with on-treatment 
virologic failure and post-treatment relapse

The percentage of pa�ents with SVR12 
(HCV RNA <25 IU/mL 12 weeks a�er the last dose 
of study drug)

Adverse events (AEs) and laboratory 
abnormali�es were assessed in all pa�ents 
receiving at least 1 dose of study drug 

RESULTS
Table 1. Baseline Demographics and Disease 
Characteristi cs

Characteristic

GT2 
+ RBV

8 Weeks
N = 10

GT2
+ RBV

6 Weeks
N = 9

GT3 
No RBV

12 Weeks
N = 19

GT3
+ RBV

12 Weeks
N = 11

GT3 F4
+ RBV

12 Weeks
N = 21

Male, n (%) 5 (50) 6 (67) 13 (68) 7 (64) 12 (57)

Age, median years (range) 57 (46–66) 62 (50–69) 54 (31–62) 54 (37–62) 56 (38–64)

White race, n (%) 10 (100) 7 (78) 16 (84) 11 (100) 17 (81)

Asian race, n (%) 0 2 (22) 2 (11) 0 1 (5)

BMI, median kg/m2 (range)
25.4

(21.0–34.3)
24.6

(21.4–32.2)
28.8

(19.9–38.2)
27.5

(24.2–31.2)
27.3

(18.7–38.3)

HCV RNA, median log
10

 IU/mL (range)
6.37

(4.4–7.5)
5.92

(4.2–7.3)
6.79

(3.3–7.4)
6.49

(5.6–7.4)
6.49

(4.1–7.6)

Platelet count, median (range), × 109/L
213

(122–281)
229

(131–320)
197

(117–269)
200

(139–365)
128

(56–199)

IL28B non-CC genotype, n (%) 7 (70) 6 (67) 7 (37) 7 (64) 12 (57)

Treatment-experienced, n (%) 2 (20) 2 (22) 9 (47) 5 (45) 12 (57)

Fibrosis stage, n (%)

F0–1 10 (100) 7 (78) 10 (53) 9 (82) 0

 F2 0 0 4 (21) 0 0

F3 0 1 (11) 3 (16) 2 (18) 0

 F4 0 0 0 0 21 (100)

Missing 0 1 (11) 2 (11) 0 0

Genotype/subgenotype

2a 4 (40) 5 (56)

2b 6 (60) 4 (44)

3a 19 (100) 11 (100) 21 (100)

Figure 1. Effi  cacy
A. Rates of Virologic Response in Pati ents With GT3 Infecti on
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• There were no virologic failures in GT3-infected pati ents who
completed treatment

– One GT3-infected pati ent without cirrhosis treated with
12-week 2D + SOF + RBV disconti nued treatment on Day 8
due to an adverse event of infl uenza-like illness deemed
unrelated to DAAs; this pati ent did not achieve SVR12

– Additi on of RBV did not improve treatment response among
pati ents without cirrhosis

B. Rates of Sustained Virologic Response in Pati ents With GT2 Infecti on
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• With 8 weeks of treatment, 1/10 pati ents with GT2 infecti on
relapsed, but with the shorter 6-week treatment durati on,
5/9 pati ents relapsed

– None of the 6 pati ents had resistance-associated
polymorphisms at baseline in NS3, NS5A, or NS5B, nor
did any have treatment-emergent substi tuti ons at the
ti me of failure

• Exposures of the DAAs and ritonvair were comparable between
non-cirrhoti c pati ents who achieved SVR12 and those who
failed treatment with 2D + SOF

Table 3. Safety and Laboratory Abnormaliti es
GT2 

+ RBV
8 Weeks
N = 10

GT2
+ RBV

6 Weeks
N = 9

GT3
No RBV

12 Weeks
N = 19

GT3
+ RBV

12 Weeks
N = 11

GT3 F4
+ RBV

12 Weeks
N = 21

Any AE 10 (100) 9 (100) 16 (84) 10 (91) 20 (95)

Serious AE 1 (10)* 0 0 0 2 (10)†

AE leading to RBV dose modifi cation 2 (20) 0 N/A 2 (18) 3 (14)

AE leading to D/C 0 0 0 1 (9)‡ 1 (5)§

AEs occurring in ≥10% of total patients

Fatigue 3 (30) 6 (67) 7 (37) 3 (27) 10 (48)

Headache 6 (60) 3 (33) 3 (16) 2 (18) 9 (43)

Pruritus 0 2 (22) 2 (11) 2 (18) 7 (33)

Nausea 3 (30) 0 3 (16) 1 (9) 6 (29)

Diarrhea 3 (30) 2 (22) 3 (16) 1 (9) 2 (10)

Dizziness 1 (10) 2 (22) 3 (16) 1 (9) 3 (14)

URTI 4 (40) 0 1 (5) 0 5 (24)

Insomnia 2 (20) 0 2 (11) 0 5 (24)

Laboratory abnormalities

Hemoglobin 

Grade 2 (<10–8 g/dL) 1 (10) 0 0 1 (9) 1 (5)

Grade ≥3 (<8 g/dL) 0 0 0 0 0

Bilirubin Grade ≥3 (>3  × ULN) 0 0 0 0 1 (5)

ALT

Grade ≥3 (>5 × ULN) 1 (10) 0 0 0 2 (10)

AST

Grade ≥3 (>5 × ULN) 0 0 0 0 1 (5)

*Pneumonia on Day 26 deemed unrelated to DAAs.
†One pati ent experienced respiratory tract infecti on on Day 33; a second pati ent experienced anemia on Day 28; both were 
deemed unrelated to DAAs.
‡D/C’d on Day 8 due to a non-serious AE of infl uenza-like symptoms deemed unrelated to DAAs; this pati ent did not 
achieve SVR12.
§D/C’d on Day 78 due to a non-serious AE of verti go deemed possibly related to DAAs.
GT, genotype; AE, adverse event; RBV, ribavirin; N/A, not applicable; D/C, disconti nuati on; URTI, upper respiratory tract 
infecti on; ULN, upper limit of normal; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

• No serious AEs were related to DAAs

• There were no Grade 4 or higher laboratory abnormaliti es

RESULTS ΈCONTINUEDΉ



 

Combined Resistance, Demographic, and Phylogeneti c Analyses of HCV Genotype 4-Infected Pati ents Treated With 
Ombitasvir/Paritaprevir/r ± Ribavirin in the PEARL-I and AGATE-I Studies
Gretja Schnell, Rakesh Tripathi, Jill Beyer, Thomas Reisch, Coleen Hall, Yao Yu, Niloufar Mobashery, Tami Pilot-Mati as, Christi ne Collins
1Research & Development, AbbVie Inc., North Chicago, Illinois, United States

CONCLUSIONS
 Overall, high SVR12 rates were observed among pati ents infected with 
16 HCV GT4 subtypes in studies PEARL-I and AGATE-I with no impact of NS5A 
baseline polymorphisms on treatment outcome. Baseline polymorphisms at 
resistance-associated amino acid positi ons were frequently detected in NS5A 
(53.2% of the samples)

 The 5 pati ents who experienced virologic failure were infected with HCV GT 
4a (n = 1) or GT 4d (n = 4)

 The distributi ons of pati ent birth cohort and race were signifi cantly diff erent 
across GT4 subtypes (P-values <.001)

 Phylogeneti c analysis of NS5A sequences revealed 2 sequence clusters 
within subtype 4a which were found to segregate by country of origin and 
suggest a geneti cally disti nct strain of 4a circulati ng in Egypt vs Europe and 
North America

BACKGROUND
• The HCV regimen containing ombitasvir (NS5A inhibitor) and paritaprevir 

(NS3/4A protease inhibitor identi fi ed by AbbVie and Enanta) with ritonavir 
[OBV/PTV/r] plus ribavirin (RBV) is highly effi  cacious for the treatment of 
chronic HCV genotype (GT) 4 infecti on

• HCV GT4 comprises approximately 13% of infecti ons worldwide1 and includes 
17 confi rmed subtypes.2 GT4 is most prevalent in Europe, the Middle East, 
North Africa, and central and eastern sub-Saharan Africa.3,4 In Egypt, 
GT4 accounts for approximately 90% of HCV infecti ons with subtype 4a 
predominati ng3

• AbbVie has a large dataset of NS5A sequences containing diverse HCV GT4 
subtypes isolated from pati ents treated with OBV/PTV/r ± RBV in the PEARL-I 
and AGATE-I studies (Figure 1)

OBJECTIVE
• Uti lize our HCV GT4 NS5A sequence database to assess geneti c diversity 

by geographic region, analyze pati ent demographics and baseline sequence 
variability across GT4 subtypes, and report the development of viral resistance 
in virologic failure (VF) pati ents treated with OBV/PTV/r ± RBV

METHODS
Figure 1. PEARL-I and AGATE-I Study Design and SVR12 
Rates for HCV GT4-infected Pati ents
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TN, treatment-naïve; TE, treatment-experienced; OBV/PTV/r (25/150/100 mg QD). The Versant HCV Genotype Inno-LiPA Assay v2.0 was used to 
determine genotype for enrollment of pati ents in each study. 

• Phylogeneti c analyses were conducted on sequences from the baseline 
samples of HCV GT4-infected pati ents from PEARL-I and AGATE-I in order 
to assign subtype (Figure 2)

Figure 2. Methodology for HCV GT4 Subtype Assignment 
in the PEARL-I and AGATE-I Studies
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Nucleoti de alignments and phylogeneti c trees were generated using the Geneious and MEGA soft ware packages.

• The full-length NS5A gene was sequenced by populati on or next-generati on 
sequencing (NGS) from the baseline samples of 132/135 non-cirrhoti c (PEARL-I) 
or 118/120 cirrhoti c (AGATE-1) GT4-infected pati ents

• The full-length NS3/4A gene was sequenced by populati on sequencing from 
baseline samples of GT4-infected pati ents in PEARL-I

• NS5A sequences were included in a phylogeneti c analysis to assess geneti c 
relati onships among and within GT4 subtypes by country

• Prevalence of baseline polymorphisms in NS5A was analyzed using populati on 
and NGS data with a detecti on threshold of 15%. Baseline polymorphisms and 
treatment-emergent substi tuti ons in NS3 and NS5A were analyzed for pati ents 
who experienced VF

• The following NS3 and NS5A amino acid positi ons were analyzed for GT4

 – NS3 amino acid positi ons 56, 155, 156, and 168

 – NS5A amino acid positi ons 24, 28, 29, 30, 31, 32, 58, 92, and 93
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HCV GT4 SUBTYPE PREVALENCE BY GEOGRAPHIC REGION

Table 1. HCV GT4 Subtype Prevalence by Country of 
Enrollment (PEARL-I and AGATE-I)

Subtype

Country of Enrollment

TotalAustria Belgium France Germany Greece Italy Poland Spain Canada
United 
States

4a 12 2 39 2 9 1 16 11 22 114

4b 3 3

4c 4 1 5

4d 1 6 21 2 18 16 32 2 1 99

4e 1 1

4f 8 1 1 10

4g/4k 1 1

4h 1 1

4k 2 2 4

4l 1 1 2

4n 1 1 2

4o 1 1 2

4p 1 1 2

4q 1 1

4r 1 1

4t 1 1

4a 1 1

Not available 1 1 2 1 5

aGT4 subtype could not be determined by phylogeneti c analysis.

Table 2. HCV GT4 Subtype Prevalence by Geographic Region 
of Origin in Study AGATE-I

Subtype

Subtype by geographic region of origin

TotalEgypt and Middle East Africa Europe North America

4a 36 2 21 5 64

4c 4 4

4d 1 29 1 31

4e 1 1

4f 3 3

4h 1 1

4k 4 4

4l 1 1 2

4n 2 2

4o 1 1

4p 1 1 2

4q 1 1

4r 1 1

4t 1 1

Not available 1 1 2

• Sixteen GT4 subtypes were identi fi ed in the combined NS5A sequence dataset 
(Table 1)

• The majority of pati ents enrolled in North America were subtype 4a, pati ents 
enrolled in Europe were predominantly 4a or 4d, and pati ents infected with 
non-4a/4d subtypes were mostly enrolled in Belgium and France (Table 1)

• In study AGATE-1, in additi on to country of enrollment, the pati ent-reported 
geographic country of origin was also collected and revealed that the 
geographic region of origin correlated with the known distributi on of 
GT4 subtypes worldwide (Table 2)

BASELINE DEMOGRAPHICS BY GT4 SUBTYPE

Table 3. Pati ent Baseline Demographic Characteristi cs 
by GT4 Subtype in PEARL-I and AGATE-I

Baseline 
Characteristic

Number (% of subtype) of patients by GT4 subtype

Total P-valuea

PEARL-I, non-cirrhotics AGATE-I, cirrhotics Combined dataset

4a 4d
non-
4a/4d 4a 4d

non-
4a/4d 4a 4d

non-
4a/4d

Patients 50 68 14 64 31 23 114 99 37 250

Birth Cohort <.001

 Pre 1950 3 (6) 1 (2) 2 (14) 12 (19) 3 (10) 9 (39) 15 (13) 4 (4) 11 (30) 30

 1950–1959 18 (36) 15 (22) 8 (57) 20 (31) 8 (26) 9 (39) 38 (33) 23 (23) 17 (46) 78

 1960–1969 19 (38) 33 (49) 2 (14) 29 (45) 19 (61) 4 (17) 48 (42) 52 (53) 6 (16) 106

 1970 and after 10 (20) 19 (28) 2 (14) 3 (5) 1 (3) 1 (4) 13 (11) 20 (20) 3 (8) 36

Race <.001

 White 46 (92) 68 (100) 4 (29) 58 (91) 30 (97) 6 (26) 104 (91) 98 (99) 10 (27) 212

 Black 2 (4) 0 10 (71) 2 (3) 0 17 (74) 4 (4) 0 27 (73) 31

 Other 2 (4) 0 0 4 (6) 1 (3) 0 6 (5) 1 (1) 0 7

aP-value calculated using the combined dataset from the comparison of proporti ons across subtypes (4a, 4d, and non-4a/4d) using Fisher’s exact test.

HCV GT4 PHYLOGENETIC ANALYSIS BY GEOGRAPHIC REGION

Figure 3. Phylogeneti c Analysis of HCV GT4 NS5A Sequences 
Revealed Clustering by Country of Origin in Subtype 4a
A. AGATEͳI
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Neighbor-joining phylogeneti c trees displayed in circular format. (A) NS5A sequences from AGATE-I, and (B) NS5A sequences from GT4a-infected 
pati ents in PEARL-I and AGATE-I. Reliability of the tree topology was examined using 1000 bootstrapping replicates, and bootstrap values ≥45 are 
listed at appropriate nodes. The geneti c distance scale bar indicates the number of nucleoti de substi tuti ons per site between sequences. Reference 
sequences are labeled by the subtype followed by the GenBank accession number. HCV pati ent isolates are represented by a colored circle, square, 
or triangle indicati ng the geographic region identi fi ed for each sequence.

• In study AGATE-I, phylogeneti c analysis of NS5A sequences revealed 
2 sequence clusters within subtype 4a which were found to segregate by 
pati ent-reported country of origin (Figure 3a) but not by country of enrollment

 – One cluster contained sequences from Egypt and the Middle East, while 
the second cluster contained sequences from Europe and the United States

• Although country of origin was not collected for study PEARL-I, a combined 
phylogeneti c analysis of NS5A sequences from GT4a-infected pati ents in 
PEARL-I and AGATE-I also identi fi ed 2 sequence clusters within subtype 4a 
(Figure 3b)

 – The majority of PEARL-I sequences from pati ents enrolled in France, Spain, 
and the United States were found to cluster with AGATE-1 sequences isolated 
from pati ents who originated from Europe or the United States

 – Two GT4a-infected pati ents who identi fi ed as Egypti an in PEARL-I had NS5A 
sequences that clustered with AGATE-I sequences isolated from pati ents who 
originated from Egypt

 – Based on NS5A phylogeneti c analysis, 7 PEARL-I pati ents enrolled in France 
or the United States were infected with a strain of HCV subtype 4a that was 
geneti cally similar to virus detected in pati ents who originated from Egypt

• The distributi ons of pati ent birth cohort and race were signifi cantly diff erent 
across GT4 subtypes 4a, 4d, and non-4a/4d (P-values <.001)

 – A larger proporti on of the GT 4d-infected pati ents were born aft er 
1959 (73%), while most pati ents infected with a non-4a/4d subtype were 
born prior to 1960 (76%)

 – Pati ents of white race comprised 91%, 99%, and 27%, and pati ents of black 
race comprised 4%, 0%, and 73% of the 4a, 4d, and non-4a/4d-infected 
populati ons, respecti vely

PREVALENCE OF BASELINE POLYMORPHISMS IN NS5A

Figure 4. Prevalence of NS5A Baseline Polymorphisms by 
HCV GT4 subtype

The following reference sequences were used in the analysis: GT 4a sequences were compared to 4a-ED43 (GenBank accession GU814265), GT 4d 
sequences were compared to 4d-QC382 (GenBank accession FJ462437), and non-4a/4d sequences were compared to 4c-QC381 (GenBank accession 
FJ462436). 

RESULTS

Figure 5. Impact of NS5A Baseline Polymorphisms on 
SVR12 Rates

P-values were calculated using a 2-sided Fisher’s exact test. Pati ents who did not achieve SVR12 for reasons other than virologic failure were excluded 
from the analysis. One pati ent in study AGATE-I achieved SVR12 and later relapsed at PTW24; this pati ent had the common T58P polymorphism in 
NS5A at baseline.

• Baseline polymorphisms at resistance-associated amino acid positi ons 
in NS5A were present in 53.2% (133/250) of the GT4 samples. The most 
prevalent polymorphisms were L28M in GT 4a (20/114), T58P in GT 4d 
(76/99), and M31L in non-4a/4d (8/37) sequences (Figure 4)

• There was no apparent impact of NS5A baseline polymorphisms on treatment 
outcome (Figure 5)

• Baseline polymorphisms at resistance-associated amino acid positi ons were 
not detected in NS3/4A sequences from PEARL-I; NS3/4A was not sequenced 
for pati ents who achieved SVR in study AGATE-I

TREATMENTͳEMERGENT SUBSTITUTIONS IN PATIENTS WHO 
EXPERIENCED VIROLOGIC FAILURE IN PEARLͳI AND AGATEͳI

Table 4. Baseline Polymorphisms and Treatment-emergent 
Substi tuti ons in NS3 and NS5A in Pati ents With 
Virologic Failure

Patient Study GT Cirrhosis

NS3a NS5Aa

Baseline
Virologic 
Failure Baseline

Virologic 
Failure

1b PEARL-I 4d N None Y56H + D168V None L28V

2c PEARL-I 4d N None D168V T58P L28S + T58P, M31I/M

3c PEARL-I 4d N None D168V T58S/T L28V + T58S

4b AGATE-I 4a Y None A156K P58L L28I + P58L

5c AGATE-I 4d Y None D168V T58P K24Q + T58P + Y93H

aIncludes amino acid substi tuti ons detected at NS3 positi ons 56, 155, 156, or 168, and NS5A positi ons 24, 28, 29. 30, 31, 32, 58, 92, or 93 by populati on 
sequencing or NGS at a 15% detecti on threshold. bBreakthrough. cRelapse.

• Predominant treatment-emergent substi tuti ons at the ti me of VF in GT 
4d-infected pati ents were D168V in NS3, and L28S/V or K24Q + Y93H in NS5A. 
Substi tuti ons A156K in NS3 and L28I in NS5A were detected in the GT 
4a-infected pati ent at the ti me of VF

Table 5. Resistance Conferred by Amino Acid Substi tuti ons 
in NS3 or NS5A to Paritaprevir or Ombitasvir in GT4 
Subgenomic Transient Replicons

Target GT4 Subtype
Amino Acid 

Substitutions Mean EC50 ± SD (nM) Fold Change in EC50

NS3

4a Wild type 0.048 ± 0.007 —

4d

Wild type 0.015 ± 0.001 —

Y56H 0.12 ± 0.03 8.0

D168V 4.7 ± 0.9 313

Y56H + D168V 188 ± 50 12 533

NS5A

4a

Wild type 0.00035 ± 0.00007 —

L28I 0.0028 ± 0.00072 8.0

L28M 0.00018 ± 0.00003 0.5

P58L 0.0010 ± 0.00016 2.9

L28I + P58L 1.328 ± 0.0386 3795

4d

Wild Type 0.00038 ± 0.00006 —

L28S NA —

L28V 0.118 ± 0.0163 310

M31I 0.00096 ± 0.00012 2.5

M31L 0.00039 ± 0.00008 1.0

T58A 0.00053 ± 0.00002 1.4

T58P 0.00042 ± 0.00004 1.1

T58S 0.00052 ± 0.00009 1.4

Y93H NA —

K24Q + T58P 0.00045 ± 0.00005 1.2

L28S + M31I NA —

L28V + T58S 0.289 ± 0.0295 760

T58P + Y93H NA —

K24Q + T58P + Y93H 0.417 ± 0.145 1098

NA = not available, the EC50 could not be determined due to low replicati on effi  ciency of the replicon containing the amino acid substi tuti on.
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