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Outline 

• Comparison of the results from VERSANT® 
HCV LiPA genotype and NS5B sequencing 
genotyping/subtyping assays 

• HCV phenotyping and its correlation with viral 
response to treatment 

  



Methods 

• Total 1944 subjects analyzed GT1=840, GT2=397, 
GT3=658, GT4=39, GT6=10  
 

• Siemens VERSANT® HCV Genotype INNO-LiPA 2.0 
was performed by Cenetron, Covance, or Q-Lab 
 

• HCV NS5B sequencing was performed by DDL, 
Monogram, or Virco 
 

• Nucleotide sequences of NS5B were BLAST 
aligned to determine the most similar HCV subtype 

  
• Phylogenetic analysis was used to confirm 

discrepancies between BLAST and INNO-LiPA  
 



Genotype Discordance Between Inno-LiPA and NS5B 
Sequencing Genotyping Methods 

GT Number of 
subjects 

Genotype Subtype 

Concordant Discordant  Concordant Discordant  Refinement 

GT 1 840 840 (100%) 0 836 (99.52%) 3 (0.36%) 1 (0.12%) 

GT 2 397 389 (97.98%) 8 (2.02%) 294 (74.06%) 4 (1.34%) 91 (22.92%) 

GT 3 658 658 (100%) 0 
 

629 (95.59%) 5 (0.76%) 24 (3.65%) 

GT 4 39 39 (100%) 0 
 

0 0 39 (100%) 

GT 6 10 10 (100%) 0 
 

0 0 10 (100%) 

• Concordant: same genotypes and/or subtypes were assigned by both methods 
• Discordant: different genotype or subtypes from two methods 
• Refinement: indeterminate or vague subtype (for example GT 2 or 2a/2c) from LiPA vs.  
  fully determined at subtype level by NS5B sequencing assay 
• Similar results were obtained by NS5A or NS3 sequencing  methods 
• No significant difference in results from different vendors 



Genotype 2 Discordance 

• 8 subjects categorized as GT 2 
(2a/2c (n=1) or 2b (n = 7 by LiPA were 
found to be GT 1a or 1b by NS5B 
sequencing 

 
• Results were validated by 
sequencing multiple time points of 
the same patient                             
 

1-2a/2c 
3-2b 

4-2b 



Subtype Discordance Between Inno-LiPA and NS5B 
Sequencing Genotyping Methods 

Number of 
subjects 

LiPA NS5B sequencing 

1 1a 1b 

1 1b 1a 

4 2a/2c GT2b, 2j, 2r, 2c n=1 
each subtype 

3 3a 2 GT3i 
1 GT3b 

2 3b 3a 
 

• Discordant: different subtypes from two methods 
 



Subtype Refinement by NS5B Sequencing 

GT 1 GT 2 (n=48), 2a/2c (n=43) GT 3 

GT 4 (n=26), 4a/4c/4d (n=13) GT 6 (n=4), 6a/6b (n=3), 6c-l (n=3) 



Conclusions from LiPA and NS5B sequencing  

• High level of concordance at genotype level  
– 100% for GT1, 3, 4 and 6 
– 98% for GT2  
 

• Concordance at subtype level varies by genotype 
– 99.5% for GT1 
– 95.6% for GT3 
– Low for GT2, GT4 and GT6 

 
• Refinement at subtype level is needed for GT2 

(22.9%), GT4 (100%) and GT6 (100%) 
 



Implications 

Clinical trials 
in non-GT1 

Understanding  
the response  

at subtype level Or Screen by LIPA,  
Confirm by sequencing? 

Screen by sequencing? 

No significant  
difference in  

efficacy between  
different subtypes 

Genotype  
by LiPA? 

Patient 
management  

in non-GT1 
Significant  

difference in  
efficacy between  
different subtypes 

Screening by  
Sequencing or 
improved LiPA? 

{ 
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Outline 

• Comparison of the results from LiPA and 
NS5B sequencing genotyping/subtyping 
assays 

• HCV phenotyping and its correlation with viral 
response to treatment 

  



Predicting Antiviral Efficacy 

PK 
Protein 
Binding 

“Wild-type” 
Activity 

Effect of 
Baseline 

Polymorph- 
isms 

Activity 
Against 
Patient 
Isolates 

Natural 
Diversity of 

Target 
Sequence 

Activity 
Against RAVs 

Factors to 
Consider for 
Prediction of 

Antiviral Efficacy 

Metabolic 
Activation 



Breakthroughs in Cell Based HCV Assays 
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HCV Genome 
Choo et al. 

Science 1989 

1985 1990 2000 2010 

GT1b Replicon 
Lohmann et al. 
Science 1999 

GT1b Luc Replicon 
Vrolijk et al. 

JVI 2003 

GT1a Replicon 
Blight et al. 

JVI 2003 

HeLa GT1b Replicon 
Zhu, et al. 
JVI 2003 

GT2a Replicon 
Date et al. 

Gastro 2004 

GT2a Virus 
Wakita et al. 

Nat. Med 2005 
Zhong et al. 
PNAS 2005 

Lindenbach et al. 
Science 2005 

GT1a Luc Replicon 
Robinson et al. 

AAC 2010 

GT3a, 4a, 4d & 6a 
Replicons  

Gilead 
Peng et al. 
Saeed et al 

Gastro. 2013 
Saeed et al.  
AAC 2012 

 
Subgenomic replicons are available for GT1a, 1b, 2a, 3a, 4a, 4d and 6a  



Bcl 1 

Luc 
EMCV 3’UTR 5A 4B 4A NS3 ∆5B 

1bNS5B 

Phenotypic Assays 

Ase 1 

B
gl II 

HCV-positive  
Sera  

RT-PCR 

NS5B 

Luc 
EMCV 

5A 4B 4A NS3 NS5B 

• Up to 85% success rate for GT2 and GT3 baseline samples  
 

• Similar approach also works for NS5A. Gilead has successfully  
generated chimeric GT1b replicons carrying NS5A from GT3 and 4 

http://en.wikipedia.org/wiki/Image:Test_tube_true_C.png
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Wild-type Activity versus Activity of GS9669 (NNI) 
Against Patient Isolates 

Genotype 1a Genotype 1b 

Wild-type Replicon GS-9669 
EC50 (nM) 11.1 2.7 

NS5B Clinical Isolate Mean 
GS-9669 EC50 ± SD (nM) 3.8 ± 1.3 6.8 ± 2.7 
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HCV Polymorphisms 

Between Patients:  Population/consensus sequences vary between patients  
Pt1 Pt2 Pt3 Pt4 Pt5 Pt6 

Within Patients:  Deep sequencing reveals polymorphism within patients 

Pt1 Pt2 Pt3 Pt4 Pt5 Pt6 

Effect of 
Baseline 

Polymorph- 
isms 



168 

      FRAAV  
    FRAAV  

      FRAAV  
        FRAAV  

    FRAAV  
      FRAAV  
     FRAAV  
       FRAAV  

155/156 

      RASGV 
    RASGV 

      RASGV 
        RASGV 

    RASGV 
      RASGV 
     RASGV 
       RASGV 

282 414 419 

NS3 NS5B Allosteric 

  The NS5B polymerase active site is highly conserved 
  The NS3 protease active site is not conserved as NS5B active site 
  NS5B allosteric sites and targeted NS5A residues are highly variable 

NS5A 

K L M P Q L P G 
K L L P R L P G 
K L F P K M P G 
K L L P K M P G 

A 
K I M P A L P G 
K F V P L M P G 
K L L P Q L P G 
K L L P R L P G 

28  30/31           

GT1a    
GT1b    
GT2a    
GT2b    
GT3a    
GT4a    
GT5a    
GT6a    

Variable Conservation of Targeted Sites: Effects on 
the Prevalence of RAVs and Drug Susceptibility 

NS5B Nuc 

      AVDF 
    AVDF 
    SIDF 

        SIDF 
      ALQF 
      AVDF 
     ALDF 
       SLDF 

                    
      TLW 

    TLW 
    TIW 

        TIW 
      TIW 
      TIW 
     TLW 
       TIW 

Target sites 

      IMFA 
    IMYA 
    IQYA 

        IQYA 
      IMYA 
      IVYA 
     IMYA 
       IMYA 



Baseline Prevalence of HCV NS5A RAVs  
across Genotypes 

NS5A 
Mutation 

GT 1a 
n=1046 

GT 1b 
n=2577 

GT 2 
n=52 

GT 3 
n=460 

GT 4 
n=44 

GT 5 
n=5 

GT 6 
n=87 

Q30E/K 0.10% A30K 5% 

L31M/V 2.50% 1% 71% 1% 93% 

Y93S/H/N 2.50% 
 

2.50% 
 

<1% 2% 9% T93S 40% T93S 19% 

Effect of 
Baseline 

Polymorph- 
isms 

• Are there any differences in the prevalence of HCV RAVs between genotypes  
and subtypes? 



Impact of Baseline NS5A RAVs on the Viral Response 
to GS-5885 Monotherapy    
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GS-5885 
• The impact of baseline RAVs on combination therapy may be dependent  
on the potency and resistance barrier of the other agent(s) in the regimen 
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Overcoming Baseline RAVs by Increasing Drug 
Exposure 
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Using PK and In Vitro Drug Susceptibility to Predict Activity of 
GS-9669 Against RAVs   
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Replicon Resistance of NS5B site II 
Mutations to GS-9669 

(Fold Change in EC50 from WT) 

Mutation  GT1a GT1b 

M423V 8.5  7.0  

M423I 10.6 4.6  

M423T 15.8 19.3  

V494A 17.4 18.1  

I482L 26.1 51.4 

A486V 39.6 49.8  

A486I NA 48.7  

A486T NA 31.1  

L419M 87.3 123.4  

L419S 197 789.8  

R422K 144.7 814.6  

M426L 1.1 NA 

V494I 0.6 NA 

R422K 

Resistance Sensitive Low Medium High 

Fold Change 0-3 3-10 10-50 >50 

• M423T/V was not detected in subjects  
receiving 500 mg QD 



Conclusion: HCV Phenotyping and its Correlation with 
Viral Response to Treatment 
 

• Gilead has successfully generated full-length NS3-5B 
subgenomic replicons for GT3a. 4a. 4d and 6a 

• High success rate with chimeric GT1b relicons carrying 
NS5A or 5B form non-1 genotypes  

• Potential methods to predict the viral response of 
different geno(sub)types using the known pre-clinical 
information  
– Evaluate the susceptibility of a panel of clinical 

isolates from different geno(sub)types 
– Define the patterns of RAVs from different 

geno(sub)types and their drug susceptibilities 
– Assess the prevalence of the RAVs at baseline  
– Determine the PK/PD relationship for wild-type 

and RAVs 
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• Gilead HCV Clinical Virology 
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