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Hepatitis C: Virus & Prevalence 

150	  million	  people	  
infected	  worldwide	  

Source:	  World	  Health	  Organiza/on	  

-‐ 	  Isolated	  in	  1989,	  6	  genotypes	  now	  iden/fied	  
-‐ 	  Belongs	  to	  the	  Flavivirdae	  family	  (dengue,	  yellow	  fever…)	  

-‐ 	  Small	  RNA+	  virus	  (9.6kb)	  

-‐ 	  Transmission	  via	  exposure	  to	  infected	  blood	  

~50nm	  
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Review of definitions 

Personalized	  Biomarker:	  any	  biomarker	  (or	  set	  of	  biomarkers)	  that	  
supports	  pa/ent-‐group	  targeted	  therapies	  –	  demands	  therapeu/c	  
need	  and	  implies	  innova/ve	  medicines	  and	  tes/ng	  approaches	  

–  Correct	  pa/ent	  
–  Correct	  disease	  
–  Correct	  treatment	  
–  Right	  /me	  for	  treatment	  
–  Op/mal	  dose	  
–  Op/mal	  response	  
…	  all	  at	  an	  Appropriate	  price	  
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PegIFN/RBV	  
New	  DAAs	  

2014	  

Current	  Phase	  III	  New	  DAAs	  
R7128	  (Roche)	  
PSI	  7977	  Pharmasset	  
BI201335	  (BI)	  
ITMN191	  (Roche/intermune)	  
MK7009	  (MSD)	  
TMC-‐435	  (Tibotec/JI)	  
BMS	  790052	  (BMS)	  
Taribavirn	  (Valeant)	  

A	  role	  for	  biomarkers?	  
Cost	  managements:	  At	  70,000€	  per	  pa/ent	  x	  150M	  pa/ents	  à	  10.5T€	  to	  cure	  HCV	  worldwide	  	  

	  (Global	  annual	  expenditure	  on	  health	  care,	  4.78	  T€)	  	  

“PERFECTOVIR”	  

2020	  

HCV therapy – an ongoing revolution 
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HCV a poverty associated disease – a role for biomarkers? 

HCV	  global	  incidence	   World	  poverty	  map	  

Role	  for	  Biomarkers	  in	  resource	  limited	  segngs	  
1.  Improved	  HCV	  detec/on	  and	  diagnosis	  	  
2.  Improved	  HCV	  pa/ent	  treatment	  decisions	  

(Lavanchy,	  J	  Clin	  Microbio,	  2011)	  

	   	   	  Egypt	  HCV	  epidemic	  
•  3.8	  million	  infected	  (15%)	  
•  HCV	  genotype	  4	  
•  Annual	  na/onal	  treatment	  budget	  $100m	  
•  ANRS	  Egyp/an	  research	  site	  (Arnaud	  Fontanet)	  

Use of biomarkers in managing chronic 
hepatitis is a mature and well established field 

• Disease biomarkers  e.g., HCV viral detection 
 
• Decision to treat  e.g., Fibrotest 
 
• Tx outcome biomarkers  e.g., HCV viral genotype 
 
• Surrogate endpoints  e.g., EVR (in treatement viral load) 
 
• Toxicity biomarkers  e.g., ITPA polymorphisms 
 
• Mechanisms of Dx pathogenesis  e.g., IP-10 
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Personalized medicine: where are we for HCV biomarkers?  

PtctccaPtgtcgtgacaccPtgPgacaccPcaPtctgcaPctcaaPctaPtcactggtctatggcagagaacacaaaatatggccagtggcctaaat
ccagcctactaccPPPPPPPgtaacaPPactaacatagccaPcccatgtgPtccatgtgtctgggctgcPPgcactctaatggcagagPaagaaa
PgtagcagagaccacaatgcctcaaataPtactctacagcccPtataaaaacagtgtgccaactcctgaPtatgaacPatcaPatgtcaataccatact
gtcPtaPactgtagPPataagtcatgacatcagataatgtaaatcctccaacPtgPPtaatcaaaagtgPPggccatcctagatatacPtgtaPgcc
acataaaPtgaagatcagcctgtcagtgtctacaaaatagcatgctaggaPPgatagggaPgtgtagaatctatagaPaaPagaggagaatgactat
cPgacaatactgctgcccctctgtaPcgtgggggaPggPccacaacaacacccaccccccactcggcaacccctgaaacccccacatcccccagcPPP
cccctgctaccaaaatccatggatgctcaagtccatataaaatgccatactaPtgcatataacctctgcaatcctcccctatagPtagatcatctctagaPa
cPataatactaataaaatctaaatgctatgtaaatagPgctatactgtgPgagggPPPgPPgPPgPPaPtgPtgPtgPtgtaPPaagagatg
gtgtcPgcPtgPgcccaggctggagtgcagtggtgagatcatagcPactgcagcctcaaactcctggactcaaacagtcctcccacctcagcctcccaaa
gtgctgggatacaggtgtgacccactgtgcccagPaPaPPPaPtgtaPaPPactgPgtaPaPPtaaPaPPPctgaataPPccatctatagPg
gPgaatcatggatgtggaacaggcaaatatggagggctaactgtaPgcatcPccagPcatgagtatgcagtctctctgPtaPtaaagPPagPPtctc
aaccatgPtacPPcagtatacaagacPtgacgPPPgPaaatgtaPtgtaagtaPPaPaPtgtgatgPaPtaaaaagaaaPgPgactgggcac
agtggctcacgcctgtaatcccagcacPtgggaggctgaggcgggcagatcacgaggtcaggagatcaagaccatcctggctaacatggtaaaaccccgt
ctctactaaaaatagaaaaaaaPagccaggcgtggtggcgagtgcctgtagtcccagctactcgggaggctgaggcaggagaatggtgtgaacctggga
ggcggagcPgcagtgagctgagatcgtgccactgcaPccagcctgcgtgacagagcgagactctgtcaaaaaaataaataaaaPtaaaaaaagaaga
agaaaPaPPcPaaPtcaPPcaggPPPaPtaPtctactatatggatacatgaPgaPPtgtataPgatcatgtatcctgcaaactagctaacatag
PtaPaPtctcPPPtgtggaPPaaaggaPPctacatagataaataaacacacataaacagPPacPcPtcPPcaacctagactggatgcaPPP
gPPtgPtgPtgPtgcPPtaacPgctgcagtgactagagaatgtaPgaagaatataPgPgaacaaaagcagtgagagtggacatccctgcPtcccc
ctgaPPagggggaatgPPcagtcPtcactaPtaatatgaPPagctataggPtatcctagatccctgPatcatgPgaggaaaPcccPctaPtctag
PtgPgagaPPPaaPcatgtgaPgcgctatctggcPtgctctcatgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgcta
tctggcPtgctctcatgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgctatctggcPtgctctcatgaggaaaPcccPcta
PtctagPtgPgagaPPPaaPcatgtgaPgcgctatctggcPtgctctcatccctgcPtccccctgaPPagggggaatgPPcagtcPtcactaPta
atatgaPPagctataggPtatcctagatccctgPatcatgPgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgctatctgg
cPtgctctcatgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgctatctggcPtgctctcatgaggaaaPcccPctaPtct
agPtgPgagaPPPaaPcatgtgaPgcgctatctggcPtgctctcatgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgc
tatctggcPtgctctcaPcagtcPtcactaPtaatatgaPPagctataggPtatcctagatccctgPatcatgPgaggaaaPcccPctaPtctagPt
gPgagaPPPaaPcatgtgaPgcgctatctggcPtgctctcatgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgctatct
ggcPtgctctcatgaggaaaPcccPctaPtctagPtgPgagaPPPaaPcatgtgaPgcgctatctggcPtgct	  
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3	  million	  differences	  between	  individuals	  

Ceci n’est pas une biomarker. 
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Published	  Genome-‐Wide	  Associa1ons	  through	  03/2011,	  	  
1,319	  published	  GWA	  at	  p≤5x10-‐8	  for	  221	  traits	  

NHGRI	  GWA	  Catalog	  
www.genome.gov/GWAStudies	  

Introduc1on	   Genome-‐wide	  associa1on	  studies	  

Thomas	  et	  al.	  Nature.	  2009	  	  
Suppiah	  V	  et	  al.	  Nat	  Genet.	  2009	  	  
Tanaka	  et	  al.	  Nat	  Genet.	  2009	  	  
Ge	  et	  al.	  Nature.	  2009	  	  

higher SVR rates than patients of European ancestry6,7. By looking at a
random multi-ethnic population sample with unknown hepatitis C
status (Supplementary Information II), we observed a substantially
higher frequency of the C allele in East Asians (Fig. 3). Collectively, the
SVR rates across different population groups displayed a striking
concordance with C-allele frequency (Fig. 3). Finally, it is also note-
worthy that African-Americans with the CC genotype have a signifi-
cantly higher rate of response (53.3%) than individuals of European
ancestry who have the TT genotype (33.3%, P , 0.05), which empha-
sizes the greater importance of individual genotype compared with
ethnicity in predicting treatment response8.

We next tested whether this variant influences baseline (pre-
treatment) viral load and found a significant association in all groups
(Supplementary Information XIII). Interestingly, the C allele, asso-
ciated with better treatment response, is also associated with higher
baseline viral load (CC 6.35, n 5 485; TC 6.33, n 5 744; TT 6.16,
n 5 246; P 5 1.21 3 10210; viral loads given as log10 international

units (IU) ml21). Although this finding is counter-intuitive in that
lower baseline viral loads predict a better response to treatment, it
could relate to recent speculation about the role of IFN-stimulated
genes in modulating response to PegIFN9, and it seems plausible
that the IL28B polymorphism has a role in the regulation of intra-
hepatic IFN-stimulated gene expression with consequences both for
viral load and treatment response (Supplementary Information
XIII). We also note that the polymorphism has no association with
whether individuals are classified as having baseline viral loads above
or below a commonly used threshold that predicts respectively worse
or better treatment response (Supplementary Information XIII),
indicating that the association of the polymorphism with clearance
and viral load may be independent. In addition, we note that the
C-allele frequency was significantly reduced in the chronically
infected cohort compared with ethnically matched controls (0.63
versus 0.73, controlled for population structure, P , 2.5 3 1026,
Supplementary Information II and XVI), which suggests an asso-
ciation between the C allele and a higher rate of natural clearance
of hepatitis C. We note, however, that determination of the precise
effect of the C allele on clearance will require comparison between
matched cohorts known to have and have not naturally cleared this
viral infection.

We sequenced the IL28B gene in 96 individuals, and found two
variants highly associated with rs12979860 (r2 . 0.85 for all compar-
isons in all populations): a G . C transition 37 base pairs (bp)
upstream of the translation initiation codon (rs28416813), and a
non-synonymous coding single nucleotide polymorphism (SNP)
(rs8103142) encoding the amino-acid substitution Lys70Arg. These
new variants were then genotyped in the full cohort. Owing to the
high degree of correlation among the three SNPs, tests for independ-
ence among these variants, using all available patients, were not able

30.0

15.0

0.0

30.0

15.0

0.0

30.0

15.0

0.0

1
2 4 6 8 10 12 14 16 18 20 Y

3 5 7 9 11 13 15 17 19 21 X M

rs12979860
P = 1.37 × 10–28

Chromosome 19 ideogram

0 Mb

39,623 kb

AC011445.6IL28B IL28A

39,711 kb 39,721 kb 39,732 kb 39,743 kb 39,753 kb 39,764 kb

39,666 kb 39,708 kb 39,750 kb 39,793 kb 39,835 kb

10 Mb 20 Mb 60 Mb50 Mb40 Mb

–l
og

10
(P

)
–l

og
10

(P
)

–l
og

10
(P

)

PAK4 NCCRP1 SYCN IL28B AC01 IL28A IL29 LRFN1 GMFG

Figure 2 | Genomic overview of the region of 19q13.13 surrounding the
genome-wide significant determinant of response to treatment and
including the IL28B gene. The top panel shows a genome-wide view of the
P values [2log10(P)]. Panels below show all genotyped SNPs in the region of
significance and the structures of the surrounding genes. The SNPs that
show genome-wide significant association with SVR are marked in red. The
polymorphism rs12979860 (red arrow) is 3 kb upstream to the gene
encoding IFN-l-3 (IL28B, blue arrow). Other SNPs in the same region
showing genome-wide significant P values largely reflect the same signal
(Supplementary Information IX). The results were annotated using the
WGAViewer software19.

Table 1 | Comparison between the genetic and conventional clinical factors associating with SVR

Odds ratio (95% confidence interval)

European-Americans African-Americans Hispanics

IL28B rs12979860 genotype CC (versus CT and TT)* 7.3 (5.1–10.4) 6.1 (2.3–15.9) 5.6 (1.4–22.1)
Baseline viral load (,600,000 IU ml21 versus $600,000 IU mL21){ 4.2 (2.6–6.6) 5.1 (1.9–13.9) 2.4 (0.7–8.8)
Baseline fibrosis (METAVIR F0-2 versus F3-4){ 3.0 (1.8–5.1) 1.1 (0.3–5.2) 4.1 (0.7–25.5)

Ethnicity (European-Americans/African-Americans) 3.1 (2.1–4.7)

Odds ratios and 95% confidence intervals are generated from the logistic regression model.
*Corresponding relative risks for rs12979860: 2.0 (95% confidence interval 1.8–2.3) in European-Americans; 3.0 (95% confidence interval 1.9–4.7) in African-Americans; 2.1 (95% confidence
interval 1.4–3.2) in Hispanics.
{ In clinical practice it is customary to divide patients into high and low viral-load groups, reflecting a well-described threshold effect. The IDEAL trial used a threshold of 600,000 (ref. 2).
{ Fibrosis was scored by METAVIR stage on a baseline centrally evaluated liver biopsy2,18.
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Figure 3 | Rate of SVR and rs12979860 C-allele frequency in diverse ethnic
groups. The SVR rate in East Asians is adopted from Liu et al.7. Sample sizes
for C-allele frequency: n 5 61 (African-Americans); n 5 271 (European-
Americans); n 5 16 (Hispanics); n 5 107 (East Asians); sample sizes for SVR
rate: n 5 191 (African-Americans); n 5 871 (European-Americans); n 5 75
(Hispanics); n 5 154 (East Asians).

LETTERS NATURE

2
 Macmillan Publishers Limited. All rights reserved©2009
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Astronomical	  p-‐values	  do	  not	  neccessarily	  
translate	  to	  clinically	  useful	  diagnos/c	  assays	  

Carlo	  Emilio	  Bonferoni	  

Criteria	  that	  impact	  interpreta/on	  of	  	  
p-‐value	  in	  GWAS	  

	  	  	  
•	  No.	  pa/ents	  test	  (r:	  154	  -‐	  >1700)	  
•	  No.	  tests	  performed	  (r:	  300K	  –	  1M	  SNPs)	  
•	  Prevalence	  of	  SNP	  in	  popula/on	  (r:	  30	  -‐	  >95%)	  
•	  Prevalence	  of	  phenotype	  (r:	  35	  -‐	  80%)	  	  

1	  test	  –	  p	  <	  0.05	  is	  acceptable	  	  
	  

106	  simultaneous	  tests	  -‐	  	  50,000	  false	  posi/ves	  
	  

Exert	  penalty	  for	  mul/ple	  tes/ng…	  	  
more	  tests,	  greater	  penalty	  

Astronomical	  p-‐values	  do	  not	  translate	  to	  
clinically	  useful	  diagnos/c	  assays	  

Criteria	  that	  impact	  interpreta/on	  of	  	  
p-‐value	  in	  GWAS	  

	  	  	  
•	  No.	  pa/ents	  test	  (r:	  154	  -‐	  >1700)	  
•	  No.	  tests	  performed	  (r:	  300K	  –	  1M	  SNPs)	  
•	  Prevalence	  of	  SNP	  in	  popula/on	  (r:	  30	  -‐	  >95%)	  
•	  Prevalence	  of	  phenotype	  (r:	  30	  -‐	  80%)	  	  

Thomas	  et	  al.	  Nature.	  2009	  	  
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Astronomical	  p-‐values	  do	  not	  translate	  to	  
clinically	  useful	  diagnos/c	  assays	  

Criteria	  that	  impact	  interpreta/on	  of	  	  
p-‐value	  in	  GWAS	  

	  	  	  
•	  No.	  pa/ents	  test	  (r:	  154	  -‐	  >1700)	  
•	  No.	  tests	  performed	  (r:	  300K	  –	  1M	  SNPs)	  
•	  Prevalence	  of	  SNP	  in	  popula/on	  (r:	  30	  -‐	  >95%)	  
•	  Prevalence	  of	  phenotype	  (r:	  35	  -‐	  80%)	  	  

Criteria	  that	  impact	  u/lity	  of	  
diagnos/c	  test	  

•	  Accuracy	  /	  Precision	  
•	  Predic/ve	  value	  	  
•	  Clinical	  ques/on	  (make	  it	  a	  good	  one)	  
•	  Pre-‐test	  probability	  
	  

differences when comparing both treatment arms, with SVR
attained in 43% in the RBV induction arm and 47% in the
control arm (P = .4) (Figure 1).

Viral responses at weeks 4 and 12 of therapy, and on com-
pletion of treatment, did not differ significantly between treat-
ment arms. In contrast, viral response was strongly influenced
by HCV genotype. For instance, of 330 patients with a valid
HCV RNA measurement at week 4, 89 (27%) attained rapid
virological response, with 16% infected with HCV genotype 1
or 4 and 68% with HCV genotype 2 or 3 (P < .001). Similar
differences were seen at other time points (Figure 2).

A total of 163 patients discontinued pegIFNα-RBV therapy
prematurely. This was because of suboptimal virological re-
sponse in 91 (25%), reflecting failure to achieve at least a 2-log
reduction in viral load at week 12 in 63 patients (18%) or
failure to reach undetectability at week 24 in 28 patients (8%).
Early treatment discontinuation in the remaining cases was
due to adverse events in 29 (8%), voluntary withdrawal in 33
(9%) or loss to follow-up in 10 (3%). Overall, 34 (9%) patients
experienced viral relapse after having attained undetectability
at the end of treatment.

Predictors of Treatment Response
Figure 1 depicts the influence of several baseline variables on
the proportion of patients who achieved SVR. Whereas treat-
ment arm did not affect significantly the SVR rate, it was
strongly influenced by HCV genotypes, IL28B alleles, and
baseline serum HCV RNA level. In contrast, liver fibrosis
staging only marginally influenced the SVR.

Table 2 records the representation of different characteris-
tics in patients with or without SVR, as well as their impact

on treatment outcome after adjustment for other variables. In
multivariate analysis considering only baseline variables,
serum HCV RNA level <500 000 IU/mL (odds ratio [OR],
6.67; 95% confidence interval [CI], .91–4.35; P = .09), HCV
genotype 2 or 3 (OR, 20.1; 95% CI, 4.55–100; P≤ .001), IL28B
genotype CC (OR, 4.85; 95% CI, 2.38–9.89; P < .001), and
lack of advanced liver fibrosis (OR, 2.40; 95% CI, 1.27–5.02;
P = .009) were associated with SVR.

When both RBV trough concentration and attainment of
HCV RNA levels <10 IU/mL at week 4 were included in the anal-
ysis, HCV genotype 2 or 3 (OR, 10.3; 95% CI, 2.08–50.2;
P = .004), IL28B genotype CC (OR, 2.92; 95% CI, 1.33–6.41;
P = .007), lack of advanced liver fibrosis (OR, 2.27; 95% CI, 1.06–
5.01; P = .03), and rapid virological response (OR, 40.3; 95% CI,
5.1–314.1; P < .001) remained associated with SVR.

Unexpectedly, mean RBV trough concentrations at week 4
were comparable in the 2 treatment arms (2.48 ± 0.83 µg/mL
in the RBV induction plus erythropoietin arm vs 2.14 ± 0.76
µg/mL in the control arm; P = .2). Moreover, mean RBV
plasma trough concentrations were comparable in patients
who reached SVR (2.35 ± 0.79 µg/mL) and the rest (2.17 ±
0.74 µg/mL) (P = .3).

Numerical differences were observed in the proportion of
patients who achieved SVR between those with HCV subtype
1a and those with subtype 1b (31% vs 42%; P = .1). In 229
patients with available IL28B genotypes, significant differences
in SVR were noted between CC and CT/TT carriers (74% vs
35%; P < .001). The influence of these respective IL28B allelic
variants was mainly recognized in HCV genotype 1 or 4 carri-
ers (62% vs 29%; P < .01) rather than in patients infected with
HCV genotype 2 or 3 (91% vs 92%; P = .9).

Figure 1. Predictors of sustained virological response (SVR) in univariate analysis. HCV, hepatitis C virus.
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differences when comparing both treatment arms, with SVR
attained in 43% in the RBV induction arm and 47% in the
control arm (P = .4) (Figure 1).

Viral responses at weeks 4 and 12 of therapy, and on com-
pletion of treatment, did not differ significantly between treat-
ment arms. In contrast, viral response was strongly influenced
by HCV genotype. For instance, of 330 patients with a valid
HCV RNA measurement at week 4, 89 (27%) attained rapid
virological response, with 16% infected with HCV genotype 1
or 4 and 68% with HCV genotype 2 or 3 (P < .001). Similar
differences were seen at other time points (Figure 2).

A total of 163 patients discontinued pegIFNα-RBV therapy
prematurely. This was because of suboptimal virological re-
sponse in 91 (25%), reflecting failure to achieve at least a 2-log
reduction in viral load at week 12 in 63 patients (18%) or
failure to reach undetectability at week 24 in 28 patients (8%).
Early treatment discontinuation in the remaining cases was
due to adverse events in 29 (8%), voluntary withdrawal in 33
(9%) or loss to follow-up in 10 (3%). Overall, 34 (9%) patients
experienced viral relapse after having attained undetectability
at the end of treatment.

Predictors of Treatment Response
Figure 1 depicts the influence of several baseline variables on
the proportion of patients who achieved SVR. Whereas treat-
ment arm did not affect significantly the SVR rate, it was
strongly influenced by HCV genotypes, IL28B alleles, and
baseline serum HCV RNA level. In contrast, liver fibrosis
staging only marginally influenced the SVR.

Table 2 records the representation of different characteris-
tics in patients with or without SVR, as well as their impact

on treatment outcome after adjustment for other variables. In
multivariate analysis considering only baseline variables,
serum HCV RNA level <500 000 IU/mL (odds ratio [OR],
6.67; 95% confidence interval [CI], .91–4.35; P = .09), HCV
genotype 2 or 3 (OR, 20.1; 95% CI, 4.55–100; P≤ .001), IL28B
genotype CC (OR, 4.85; 95% CI, 2.38–9.89; P < .001), and
lack of advanced liver fibrosis (OR, 2.40; 95% CI, 1.27–5.02;
P = .009) were associated with SVR.

When both RBV trough concentration and attainment of
HCV RNA levels <10 IU/mL at week 4 were included in the anal-
ysis, HCV genotype 2 or 3 (OR, 10.3; 95% CI, 2.08–50.2;
P = .004), IL28B genotype CC (OR, 2.92; 95% CI, 1.33–6.41;
P = .007), lack of advanced liver fibrosis (OR, 2.27; 95% CI, 1.06–
5.01; P = .03), and rapid virological response (OR, 40.3; 95% CI,
5.1–314.1; P < .001) remained associated with SVR.

Unexpectedly, mean RBV trough concentrations at week 4
were comparable in the 2 treatment arms (2.48 ± 0.83 µg/mL
in the RBV induction plus erythropoietin arm vs 2.14 ± 0.76
µg/mL in the control arm; P = .2). Moreover, mean RBV
plasma trough concentrations were comparable in patients
who reached SVR (2.35 ± 0.79 µg/mL) and the rest (2.17 ±
0.74 µg/mL) (P = .3).

Numerical differences were observed in the proportion of
patients who achieved SVR between those with HCV subtype
1a and those with subtype 1b (31% vs 42%; P = .1). In 229
patients with available IL28B genotypes, significant differences
in SVR were noted between CC and CT/TT carriers (74% vs
35%; P < .001). The influence of these respective IL28B allelic
variants was mainly recognized in HCV genotype 1 or 4 carri-
ers (62% vs 29%; P < .01) rather than in patients infected with
HCV genotype 2 or 3 (91% vs 92%; P = .9).

Figure 1. Predictors of sustained virological response (SVR) in univariate analysis. HCV, hepatitis C virus.
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No	  Biomarker	  tes/ng	  

100%	  pa/ents	  	  	  	  	  	  	  	  	  	  à	  	  	  	  	  	  45%	  cured	  

IL28B	  Biomarker	  tes/ng	  

35%	  C/C	  pa/ents	  	  	  	  	  à	  	  	  	  	  	  75%	  (of	  35%)	  cured	  
Overall	  cure	  rate	  =	  26%	  

Overall	  cure	  rate	  =	  45%	  

Astronomical	  p-‐values	  do	  not	  translate	  to	  
clinically	  useful	  diagnos/c	  assays	  

Criteria	  that	  impact	  interpreta/on	  of	  	  
p-‐value	  in	  GWAS	  

	  	  	  
•	  No.	  pa/ents	  test	  (r:	  154	  -‐	  >1700)	  
•	  No.	  tests	  performed	  (r:	  300K	  –	  1M	  SNPs)	  
•	  Prevalence	  of	  SNP	  in	  popula/on	  (r:	  30	  -‐	  >95%)	  
•	  Prevalence	  of	  phenotype	  (r:	  35	  -‐	  80%)	  	  

Criteria	  that	  impact	  u/lity	  of	  
diagnos/c	  test	  

•	  Accuracy	  /	  Precision	  
•	  Predic/ve	  value	  	  
•	  Clinical	  ques/on	  (make	  it	  a	  good	  one)	  
•	  Pre-‐test	  probability	  
	  

differences when comparing both treatment arms, with SVR
attained in 43% in the RBV induction arm and 47% in the
control arm (P = .4) (Figure 1).

Viral responses at weeks 4 and 12 of therapy, and on com-
pletion of treatment, did not differ significantly between treat-
ment arms. In contrast, viral response was strongly influenced
by HCV genotype. For instance, of 330 patients with a valid
HCV RNA measurement at week 4, 89 (27%) attained rapid
virological response, with 16% infected with HCV genotype 1
or 4 and 68% with HCV genotype 2 or 3 (P < .001). Similar
differences were seen at other time points (Figure 2).

A total of 163 patients discontinued pegIFNα-RBV therapy
prematurely. This was because of suboptimal virological re-
sponse in 91 (25%), reflecting failure to achieve at least a 2-log
reduction in viral load at week 12 in 63 patients (18%) or
failure to reach undetectability at week 24 in 28 patients (8%).
Early treatment discontinuation in the remaining cases was
due to adverse events in 29 (8%), voluntary withdrawal in 33
(9%) or loss to follow-up in 10 (3%). Overall, 34 (9%) patients
experienced viral relapse after having attained undetectability
at the end of treatment.

Predictors of Treatment Response
Figure 1 depicts the influence of several baseline variables on
the proportion of patients who achieved SVR. Whereas treat-
ment arm did not affect significantly the SVR rate, it was
strongly influenced by HCV genotypes, IL28B alleles, and
baseline serum HCV RNA level. In contrast, liver fibrosis
staging only marginally influenced the SVR.

Table 2 records the representation of different characteris-
tics in patients with or without SVR, as well as their impact

on treatment outcome after adjustment for other variables. In
multivariate analysis considering only baseline variables,
serum HCV RNA level <500 000 IU/mL (odds ratio [OR],
6.67; 95% confidence interval [CI], .91–4.35; P = .09), HCV
genotype 2 or 3 (OR, 20.1; 95% CI, 4.55–100; P≤ .001), IL28B
genotype CC (OR, 4.85; 95% CI, 2.38–9.89; P < .001), and
lack of advanced liver fibrosis (OR, 2.40; 95% CI, 1.27–5.02;
P = .009) were associated with SVR.

When both RBV trough concentration and attainment of
HCV RNA levels <10 IU/mL at week 4 were included in the anal-
ysis, HCV genotype 2 or 3 (OR, 10.3; 95% CI, 2.08–50.2;
P = .004), IL28B genotype CC (OR, 2.92; 95% CI, 1.33–6.41;
P = .007), lack of advanced liver fibrosis (OR, 2.27; 95% CI, 1.06–
5.01; P = .03), and rapid virological response (OR, 40.3; 95% CI,
5.1–314.1; P < .001) remained associated with SVR.

Unexpectedly, mean RBV trough concentrations at week 4
were comparable in the 2 treatment arms (2.48 ± 0.83 µg/mL
in the RBV induction plus erythropoietin arm vs 2.14 ± 0.76
µg/mL in the control arm; P = .2). Moreover, mean RBV
plasma trough concentrations were comparable in patients
who reached SVR (2.35 ± 0.79 µg/mL) and the rest (2.17 ±
0.74 µg/mL) (P = .3).

Numerical differences were observed in the proportion of
patients who achieved SVR between those with HCV subtype
1a and those with subtype 1b (31% vs 42%; P = .1). In 229
patients with available IL28B genotypes, significant differences
in SVR were noted between CC and CT/TT carriers (74% vs
35%; P < .001). The influence of these respective IL28B allelic
variants was mainly recognized in HCV genotype 1 or 4 carri-
ers (62% vs 29%; P < .01) rather than in patients infected with
HCV genotype 2 or 3 (91% vs 92%; P = .9).

Figure 1. Predictors of sustained virological response (SVR) in univariate analysis. HCV, hepatitis C virus.
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differences when comparing both treatment arms, with SVR
attained in 43% in the RBV induction arm and 47% in the
control arm (P = .4) (Figure 1).

Viral responses at weeks 4 and 12 of therapy, and on com-
pletion of treatment, did not differ significantly between treat-
ment arms. In contrast, viral response was strongly influenced
by HCV genotype. For instance, of 330 patients with a valid
HCV RNA measurement at week 4, 89 (27%) attained rapid
virological response, with 16% infected with HCV genotype 1
or 4 and 68% with HCV genotype 2 or 3 (P < .001). Similar
differences were seen at other time points (Figure 2).

A total of 163 patients discontinued pegIFNα-RBV therapy
prematurely. This was because of suboptimal virological re-
sponse in 91 (25%), reflecting failure to achieve at least a 2-log
reduction in viral load at week 12 in 63 patients (18%) or
failure to reach undetectability at week 24 in 28 patients (8%).
Early treatment discontinuation in the remaining cases was
due to adverse events in 29 (8%), voluntary withdrawal in 33
(9%) or loss to follow-up in 10 (3%). Overall, 34 (9%) patients
experienced viral relapse after having attained undetectability
at the end of treatment.

Predictors of Treatment Response
Figure 1 depicts the influence of several baseline variables on
the proportion of patients who achieved SVR. Whereas treat-
ment arm did not affect significantly the SVR rate, it was
strongly influenced by HCV genotypes, IL28B alleles, and
baseline serum HCV RNA level. In contrast, liver fibrosis
staging only marginally influenced the SVR.

Table 2 records the representation of different characteris-
tics in patients with or without SVR, as well as their impact

on treatment outcome after adjustment for other variables. In
multivariate analysis considering only baseline variables,
serum HCV RNA level <500 000 IU/mL (odds ratio [OR],
6.67; 95% confidence interval [CI], .91–4.35; P = .09), HCV
genotype 2 or 3 (OR, 20.1; 95% CI, 4.55–100; P≤ .001), IL28B
genotype CC (OR, 4.85; 95% CI, 2.38–9.89; P < .001), and
lack of advanced liver fibrosis (OR, 2.40; 95% CI, 1.27–5.02;
P = .009) were associated with SVR.

When both RBV trough concentration and attainment of
HCV RNA levels <10 IU/mL at week 4 were included in the anal-
ysis, HCV genotype 2 or 3 (OR, 10.3; 95% CI, 2.08–50.2;
P = .004), IL28B genotype CC (OR, 2.92; 95% CI, 1.33–6.41;
P = .007), lack of advanced liver fibrosis (OR, 2.27; 95% CI, 1.06–
5.01; P = .03), and rapid virological response (OR, 40.3; 95% CI,
5.1–314.1; P < .001) remained associated with SVR.

Unexpectedly, mean RBV trough concentrations at week 4
were comparable in the 2 treatment arms (2.48 ± 0.83 µg/mL
in the RBV induction plus erythropoietin arm vs 2.14 ± 0.76
µg/mL in the control arm; P = .2). Moreover, mean RBV
plasma trough concentrations were comparable in patients
who reached SVR (2.35 ± 0.79 µg/mL) and the rest (2.17 ±
0.74 µg/mL) (P = .3).

Numerical differences were observed in the proportion of
patients who achieved SVR between those with HCV subtype
1a and those with subtype 1b (31% vs 42%; P = .1). In 229
patients with available IL28B genotypes, significant differences
in SVR were noted between CC and CT/TT carriers (74% vs
35%; P < .001). The influence of these respective IL28B allelic
variants was mainly recognized in HCV genotype 1 or 4 carri-
ers (62% vs 29%; P < .01) rather than in patients infected with
HCV genotype 2 or 3 (91% vs 92%; P = .9).

Figure 1. Predictors of sustained virological response (SVR) in univariate analysis. HCV, hepatitis C virus.
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Genetic Susceptibility ≠ Genetic Determinism 
 

most complex disease phenptypes are a miserable trait for association studies 
 

In order to advance the promise of personalized medicine,  
we require functional biomarkers  

DNA	  
(sta1c	  variance)	  

RNA	  
(hard	  to	  access)	  

Protein	  
(measure	  of	  func1on)	  

500µl	  of	  pa/ent	  plasma	  needed:	  

Multi-Analyte Profiling (MAP) using Luminex technology  

Growth	  Factors	  
Tissue	  Remodeling	  

Metabolic	  

Hormonal	  

Cytokines	  

Chemokines	  

Cancer	  Markers	  	  

Serum	  Proteins	  

Concentra/on	  of	  189	  analytes	  measured:	  

Defining	  the	  inflammatory	  signature	  of	  acute	  HAV	  /	  HBV	  /	  HCV	  	  

5/189	  analytes	  iden1fied	  to	  dis1nguish	  spontaneous	  clearance	  and	  persistence	  

11/189	  analytes	  iden1fied	  that	  dis1nguish	  Chronic	  from	  SVR	  (peg-‐IFN	  /	  RBV)	  

6/250	  analytes	  iden1fied	  that	  dis1nguish	  NR	  from	  SVR	  (NS3	  /	  peg-‐IFN	  /	  RBV)	  
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Killer T cells (CXCR3+ = IP-10 receptor) 

Unactivated T cells (CXCR3-) 

IP-10 

CXCL10	  (IP-‐10)	  is	  an	  interferon-‐induced	  chemokine	  of	  ~10kDa.	  	  
It	  is	  produced	  by	  hepatocytes	  during	  liver	  inflamma/on.	  	  

It	  is	  a	  ligand	  for	  CXCR3	  and	  acts	  on	  NK	  and	  T	  cells	  to	  induce	  their	  migra/on.	  	  

Higher levels of IP-10 are negative predictor for 
spontaneous clearance and response to treatment  

Killer T cells (CXCR3+ = IP-10 receptor) 

Unactivated T cells (CXCR3-) 

Cleavage of IP-10 by DPPIV results in an antagonist form of the molecule 
that participates in the disruption of T cells trafficking in the liver 

IP-10 

DPPIV (CD26) 

sIP-10 

Casrouge	  et	  al.	  J	  Clin	  Inv	  2011	  

An unexpected role for IP-10 in cHCV  
disease pathogenesis 
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Combining genetic and functional immune assays 

Albert,	  Pawlotsky	  &	  Pol,	  Hepatology	  2011	  

Commercialized	  assays	  for	  IP-‐10	  &	  IL28B	  Serum	  level	  of	  IP-‐10	  increases	  predic/ve	  value	  of	  IL28B	  polymorphisms	  for	  
spontaneous	  clearance	  of	  acute	  HCV	  infec/on.Beinhardt	  S,	  Aberle	  JH,	  
Strasser	  M,	  Dulic-‐Lakovic	  E,	  Maieron	  A,	  Kreil	  A,	  Ru7er	  K,	  Stae7ermayer	  AF,	  
Datz	  C,	  Scherzer	  TM,	  Strassl	  R,	  Bischof	  M,	  Stauber	  R,	  Bodlaj	  G,	  Laferl	  H,	  
Holzmann	  H,	  Steindl-‐Munda	  P,	  Ferenci	  P,	  Hofer	  H.	  
Gastroenterology.	  2012	  Jan;142(1):78-‐85.e2.	  	  
	  
IL28B	  and	  interferon-‐gamma	  inducible	  protein	  10	  for	  predic/on	  of	  rapid	  
virologic	  response	  and	  sustained	  virologic	  response	  in	  HIV-‐HCV-‐coinfected	  
pa/ents.	  
Payer	  BA,	  Reiberger	  T,	  Aberle	  J,	  Ferenci	  P,	  Holzmann	  H,	  Rieger	  A,	  Peck-‐
Radosavljevic	  M;	  Vienna	  HIV-‐HCV	  study	  group.	  
Eur	  J	  Clin	  Invest.	  2012	  Jun;42(6):599-‐606.	  
	  
IL28B	  polymorphisms,	  IP-‐10	  and	  viral	  load	  predict	  virological	  response	  to	  
therapy	  in	  chronic	  hepa//s	  C.Fa7ovich	  G,	  Covolo	  L,	  Bibert	  S,	  Askarieh	  G,	  
Lagging	  M,	  Clément	  S,	  Malerba	  G,	  Pasino	  M,	  Guido	  M,	  Puo/	  M,	  Gaeta	  GB,	  
Santantonio	  T,	  Raimondo	  G,	  Bruno	  R,	  Bochud	  PY,	  Donato	  F,	  Negro	  F;	  
ITAHEC	  Study	  
Group.Aliment	  Pharmacol	  Ther.	  2011	  May;33(10):1162-‐72.	  
	  
Response	  predic/on	  in	  chronic	  hepa//s	  C	  by	  assessment	  of	  IP-‐10	  and	  
IL28B-‐related	  single	  nucleo/de	  polymorphisms.Lagging	  M,	  Askarieh	  G,	  
Negro	  F,	  Bibert	  S,	  Söderholm	  J,	  Wes/n	  J,	  Lindh	  M,	  Romero	  A,	  Missale	  G,	  
Ferrari	  C,	  Neumann	  AU,	  Pawlotsky	  JM,	  Haagmans	  BL,	  Zeuzem	  S,	  Bochud	  PY,	  
Hellstrand	  K;	  DITTO-‐HCV	  Study	  Group	  
PLoS	  One.	  2011	  Feb	  24;6(2):e17232.	  
	  
Quan/ta/on	  of	  pretreatment	  serum	  interferon-‐γ-‐inducible	  protein-‐10	  
improves	  the	  predic/ve	  value	  of	  an	  IL28B	  gene	  polymorphism	  for	  hepa//s	  
C	  treatment	  response.Darling	  JM,	  Aerssens	  J,	  Fanning	  G,	  McHutchison	  JG,	  
Goldstein	  DB,	  Thompson	  AJ,	  Shianna	  KV,	  Afdhal	  NH,	  Hudson	  ML,	  Howell	  CD,	  
Talloen	  W,	  Bollekens	  J,	  De	  Wit	  M,	  Scholliers	  A,	  Fried	  MW.	  
Hepatology.	  2011	  Jan;53(1):14-‐22.	  doi:	  10.1002/hep.24056.	  
	  
Interferon	  induced	  protein	  10	  remains	  a	  useful	  biomarker	  of	  treatment	  
failure	  in	  pa/ents	  stra/fied	  for	  the	  interleukin-‐28B	  rs12979860	  
haplotype.Albert	  ML,	  Casrouge	  A,	  Chevaliez	  S,	  Hézode	  C,	  Rosa	  I,	  Renard	  P,	  
Mallet	  V,	  Fontanet	  A,	  Pawlotsky	  JM,	  Pol	  S.	  
Hepatology.	  2011	  Apr;53(4):1410-‐1.	  
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Why we should be using biomarkers for managing  
chronic HCV patients (today) 

Assume	  treatment	  of	  100.000	  paWents	  

Peg	  IFN	  /	  RBV	  (~15K	  /	  pa/ent) 	   	   	   	   	  	  1.5	  Billion	  Eu/	  50.000	  SVR 	  	  

Prior	  standard	  of	  care	  (~50%	  response	  rate)	  

Current	  standard	  of	  care	  (~70%	  response	  rate)	  

Peg	  IFN	  /	  RBV	  /	  NS3	  DA	  (~50K	  /	  pa/ent) 	   	  	  	   	   	  	  	  	  5	  Billion	  Eu/	  70.000	  SVR	  

Biomarker	  guided	  therapy	  

Peg	  IFN	  /	  RBV	  (~15K	  x	  40.000	  pa/ent) 	   	  	  	  	  	   	  	  	  	  	  0.6	  Billion	  Eu/	  38.000	  SVR	  

IL28B	  CC	  or	  low	  IP-‐10	  (+	  high	  ApoH,	  low	  AFP)	  –	  PPV	  >95%,	  Spec=80%	  

Peg	  IFN	  /	  RBV	  /	  NS3	  DA	  	  (~50K	  x	  62.000	  pa/ent) 	  	  	  	  	  3.1	  Billion	  Eu/	  31.000	  SVR	  

SAVINGS	  =	  1.3	  B	  Eu	  (not	  including	  side	  effects	  from	  NS3	  DA	  *	  38.000	  paKents)	  

How	  biomarkers	  could	  have	  helped	  the	  Eurozone	  

Budget available ~30 Million USD 

Peg IFN / RBV (~1K / patient)       30K patients treated à 15K cured  

Prior standard of care (~50% response rate) 

Biomarker guided therapy 

Biomarker testing (50 USD/test)    3 Million USD 
Peg IFN / RBV (~1K)            27K patients treated à 20.5K cured  

IL28B	  C/C	  alone	  –	  PPV	  >75%,	  Spec=40%	  

30M USD achieves 15K à but could be 27K cured (80% increase)  

Biomarker testing (25 USD/test)    1.25 Million USD  
Peg IFN / RBV (~1K)        28.5K patients treated / 27K cured 
 

IL28B	  C/C	  or	  low	  IP-‐10	  (+	  high	  ApoH,	  low	  AFP)	  –	  PPV	  >95%,	  Spec=80%	  

Why we should be using biomarkers for managing  
chronic HCV patients (today) 

SituaWon	  for	  EgypWan	  Ministry	  funded	  Treatment	  centres	  
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PoC	  instruments	  /	  diagnos/c	  tools	  overcome:	  	  
	  
•	  the	  prohibi/ve	  costs	  of	  diagnos/c	  tests;	  	  
	  
•	  lack	  of	  skilled	  workers;	  	  
	  
•	  problems	  of	  reagent	  transport;	  	  
	  
•	  and	  chain-‐of-‐custody	  /	  stability	  issues	  that	  all	  result	  in	  pre-‐	  analy/c	  errors	  	  

Need for new diagnostic tools 
 

Role for Point-of-Care technologies in personalizing medicine 

Implementa1on	  of	  HCV	  Biomarkers	  in	  Egypt	  	  
using	  point-‐of-‐care	  assay	  systems	  

$2000 treatment cost per patient (Peg-IFN/RBV) 
<5% investment in diagnostics è 80% increase success rate  

IL-28B SNP 

Genetic 

- $40 per test 
- Results in 27min 

Epistem GenedriveTM 

- $55 per test 
- Results in 18min 

Biosurfit Spinit® 

 

IP-10/Apo H 

Plasma 

Qlucore	  

Mobile based  
 
 
 
 

Algorithm 

-‐	  Immediate	  analysis	  

Darragh	  Duffy	  
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IP-10 & AFP in 18 minutes 
Platelet counts too…   

Biosurfit Spinit® 

IL28B, Viral genotype & Viral load  in 45 minutes 

2!Confidential!

Genedrive® overview !

•  Fast!
•  results obtained in as little as 30 minutes!

•  Small!
•  the smallest molecular diagnostics instrument 

on the market today and just 560g!
•  Low voltage!

•  12V DC device allows Li-ion battery pack 
operation!

•  Low cost!
•  Place anywhere!

•  low resource settings, point-of-need and point-
of-care!

•  Simple to use!
•  minimal training required!

•  Wide coverage of disease areas!
•  expanding portfolio of assays!
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Epistem Test kits 

2014!2013!2011!

BIOSURVEILLANCE!

INFECTIOUS DISEASE!

PGx!

Mycobacterium TB/RIF!
Dengue!
CT/NG!
HSV1/2!
Influenza A/B!
Plasmodium!
HIV, low volume WB!

KRAS12/13, 61 & 146!
BRAFV600E!
JAK2!
EGFR18, 19, 20 & 21!
PIC3CA!
Y402H!
Factor V Leiden!

AMELY!
STRx15!
Bacillus anthraces!

Performance 
evaluation!

Regulatory submission (CE-
IVD)!

HBV!

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 

•	  Epidemiologic	  factors	  
•	  Clinical	  status	  
•	  Gene1c	  factors	  
•	  Immunologic	  factors	  
•	  Type	  /	  dose	  of	  medica1on	  
•	  Money	  available	  in	  for	  disease	  management	  

Future	  Opportuni1es	  …	  
	  
•	  Mobile	  units	  for	  surveillance	  
•	  Side	  effects	  for	  treatment	  
•	  Other	  diseases	  (e.g.,	  HCC,	  HIV/HCV	  co-‐infec1on)	  
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1.  Access to patient samples for biomarker qualification 
 

2.  Mutiplexing biomarkers (across technical platforms) –  
we need better algorithms and more collaboration as a  
multi-prong solution will be required to achieve the promise of 
personalized medicine 

 
3.  Partnering with physicians so they feel included in the 

process – it is essential that in the delivery of “algorithms” for 
treatment management that the clinician remains the 
diagnostician and ultimate decision maker 

Three challenges for PoC biomarker development 

• Lobby EMEA / ASNM to insist on companion biomarker development with 
the release of all new drugs in order to establish cost-effective and 
personalized strategies for managing chronic viral infections 
 
• Support the prioritization of EU Horizen 2020 funding for biomarker 
qualification and implementation, with a focus on integration of new 
technologies 
 
• Establish guidelines for Academic / Industrial partnerships that permit 
academic partners to utilize clinical samples from late phase trials for 
biomarker testing 

Action items for Public Health Initiatives 
(discussion points) 

How	  PoC	  biomarkers	  can	  overcome	  the	  challenges	  	  
and	  start	  delivering	  on	  their	  promises	  
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