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NEWSFOCUS

GEME SECUEMNCING

The Race for the $1000 Genome

Fast, cheap genetic analyses will snan become a reality, and the consequences—good

and bad—will affect everybody
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SEQUENCING OUTPUT HAS DRAMATICALLY

Output (kbp)
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Output per instrument run
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ABI 3730xI 454 GS-20 ABI SOLID lllumina GAlIx,
capillary pyrosequencer sequencer SOLID 3.0
sequencer analyser lllumina GAIl
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1,000
1,000 Genomes, Watson Genomes pilot
Draft human Human Microbiome genome and HapMap3
genome HapMap Project begins | ENCODE Project begins projects begin publication publications

ENCODE Project| First tumour:normal
pilot publications! genome publication

Human genetic
syndromes publications

Mardis E. Nature 2011



SEQUENCING COSTS HAVE DECREASED
DRAMATICALLY

January 2012
Cost per Mb: $0.09 Cost per Human Genome:S7,666

Cost per Raw Megabase of DNA Sequence Cost per Genome

$100M
$10Mm
$1Mm

$100K

MNati

i onal Human oK
Institute
genome govisequencingcosts

$1K
| | | | | | 1 I | T | | | | | | I
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

National Human Genome Research Institute: genome.gov/sequencingcosts
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The main challeges with UDS




The “cut-off” Issue

Ultrasensitive genotype

e Sensitivity

e Accuracy

e # codons interrogated
e Mutation "linkage"

ART after genotype

¢ Genetic barrier
e GSS

Clinical context

¢ Naive vs. treated
e Adherence

e HIV-1 RNA levels
e Immune function
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Systematic review — efv / Nvp

INCLUSION
® Cohort or case-control studies

®= that evaluated the effects of low-
frequency HIV-1 NRTI and NNRTI
DRMs on the rate of virologic
failure

B in treatment-naive adults

® receiving an initial NNRTI-based
ART.

EXCLUSION

" No comparison group

" No treatment outcome data

® Focused solely on primary infection
= Cross-sectional design

I REVIEW

Low-Frequency HIV-1 Drug Resistance
Mutations and Risk of NNRTI-Based

Antiretroviral Treatment Failure
A Systematic Review and Pooled Analysis

Jonathan Z. Li, MD

Roger Paredes, MD, PhD
Heather J. Ribaudo, PhD
Evguenia S. Svarovskaia, PhD
Karin J. Metzner, MD
Michael J. Kozal, MD

Kathy Huppler Hullsiek, PhD
Melanie Balduin, PhD

Martin R. Jakobsen, PhD, Msc
Anna Maria Geretti, MD, PhD
Rodolphe Thiebaut, MD, PhD
Lars Ostergaard, MD, PhD
Bernard Masquelier, PharmD), PhD)
Jeffrey A. Johnson, PhD
Michael D. Miller, PhD
Daniel R. Kuritzkes, MD

ENOTYPIC TESTS FOR HUMAN

immunodeficiency virus

type 1 (HIV-1) drug resis-

tance use polymerase chain
reaction (PCR) amplification and
population sequencing techniques that
detect resistance-associated mutations
present in at least 15% to 25% of the
viral population.'? Using these tradi-
tional assays, the prevalence of trans-
mitted drug resistance mutations is
estimated to be between 8% and 16%
among HIV-1 infected persons in
North America and Europe.’* These
assays fail to detect the presence of
low-frequency, or minority, drug
resistance mutations within the popu-
lation of HIV-1 quasispecies in an

Context Presence of low-frequency, or minority, human immunodeficiency virus type
1 (HIV-1) drug resistance mutations may adversely affect response to antiretroviral
treatment (ART), but evidence regarding the effects of such mutations on the effec-
tiveness of first-line ART is conflicting.

Objective To evaluate the association of preexisting drug-resistant HIV-1 minority
variants with risk of first-line nonnucleoside reverse transcriptase inhibitor (NNRTI)-
based antiretroviral virologic failure.

Data Sources Systematic review of published and unpublished studies in PubMed
(1966 through December 2010), EMBASE (1974 through December 2010), confer-
ence abstracts, and article references. Authors of all studies were contacted for de-
tailed laboratory, ART, and adherence data.

Study Sel and Data Ab Studies involving ART-naive participants
initiating NNRTI-based regimens were included. Participants were included if all drugs in
their ART regimen were fully active by standard HIV drug resistance testing. Cox pro-
portional hazard models using pooled patient-level data were used to estimate the risk of
virologic failure based on a Prentice weighted case-cohort analysis stratified by study.

Data Synthesis Individual data from 10 studies and 985 participants were avail-
able for the primary analysis. Low-frequency drug resistance mutations were de-
tected in 187 participants, including 117 of 808 patients in the cohort studies. Low-
frequency HIV-1 drug resistance mutations were associated with an increased risk of
virologic failure (hazard ratio (HR], 2.3 [95% confidence interval {Cl}, 1.7-3.3]; P<.001)
after controlling for medication adherence, race/ethnicity, baseline CD4 cell count,
and plasma HIV-1 RNA levels. Increased risk of virologic failure was most strongly as-
sociated with minority variants resistant to NNRTIs (HR, 2.6 [95% Cl, 1.9-3.5]; P<.001).
Among participants from the cohort studies, 35% of those with detectable minority
variants experienced virologic failure compared with 15% of those without minority
variants. The presence of minority variants was associated with 2.5 to 3 times the risk
of virologic failure at either 95% or greater or less than 95% overall medication ad-
herence. A dose-dependent increased risk of virologic failure was found in partici-
pants with a higher proportion or quantity of drug-resistant variants.

Conclusion In a pooled analysis, low-frequency HIV-1 drug resistance mutations,
particularly involving NNRTI resistance, were significantly associated with a dose-
dependent increased risk of virologic failure with first-line ART.
JAMA. 2011;305(13):1327-1335

wwwjama.com

infected individual. Compared with
standard population sequencing, a
number of ultrasensitive assays,
including allele-specific PCR and deep
sequencing, can detect mutations

©2011 American Medical Association. All rights reserved.

Author Affiliations are listed at the end of this article.
Corresponding Authors: Jonathan Z. Li, MD (jli22
@partners.org), and Daniel R. Kuritzkes, MD (dkuritzkes
@partners.org), Section of Retroviral Therapeutics,
Brigham and Women's Hospital, Harvard Medical
School, 65 Landsdowne St, Room 435, Cambridge,
MA 02139.

JAMA, April 6, 2011—Vol 305, No. 13 1327




s |NCreased risk of virological failure
s Risk of virological failure NOT increased

Risk increased in some subjects or non-significant trend towards increased risk

Table 1. Baseline Characteristics of Studies Included in the Pooled Analysis

I!eucHan! glmen Balduin :Iakobsen etzner Goodman aredes ohnson eretti Metzner
et al,’® et al,’® et al,"”” et al,’® et al,"® et al,® et al,> et al,?? et al,® et al,>*
Characteristic 2008 2009 2009 2010 2011 2011 2010 2008 2009 2009 Total
Study design Cohort Cohort Cohort Cohort Cohort Cohort Case Case- Case- Case-
cohort control control control
Virologic failure, No. 2 45 7 1 1 44 150 52 14 3 315
Total participants, No. 13 70 54 20 56 423 280 240 89 18 1263
Age, mean (SD), y 38 (16.8) 378.8 41(11.7) 43(12.3) 42 (11.1) 38 (9.4) 37 (9.6) 37 (9.5) 38 (8.95) 43 (9.5) 38 (9.8)
Men, No. (%) 12 (92) 56 (80) 41 (76) 19 (95) 45 (80) 365 (86) 227 (81) 196 (82) 78 (88) 13(72) 1052 (83)
Race/ethnicity, No. (%)
Participants, No. 13 70 52 NR NR 422 279 240 89 17 1182
White 12 (92) 6(23) 39(75) 253 (6) 110 (39) 132 (55) 78 (88) 14 (82) 654 (55)
Black 1(8) 38((B4) 11 (21) 94 (22) 110 (39) 61 (25) 10 (11) 3(18) 328 (28)
Hispanic 0 4 (20) 0 61 (14) 54 (19) 42 (18) 0 0 171 (14)
Other 0 2 (3) 2 (4) 14 (3) 5(2) 5(2) 1(1) 0 29 (2)
CD4 cell count, 426 247 251 200 279 227 202 243 222 222 229
median (IQR), (303-522) (38-344) (196-326) (48-278) (191-368) (127-319)  (69-331) (145-327) (126-299) (59-249) (125-324)
cells/mm?
logso HIV RNA, median 4.4 5.3 4.7 5.1 4.9 5.0 4.8 5.1 5.2 5.4 5.0
(IQR), copies/mL (4.2-5.3) (49-5.8) (4.0-49 (46-58 (4.5-53) (4.6-54) (4.4-54) (4555 (4955 (4959 (4.6-54)

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; NR, not reported.



s |NCreased risk of virological failure
s Risk of virological failure NOT increased

Risk increased in some subjects or non-significant trend towards increased risk

Table 2. Characteristics of Minority Variants by Study?

IS § § 5§ Total
Peuchant Simen Balduin Jakobsen Metzner Goodman Paredes Johnson  Geretti Metzner for
et al,’® et al,’® et al,"” et al,’® et al,"® et al,® et al,> et al,?? et al,® et al,>* Cohort
Characteristic 2008 2009 2009 2010 2011 2011 2010 2008 2009 2009 StudiesP
Study design Cohort Cohort Cohort Cohort  Cohort Cohort Case Case- Case- Case-
cohort control control control
Method of detection® AS-PCR 454  AS-PCR SNaPshot AS-PCR AS-PCR AS-PCR AS-PCR AS-PCR AS-PCR
Limit of detection
(% of viral population)
K103N 0.4 1.0 0.2 2.0 0.01 0.5 0.003 0.9 0.9 0.01
Y181C 1.0 2.0 0.03 1.0 1.0 0.2
M184V 0.3 1.0 2.0 0.2 0.5 0.5 0.2
KB65R 1.0 2.0 0.4 0.3 0.4
Other NNRTI@ 1.0 2.0 0.9
No. with MVs and
VF/total No.
with MVs®
K103N 1/3 1/1 3/13 1/2 0/2 5/14 27/39 11 3/3 1/1 17/53
Y181C 0/0 0/0 83/123 11 0/0 1/1 25/65
M184V 0/3 0/0 11 0/3 11 0/0 2/2 1/7
KB5R 0/0 0/0 0/2 0/0 0/0 0/2

Other NNRTI4 3/3 0/0 0/0 3/3




PREVALENCE & OUTCOMES

Figure 2. Kaplan-Meier Curves for
Proportion of Patients Without Virologic
Failure by Presence of Drug-Resistant HIV-1
Minority Variants

2 100
5
QD °
<(£t) (é 80_
= |
c % 404 | Minority variants
-fC—D o || - Not detected
@] 9 20 - D d
oS etecte
Dt I I I I 1
WT 0 250 500 750 1000 1250

: - . 0 ,/ : :

No. at risk

Minority variants
Not detected 691 620 455 398 344 46
Detected 117 86 60 53 37 7




ADHERENCE & THRESHOLD

Minority variant and adherence

"
Adherence >95% 35 138 73 617 1.5 (0.98-2.3) -

No minority variant and any adherence 1 [Reference]
Any minority variant
Adherence <95% 63 138 79 617 5.1 (3.6-7.2) -
No minority variant :
Adherence >95% 1 [Reference] [ |
Adherence <95% 43 031 386 4.0 (2.8-5.8) |
Any minority variant .
Adherence >95% 35 43 73 386 3.1 (1.9-5.0) :
Adherence <95% 63 43 79 386 10.6 (6.9-16.4) ; —a—
Minority variant, % :
<1 91 209 154 781 2.2 (1.6-3.1) P
>1 18 209 30 781 5.0 (2.4-10.3) | .
<0.5 86 107 143 654 2.2 (1.6-3.0) |
>0.5 14 107 32 654 5.2 (2.8-9.8) |
Minority variant copies, No. :
1.9 8 148 15 720 1.8 (0.9-3.8) ;
10-99 41 148 71 720 2.2 (1.5-3.2)
100-999 35 148 55 720 3.0 (2.0-4.5)
>1000 20 148 38 720 4.1 (2.5-6.8)

0.3 1.0 10.0 20.0



ADHERENCE & MINORITY VARIANTS

® The presence of minority NNRTI
DRMs and NNRTI adherence
were found to be independent
predictors of virologic failure,
but also modify each other’s
effects on virologic failure

o
|

w
|

Hazard ratio for presence of minority
variants on risk of virologic failure
-t N
] ]

® |n addition to the focus on
medication adherence | | | |
counseling, ultrasensitive HIV-1 oo oo oo oo
drug resistance assays could L < < %
play a role in optimizing the © °
success rates of first-line ART Recent NNRTI adherence

o

Hazard ratios 1.8 14 2.3 3.5
95% Cl 1.1-2.9 0.5-3.7 0.9-5.8 2.3-5.4

Lidetal AIDS 2012



BASELINE MVS AND ART:

EFFECT ON RESISTANCE GENOTYPE AT VF

. Nevirapine-based ART
Efavirenz-based ART 3 K103N P
1 ¥Y181C
1 Both 2 N 0 0 1 1 16
D N 15 48 17 2 140 o
‘% 100- } 0 Other -'E' 100+
2 [ None 5
@ o o 801
o
L
S = 50-
= 60- -
o =
Lﬁ 4['_ Lu -'"]'
£ £
E 20 ; 20
-
k] Q
g u T I I T I E u 1 1 1 1 1
o » R, oS £ @ o > N 2 & @
& & & & & & & & &
Baseline NNRTI Resistance Baseline NNRTI Resistance

If EFV-based regimen, baseline Y181C associated with a higher rate of Y181C detection at VF
(18% vs. 3%, Fisher’s P = 0.01).

No BL mutation = Y181C at VF: 75% (9/12) NVP vs. 4% (3/79) EFV (Fishers P <0.001)
LiJetal IHHDRW 2012



SENSE STUDY (ETRAVIRINE)

Inclusion: Treatment naive, HIV RNA >5,000 copies/mL
No resistance mutations to NRTIs, NNRTIs or Pls (WHO list)
and predicted phenotypic sensitivity to NNRTIs and selected NRTIs

(vircoTYPE HIV-1)

+«— 6weeks — «— 48 wks —> 2-8wks 4 wks

157 subjects

Double-blinded, active controlled to Week 48
Two investigator-selected NRTIs (TDF+FTC; ABC+3TC; ZDV+3TC) Geretti AM et al ICAAC
Primary endpoint: Neuropsychiatric adverse events up to Week 12 2011 [abstract H1-373]



SENSE: HIV RNA <50 copies/mL at Week 48, TLOVR, ITT

Population — All Patients Randomised and Treated

100%
90%
80%
HIV RNA

<50 by 70%

Week 48 60%
(%)
50%

40%
30%
20%
10%

0%

ITT TLOVR analysis E non-VF censored analysis
difference =+1.6% (-12.0, +15.2%) difference = +2.9 (-5.8, +11.7)
p<0.05 for non-inferiority* p=0.001 for non-inferiority*

n=78

ETR EFV ETR EFV

* p values from logistic regression, adjusted for baseline HIV RNA. Adjusted response for TLOVR: 76.1% vs 74.5%



SENSE: TREATMENT-EMERGENT RESISTANCE

MUTATIONS AMONG VIROLOGICAL FAILURES BY TLOVR

Geretti AM et al ICAAC
= EFV ARM (N=7) 2011 [abstract H1-373]

= 4 No mutations

= 1V106l + M184I

= 1 K103N

= 1L74V + M184V + K103N + P225H

= ETR ARM (N=4)

= 4 No mutations

= NONE had pre-existing mutations at baseline by either assay



A5271015 LERSIVIRINE STUDY DESIGN

Figure 1. Study design

i A

Lersiviine 500 mg QD + Tenofovir / Emiricitabine

Lersivirine 750 mg QD + Tencfovir / Emiricitabine

Etavirenz 600 mg QD + Tenofovir / Emiricitabine

0 24 wk 48 wk 6wk
t t
Flanned Frirnary endpoint:
interim [Pafients achieving
angalysis  HIV-1 ENA <50 copies/ml)

|
- & weeks -

N G0, once-daily y

Craig et al. IAS Rome 2011



VIROLOGICAL OUTCOMES

Table 6. A total of seven patients with NNRTI or lersivirine RAMs at
Screening experienced TLOVR50 failure, including three with
virologic failure

Treatment Screening genclype On-treatment genotype
group PID/Outcome (Population or UDS) (Population)
Lersiviine  1/Disconfinued [AE) Vool MNAZ
S00
M3 2pvirologic Failure L210W/ V90l NAS
3/Discontinued
([pregnancy] V108! NAS
4/Virologic Failure [ ] M184V/V90I/F227C
Leniviing 5\ irologic Failure K101E/F2271 MI184V/VI106M/F227L
750 mg
é/Discontinued [AE) [ ] NAD
Efavirenz
1 i a
600 mg 7 /Discontinued [AE) AS2V/L1001/K101E A
Ansufficient plasma HIV-1 RNA on failure
Mutations detected using both population genotyping and UDS are shown in
sguare brackets ‘[ |’
AE, adverse event; MA, not available: PID, patient identification;
TLOVR, time to loss of virclegic response; UDS, ultra deep sequencing

Craig et al. IAS Rome 2011



SIMILAR RILPIVIRINE MUTS IN RESPONDERS AND

VES BY 454

=25%/ By PS DS Frequency 1-25%
Responders VFs
N=49 N=47

6(12.2) «— 8 (17.0)
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CASE-CONTROL SUBANALYSIS OF THE
CASTLE STUDY

Results
148 Samples Sent for UDS

53 VF 51 with UDS data ]

33 Subtype B ] 32 Subtype B
20 Non-subtype B 19 Non-subtype B

[2 with no UDS data

90 with UDS data

95 VS

57 Subtype B 54 Subtype B

38 Non-subtype B 36 Non-subtype B
I 5 with no UDS data |

Lataillade M, et al, PLoS ONE 2010




PREVALENCE OF RESISTANCE — castle study

Population " 454

35
30
25
20
15
10

Any N(t)RTI NNRTI Pl

Lataillade M, et al, PLoS ONE 2010



DRUG RESISTANCE BY ARM

2

10 6 ' 13 1

NRTI NNRTI Pl
Lataillade M, et al, PLoS ONE 2010
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ETR MUTATIONS IN ARV-NAIVE VS. NNRTI-

EXPERIENCED

ARV naive NNRTI-experienced

40 MUTATIONS (LEVEL)
35 Y181C (7%)
30 7/20 Y181C (3.60/0) + G190A (3.20/0)
e L100I (14%)
L100I (32%) + G190A (5.4%)
20
K101E (3.8%) + G190A (4.9%)
15
K101E (4.0%) + G190A (4.8%)
10
G190S (3.1%)
S
0/13
0

Varguese V, et al, JAIDS 2009



EMERGING RAL-RESISTANT MUTANTS

ORIGINATE FROM PRE-EXISTING VIRUSES

B wtBL &\VF
Y143H/C BL \

B Q148R BL
Q148R VF C TS_ T3*Populan’ons
T~ Tox
= N155H BL Populations
N155H VF

¥143H + Q148R VF
B Y143H/C + N155H VF
B Q148R + N155H VF

T,-T
Populations

To~ Tox
Populations

T

0 '9*
WT Populations
Q148R
Q148R + G140S

Major Q148R + G140S UDPS-species
Major wt UDPS-species

To Bulk

After raltegravir interruptionn

*..O|||

0.02

Codoner et al, Antiv Res 2010; Armenia D et al., JID 2012



Detection of Minority HIV-1 Drug-Resistant
Variants Moderately Improves the Prediction of
Salvage Antiretroviral Therapy Outcomes:

The PRIUS Study

C Poul, M Noguera-Julianl, S Pérez-Alvarezl, F Garcia?; R Delgado3; D
Dalmau?, M Alvarez-Tejado5, C Rodriguez’, JR Santos2, B Clotet’2, R
Paredesi:?

IlrsiCaixa AIDS Research Institute, Hospital Universitari Germans Trias i Pujol, Badalona,
Spain,’?Hospital Universitario San Cecilio, Granada, Spain, 3Hospital 12 de Octubre,
Madrid, Spain, 4Hospital Universitari Mutua de Terrassa, Spain, >’Roche Diagnostics, SL,
Spain, °HIV Unit, Hospital Universitari Germans Trias i Pujol , Badalona, Spain

International HIV Drug Resistance Meeting, Sitges 2012




PRIUS STUDY

"DESIGN

Retrospective, multicenter cohort study in Badalona, Madrid,
Terrassa and Granada, Spain (Clinicaltrials.gov ID: NCT01346878)

mSUBJECTS
*ART-experienced adults

*Initiating salvage ART including Pl/r, raltegravir (RAL) or etravirine
(ETR)

*HIV-1 RNA (VL) 25000 copies/mL and 1 mL of plasma available for
testing within 12 months before treatment change (TC)

*Clinical follow-up available through at least 48 weeks after TC

*Good adherence to therapy in clinical records

Pou C et al. IHHDRW 2012



PRIUS STUDY

Treatment
Change (TC)
Treatment Previous
history treatment New treatments
> 'E
VF: same ART
s v
] R I I | weeks
-48 -6 -4 -2 0 2 6 12 24 48
—— ——————
Baseline CDg4, Post-treatment VL
VL and GT

Virological Failure defined as:
- 2 consecutive measurements of VL >200 copies/ml
- 2week 12 (3rd month) after a treatment change (TC)
- with no changes on ART

Pou C et al. IHHDRW 2012



PRIUS STUDY

e 146 subjects.
* Pre-TC genotypes were obtained a median of 48 (0;135) days before TC.

* Virological outcomes evaluable in 138 individuals.
e 41% developed VF

Female 26 Age at TCE, years, median (IRQ) 43 (38;47)

IQR

MSM 25 CD4, cells/mm?3, median (IQR)

Transfusion 1 Baseline 232 (104;388)

Prior AIDS, % 64

Pou C et al. IHHDRW 2012



PRIUS STUDY

B
®
e
Log-rank test: p=0.333
S Peto-Peto test: p=0.265
I I I
0 500 1000

1500
Days

Pou C et al. IHHDRW 2012



PRIUS STUDY

N
Log-rank test: p=0.0194
o | Peto-Peto test: p=0.0129
o
I I I
0 500 1000 1500

Pou C et al. IHHDRW 2012



PRIUS STUDY

S
o
Log-rank test: p=0.141
2 Peto-Peto test: p=0.102
T T I
0 500 1000 1500

Days

Pou C et al. IHHDRW 2012
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Figure 2. Longitudinal changes in V3 loop forms and proportions. (A) Subject 07, (B) Subject 18, (C) Subject 19, and (D) Subject 47 f Sam phng WeekS' 0 '] 6
most common V3 loop sequences across all three time points are numbered and displayed along the x-axis of the 3D-bar graph; correspor, &

amino acid sequences are shown below the graphs. The relative contribution of each sequence is plotted on the y-axis and displayed as a propc
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arrows denote positions 11 and 25 in the V3 loop, respectively.

doi:10.1371/journal pone.0005683.9002

Isibris AMN, et al, PLoS One 2009



Pou C et al. High Resolution Tropism Kinetics by Quantitative Deep Sequencing in HIV-1

Infected Subjects Initiating Suppressive First-Line Antiretroviral Therapy. CROI 2010

PLASMA PBMC

PS* QDS** PS* QDS**

Sensitivity - 364 /90 36.3 909  45.5

Specificity - 944 824 100 55.6 100
PPV i 80 75 100 55.6 100
NPV - 70.8 \93.3 731 909 76

* FPR20%
** FPR 10%, cut-off X4: 1%



V3-454 IN MERIT & MOTIVATE & 1029

Figure 3: Virological Response of Treatment-Experienced Patients in MOTIVATE-1, -2, and A4001029
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Swenson et al. JID 2011



SUMMARY

Setting Clinical Value of Minority Variants Degree of Evidence

ARV-naive initiating EFV or NVP Added value lla
ARV-naive initiating ETV, RPV or LSV No added value — underpowered llb
ARV-naive initiating Pl/rtv No added value — underpowered 1]
ARV-experienced Potential added value - To be proven 1]

HIV-1 Tropism Added value lla



SHORTER HANDS-ON TIME IS REQUIRED

Steps

Sample preparation

Amplification

Purification
Quantitation

Dilution
Sequencing

Data analysis

Ultra-deep sequencing
protocol

Time/sample (h)

TRUGENE HIV-1
Genotyping

Time/sample (h)

High Pure Viral Nucleic 2
Acid Large Volume Kit
cDNA generation and 4
PCRs
Agencourt AMPure kit 12 1
PicoGreen 2 1
measurement
Dilution and pooling 4
Emulsion-PCR and 11
pyrosequencing
Amplicon Variant 2
Analyzer software and
Stanford University
HIV database

37h 25h

MagNA Pure Com pact
Nucleic Acid Isolation
Kit |

RT-PCR

Sequencing and
electrophoresis
OpenGene DNA system
software Guidelines
15.0

0.75

0.5

irsiCaixa (96 samples)

9.25h

E. Stelzl et al. / Journal of Virological Methods 178 (2011) 94-97



PRIMER-ID HELPS QUANTIFYING INITIAL

COPY NUMBERS FOR SINGLE AMPLICONS

A reverse complement Primer ID Barcode  PCR priming site
pro N
B VRNA 3’
Raw sequence reads Primer ID Barcode
| CATAATAC TAG Sample T1 T2 T3
~CATAATAC TAG Ritonavir _ _ +
1 CATAATAC TAG
CATAATAC TAG Totdal 20,429 24,658 27,075
| | CATAATAC TAG reads
CATAATAC TAG Consensus 857 1,609 2,213
sequences

Consensus sequence CATAATAC TAG

Jabara CB, et al PNAS 2011; 108:20166—71.



OPEN @ ACCESS Freely available online = PLOS one

HIV Drug Resistance Surveillance Using Pooled
Pyrosequencing

Hezhao Ji', Nathalie Massé', Shaun Tyler?, Ben Liang>, Yang Li', Harriet Merks', Morag Graham?3, Paul
Sandstrom’, James Brooks'*

1 National HIV and Retrovirology Laboratories, Mational Microbiology Laboratory, Public Health Agency of Canada, Ottawa, Canada, 2 Genomics Core Facility, National
Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, Canada, 3 Department of Medical Microbiology, University of Manitoba, Winnipeg, Canada

96 specimens from HIV+ ART-naive patients

sted for PR resistance with Sang
J

Pooled 454 genotyping

Ji H, et al, PLoS One 2010



Mutation frequency (%)

Detected minor DR mutations in HIV-1 Protease

O Frequencies detected by Sanger sequencing m Frequencies detected by Pyrosequencing

Figure 5. Consistent and comparable frequency readouts for
minor protease DRMs by the two approaches. Eighteen minor DR
mutations (IAS-USA 2008) were detected by either pyrosequencing or
Sanger sequencing among the 96 specimens. Individual mutations are
plotted against thee frequency detected by each Chart shows the
frequency at which the individual mutations were detected by each
method.

doi:10.1371/journal.pone.0009263.g005

Ji H, et al, PLoS One 2010
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Variant frequencies as detected by Pyrosequencing

O Variations in nucleotides W Variations in coded amino acids

Figure 1. Concordance of variations detection by pyrosequen-
cing and Sanger sequencing. The concordance rates were
calculated as percentage of pyrosequencing detected sequence
variations that were also observed in Sanger sequencing. Frequency

ranges are categorized based on those detected by pyrosequencing.
doi:10.1371/journal.pone.0009263.g001

Ji H, et al, PLoS One 2010



Table S3 Comparison of total cost for DR testing of 96 specimens.

Sanger
sequencing
(PR only)
Labour cost/ specimen $4.17
Material Cost/specimen $47.90
Total cost/specimen $52.07

Cost in CDN$
Sanger Pyro- Pyro-
sequencing sequencing sequencing
(PR+RT) (PR only) (PR +RT)*

$6.13 $6.39 $9.11
$76.22 $26.07 $43.64
$82.35 $32.46 $52.75

Ji H, et al, PLoS One 2010




THE WAY TO THE CLINIC




NEEDS TO BE MET TO REACH THE CLINIC

More clinical science
Well-powered studies in treatment-naive and experienced subjects
Incorporation of minority variant information to drug resistance interpretation algorithms
PCR adjustments to enable mutational linkage studies / PCR-free methods
Role of new platforms: lllumina miSeq, PacBio, lonTorrent, Oxford Nanopore
Increased technical robustness
HIV-specific quality control panels to certify laboratories
Clear definition of technical cut-offs: alerts if coverage is not reached
Quantification of initial copy numbers of genetic material amplified, RT-PCR, ddPCR, primerlID
Industrial streamlining
Reduce hands-on time and automatize steps, particularly in 454 library/emPCR preparation
Improve turn-around time to results
Incorporate validated drug resistance and tropism interpretation systems

Reduce costs: UDS costs must be competitive with population sequencing



DeepChek®-HIV Methodology
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DeepChek®-HIV Data Workflow

=29 DeepChek™ HIV
(.J) New DeepChek™ HIV i
e g
# i Resutis

Y Tools

Data
management

Sequences
data entry

Setup

Configuration S

Type of use :
Diagnostics /Research
Type of entry :
sample
alignment/plate raw
data (v2)

Type of alignment
(consensus/individual
reads)

Type of genotyping
method

Type of subtyping
method

Options: Sanger
comparative
analysis...

Data source: file
upload / integration
with sequencer (v2)

- NGS data:
PROT
RT
INT
GP41
GP120
V3

- Sanger data
PROT
RT
INT
GP41
GP120/V3

Identifiers

Sample information
NGS information
Patient information
Clinical data

Physicians details

Healthcare providers

NGS data

management :

= Thresholds
definition

5 to 10 minutes

= Regimen
= Viral load

Algorithms selection
= ANRS
= CHL
= HIV-Grade
= Rega
RenaGeno
= RIS
= HIVdb
Services
= Geno2Pheno
Tropism
= ViroType
Report configuration
= language
= GSS cutoffs
definition
Mutations
display
Mutational
load
Disable
Expert
System
Comments

NGS reads alignment
analysis
NGS data QA/QC
(DeepChek Expert
System)
Sanger data analysis
and QA/QC
Mutations frequency
Resistance testing
Subtyping
Miscellaneous
analysis
= Coverage
= FW/RV
balance
classification
mutations of
interest
Contaminati
on check
DeepChek reporting
Data storage




CONNECTIVITY

Hospital 1

Web Portal

Hospital 2
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DEEPCHEK-HIV v1.1 REPORT

DeepChek

Hospital information Laboratory information Physician details
Test Hospital ABLLab LASTO FIRSTO

test address 36 gy Victor Hugo Address0
New-York 1411 Luxembourg
Tel: +352 26389676

DeepChek®-HIV Clinical Genotyping report

DeepChek®-HIV analysis summary

Patient/Sample information Next Generation Sequencing (NGS) system
Name lohn Doe SamplelD Test Sample Aszay Roched54-HIV
Your patient ID  Test123 Sampletype Blood Assayversion 10
ABL/TEID DEV-99999 Sampledate 01/01/2012 Reagent Lot ID TRBS676RT
Cartridge5/N 1
Viral Load 100.000 copies/mL Commernts My comments || Expiration date 01/01/2020
Viral Load Method In House Testtype Genotyping
Sangermethod TruGene Notes

DeepChek=-HIV analysis information

Sequencing platform 454 G5 Junior DeepChek® software version 11

Processing Software version AVAVZS1 Deeplhek® expert system 15
DeepChek® algorithmsversion g4

Datestarted 19/01/2012 B DANRS | 20- 2011-10)

Datefinished 19/01/2012 I Riogg instinan  v8.0.1 - 022009 )

0 Stantoed [ £.1.1 - 3041172011 )
Classification of mutations of interest Stanford score<>0

DeepChek®-HIV Subtyping

o
g E Subtype | Similarity @ Subtype | Similarity
E E NG5 B{%} SE.1% E NG5 B{7} 99.1%
= E Sangar E D55k = Sanger B SE 7%

1} Subtyping determination performed through an homology testing of a 20% consensus sequence generated from all the reads per
region and compared toan updated st of reference seguences,




DEEPCHEK-

HIV v1.1 REPORT

e Testl23
Date 19/10/2011

Patient Name Sampl
Your patientID Sampl

DeepChek ABL/TE ID

DeepChek®-HIV NGS5 Mutation Analysis

HN Reverse transcriptase
mutations

Position Mutation rative  Threshold  Threshold Threshold Prevalence Mutational
20% 10% ] %) load [cp/mL)
K20 M v 5 5.000
- v v v v 18 21.900
M4l l L . L v 17 1.700
M184 v v v v 15.1 15.100
= l | . L v 2.7 2.700
P272(*) A ¥ Low Coverage 10.2 10200
- G Low Coversge 21 2.100
- I R ¥ | Low Coverage - -

- Mutsticns with Stanford score o0

- { "} Position with low coverage for at bt one detection threshold

- Low coverage: Codon where the minimum number of required sequences has not been resched for the selected threshold, and drag
resistance ascecoment derived from such position may ot be accurate and therefore is ot reported.

HN Protease
mutations

Position Mutation Comparative Threshold Threshold Threshold Prevalence Mutational
Sanger-based 205 105 1% (k1] load [gp/mL}
SEqUencing
L1 | v 32 3200
= v v 175 1750
K20 R Lew Lew Coverage Lew Coverage 112 1120
Coverage
Lo (=) M v Lew Coverage Lew Coverage 171 17.100

- Mutstions with Stanford score <0
- | "} Position with low coverage for at kast one detection threshold
- Low coverage: Codon whene the mini iber of regui hhas not been resched for the selected threshold, and drsg
resictance assessment derved from swch position may not be acowuate and therefore i not reported.

]
and ABL Baegial
Lafwaratorios

DeepChek




DEEPCHEK-HIV v1.1 REPORT

Patient Name Sample ID Testl23
Your patient ID Sample Date 19/10/2011
DeepChek ABL/TE iD

DeepChek®-HIV NGS Drug Resistance Determination

Sanger bassd
sequencing 20%
ANRS 3 3
Zidowuding in s i
Eanioe) 5 1
ANRE & E
Didarasine Fisgra imstituste
B E Srantord [ i |
g = ANRS E] 5 5
& el Stavucing _ Puga ingtituie i 1 i
——
v £ %
:..é E Lamivuding n-g.r'::m
£ E
E E Emircaating Rega inslilule
= w
= E ANRS [
Bl Abacavie Rega institule & 8 i
Stantord | | |
ANFRS S s [
Tenolovir Rega nEiute & 8 5
Stantord 8 3 -]
o ANRS
5 ? MNuvirapme Rega institute
=] Sanior)
& E ANRS
o= Dolaveting Raga mstitute
- ] Stanbord
[ —
-] ]
% ] Efavionz Aega instiule
=& ok
C ANRS
e ¥ Etraviring Fega institute
-
cE e
; Riphviring Rega inst
Sankord
Susczoliole GSS 15
Infermedisle Reslstant G55 075
Possile restsEnce Imermedisle  Reslstant G535 05
Infermedizle Reslstant G55 025
ReskstEnce Resistant G35 0 High-ael reststance
The reskstance proflle derked from Mese posiions may be Ineccurale . Merebre Me drug resisiance assessment
Is ot conclushe
ol 3liatle

nm& ige




DEEPCHEK-HIV v1.1 REPORT

Patient Name Samplel Testl23
Your patient ID Sample Date 19/10/2011
DeepChek ABL/TE ID

DeepChek®-HIV NGS Drug Resistance Determination

HN Protease inhibitors

Entry inhibitors

G55*

AMNRS
MNaFirave Rega instiule
nterd
AMNRS
Fosampmenavir Aega insttute
Saclod
ANRS
Lepinavioy Rega insiiule
Sl'.ln_m'd
ANRZS
Abazanavir Aoga instbute
Sanicn)
ANRS
Tipranave'r Rega instiule
Sl.ln_l'b'd
AMNRS
Danunavi Aega insiute
Stantor)

Drug Algorithm

Maraviroc Geno2pheno Not yer availabie
[coreceptor

Toulouse Tropism Test

o o0 GOES o6 (= = Gifl= 00 == 4 08
raejee nl- - ef-o =j-19n

PSSM

ANES 1 1 1
Riegh institule 1 1 0.5

Navimpine + Jdovading +
Saguinavi

- [*) GS5: Genotypic Senstivity Score on selected ARV regimen

Suscepmle GSS 1 Suscepimie
e Suscepible G35 15 Potentital low-leuel reslstance

imemmedizie Reslsiant G55 75
Possiole reskstance imermediste Reslstant G35 05
imermedizie Reslstanl G55 025

Reslstance Reslstant 355 0 High-leuel reslstance

The resletance proflie derked from Mese posfions mEy e leccurale | Merstre e dnug reskstance assesement
s N0t conclushe:

| NA Mot 3aliEnke




DEEPCHEK-HIV v1.1 REPORT

DeepChek

pChek®-HIV NGS Expert system

ABL/TEID

Patient Name
Your patient 1D

Sample iD
Sample Date

Testl23
19/10/2011

Coverage

Discarded mutations

]
=]
(=3
¥
=
m
u
=4

. B £
% o
] 500 E e00
T am % am
'E 200 -E 200
2= o f T . 1 2 g+ T : T T .
g o 100 200 300 400 o 20 an &0 &0 10
= Position [codon) Position [codon)
B w
= m———Totaloovarage s Forward coverage ] =—Tatal coverage = Forward coverage
=
E = Rewverse coverage g e Pl v £ DR TR
= a
=
! o . 5 ad Threshao Misimum sumber of Low covered
d T 5 Id required sequenoes positions
21036 25
1056 50
1% 500 272
2 Reasons excluded Murtations Reasons excluded Mutation list
g‘ Noisy mutations 45 mutations o | Moisymutations 12 mutations
E filtering [see detailzon CSVraport) i filtering [see detmilson C5Vreport)
E Forward/Reverse 11 mutations E Forward/Reverse 5 mutations
& | unbalanced [see detsilson CEVreport) = unbalanced [see detzilson C5Vreport)
g | frequency frequency
2
o Inzsertions (1] 1 3 Insertions (1] 1 3
o l }
g Deletions 1 2 5 Deletions 1 1 4
= ! 1 @
g Stop codons 2 4 iy & Stop codons 1 ] 4
g L L E
S [
=
a
=
]
&
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DEEPCHEK-HIV v1.1 REPORT

Patient Nome Sample iD Testl23
Your patient 1D Sample Date 19/10/2011
DeepChek ABL/TEID
DeepChek®-HIV NGS Mutation Notes
Algorithm Related to Comments
HiVdb = M41L usually occurs with T215Y. Together these mutations confer
g intermediae-to- high levelresistance to AZT and d4T and a lower level of
ﬁ resistanceto ddl, ABC, and TOF. M41M isa highly unusual muiation at this
= position.
L%}
E E Hivdb - K103MN/ 5/ T/ H are NNRTH- resstance mutations K103R/ E/Q arevariants
- '-"-.f that usually donot cause NMRT | resistance. K103K is a highly unusual
B s mutation at this position.
E
i Non-described muEtions 272F
=
T
Algorithm Related to Comments
HIVdb Tipranavir/r Thissequence has 1 major TPV r- resistance mutations [ 154Y). RESIST
study (Baxter ] et all Virology 2006 and Scherer J et al EACS 2007).
HiVdb Tipranavir/r Thissequence has 1 minor TPV r- resistance mutations|L10V). RESIST
study (Baxter ) et all Virology 2006 and Scherer ] et al EACS 2007).
HIVdb - 154V MJ L A T/ 5 have diverse effects on mukiple Pls. 1541 is a highly

unusualmutation at this position.

Mon-described mutations 366G, 20V

HIN Protease
mutations

P
'ITlerap‘y




DEEPCHEK-HIV v1.1 REPORT

FPatient Name Sample D Testl23
Your patient ID Sample Date 19/10/2011

DeepChek ABL/TE ID

DeepChek®-HIV References

1. "Low-Frequency HIV-1Drug Resistance Mutations and Risk of NMRTHBased Antiretroviral Treatment
Failure”, Z Li et.al JAMA, April 6, 2011—Vol 305, No. 13.
2. "A Fullylntegrated and Simplified HIV Clinical Genotyping Solution Using 454 Ultra-Deep-Sequendng
and the DeepChek™-HI System”, D Gonzalez et al. International Workshop on HIV & HEPATITIS
VIRUS — Drug Resistance and Curative Straotegies - JUNE 7-11, 2011 | Los Cabos, Mexico.
3. “Comparison of algorithms that interpret genotypic HIV-1 drug resstance to determinethe
prevalence of transmitted drug resistance”, LLiu et al. AIDS. 2008 April 23; 22(7); B35-839.
4 "Genotypic susceptibility scores and HIV type 1 RNA responses intreatment-experienced subjects
with HIV type 1 infection.” JA Anderson et al. AIDS Res Hum Retroviruses. 2008 May;24(5):685-94.
5. “HIWtype 1 chemokinecoreceptor useamong antiretroviral-experienced patients screened for a
v clinical trialof a CCRS inhibitor: AIDSClinical Trial Group A5211.” Wilkin T, Su Z, Kuritzkes DR, et al.
a Clin Infect Dis. 2007,44:591-555.
E E. DeepV3sequencing for HV type 1tropism intreatment-naive patients: a reanalysis ofthe MERIT
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DeepChek-HIV v1.2 — Clonal genotyping

NGS Types of Genotyping Analysis
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SANGER POPULATION BASED VS. 454/DEEPCHEK
VARIANTS POPULATION BASED

Sanger population sequencing 454 /DeepChek Variants Population sequencing

i T A C A G
A 1 A C Bl
A 6 @ E Rel
Codon 1 Codon 2
l Vaariant calling
ATA (1) CAG (Q) ATA (1) CAG (Q)
ATG (M) ATA (1) CAG (Q)
Virtual
codons < AGG (R) AGG (R) CAG (Q)
AGA (R)
Mutation list: 11/M/R, 2Q Mutation list: 11/R, 2Q ‘

Virtual mutation (false positive)
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 Sample pooling

e Centralised
testing

* Pop sequencing
for most
samples / deep
sequencing for
selected
samples (naive
with NNRTI,
tropism, post-
PMTCT)

Cost
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THE HYPE AND HOPE CYCLE
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