FIND

Because diagnosis matters

Programmatic Implementation of NGS for TB
& Future Plans for the ReSeqTB Knowledgebase

Tim Rodwell, Rebecca Colman, Anita Suresh & Claudia Denkinger

IUTLD, Guadalajara, Mexico, 11" October 2017



A TB Patient Dies Every 18 Seconds




A TB Patient Dies Every 18 Seconds

WHO GLOBAL TB REPORT 2016

Actions and investments to End TB fall far short

...........................................................................................

Tuberculosis among top 10 causes of death worldwide last year

10.4 million people 1.8 million people ~20% of 580,000
FELL ILL FROM TB DIED FROM TB MDR patients were

including 400,000 diagnosed 2015

R WiTH HIV - TB

That's 28,500 people every day

ACCESS TO CARE

6.1 million peop|e had Only 1in 5 people needing
treatment for multidrug-

ACCESS TO QUALITY TB CARE resistant TB in 2015
ACTUALLY RECEIVED IT <10% of MDR pts
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Next Generation Sequencing - Part of the Solution

Goal: Culture-Free, NGS for Rapid DST in TB Reference Laboratories by 2020
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5‘5 Next Generation Sequencing - Part of the Solution

PROS

M High Throughput

B Comprehensive

M Flexible (open platform)

B Scalable (flexible throughput)

M Rapid (days vs weeks relative to phenotypic DST)

B Multi-use (RDST, surveillance, Tx monitoring, transmission mapping & non-TB uses)
CONS

B Can be expensive if not implemented or used correctly

B Complex (it's a method not an assay or solution)



“‘ NGS for TB RDST - Min Acceptable Characteristics

B Direct from sputum sample (culture-free, no BSL3)

M Detect primary 15t and 2" [ine drug resistance mutations (XDR+PZA)

» Open design — expandable to new mutations (e.g. Delamanid, Bedaquiline) and
additional features (surveillance, Tx monitoring)

B Cost should be <50 USD (library prep + seq + analysis)

B LOD: 5,000 Mtb genomes (Scanty AFB ~104 genomes)

« Optimal: 100 genomes

B Heteroresistance detection: 500-R/4500-S (10%)

« Optimal: 1-R/99-S

Source: Draft Target Product Profile



“ Whole Genome vs Targeted NGS for RDST

Targeted Next Gen Sequencing Whole Genome Sequencing
W Strengths B Strengths

« Sequence DNA direct from sputum « Full genome sequenced

* Up to 200 gene targets - Comprehensive solution

* Faster

« Simpler B Weaknesses

* Less expensive than WGS « Slow

« Can’t yet get Mtb WGS direct from

B Weaknesses sputum consistently or cost-effectively

* Need some pre-knowledge of targets « Expensive

* Less information than WGS « Complicated bioinformatics



B‘B Implementing NGS for Surveillance & Dx of DR TB
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5‘5 Implementing NGS for Surveillance & Dx of DR TB

DEVELOP
POLICY NGS INTEGRATE

- Surveillance ANALYTICS
GUIDELINES




5‘5 Implementing NGS for Clinical Diagnosis of DR TB

Sample Extraction Library Preparation DEIEPAMENE

Sequencing Stand-alone or Cloud-based

i NGS Library Prep Instrument . .
WO RKFL OWS DNA Extraction '":trument (ar:tom:ted) (automated) Analysis and Interpretation
(automated) Software

OPTIMIZE NGS

Ongoing & Recently Completed Studies

M H2H Evaluations - DNA Extraction
» Landscape of 18 instruments — chose top 4 (Genolution, Molbio, Diasorin & Claremontbio)
» H2H evaluation completed using FIND standard samples — data analysis ongoing

B H2H Evaluations — Targeted NGS Assays for Clincal Dx of DR TB
* 4 Cx-free, end-to-end TB NGS solutions
» 3 sequencing technologies (lllumina, Thermo Fisher, Qiagen)
* Analytical studies using FIND standards, synthetic mixtures and clinical samples

Sample Instrument images for demonstration purposes only



B“ Implementing NGS for Clinical Diagnosis of DR TB

DEVELOP
POLICY

&
GUIDELINES

TREATMENT OF TUBERCULOSIS

Ongoing Policy & Guidelines Development

B Manual: Use of Sequencing Technologies For The Detection of Mutations
Associated with Drug Resistance in Mycobacterium Tuberculosis Complex

B Guideline: Use of Sequencing as a Reference Standard
B Guideline: Use of Sequencing for Clinical Diagnosis of DR TB

B Target Product Profiles (TPP)
» DNA Extraction for NGS (drafted)

* NGS Assays for Dx of DR TB (drafted and reviewed)
- Respondents from 45 countries (NTPs, Industry, NGOs, researchers, clinicians, laboratorians)
- >50% agreement on all characteristics, >75% agreement on majority of characteristics

* NGS Analysis (not started)



5‘5 Implementing NGS for Clinical Diagnosis of DR TB

The ReSeqTB Knowledgebase

INTEGRATE

ANALYTICS
1. A standardized and validated NGS

variant detection pipeline

SNPs and INDELS

[ clinie 2. Aregulatory-grade, curated
' database of genotypic, phenotypic
MYCOBACTERIUM TUBERCULOSIS T . ’ Q ReseqTB

and clinical data
.\

3. Adata analysis tool for reporting Bt peeen
clinically relevant mutations

© O ReSeqTB

Relational Sequencing TB Data Platform



5‘5 Implementing NGS for Clinical Diagnosis of DR TB

INTEGRATE

ANALYTICS

Legend
® Data in platform or being curated
® Data/samples transferred or DCA completed

O Contribution in discussion

© O ReSeqTB

Relational Sequencing TB Data Platform



5‘5 Future Strategy for ReSeqTB - FIND, C-path & WHO

INTEGRATE

ANALYTICS

ReSeq 2.0

« Move ReSeqTB to Cloud

« Strengthen architecture to meet
regulatory requirements

» Transfer to WHO for surveillance
network (ReSeqwWHO)

« Build interoperability capabilities

« Build treatment decision support
tools

@6 (O ReSeqTB

Relational Sequencing TE Data Platform
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5‘5 Timelines for Validation, Testing and Implementation

T

1

DNA Extraction
(H2H Validation)

DR TB Assays
(H2H Validation)

ReSeqWHO
Installed

ReSeqWHO
Validated

Implementation?

Pilot NGS WHO Endorsement?
Implementation (IVD)
(4 ref labs in India) >12,000 Global
Surveillance Strains
Clinical Studies of in ReSeqWHO
end-to-end solutions
( ~4 platforms) l
! v
2017 ! 2018 2019
Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4




Implementation of Cx-free, Targeted NGS
Feasible, cost-effective and pragmatic
Rapid and comprehensive DST Solution

Field is moving quickly and we need to
move fast but methodically

Industry interest is gaining momentum

The 2020 plan for implementation is both
ambitious and not aggressive enough
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