FIND

Because diagnosis matters

Next-generation IB tests:

what do we need-._;., | iﬁ

Samuel G. Schumacher, P

Scientific Officer, FIND

20t June 2017, Advanced TB Dx Course, Montreal



BEE ouine

1. Introduction to Target Product Profiles (TPPs)
- Why TPPs
« TPP development process
* WHO high priority TPPs

2. Changes in the landscape and other important diagnostic needs
» Centralized solutions for TB and DST
« Sequencing
« Latent to active progression

3. Beyond tests and TPPs: what else do we need?



Introduction to Target Product
Profiles (TPPs)




5‘5 The role of a TPP

B Strategic planning tool

BCommunication tool with investors, partners and
stakeholders

BTool for communicating, supporting, and tracking results

dynamic document that is revisited in the development process



TPP Prioritization Exercise
Broad group of stakeholders prioritized based on 10 criteria

TRIAGE, RULE OUT AND SYSTEMATIC SCREENING A. Prioritization by key B. Expected impact C. Market potential D. Implementation and
1. Triage test for those seeking care stakeholders scalability
— " = Patientand = Potential to = Potential = Potential to be
2. An HIV/ART clinic-based test to rule out active TB community N (global) market implemented as a POC
3. Systematic screening test for active case finding advocates incidence by size test (“Testing that will
detecting TB early result in a clear,
RAPID TB DIAGNOSIS (WITH OPTIONAL DRUG SUSCEPTIBILITY TESTING) Patient or shortening X actionable,
advocates diagnostic delays management decision
4. Rapid, sputum-based, cartridge-based, molecular test for microscopy centers / Market/ (e-g. referral, initiation of
(with the option of add-on DST cartridge) Technical confirmatory test, start
5.  Rapid biomarker-based instrument-free test for non-sputum samples (which Modellers experts of treatment), within the
J same clinical

can also detect childhood and extrapulmonary TB) \ encounter” )
6. Multiplexed test for TB and other infectious diseases

= National TB = Potential to get scaled-
NEXT-GENERATION DRUG SUSCEPTIBILITY TEST Programmes = Potentialimpact = Potential to up (ease of
NTP ) on reducing TB reach the incorporation into A
7. Centralized, high-throughput, drug susceptibility test (incorporating new drugs managers morbidity and market within 5 existing algorithms and NTP

to support the roll out of new TB Rx regimens post 2014) mortality years health systems) managers
TREATMENT MONITORING TEST

. Field practitioners,
8. Treatment monitoring test (test for cure) E':(':rs ~clinicians and
W(
PREDICTIVE TEST FOR LATENT TB INFECTION laboratory experts
9. Predictive test for latent TB infection at high risk of active TB = Research priorities




Target product
profiles for
potential new TB
diagnostic tests

Prioritization by
key stakeholders

Patients and |  National
community | tuberculosis
advocates

Impact

mortality

Market

Potential to | Potential
reduce TB
reduce TB [morbidity and | market
programmes | practitioners |Researchers| incidence

Potential
to reach
(global) | the market
inthe next | point-of-care
5 years

Potential
useasa

test

Implementation
and scalability

Potential
to get
scaled-up

TRIAGE, RULE OUT AND SYSTEMATIC SCREENING TEST

Triage test for those
seeking care

An HIV/ART clinic-based
test to rule out active TB

Systematic screening test
for active case finding

Rapid, sputum-based,
cartridge-based, molecular

test for microscopy centers |

(with the option of add-on
drug susceptibility testing
cartridge)

Rapid biomarker-based
instrument-free test for
non-sputum samples
(which can also detect
childhood and
extrapulmonary TB)

Multiplexed test for TB and
other infectious diseases

RAPID TB DIAGNOSIS TEST (WITH OPTIONAL DRUG SUSCEPTIBILITY TESTING)

medium

NEXT-GENERATION DRUG SUSCEPTIBILITY TEST

Centralized,
high-throughput,

drug susceptibility test
(incorporating new drugs
to support the roll out of
new TB treatment
regimens post 2014)

Priority rank

28

medium medium

medium

ow

medium

low

low

TREATMENT MONITORING TEST

Treatment monitoring test
(test for cure)

medium

low

medium

low-
medium

low

PREDICTIVE TEST FOR LATENT TB INFECTION

Predictive test for latent TB
infection at high risk of
active TB

low

low
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Triage/rule-out
test

replacement
Biomarker-

based, non-
sputum

Kik S et al. ERJ 2014



Target Product
Profiles
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e G e
M Prioritized TPPs:
» Point-of-care, non-sputum based test

» Point-of-care triage test

» Point-of-care sputum based test for
microscopy replacement

» Point-of-care DST -microscopy center

B lterative process with input from many
stakeholders

B WHO Consensus Meeting

» Delphi process leading up to the meeting
« > 75% agreement amongst stakeholders

Meeting Report

for new tuberculosis diagnostics:
report of a consensus meeting

28-29 April 2014

Geneva, Switzerland

WHO GLI 2014



E“ Unmet Needs

Community Health Microscopy District Reference
health worker post centre hospital centre

° Passive & active case detection

e Rule-out test

e Drug susceptibility testing
Q Latent to active progression
e Treatment monitoring

eHealth and connectivity solutions




Unmet Needs
WHO high priority TPPs

Community Health Microscopy District Reference
health worker post centre hospital centre

° Passive & active case detection
e Rule-out test

e Drug susceptibility testing

’ L atent to active progressior ]
c
’ Ireatment monitoring ]

eriéaltn ana connectVvity SOIUtions




Unmet Needs
Biomarker-based & smear-replacement

Community Health Microscopy District Reference
health worker post centre hospital centre
° Passive & active case detection
Translational challenges
Currently used tools Limitations of existing tools Desirable new tools for new tool development
1.  Sputum smear microscopy 1. Smear microscopy lacks sensitivity A sputum-based replacement test While several NAATs are being
2. Nucleic acid amplification and cannot detect drug resistance. Or smear microscopy developed for microscopy

A non-sputum-based biomarker centers, they will need to be
test for orms of TB, ideally evaluated in field conditions for
suitable for at levels below policy. For the nonsputum TB
microscopy ce test, the biggest challenge is

lack of validated biomarkers.

tests (NAATS) 2. NAATs are expensive and not easi
deployable at the periphera ;

e Omni
e TrueNat
* QuantuMDx

Pai et al, 2016



Unmet Needs
Point-of-care triage test

Community Health Microscopy District Reference
health worker post centre hospital centre
e Rule-out test
Translational challenges
Currently used tools Limitations of existing tools Desirable new tools for new tool development
1. TBsymptoms(e.g, 2weeks 1. Symptoms lack sensitivity and A simple, low-cost triage test for  Lack of validated biomarkers
of cough) specificity, especially in use by first-certact health care
2. Chest Xrays HIV-infected populations and provide*zas a rule-out test,
children. e~y suitable for use by
2. Chest X rays are sensitive, but ne community health workers

specific for TB.

CXR (CAD)

CRP
VOC

Pai et al, 2016



Unmet Needs
Point-of-care DST

Community Health Microscopy District Reference
health worker post centre hospital centre

e Drug susceptibility testing

Translational challenges

Currently used tools Limitations of existing tools Desirable new tools for new tool development

1. Nucleic acid amplification 1.  Current NAATs cannot reliably detect A new molecular DST for use at a Lack of good data on the
tests all mutations and sensitivity for microscopy center level, which correlation of mutations with
2. Cultures drugs other than rifampin is poor. can ev4dluate for resistance to phenotypic results and clinical
2. Cultures are expensive and require ' pin, fluoroquinolones, outcomes and the association
BSL3 laboratories, and results take iazid, and pyrazinamide, with cross-resistance. There is
time. Reliability of phenotypic is Ad enable the selection of the also a need to align emerging
poor for second-line drugs. best drug regimen TB drug regimens with
companion diagnostics.

Omni + XDR cartridge
QuantuMDx

Pai et al, 2016



Changes in the landscape and
other important diagnostic needs
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Additional TPPs

B Advanced drafts (recent WHO meetings)
» Latent to active progression
« Sample transport solutions

M Other TPPs in development
» Centralized platforms for TB/DST
« Sequencing
» Treatment monitoring
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Additional TPPs

B Advanced drafts (recent WHO meetings)
» Latent to active progression

M Other TPPs in development
» Centralized platforms for TB/DST
« Sequencing
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What is the TB drug pipeline telling us
about future diagnostic needs?

RIFAMPICIN
ISONIAZID
PYRAZINAMIDE
MOXIFLOXACIN
KANAMYCIN

PaMZ

/

BEDAQUILINE
LINEZOLID
PRETOMANID

NIX (BPaL)

In pipeline

Uncertainties:

e Success of regimens

* For DS, MDR, XDR? > defines level of
implementation

* Barrier to resistance; cross-resistance

* Basis of resistance

WHO report 2014; TB Alliance pipeline
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Unmet Needs
Point-of-care DST

Reference
centre

Community Health Microscopy District
health worker post centre hospital
Translat challenges

Currently used tools Limitations of existing tools Desirable new tools for new levelopment

1. Nucleic acid amplification 1.  Current NAATs cannot reliably detect A new molecular DST for use at a Lack of g ta on the
tests all mutations and sensitivity for microscopy center level, which utations with

2. Cultures drugs other than rifampin is poor. can evaluate for resistance to ts and clinical
2. Cultures are expensive and require rifampin, fluoroquinolones, e association
BSL3 laboratories, and results take  isoniazid, and pyrazinamide, [ ce. There is
time. Reliability of phenotypic is and enable the selection of the ‘ n emerging
poor for second-line drugs. best drug regimen [

* Centralized platforms
 Sequencing

Pai et al, 2016



B‘s Existing (and upcoming) centralized
solutions for TB and DST
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B Optimized sample transport
* Improves upon the current routine methods in terms of
recovery of mycobacteria on liquid and solid culture
* Reduction of contamination

« Simplification of laboratory workflows (cold chain
requirements), biohazard

B Optimized communication solutions

p v

A patient gets notified via

SMS that a test result is
ready

DOTs programme gets
notified and ensures patients
is started on therapy

e

A clinician gets notified that

an HIV patient tested + for TB
in TB clinic

-

(A national programme
manager identifies stock-outs
early and organizes the
shipment from another site

P
A high error rate of diagnostic
system is detected. A new
system is sent.

5‘ Centralized testing - necessary links

ETarget Product Profile: Transport solution for samples to undergo Mycobacterial culture
[o#]

CHARACTERISTIC OPTIMAL

| MINIMAL

| EXPLANATIONS/ LIMITATIONS

Intended Use

Goal / Intended use Transport solution which improves upon the current routine methods in
terms of recovery of mycobacteria on liquid and solid culture and which

simplifies laboratory workflows and standardization.

A novel solution must show improved performance
over these standard methods to justify change.

Target user of the test | Health care workers with no or minimal laboratory training

A transport solution would be expected to be

Setting (lowest level | Health post
of implementation in
health care system)

implemented at the point of sample collection. This
may be a health post or similar basic level of the
health care system where staff will often have no or
only minimal laboratory training.

Target sample type | Any specimen with no change to

protocol

Sputum specimens

The key target sample type are sputa, since these
samples are at high risk of contamination and are

often collected in peripheral settings and thus

QUALITY &
PN\ COVERAGE
OF HEALTH

INTERVENTION

eHealth
Strategies

Legend

INTERVENTION A .
OF KNOWN & Constraints
EFFICACY

r mHealth functioning
as bridge to overcome
specific constraints
to effective coverage

Examples of constraints
that reduce potential for
achieving coverage and
quality of intervention
within target populations

19



B‘ Sequencing: integrated solution from
sample to result

Sample

Extraction Sample clean-up

Stand-alone or Cloud-based
Analysis and Interpretation
Software

I~ =G
- @ B

(Images are for illustrative purposes only)

DNA Extraction Instrument NGS Library Prep Instrument lllumina MiSeqDx

(automated) (automated) (automated)

Contributed Data

CURATED AND

wes AGGREGATED DATA
F Genotypic * Genotypic Data
data * Phenotypic Data
Unified Phenotypi + Clinical Data
Pipeline cdata + Drug Resistance Data
v Clinical .gl * SNP Reports
trial data 5 ©
~
&’ or suey B B 2/, ANALYTICS TOOLS
data g . .
'\%‘L y ; o « “R" Statistical Analysis
i Surveillanc * Misc. Integrated Analysis
e data onal Sequencing TB Data Plaf
V4 g adE RECOGNITION
— + Individual Recognition
SNP « Institutional Recognition
b * Global Impact

stop()Parinership ( CRITICAL PATH B‘s BILL&MELINDA
INSTITUTE

New Diagnostics Working Group FI N D GATES foundation




Unmet Needs
Latent to active progression test

Community Health Microscopy District Reference
health worker post centre hospital centre

° Latent to active progression

Translational challenges
Currently used tools Limitations of existing tools Desirable new tools for new tool development

1.  Tuberculin skin test (TST)  Neither TST nor IGRA can separate latent A test that can resolve the Lack of validated biomarkers

2. Interferon-gamma release infection from active disease. Neither test  spectrum c£#7B, and identify the
assays (IGRA) can accurately identify those at highest ~ subse==0f latently infected
risk of progression to active disease. dividuals who are at highest risk

of progressing to active disease
and will benefit from preventive
therapy

. QFT+

« COR (MRNA)




Test conceptualization

Predict progression _
B TB infection —IWI-%BIHHEEE_V B TB disease

. Asymptomatic - Disease progressing but still asymptomatic * Symptomatic
. . With
© Positive TST/IGRA e Or:ar\r/]:Zvri]g;nce of TB on radiographic - Positive microbiological
. i i i i - test (confirmed TB
W't_h(IJUt _mlcl;mb'oll_oglclal’ and/or microbiological examination —or c(ompatible cIini>caI
raqcljo Oglcaf’ Ort.c mll?g - develop active and/or radiology and/or
eviaence of active disease after initial evaluation histology for TB and
started TB treatment
(clinical TB)
I
|
> I
o0 |
= |
o
< |
S culture I
|
. | -
imaging " S o
I D .

time (months)

Adapted from Esmail 2014 22



Beyond tests and TPPs: what else
do we need?

23



Overcoming challenges on the way
to essential diagnostics

(2

Few tests in development
or don’t make it to market

(3

Slow market penetration in

low-/middle-income Impact stifled
countries

« Gaps in science & * Fragmented regulatory « Weak health and lab
knowledge sharing and policy pathways systems

» Limited understanding of + Unclear financing/ * Poor links from testing to
needs / priorities procurement pathways care & treatment

* Low market incentives « Complex delivery » Limited logistics capacity,
given high development channels support or quality use

risks

» Lack of supporting
infrastructure for
innovators

« Limited understanding of diagnostics’ value and thus minimal investment
» Since 2007, R&D funding for diagnostics has stagnated at 3-4% of global health
commodity R&D

24



»

l The _
No-brainers Economist

Benefit per dollar spent for various development

targets, $

0 20 40 60
Trade liberalisation
Access to contraception 120
Reducing tax evasion

Increasing migration

Reducing oting

Reducing tuberculosis »

Reducing malaria

Greater pre-school access
in sub-Saharan Africa
Increasing circumcision
for those at risk from HIV

Reducing coral loss

Source: Copenhagen Consensus Centre

Mugambi, 2017

Development + VALLEY OF VALLEY OF
DEATH #1 Commercialization DEATH #2

DEVELOPMENT => COMMERCIALIZATION

+ Insufficient evaluation in settings of intended
use

'COMMERCIALIZATION => ROLL-OUT
+ Lack of focus on demand generation

+ Weak engagement of country decision-makers

+ Weak end-user involvement in product and stakeholders, including civil society and

[P ———

research and development community
HEd Mis-alignment in the product design and « Lack of planning and resources for country
\ manufacturing process adoption
2 Vemoo
A\Y "
)’ Catalyze sustainable
W g a
|dentify ‘b Support prnductv partnerships

innovators validation process

Strengthen business Accelerate roll-out in Ensure
& plansand go-to early adopter countries financial
"% market strategies = 5’ sustainability
< &
L. A
e

Strategic Enablers

#h % F0afilh= bk aa it w 114§ Ao

We need more awareness, more country
engagement and better financing

Ditiu/Boehme, 2017

MSF, 2015

0 O .
&) diagnostics
Review

Diagnostics Initiative

Exploring the Case for a Global Alliance for Medical

Melissa L. Mugambi 1, Kara M. Palamountain 2, Jim Gallarda ® and Paul K. Drain

mi‘j

4,5,6,7,% T o @ s @ —
o

DIAGNOSTICS IMPLEMENTATION SUMMARY
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5‘ We need complete diagnostic solutions

Easy to use
diagnostic Support and

measurement

to support efficient uptake and use

regulatory

Training

Support and
supply chain

Quality

Connectivity
and IT

Impact
measurement

&
—

I.*’

'WHO Policy at unprecedented speed 2
years after design lock (trial start)

2010 2011 2012 2013 2014 2015 2016
Xpert MTB/RIF Launch Usein
hd .
Policy and 'WHO Policy revision to include

paediatric and extrapulmonary TB

Basic training materials and @ More complete training ® ‘Comprehensive
implementation manual = package and job aids = package available
=~ = online
ra e

Procurement systemin place
but long time for module
repair/replacement

X,

nbuit (PN Calbration et Remote
s () wo jertication monitor
N/ panels by

Connectivity to
lab information
systems

' Third party ! Proprietary 'Open-source
eHealth solutions connectivity interoperable
for data transfer solution connectivity solution
mpanied Limited impact Pr ici
g ogrammaticimpact
B D data becoming available

Element partly available but doesn’t fully meet need Element available and meets need

Albert, 2016
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“ We need to understand and address
systems issues to maximize impact

Technical > Diagnostic > Therapeutic > Patient outcome PATIENT (P)
performance Impact Impact Impact

108

District
hospital

Patient

Speed & retention

INFORMAL QUALIFIED ;
PROVIDER (IP) PRACTITIONER (QP) i~ Private

clinic

———First visit

-»Second visit
=Third visit Level IV
»Fourth visit health

— — —Fifth visit center

— - — #Sixth visit

Study object | Test Diagnostic process Patient health

(follow-up) ({0 follow-up) A . Uolow-1p i ptrt Shete , 2015
Kapoor, 2012

Schumacher, 2016

200
90+ ncid Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 H
; ’:c:_te&ce Public sector, Broad public Qualified private Public plus Broad Increased > 190
i A . h . 5
80 ortatity high MDR-TB sector sector qualified private cross-sector referral to public & e
= 704 risk sectors sector g
8 ol 09 (No Xpert) g1
> I
2 c s
5 0 S o - E— R — - - g 160
= (=3 ~.
© 409 _g 2 150.[—— 0% Smearnegative sensiiiy, 85% ueaiment niaton ~
§ 5 (standard of care) S .
£ 304 0 0] g —  70% Smearnagaiive senstvy, 5% eatment nftion - .
3 o 8 140 (district-evel molecular test') -
3 20 <3 g - 50% Smear-negaive sentivty, 6% eatmant naion N
@ S o 8 (‘peripheral-level nucieic acid amplification test’) TS
10 S <1 £ 1801 40% Smoarnogative sensitty, 100% raatment nfiation DR
o X @ (pointof-caro dipstick’)
0- o © Incidence % 1ol o s .'M
2> 20 =z =z == 2 ideal poinotare
_E § 3 g ﬁ El %. H £ Bt BE B[E a w4 m Prevalence g —— S;::gmvnsg.mivzsemrﬁva,sﬁ%lrzmm:mimmim,
® 28 28 58 E- §E SE SE m Deaths 2 110 s com iy, 100 et
g §& E E gE 3E , — — 100% Smear-negative sensitviy, R—
& 8 &% g5 § Ef g8 E§ S | ™ MDR-TB Incidence = donlpinkotcar ek, ot sectors
3 g° £ £ sf of 3 100
3 2 g § g 0 1 2 3 4 5 6 7 8 9 10
a - Time, years
Scenario

Sun, 2014 Salje, 2014 Sun, 2013
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5‘ Vision for TB diagnostics in 2020

Case finding — Further work up & treatment -
first point of contact A dedicated unit

P ve
i e |
E : -2 &4

L %

3. Comprehensive, rapid
drug susceptibility testing

G J

-y
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