New Drugs and Treatments for TB
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QUALITY TUBERCULOSIS (TB) CARE FOR MILLIONS WORLDWIDE HAS DRIVEN DOWN TB DEATHS BUT

B REMAINS THE SECOND BIGGEST KILLER DISEASE FROM A SINGLE INFECTIOUS AGENT

84
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MILLON -~ 15 MILLION 460000

PEOPLE FELL ILLWITHTB PEOPLEDIED IN 2013 PEOPLE ESTIMATED TO
IN2013 INCLUDING INCLUDING 360 000 HAVE DEVELOPED
1.1 MILLION PEOPLE PEOPLE WHO WERE MULTIDRUG-RESISTANT TB
LIVING WITH HIV HIV POSITIVE (MDR-TB) IN 2013.

Improved TB data from countries are revealing that the burden of the disease is

higher than previously estimated.
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Global TB Drug Pipeline

Discovery Preclinical Development Clinical Development
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Cyclopeptides CPZEMS5 PBTZ169 AZD5847 (__Delamanid
Dlarqum_nqllnes BTZ043 Bedaquiline Satiftexact
DprE Inhibitors DG159a 0203 élnezolla Moxiflokacin
InhA Inhibitor, Indazoles 609 Novel Regimens Rifapéentinefor LBTI

LeuRS Inhibitors, UreasSQ
Macrolides, Azaindoles SQ641

Phase Il

Mycobacterial Gyrase TB1166 Ritapentinefor DSTB
Inhibitors SQ109
Pyrazinamide Analogs Sutezolid
Ruthenium(ll) (PNU100480)
Complexes
fgfggnamides SPR New TB drugscurrently in the

Translocasel Inhibitors regulatory review process

Chemical classesiuoroquinolone, rifamycin, oxazolidinone, diarylquinoline, benzothiazinone °

1 Details for projects listed can be found attp://www.newtbdrugs.org/pipeline.php and ongoing % WO RKING GROUP
projects without a lead compound series identified can be viewed at ® ON NEW TB DRUGS
http://www.newtbdrugs.org/pipeline -discovery.php

2 Combination regimens: NO01-(JM-PaZ), phase 2aNCT0121585ING002-(M-PaZ), phase 2b, WWW. newtbdrugs.or

N2\:|$J1071§15918£161;9\K3003(GJ-P&Z), phase 2aNCT01691534PanACEMAMS TB01-(H-R-Z-E-Q-M), phase 2b, Updated: gugust 2014

*Projects that have been completed



http://www.newtbdrugs.org/pipeline.php
http://www.newtbdrugs.org/pipeline-discovery.php
http://www.newtbdrugs.org/pipeline-discovery.php
http://www.newtbdrugs.org/pipeline-discovery.php
http://clinicaltrials.gov/show/NCT01215851
http://clinicaltrials.gov/show/NCT01498419
http://clinicaltrials.gov/show/NCT01691534
http://clinicaltrials.gov/show/NCT01785186

New Drugs: 1. Bedaquiline

First new TB drug class in more than 40 years
Chemical classtiarylquinoline

Novel target: ATP synthase inhibitor
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Phasdlb data: placebecontrolled trial of BDQ in
combination with background MDRB therapy
(BT)
0 Showed greater efficacy of BT + BDQ than BT +
placebo at 6 months

Br

A Approved by FDA (accelerated procedure) in
December 2012as part of combination therapy to
treat adults with multidrug resistant tuberculosis
when other alternatives are not available"
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New Drugs: 2. Delamanid

A Chemical classiitroimidazole

A Phasdlbdata: placebecontrolled trial ofdelamanidin
combination with optimized background therapy (OBT)
0 2 test arms (i) Delamanid100mg bid) + OBT
(i) Delamanid200mg bid) + OBT 9
o Greaterefficacy of OBT Belamanidthan OBT + s,
placebo at 2 months

A Phase Ill trial launched in September 2011 Q
4

A Approved in April 2014 by the European Medicines Agency
(EMA) &s part of an appropriate combination regimen for Q
pulmonary multidrug resistant tuberculosis in adult
patients when an effective treatment regimen cannot
otherwise be composed for reasons of resistance or
tolerability."
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New Drugs: 3. Pretomanid

A Chemical classtitroimidazole(nitroimidazooxazinesub-class)

A active against drugensitive and multidrugesistant strains oi. tuberculosis

A Potent bactericidal activity against replicating and static bacilli

A Several Phase | studies completew significant food effect at anticipated
clinical dose; not a significant inhibitor/inducer of CYP3A4

A Phase Il: Two lday EBA studies in patients with newly diagnosed, smear +,

drug sensitive pulmonary TB

A 14 days EBA study ohaw combination PA824 +Moxi+ PZA showing
promising results
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Public health challenges of introduction of new TB drugs
In countries

Implicationsfor TB controprogrammes

determineoptimal regimendor use of newly developed
and/or repurposed drugfor treatment of DSandDRTB
underprogrammatic conditions;

evaluate requirements for patiengligibility;
assess programmatic feasibility;

evaluate costeffectivenesof newly-developed
treatments;

ensure proper surveillance amharmacovigilance

ensure responsible use (appropriate indication, doses,
drug combination(s), and treatment duratiogprevent
off-label use and amplification of resistance;
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The WHO Strategic Plan for rational introduction of
new TB drugs and regimens in countries

Describes key elements of a proces
aimed at:

for the treatment of TRall forms),
according to progress made in the
development of newdrugs or
combinationsof drugs,

and

- assisting countries in the
Implementationof these
recommendations

http://www.who.int/tb/new druqs/en/index.html

producing policy recommendationf :

Introduction and rational use of new drugs and
drug regimens for TB treatment

CURRENT SITUATION

" Much progress has been made in research and development of
new drugs for tuberculosis (TB) over the last decade.

" A series of Phase Il and Il trials of shortened treatment of drug-
susceptible [D5] TB including re-purposed drugs [eg.
fluoroquinclones] or new dosages of known drugs (eg.
rifamycin, rifapentine) are presently on-going, with earliest
results expected in 2013,

" Mowvel drugs are being evaluated in Phase [lb and Il trials,
including two drugs that are being tested for the treatment of
multidrug-resistant TB {MDR-TB) [bedaquiline and delamanid],
with dossiers submitted to drug regulatory authorities. One of
these (bedaquiline) has recently been granted licensure by the
U5, Food and Drug Administration under its accelerated
approval procedure.

" Novel drug combinations for shortened treatment of DS and/for
drug-resistant [DR) TB, including new or re-purposed drugs, are
under investigation.

UNMET NEEDS

" People with drug-susceptible TB need shorter and simpler
therapy;

" People with drug-resistant TB need a more efficacious, fully
oral, shorter, less toxic and safer therapy;

* People living with HIV need TB drugs with no or low drug-drug
interactions with antiretrovirals;

" People with latent TB infection need shorter and safer therapy;

® Children with TB need a more child-friendly treatment.

WHY THIS GUIDANCE?

The likely introduction of new drugs or drug regimens for the

treatment of D5- or DR-TB will have a series of public health

implications, particularly regarding:

® the responsible use of new drugs as part of set combination
regimens for the treatment of D3- or DR-TB;

® the programmatic feasibility and cost-effectiveness of newly-
developed treatments;

" the capacity to monitor scaled-up use of new drugs, and
conduct surveillance of drug-resistance;

GLOBAL TB

® the prevention of emergence of new drug resistance.

Global TB Drug Pipeline

WHO 5TrRaTEGIC ROADMAP:

Policy development for introduction of new TB drugs or
regimens in countries

® In April 2012, the WHO Stop TB Department established a
Task Force to advise and assist WHO in the process for the
development of policy guidance on the rational introduction
and use of new drugs or drug regimens for TB treatment.
The aim is to improve access to quality TB care and to
protect against the emergence of drug resistance.

" A strotegic roodmap was then developed, with the support
of the Task Force, to guide WHO's timely development of
appropriate policy guidance on treztment of D3- or DR-TB
and related rational imtroduction and use. The roadmap also
includes WHO's role in supporting Member 3tates in the roll-
out of recommended new drugs within defined regimens in
programmatic conditions.

" The WHO Strategic and Technical Advisory Group for
Tuberculosis [STAG-TB) endorsed this roadmap in June,
2012,

SEE REVERSE FOR THE ROADMAP STEPS

For more information please visit our website:
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http://www.who.int/tb/new_drugs/en/index.html
http://www.who.int/tb/new_drugs/en/index.html
http://www.who.int/tb/new_drugs/en/index.html

WHOPolicy Development Framework

Development of new TB
drugs or new regimens

Reviewing the evidence

m—

Convening an Expert Group

and recommendations

Formulating and
disseminating policy

Developing policy proposal-

m—

APartners (industry,
A Body of evidence available (publications,
SRA approval)

A Collection of data on pre-clinical and clinical
development phases
A cost-effectiveness analysis

A Experts, methodologists, end-users
A Guidelines Review Committee
A GRADE process for evidence synthesis

A Peer-review by ERC

A Strategic and Technical Advisory Group
A Endorsement/revision/addition

A Advise to WHO to proceed/not with policy

A Guidelines Review Committee

A Dissemination to Member States

A Promotion with stakeholders & funders
A Phased implementation & scale-up plan
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GRADE: Grades of Recommendation Assessment,
Development and Evaluation

Involves two fundamental determinations:

A Quality ofevidence reflectsthe extent to which confidence in an
estimate of the effect is adequate to support recommendations

A Strengthof recommendationreflects the extent to which we can,
across the range of patients for whom the recommendations ar
Intended, be confident thathe desirableeffects ofan
Intervention outweigh the undesirableffects.

GRADE working group
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The example of bedaquiline

Procedure:

Reviewof data:

A Data available from FDA public website

A Request for additional specific data to Janssen

A Independent consultant contracted to prepare a concise summary
report of the publicly available evidence urie SthAfrica)

Twotechnical resource consultants requested to develop specific

documents to assist the Expert Group in their evaluation of the product:

A an assessment of the validity of sputum culture conversion at 6 montt
and time to culture conversion as surrogate markers of MIBR
treatment outcomes (E. Kurbatova, CDC);

A a costeffectiveness analysis based on modeling#@ssallLSHTM).

BT Frocraune
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Expert Group Meeting

A Theoverall objectiveof the Expert Group meeting was to evaluate the addec
benefit ofbedaquilinefor the treatment of MDRIB and, if appropriate, to
provide recommendations to WHO for interim guidance to countries on its
use in conjunction with other secorohe drugs used in MDRB treatment.

A Thespecific objectivesvere:

A To evaluate the efficacy and safetybafdaquilinein addition to currently
WHO recommended MDTRB treatment;

A To evaluate the balance between harms and benefits of the drug, its
potential costeffectiveness, patientand provider preferences and

concerns, and the feasibility of introducing the drug in MIBER
programmes

A To provide, as appropriate, recommendations on the use of the drug as
part of WHGrecommended MDH B treatment regimens, including
attention to concerns/constraints relevant to the potential use of a new
drug for which Phase lll clinical trial data are not yet available.
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Procedures

A Review using GRADE Procedures

A PICQquestion:
A &n MDRTB patients, does the addition lmédaquilineto a background

regimen based olWVHOrecommendations safely improve patient
2dzi O2YSaKé

A Selected outcomes

1.
2.

o ok W

BT Frocraune @)

Cure by 120 weeks

Serious adverse events during investigational 24 weeks treatment
phase

Mortality
Time to culture conversion over 24 weeks
Culture conversion at 24 weeks

Acquired resistance to secotlithe drugs fluoroquinolones amino
glycosides andapreomycin at 72weeks

), World Health
¢ Organization



Brief summary of main data reviewed for assessment of role of
bedaquilinen the treatment of MDR'B
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C208 Stage 2:
Time to Culture Conversion (Wk 24 — miITT)

100%-
o Primary endpoint(differencein TtC):
> p=<0.0001
D 80%-
o 0
o
2
2 60%-
=
&
°
c 40%- |
= I
= I
9 I
O 20%- ! .
a — BDQ/BR l

Placebo/BR | 83d 125d
0% | I T | | |
0 4 8 12 16 20 24
Time to Culture Conversion (Weeks)
BDQ/BR (N=66) 58 37 25 12 7 3

Median time to culture conversion was 12 weeks inthe BDQ group and 18 weeks in the placebo group
p-value from Cox proportional model adjusting for strata

49



Week 24, Week 72 and Week 120 (end of study)
culture conversion proportiongyITT)

Time Bedaquiline Placebo Diff [95% CI] ®alue
point

Week24 | 52/66 (79%)| 38/66 (58%)| 21.2% [5.6%, 36.8%] 0.0

Week 72 | 47/66 (71%)| 37/66 (56%)| 15.2% {1.2%, 31.5%] 0.06

Week 124 41/66 (62%)| 29/66 (44%)| 18.2% [1.3%, 35.1%)] 0.0:




Pooled, Controlled Phase llb Trials:

Adverse Events of Interest — Hepatic Safety

Reported Events

Investigational Treatment Phase

BDQ
Preferred term?, n (%) N =102

9 (8.8)
Transaminases increased 4 (3.9)
AST increased 3(2.9)
ALT increased 2(2.0)
GGT abnormal 1(1.0)
Hepatitis 1(1.0)
PT prolonged 1(1.0)
GGT increased 0

N = number of [TT subjects with data; n = number of [TT subjects with this observation
! Based on Standardized MedDRA Cluenes for Drug-related hepatic disorders

Placebo
N=105

2 (1.9)
0
0

1(1.0)

1(1.0)



Trial C208QTckchanges from reference (ITT population)

_ 20 - ; -==-BDQ/BR
2 T TL o Placebo/BR
15 - Tuf\ ™ o ]
< 1 LANR
9O pomg |-l Wi EUINL %
x 10 —-;JMTL : : ? 1 —k }
=) [ -
5wl TT”TM LN 1 1
g0 !
£ | : Week 24 = End of
= H :4— Investigational
S = I Treatment Phase
= |
'10 I I I I I II I I I I I I I I I I I |
0 4 8 12 16 20 24 28 32 36 48 60 72 84
Time (Weeks)
BDQ/ER 76 71 68 64 63 62 60 59 58 €60 58 56 55 51

QTcF: QT interval comrected for heart rate according to the Fridericia method



Mortality

Study Type of study Bedaquiline Placebo
Phasel Deaths 0 0
Phase 2
Study C202* Randomised, opetabel, N=45 N=30
Deaths dose ranging, EBA study | 2 (4.4%) 0
Trial 08 Stagel Randomised, placebo N=23 N=24
Deaths controlled, 8 week 2 (8.7%) 2 (8.3%0)
exposure
Trial 08 Stage2 Randomised, placebo N=79 N=81
Deaths** controlled, 24 week 10(12.7%) 2 (2.5%)
exposure
Trial 09 Open label, uncontrolled, N=233 n/a
Deaths 24 week exposure 16 (6.9%)

* Referencadrugs INH+RMRot placebo

** RelativeRisk5.1 (p=0.017)




Interim policy guidance on the use dbedaquiline

"Bedaquilinemay be addedto a WHO

recommendedegimenin adult patients The use of

with pulmonaryMDRTB, undeffive bedaquiline in
specificconditions” the treatment of
"conditionalrecommendation very low mu"idrug'fESiSIa“t
confidence irestimatesof effect" tuberculosis

Interim policy guidance

http://apps.who.int/iris/bitstream/10665/84879/1/9789
241505482 engq.pdf?ua=1

WHOC¢ June2013

1:?' XN World Health
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http://apps.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/84879/1/9789241505482_eng.pdf?ua=1

Interim policy guidance on the use dedaquiline

5 conditions:
1. Proper selection of patients
2. Patient informed consent required
3. Treatment design based on Wk&aommendations
4. Close monitoring conditions

5. Activepharmacovigilancand management of AEs

GLOBAL TB \/’(‘)@ V World Health
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From new TB drugs to new TB treatment regimens: key
guestions

What would be theadded valueand bestimpact of the new regimen
consideringits characteristics and the variability of national
contexts?

A Evaluation of efficacy and safety aspects
A Evaluation of harmss.benefits in comparison with current SOC
A Evaluation of feasibilitypfogrammatic aspecis
A Evaluation of valueétients aspects
A Variablescenarios according tihe epidemiological context :
- TB epidemics
- burden and pattern of resistance
- highrrisk/vulnerable groups
| | e (@) o
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From new TB drugs to new TB treatment regimens: key
guestions

What population would benefit most of the newegimen(s)?

A Dependson theregimen'scharacteristics and indications
- Patients with susceptible TB ?
- Patients with MDRI'B ?
- MDRTB patients with additional FQ and/or INJ resistance ?
- Only recourse regimef
A Considehighrisk grous:
- HIVinfectedpopulation:highvs.low HIVprevalencan TBcases
- Respectivgroportionsof newvs.re-treatmentin MDRTB cases

What are the possibilities of optimal deployment of new regimens in
countries?
A High variability of situation according to countries
A Feasibility and acceptability
| | A (@) Yoy
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SUMMARYOF EXPERIMENTAL REGIMENS INTBOERLINICAL TRIALS

UNDERWA®YR PLANNE{Zource: TREATB/ResistTB)

Duration of GOAL
Trial Name [funding source) = per!me = Comparator Experimental Arm(s) Improve Improve
regimen Shorten All-oral . cure
fimonths) tolerability —
C 213 /Phase 3 Delamanid 24 WHO 5td DLM+OBT X
|Otsuka)
NeXT 69 SA Std BOO+LZIHLFX+ETAS INH, +PZA X X X
(MRC-5A)
End-TB 9 MNone BDO+HLZDMXF+PZA X X X
(UNITAID) BDOHCFZ+HLZDHLFX+PZA
BDO4+CFZ+LFX+PZA
DLM=LZD+MFX+PZA
DLW+ CFZ+LZD4LFX+PZA
DLM+CFZHLFX+PZA
TB-PRACTECAL (MSF) 5] WHO 5td BDCOHPRTHLZD+MXF X X X
BDC4PRT+HLZD+CFZ
BDO4+PRT+LZD
STREAM 9 WHO 5td CFZ+EMB+MFX+PZAHKM+INH +PTO) X
Stage 1
(USAID+)
STREAM Stage 2 6: WHO std / BDQ+LFX+CFZ+PZA+2{INH,+KM) X X
(USAIDH) 9 9 mo. regimen BDO+CFZ+EMB+LFY+PZA+4{INH+FTO)
NC-005* (GATE) 2 {followed by None for MDR BDO4+PRT+MEX+PZA X X X
0BT) Arm
Note: this is @ phase 2 study
NiX-TB 69 None BDO4PRT+LZD X X X
(GATE)
Note: pre-XDR and XDR only
STAND* 4-6 months Mone for MDR PRT+MFX+PZA X X X
(GATE) ARM
Movartis 24 WHO 5td CFZ+0BT X




WHO Policy Implementation Package for Introduction of New
TB Drugs or Drug Regimens in Countries

The goal is to support countries in POLICY
preparing for introduction of new TB IMPLEMENTATION

drugs and/or regimens, based on WHO PACKAGE
FOR NEW TB DRUG

INTRODUCTION

policy guidance, in order to better
serve patients and communities in
need.

WHO 1 Oct 2014

GLOBAL TB g@y World Health
. .I PROGRAMME WY Organization




WHO Policy Implementation Package for Rational
Introduction of New TB Drugs or Drug Regimens in Countries

1. Minimum requirementdor country
preparedness and planning.

2. Implementation plarfor introduction of new POLICY
TB drugs or regimens. IMPLEMENTATION
- _ PACKAGE
3. Pharmacovigilancanddrug resistance FOR NEW TB DRUG

surveillance. INTRODUCTION
4. Private sector engagement.

5. Systems approador ensuring uninterrupted
supply of qualityassured medicines .

6. Operationalresearch.
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