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2 New Drugs for MDR TB




Overview

A TB Drug Pipeline and Clinical Trials
A New Drugs

| Bedaquiline

I Delamanid

I Others

A Repurposed Drugs
| Linezolid and Carbapanems



Types of trials

New Drug Clinical Trials

Downward Trend: Only 16 out of every 100 drugs that enter Phase I will make it to FDA approval.

Phase 1 Phase 2 Ph
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Safety Efficacy results
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1" state of testing How well does - Drug MUST be safe ‘Real-life 'patients
in humans the drug work? - Comparison with current
'gold standard' treatment



Global TB Drug Pipeline !

Preclinical Development Clinical Development
1 |
) BRI WD
CPZEN-45 PBTZ169 AZD5847 "
DC-159a Bedagquiline M¢* Gatifloxacin ©
Q203 Linezolid Moxifloxacin ¢
$Q609 v Rifapentine R
$Q641 Rifapentine
TBI-166 SQ-109 N
Sutezolid N

Chemical classes: fluoroquinolone, rifamycin, oxazolidinone,
diarylquinoline, benzothiazinone

1Details for projects listed can be found at http://www.newtbdrugs.org/pipeline.php L WU RKI N G G RU U P
and ongoing projects without a lead compound series identified can be viewed at %
http://www.newtbdrugs.org/pipeline-discovery.php. ® ON NEW TB DRUGS

¢ Drug candidate currently in combination regimen in clinical testing www.newtbdrugs.org

R Submitted for approval or approved by stringent regulatory authority (i.e., FDA, EMA, Updated: June 2013

WHO Prequalification)

N'New chemical entity



SQ-109*

Inhibits cell wall
synthesis ’.

Nitroimidazoles
(E.g. PA-824*,
OPC 67683)

Novel, complex
mechanisms of
action

Inhibit cell wall
synthesis

AND

Inhibit cell
respiration '.

Cell Wall Synthesis

Mechanism of Action

DNA Coiling, Transcription,
and Translation

Acyl Lipids

......
— Macrolides

Inhibit protein
synthesis _ @

Oxazolidinones

Inhibit protein
synthesis _ @
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. Mechanism of
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ATP Synthesis (TMC 207)

Inhibits ATP
synthase . &




New Drugs

A Diarylquinolines A Oxazolidinones
I Bedaquiline (TMC-207) I Sutezolid
| AZD-5847

A Nitroimidazoles A Diamines
i Delamanid (OPC-67683) | 5Q-109
I PA-824



New Drugs

A Diarylquinolines
I Bedaquiline (TMC-207)

A Nitroimidazoles
I Delamanid (OPC-67683)
I PA-824



Bedaquiline (TMC-207)
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Figure 2. The Proportion of Patients with Positive Sputum Cultures and
Time to Conversion.

Proportions of positive cultures were determined according to the myco-
bacteria growth indicator tube (MGIT) system.

Diacon et al. n engl j med 360;23
june 4, 2009

400 mg daily 2 weeks
200 mg 3 times per week



Bedaquiline (TMC-207)

Placebo (N=23)
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Adverse Events

Hepatotoxicity
Prolonged QT interval
Drug interactions

To T> T I

Headache, arthralgia

A Trial C208: more deaths in bedaquiline group
(12.7% vs 2.5%) but only 1 while taking
bedaquiline



1

A

Can be added to a WHO regimen

. WHO regimen
I MDR not feasible
I Pre XDR / XDR

Informed consent
Closely monitored
Adults Pulmonary TB
Pharmacovigilance

The use of
bedaquiline in

the treatment of
multidrug-resistant
tuberculosis

Interim policy guidance



Next Steps

A Accelerated approval granted by FDA Dec 2012
A Phase Ill trial — planning

A Compassionate use / expanded access
A NCO003 phase lla trial



Delamanid

WHO OBR

Delamanid

Completion of Completion of Completion of
Trial 204 Trial 208 observation

Trial 204 # Trial 208 Observational Study 116 (24 months) °
LS o (6 months of treatment)

treatment)

Intensive phase Continuation phase
(6-8 months; 24 months after SCC) (12-18 months; 216 months after SCC)
A
Completion of the Completion of the

intensive phase of treatment

continuation phase of treatment



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812

JUNE 7, 2012 VOL. 366 NO. 23

A Mycobacterial Growth Indicator Tube System
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Delamanid



Eur Respir J 2013; 41: 1393-1400

DOI: 10.1183/09031936.00125812

Copyright ©ERS 2013

ERJ Open articles are open access and distributed under the terms of the Creative Commons Attribution Non-Commercial Licence 3.0

Delamanid improves outcomes and 0
reduces mortality in multidrug-resistant

. ERJ Open
tuberculosis P
Vija Skripconoka*, Manfred Danilovils#, Lea Pehme#, Tarmo Tomson’,
Girts Skenders.*, Tiina Kummik”®, Andra Cirule*, Vaira Leimane*, Anu Kurve’,
Klavdia Levina', Lawrence J. Geiter’, Davide Manissero® and Charles D. Wells*
A. MDR-TB and XDR-TB Patients Together
Long-Term Treatment ¥ Short-Term Treatment All Patients
T_matment (N = 192) (N = 229) (N =421)
Outcome
1n0. (%) [95% CI] no. (%) [95% CI] no. (%) [95% CI]
Favourable 143 (74.5) [67.7 —80.5] * 126 (55.0) [483 —61.6]* 269 (63.9) [59.1 — 68.5]
Cured 110 (57.3) [50.0 — 64.4] 111 (48.5)[41.8-55.1] 221 (52.5) [47.6 —57.4]
Completed 33 (17.2) [12.1 —23.3] * 15 (6.6) [3.7 — 10.6] * 48 (11.4) [8.5 — 14.8]
Unfavourable 49 (25.5)[19.5-32.3]1* 103 (45.0)[38.4—51.7]* 152 (36.1) [31.5 —40.9]
Died 2(1.0)[0.1 -3.7]* 19 (83)[5.1 - 12.7] * 21 (5.0) [3.1 - 7.5]
Failed 32 (16.7)[11.7 — 22.7] 26 (11.4)[7.6 — 16.2] 58 (13.8) [10.6 — 17.4]

Defaulted 15 (7.8) [4.4 — 12.6] * 58 (25.3)[19.8 —31.5]* 73 (17.3)[13.8 — 21.3]
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Delamanid Safety Results

A Most adverse events mild to moderate and balanced
between delamanid and placebo groups

A Higher incidence QTcF prolongation, but no clinical
manifestations

A Drug Drug interaction studies show no significant
interactions with tenofavir, efavirenz or Kaletra

Gler et al. n engl j med 366;23 nejm.org june 7, 2012



Delamanid (Deltyba)

A 21/11/2013 Committee for Medicinal Products for
Human Use (European Medicines Agency):

I Recommended granting conditional marketing authorisation

I Restricted to pulmonary TB where alternative treatments
cannot be used due to resistance or intolerance

A Phase Il study underway
A Responsible Access Plan?



PA-824

A Nitroimidazo-oxazine (TB Alliance)
A Safe and efficacious (14 days)
A Side effects

Gastrointestinal
Reversible increase Cr
Very limited data

LogCFU change from baseline
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Linezolid

A MDR TB case series reported relatively high rates
treatment success.

A Clinical trial: addition of linezolid to failing XDR-TB
regimen, 87% of patients had a negative sputum culture
within 6 months of starting linezolid

Lee, n engl j med 367;16 october 18, 2012

A Adverse events: neurologic effects (optic and peripheral
neuropathy), lactic acidosis, and hematologic effects
(anemia, thrombocytopenia, and leukopenia).



Oxazolidinones in Development

A Sutezolid

| Better in vitro and mouse model activity
I Safe in healthy volunteers for 14 days

A AZD 5847
I MIC similar to Sutezolid
| Demonstrated mouse model efficacy
| Safe in healthy volunteers for 14 days



5Q109

A Diamine (ethambutol analogue)
A No cross resistance with ethambutol

A Synergy with isoniazid and rifampicin in
mouse model and with bedaquiline and
sutezolid



Repurposed Drugs

A Clofazimine
A Linezolid
A Carbapenems (Imipenem / Meropenem)



Clofazimine

Pros

A Potent anaerobic and
intracellular activity

A Potent sterilising activity in
mouse models

A Synergy effect in combination
studies in mouse models

A Low frequency of resistance
development

A Novel Mechanism of action

Cons

A Limited data of efficacy in
humans

A No effect in EBA (NC 003
study - 2 weeks)

A QT prolongation
A Skin discolouration
A Long half life (70 days)



Carbapenems

A Meropenem or Imipenem

A Combination with clavulanate
A Intravenous and 2-3x daily

A Generally well tolerated

A Side effects: anaphylaxis (0.01%), rash,
headache



What ' s Needed:

a regimen approach
A At least one new class

A At least 3 and max 5 effective drugs

A Effective against MDR and XDR strains

A Max of 6 months

A Oral

A Simple dosing schedule

A Good side effect profile, limited monitoring
A Minimal interaction with antiretrovirals

Principles for designing future regimens for multidrug-resistant
tuberculosis

Grania Brigden,® Bern-Thomas Nyang'wa,” Philipp du Cros,” Francis Varaine,®
Jennifer Hughes,® Michael Rich,® C Robert Horsburgh Jr,! Carole D Mitnick,?
Eric Nuermberger," Helen Mcllleron,' Patrick P J Phillips' & Manica
Balasegaram®



MDR TB New Drug Trials
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MDR TB New Drug Trials
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Novel
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Bedaquiline phase Il
MARVEL Trial
Nix Trial



