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Discovery Timeline for TB Drugs:
Before antibiotics, TB was most often a death sentence

Bedaquiline
received U.S FDA
accelerated
approval

1st antimycobacterial
discovered Rifampin™

(streptomycin) discovered

BCG Vaccine Isoniazid Bedaquiline
discovered discovered discovered

 For drug-resistant TB there are few treatment options, and when left untreated or
inadequately treated, the risk of spreading additional drug-resistant strains increases

* Antibiotic resistance in healthcare settings is a significant threat to public health. By
preventing antibiotic resistance in healthcare settings, transmission risk is reduced.

—
efp?a * Until bedaquiline, no new TB drugs with a new mechanism of Janssen )—

action had been introduced since Rifampin



Superiority Trial design thanks to unmet

Bedaquiline

BDQ inhibits ATP synthase, an enzyme
essential for generation of energy in
Mycobacterium TB, defining a new mode of
action

Based on the huge unmet need, superiority
“add on” design was feasible: The objective
of C208 is to demonstrate superiority in
antibacterial activity of 24 weeks of TMC207
treatment compared to placebo in addition
to a BR. A sample size of 75 subjects per
group (i.e., a total of 150 subjects) achieves
80% power to detect a difference of 22% in
the6-month (24 weeks) conversion rates
between the placebo group (50%) and the
TMC207 group(72%) at a 5% level of
significance (2-sided).
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How was the 20% Improvement in

determined?

1970: rifampin
= First line regimen in DS-TB

= 2 month culture conversion
49 %

Streptomycin + INH + rifampin:
69 %

Streptomycin + INH:

= A=20%

Rifampin revolutionized the
treatment of DS-TB by
shortening it from 18 to 9m.
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Studies on the treatment of tuberculosis undertaken
by the British Medical Research Council

Tuberculosis Units, 1946—1986,

with relevant subsequent publications

Walllace Fox,* Gordon £ Ellard,” Denis £ . Mitchison®
* 318 Mount Arrat Road, Richesond, Sumay, TW 10 &P, UK, 751 Geoge’s Hosphal Madikal School, Londan, SW 17 ORE, UK

EUMMARY

This review describes the studies on the treatment of
tuberewdasis carried out by the British Midical Research
Councills tuberculosis units and thesr many collabora-
tors throeghout the world during the period from thesr
formation in 1948 to their closure in 1936, References
10 all publications on studies daring the period are ised.
The review also incled= selertad publications by mem-
bers of their stafil who have contioused the stuedias since
closure of the units. The review is under four main head-
ings 1) oomirolled irials of chemotheragy, 2) bacterio-
Iogacal studies, 3) pharmacological sudies, and 4} stud-
ies of surveillance and policies relevant to the control of
tuberodois.

Major events in the devdopment of modern chemn-
therapy and the controd of reberculosis are as follows:

7 1961 onwards: Exploration of intermittent regl-
mess of chemotherapy o assist implenemation
of full supervisioa.

E 1970 The firm demosstration that indession of
rifampicin or pyrazinamide ina reglmen of sinep-
tesmrycin and isonlazid sebetanially reduced the
subsequesnt r rate.

9 18972-1974: Demonsiration that the period of
treatment could be shoriened to & months by the
inclusdon of rifampicin and pyrazinamide in
the regamen.

10 197&: Delineation of modern short-cours: dheme-
therapy regimemn by showing that the sterlixiog
activity of pyrazinamide was confined 1o the firs
1 momks of treatment during the intensive phase,



Significance of a 20% Improvement in
Culture Conversion Rate?

1970: rifampin 2012: bedaquiline

= First line regimen in DS-TB = Second line regimen in MDR-
= 2 month culture conversion B
Streptomycin + INH: 49 % = 6 month culture conversion
Streptomycin + INH + rifampin: 5-drug background + placebo: 58 %
63 % 5-drug background + BDQ: 79%
" A=20% = A=21%

Rifampin revolutionized the Bedaquiline could
treatment of DS-TB by play a significant role

shortening it from 18 to 9m. in MDR-TB treatment.




Bedaquiline Development Program

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 ‘ ’
Non-clinical

Phase | 11 trials

C202 C208 Stage 1

75 pts / 47 MDR-TB pts/
Phase Il C208 Stage 2,

160 MDR, pre-XDR-TB pts /
C209, 233 MDR,
pre-XDR, XDR-TB pts /

EAP/CU/ATU >800 patients /
Phase llI

N STREAM

Pediatric PK Study , Ko

Phase IV : Ml Multi-country
Registry

-
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Development activities (trials) with
bedaquiline




Phll: C208 Study Design

Last study visit
120 weeks

(30 months)
44— 18-24-month total MDR-TB treatment

>

26 months
treatment-free
follow up

Investigational
treatment phase

Post-investigational
treatment phase

24 weeks 96 weeks
* 160 adults with :
untreated smear- Placebo + BR BR only
positive MDR-TB

« Randomised 1:1; 24-week 120-week
stratified for site and = evaluation analysis
lung cavitations

« BDQ 400mg qd for 24 weeks 96 weeks

14 days, then 200mg

tiw

Objective: Demonstrate superiority of BDQ vs placebo at 24 weeks in the mITT population




Phll C208:
Trial sites and patient recruitment (ITT population)

S : . |
Eastern Europe (N=13) : Asia (N=10)
Latvia N=6 . IndiaN =5
Russia N=7 Philippines N=3
gk ash Thailand N=2

8 South America (N = 24)
Brazil N = 4
Peru N=20

efpia



Proportion of culture positive patients

Superiority based on a surrogate marker: Phll C208 Stage

2: Significant reduction in time to conversion

= Median time to culture conversion (mITT) = 83 days for bedaquiline

versus 125 days for placebo

1.0 —
Primary analysis: Secondary analysis:
p<0.001 for the p=0.008 for the
0.8 — difference in TtC difference in proportion
o644  EFYy L R
50% 4 “““ V V
e e - s et — — = ———— A — Placebo + BR
0.4 — ] (n=81)
H 58%
1
]
i Bedaquiline + BR
0.2 — i (n=79)
i 79%
i
1
0- !
| | | | | | 1
BAS 4 8 12 16 20 24
Time to culture conversion (week)
p-value from Cox proportional model adjusting for strata
The intersection of horizontal dotted line and each treatment arm
represents the median time to sputum conversion Diacon AH, et al. N Engl J Med 2014;371:723-32
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Superiority based on traditional endpoints of TB:
Increased cure rate: Outcome at study end (120 weeks; miTT)

« Validation of the surrogate marker (24 w culture conversion)

Study definition

(Missing=Treatment failure) WHO definitions'

100 - 100 -

90 - 90 -
g 30 - m Treatment failure %", 30 - m Death
)
c 70 - £ 70 -
S 60 - mReverted to positve 2 gg m Transfer
- : 2
- after conversion o) out/default
S 50 2 50 -
c o S |
v 40 - m Discontinued after e 40 - m Treatment failure
g conversion e
o 30 - © 30 -
£ =
= 20 - m Conversion 20 - m Cure

10 - 10 -

0 - 0 -
BDQ + BR Placebo + BR BDQ + BR Placebo + BR
N=66 N=66 N=66 N=66

efpfa Janssen?



An adequate safety data-base:
Phll C209: Single-arm, open-label, multicentre study

e (C209%*included 233 adults with either newly or non-newly diagnosed confirmed
smear-positive pulmonary MDR-TB disease, including pre-XDR- and XDR-TB

Last study visit
120 weeks
(30 months)
44— Overall treatment phase —_— <4—
18-24 month total MDR-TB treatment »6 months l

treatment-free

1 Post-investigational p
1 ollow up

1 dlinecnt Drd
2 weeks 24 weeks 96-week follow-up

Open label

Screening IBR + BDQ: 400mg qd for 14

(N=294) days, then 200mg tiw IBR alone

24-weeks (primary efficacy endpoint)

*NCT00910871

efp’ra janssen J



PhIl C209:
Trial sites and patient recruitment (ITT population)

S Jp— Yo N
" - '].:'. L] . II T \ 4

= S —
Eastern Europe (N=52) Asia (N=84)
Ukraine N=13; Latvia N=12 e 0 China N=51
Russia N=12; Estonia N=8 - ' Republic of Korea N=21
Turkey N=7 o Philippines N=5
g Thailand N=7




Efficacy results consistent with C208 for surrogate and traditional
endpoints; Phll C209: Time to culture conversion (MGIT) on BDQ (mITT final analysis)

Proportion of patients (%)

107 Responders 148 (72%) Cure 125 (61%)
Non responders Completed 3(1%)
0.8 -
* Failed to convert 15 (7%) Treatment failure 32 (16%)
* Revert to positive . Transfer out/ .
0.6 - after converted 7(3%) default 31(15%)
_59_%_ _______ * Discontinued but .
21 (10%)
converted
0.4 - 5
] * Death 14 (7%) Death 14 (7%)
0.2 - ! 79.5% culture converted at Week 24’
i _
0 1 ; 1 1 1 1 1 1 1 1 1 1
BAS 112 24 36 48 60 72 84 96 108 120
Time to culturé conversion:
57 days (median) Week

1. Haxaire M, et al. Int J Tuberc Lung Dis. 2011;14 Suppl 3:558
2. Pymetal, ERJ Express, Dec 2015; doi: 10.1183/13993003.00724-2015:




FDA Approval (December 2012)
EMA Approval (March 2014)

& Sirturo

bed:’:‘iCIL.Ih"‘E Twitter Coverage
100 tabiats for SIRTURD™
Accelerated Approval

ANNUAL REPORT

A Breakthrough, Possibly a Beginning

Ban Gates = BibGates
Mearty 1.4m dist from# tubercuiosis in 2001, sz s mciting to s naw
ool in the fight against the diseasa: b-gates 13mRRw
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SCRIP Inteligence @scripnews
miF|  Jallarssen gain 15t US approval in MOR-TE with Sirture - The US FDW
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Routors Haalth @festers Health
U5 approves drug-mesistant tuberculosts trestment from 80
bt bW T2

TE &llance @TRAlGRE
J&l Sirturo Wins FI& Approval to Treat Dneg- Resistant TH
beeswio o VBl wia @B

In Swaziland, 32-year-old mother Happiness Dlamini no longer sleeps next to her 4-year-old daughter.
Happiness has multidrug-resistant tuberculosis (MDR-TB). The highly contagious infection has put a painful
physical distance between Happiness and those she loves. She takes 15 pills every day and will do so for
another 20 months. And while the pills may treat her MDR-TE, they have many side effects that can make
her feel sick.

MEF Aoces= Campaign @M5F_aooss

#M5F c@is for 15t now # TE drug in 50yrs © be made mone avaliabie
to pecple Ini kigh-burden muntres ASAP oy osVE

NY Timess Healtth @nytimeshealts
Happiness's story and others like hers are shared through TB+ME, a collaborative blogging project by F0LA Approves Sirturn, 2 Mew Tubartulosts Dinsg ©oofwgy kS
patients being treated for MDR-TB in locations around the world who want to raise awareness of the disease

and the suffering they endure.
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http://www.2012annualreport.jnj.com/stories/a-breakthrough-possibly-a-beginning?autoplay=true

Impact of New Drugs under
programmatic conditions and
evolving Standard of Care




Worldwide Exposure to BDQ 10/16: 12,455 patients in 74
countries (c); =>10,000 patients in 23 high MDR-TB burden c’s.

Treatments 1— H.IHE.1QD—49‘B.5[H]+

WHO Member States reporting use = 69

High MDR-TB burden countries reporting use = 23




South Africa:
Commitment and
Collaboration

“...Treatment
outcomes in
Pre/XDR TB are
now overtaking our
outcomes in MDR-
TB: New Drugs are
the top priority.”

A story of successful 4 ? .§
private public partnership ; = Zae

Introduction of bedaquiline into
the National TB programme of South Africa
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Bedaquiline RWE: Use in Hardest-to-Treat Patients

Description of three cohorts of patients started on bedaquiline-contaming treatment regumens

Period reported Franceld South Africa3? Armenials

January 2010-July 2013 March 2013—July 2014 March 2013—January 2015

MNumber of patients 33= 01 33
XDR-TB 543% 374% 45%
Pre-XDR-TB(FQ) 28.6% 45.1% 40%,
Pre-XDR-TB (Inj) 11.4% 17.6% 6%
Median age (vears) 39 35 4235
Sex. male BO% 60 4% 87T%
HIV positive 0 59.3% 4%
Lzd® 04.3% 703% 100%
Tmp2 65.7% 0% 75%
Ctz2 143% 74.7% 74%

Grania, Brigden, Hewison, Cathy, Varaine, Francis, New developments in the treatment of drug-resistant
tuberculosis: clinical utility of bedaquiline and delamanid, Doverpress, 30 October 2015 Volume 2015:8
Pages 367—378 http://dx.doi.org/10.2147/1DR.S68351



https://www.dovepress.com/infection-and-drug-resistance-archive28-v893
https://www.dovepress.com/new-developments-in-the-treatment-of-drug-resistant-tuberculosis-clini-peer-reviewed-fulltext-article-IDR

Evidence of Impact:
Bedaquiline regimens near outcomes in Drug Sensitive TB*

Summary of available culture conversion and safety data from three cohorts of patients given bedaquiline-contaming regimens

Francelg South Africal? Armenials
Culture conversion at & months among patients culture positive at baseline 28/20 (07%) 33/43 (77%) 22/26 (84%)
Early mortality (=24 weeks bedaquiline)? 1/35(3%) 1/63 (1.6%) 4/53 (75%)
Increase in QTcB/F (ms) 10 ﬁb g< Mot reported
QTcB T increase /35 (20%) =60ms 24/91(26.3%) =50 ms Not reported
QTcB/F =300 ms 3/35 (9% 3/01 (3 2%) Mot reported
Discontinuation of bedaquiline 2/3 :?51 (6%) 19151 %a) Mot reported
Patients with serious adverse events reported (unrelated to bedaquiline) 1/33(3%) 0/01 (9.9%) 4/33 (8%)
Grania, Brigden, Hewison, Cathy, Varaine, Francis, New developments in the treatment of drug-resistant tuberculosis: * WHO Global Average: 48%

clinical utility of bedaquiline and delamanid, Doverpress, 30 October 2015 Volume 2015:8 Pages 367—378
http://dx.doi.org/10.2147/1DR.S68351



https://www.dovepress.com/infection-and-drug-resistance-archive28-v893
https://www.dovepress.com/new-developments-in-the-treatment-of-drug-resistant-tuberculosis-clini-peer-reviewed-fulltext-article-IDR

Evolving SOC & Response by the
field to the remaining unmet need:
Treatment shortening/simplification




Simpler Regimens

"W+ DOESIT*>

sy s TAKE TO TREAT ONE PERSON

wo Ok

H oLl
Use courtesy of MSF
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https://www.youtube.com/watch?v=CSvLwb6ng5o

Simpler Regimens

We need better treatment now

TOTAL PILL COUNT:

-14,600 PILLS

Use courtes y of MSF
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Bangladesh Regimen: A treatment reality

First results reported from 9-country observational study in francophone Africa

Researchers participating in a cohort study coordinated by the International Union Against
Tuberculosis and Lung Disease (The Union) announced results from the first multi-country
cohort of MDR-TB patients treated using a shortened, 9-month treatment regimen. Among a
cohort of 507 adult patients, 80.9% had treatment success, 7.7% died, 6.5% were lost to
follow-up and 4.9% were treatment failures. Patients participated from nine francophone
countries in sub-Saharan Africa: Benin, Burkina Faso, Burundi, Cameroon, Cote d’lvoire,
Niger, Central African Republic, Democratic Republic of Congo and Rwanda.

“These preliminary results from using a 9-month MDR-TB treatment regimen are excellent,”
said Dr Arnaud Trebucqg of The Union, a lead investigator of the study. “Implementing the
shortened regimen is proving feasible and with improved outcomes compared with the
standard MDR-TB treatment regimen.”

Francophone African experience teaches us that policy guidance can be informed by

operational research done by NTP’s in a manner that is faster, more efficient, and
cheaper than doing clinical trials.

http://www.medicalbrief.co.za/archives/nine-month-regimen-successful-in-
treating-mdr-tb-francophone-africa-study/

efp’fa janssenj'



Bangladesh
(5/12/16)

9-month
treatment regimen

9-country

Observational Study
—_— 2

>80%

- curerates

~2000 pills

2016 Policy Updates

World Health
Organization

XY, World Health

2 Organization

THE SHORTER
MDR-TB REGIMEN

BACKGROUND

Mutignuz-resistsnt tuberculosiz |MDR-TB) is a
puinlic heafth crisis and = giobal health security
risk carrying grave consequences for those
affected.

An estimates 420 000 people developes MDR-TS
in 2014 snd 190 000 peopls died a5 & result ofit.
MDR-TE cannot be trested with the standard &-
month course of first-line medication which is
effactive in mast TS patients.  Patients with
rifampicin-resistant or MDR-TS are treated with 8
ditferent combination aof sscond-line  drugs,
uzuslly for 18 months or mors. Attempts to
reduce the length of conventional MDR-TS
regimens and to use a combination of drugs
which is tolerable have be=n ongoing for several
yE8rs through various studies.

Racentty, 8 standsrdized trestment regimen
Iasting bess than 12 months has been ussd in &
number of countries (se= map]. It has shown
promising results in selected MOR-TE patients
Based on data from these studies, WHO updated
its treatmant muidelines for drug-resistant TB in
May 205 and included & recommencation on
the use of the shorter MOR-TE regimen under
spadific conditions,

This new recommendation is expected to benefit
the masjority of MD®-TS patizpts worldwioe:
however, thers Bre sarious risks for worsening
resistance: if the regimen is used inappropriately
|2z in XDR-TE patients).

" WHO encourages ongoing and fture randomized

controfisd  dinical trisis to  strengthen  the
evidence base for shorter snd mome effective

Countries using the sherter MDR-TE regimen
{in aodition, Ethiopks, Scuth ATice, viet Nam and Mongolia
are participating in the ciiniol trisl)

Anrgazas
Bariz

Burtira Faaz
Burundl

Carvtrul African Rmpubilc
[

A Cangs

Mg

Fowurca

Zangal

Swarians

Urbakiriaz

FEATURES OF THE

SHORTER MDR-TB REGIMERN

v  Standardized shorter MDR-TE regimen with sewven
dnugs and 8 trestment durstion of §-12 months

*  Indicat=d conditionaly in MD®-TB or ritsmpicin-
resistant-T8, regarciess of patient ag= or HIV status

" Monitoring fior effectivensss, harms and retapse will
be needed, with patient-centred care and social
suppart to enadle adherence

*  Programmatic use is feasioie in most settings
woridwide

" Lowered costs [<US51.000 in drug cosis/patient] and
reduced patient loss expected

' Exclusion oriteria: 2™ line drug resistance,
extrapuimonany disease and pregrancy.




US Government:
A Call to Action

The goals of the National Action Plan are to:
1. Strengthen domestic capacity to combat MDR-TB;
2. Improve international capacity and collaboration to combat MDR-TB; and
3. Accelerate basic and applied research and development to combat MDR-TB.

NATIONAL ACTION PLAN FOR
COMBATING MULTIDRUG-RESISTANT
TUBERCULOSIS




NATIONAL ACTION PLAN FOR
COMBATING MULTIDRUG-RESISTANT

US Government:
A Call to Action *

MILESTONES

Within 1 year:

. |USAID will work with up to 5 countries® to introduce a new MDR-TB drug (bedaquiline, delamanid, or both); I
an

¢ JUSAID will work with 1 country® to scale-up use of bedaquiline or delamanid. I

Within 3 years:

. |USAID will work with up to 10 countries® to introduce new MDR-TB drugs (bedaquiline, delamanid, or |
both);

3.3.2. Enhance kmowledge to enable optimal and safe use of newly registered TB drugs

Two new drugs, bedaquiline and delamanid, have received recent approvals by regulatory authorities in the
United States, FDA, and in Europe, European Medicines Agency (EMA), rEISpECtiVEW, for treatment of drug-
resistant TB when no other treatment options are available. Intensified efforts are needed to determine:

¢ How tointegrate these new drugs into existing regimens in ways that allow safe and efficacious use; and




The field is running with shortened simplifed
regimens— An Overview of Key Regimens in
Development

Bedaquiline for MDR-TB: (END TB programmatic use: PIH/MSF)

Delamanid for MDR-TB: (END TB programmatic use: PIH/MSF; Phase 111 Otsuka)
Bedaquiline + Delamanid for Pre-XDR/MDR (NIH)
Pretomanid-Bedaquiline-[oxazolidinone] for XDR-TB (TBA, NiXTB)
Delamanid-Bedaquiline-LZD/CFz/ other: MDR 9m (END-TB: PIH/MSF)
Pretomanid-Bedaquiline-LZD/CFzZ/other: MDR 6 m (MSF TB : Practecal)

Bedaquiline—LZD/PZA/LEV/ETOH/-INH for 6-9 m v- SOC w/injectable for 24 m
(NeXT Study, South Africa)

Bedaquiline + Delamanid for Pre-XDR/XDR 6m (USAID)




THE STOP TB

PARTNERSHIP

i_!:'l:fl:jil"'!::_:_ the | E:]i'lr againsi B

Accelerating action to meet the
SDG TB targets: the case for a UN
High Level Meeting on TB in 2017

By Honorable Minister Aaron Motsoaledi

For the treatment of those diagnosed, we are using new drugs such as Bedaquiline
and we plan to introduce the shorter MDR-TB regimens in January 2017. [U1]

Even if we have these new medicines, we must continue to push for better, shorter,
less toxic MDR-TB regimens through targeted research. Our programme, in
collaboration with U.S. Agency for International Development (USAID) will
evaluate the efficacy, safety and tolerability of a six-month regimen (a combination
of Bedaquiline and Delamanid with one to two other TB medicines) especially for
patients with drug resistance to isoniazid, rifampicin and a quinolone. If
successful, this could have a major impact on the MDR TB epidemic globally.

efp’fa Janssenj’




Challenge:

e With the approval of new drugs
establishing high cure rates in MDR-TB

* Regimen optimization with new drugs
being undertaken by the field

e Continued research is needed for an

ultra short, simple, safe universal
regimen




HOPE EMERGES

when we work together to cure TB

“—
janssen J | s
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