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Overview


•  TB	
  treatment	
  clinical	
  trials:	
  treatment	
  shortening	
  
•  Historical	
  trials	
  (1970s-­‐1980s)	
  
•  Recent	
  and	
  ongoing	
  drug	
  sensi8ve	
  TB	
  (DS-­‐TB)	
  trials	
  
•  Recent	
  and	
  ongoing	
  mul8drug-­‐resistant	
  TB	
  (MDR-­‐TB)	
  trials	
  

•  Future	
  trials:	
  new	
  paradigm	
  for	
  evalua8ng	
  novel	
  drugs	
  and	
  drug	
  
combina8ons	
  –	
  NexGen	
  EBA	
  



Historical  TB  Treatment  Shortening  Trials


•  Shortening	
  TB	
  treatment	
  dura8on	
  has	
  been	
  a	
  major	
  goal	
  of	
  TB	
  since	
  
effec8ve	
  an8bio8c	
  therapy	
  was	
  iden8fied	
  
•  From	
  1950s	
  to	
  1980s,	
  Bri8sh	
  Medical	
  Research	
  Council	
  (BMRC)	
  successfully	
  
conducted	
  mul8ple	
  trials	
  to	
  reduce	
  treatment	
  dura8on	
  from	
  24	
  to	
  6	
  months,	
  
maintaining	
  relapse	
  rates	
  1-­‐2%	
  
•  In	
  1970s-­‐1980s,	
  a^empts	
  to	
  reduce	
  dura8on	
  further	
  to	
  4	
  or	
  3	
  months	
  failed,	
  
with	
  relapse	
  rate	
  increasing	
  to	
  about	
  12%	
  for	
  4-­‐mo	
  treatment	
  
•  6	
  months	
  became	
  the	
  standard	
  treatment	
  dura8on	
  for	
  DS-­‐TB	
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Historical  TB  Treatment  Shortening  Trials
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Historical  TB  Treatment  Shortening  Trials
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Recent  and  Ongoing    
Treatment  Shortening    

DS-­‐TB  Trials
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Results:  Primary  Endpoint

	
  	
   Months	
  

1-­‐2	
  
Months	
  	
  
3-­‐4	
  

Months	
  	
  
5-­‐6	
  

Unfavorable	
  Outcome	
  (per	
  protocol)	
  
(adjusted	
  difference	
  from	
  control)	
  

RIFAQUIN	
   	
  	
  
Control	
   HRZE	
   HR	
   HR	
   4.9%	
  (18	
  mo	
  post	
  randomiza8on)	
  

Arm	
  1	
   MRZE	
   MP	
  	
  
(1x/wk)	
  

MP	
  	
  
(1x/wk)	
  

3.2%	
  (-­‐1.8%,	
  95%	
  CI	
  -­‐6.9	
  to	
  3.3)	
  

Arm	
  2	
   MRZE	
   MP	
  	
  
(2x/wk)	
  

-­‐-­‐	
   18.2%	
  (13.6%,	
  95%	
  CI	
  7.0-­‐20.2)	
  

OFLOTUB	
   	
  	
  
Control	
   HRZE	
   HR	
   HR	
   11.3%	
  (24	
  mo	
  post	
  randomiza8on)	
  
Interven8on	
   HRZG	
   HRG	
   -­‐-­‐	
   17.7%	
  (5.5%,	
  95%	
  CI	
  1.6-­‐9.4)	
  
REMoxTB	
  	
   	
  	
  
Control	
   HRZE	
   HR	
   HR	
   8%	
  	
  (18	
  mo	
  post	
  randomiza8on)	
  
INH	
  arm	
   HRZM	
   HRM	
   -­‐-­‐	
   15%	
  (6.1%,	
  97.5%	
  CI	
  1.7-­‐10.5)	
  
ETH	
  arm	
   MRZE	
   MR	
   -­‐-­‐	
   20%	
  (11.4%,	
  97.5%	
  CI	
  6.7-­‐16.1)	
  

H	
  =	
  isoniazid 	
  M	
  =	
  moxifloxacin	
  
R	
  =	
  rifampin 	
  P	
  =	
  rifapen8ne	
  
Z	
  =	
  pyrazinamide 	
  G	
  =	
  ga8floxacin	
  
E	
  =	
  ethambutol	
  



Beijing  Chest  Hospital  Shortened  Regimens  for  DS-­‐TB


•  Randomized,	
  controlled,	
  non-­‐inferiority	
  study;	
  sample	
  size:	
  3900	
  with	
  
noninferiority	
  margin	
  5%	
  
•  Inclusion	
  criteria:	
  adults,	
  AFB	
  smear	
  posi8ve;	
  exclusions:	
  HIV+,	
  
uncontrolled	
  diabetes	
  
•  Loca8ons:	
  mul8ple	
  sites	
  across	
  China	
  
•  Study	
  started	
  August	
  2016;	
  es8mated	
  comple8on	
  December	
  2020	
  

	
  	
  
Months	
  
1-­‐2	
  

Months	
  
3-­‐4	
  

Months	
  
5-­‐6	
  

Control	
   HRZE	
   HR	
   HR	
  
Arm	
  1	
   HRZEL	
  (4.5	
  mo)	
  
Arm	
  2	
   HRZE	
  (4.5	
  mo)	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  
L	
  =	
  levofloxacin	
  



	
  	
  
Months	
  
1-­‐2	
  

Months	
  
3-­‐4	
  

Months	
  
5-­‐6	
  

Control	
   HR10ZE	
   HR	
   HR	
  

Arm	
  1	
   HR35ZE	
   HR	
  

Arm	
  2	
   HR10ZQ	
   HR	
  

Arm	
  3	
   HR20ZQ	
   HR	
  

Arm	
  4	
   HR20ZM	
   HR	
  

(PanACEA)	
  



RIFASHORT  
Randomized  Trial  to  Evaluate  Toxicity  and  Efficacy  of  1200mg  and  1800mg  
Rifampicin  for  Pulmonary  Tuberculosis


• Randomized,	
  phase	
  3	
  study;	
  sample	
  size:	
  654	
  
•  Inclusion	
  criteria:	
  adults;	
  exclusion:	
  HIV,	
  diabetes	
  
•  Loca8ons:	
  Botswana,	
  Uganda,	
  Peru	
  
•  Study	
  started	
  February	
  2017;	
  es8mated	
  comple8on	
  January	
  2020	
  

	
  	
  
Months	
  
1-­‐2	
  

Months	
  
3-­‐4	
  

Months	
  
5-­‐6	
  

Control	
   HR600ZE	
   HR600	
   HR600	
  
Arm	
  1	
   HR1200ZE	
   HR1200	
  
Arm	
  2	
   HR1800ZE	
   HR1800	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  



Primary	
  endpoint:	
  week	
  8	
  culture	
  conversion	
  



TBTC  Study  31/ACTG  Study  A5349


• Randomized	
  phase	
  3	
  study;	
  sample	
  size	
  2500	
  
•  Inclusion	
  criteria:	
  Adults;	
  children	
  ≥12;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  ≥100	
  
•  Loca8ons:	
  mul8ple	
  interna8onal	
  sites	
  in	
  Asia,	
  Africa,	
  North	
  America,	
  
South	
  America	
  
•  Study	
  started	
  January	
  2016;	
  es8mated	
  comple8on	
  December	
  2019	
  

	
  	
  
Months	
  
1-­‐2	
  

Months	
  
3-­‐4	
  

Months	
  
5-­‐6	
  

Control	
   HRZE	
   HR	
   HR	
  
Arm	
  1	
   HPZE	
   HP	
  
Arm	
  2	
   HPZM	
   HPM	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  
P	
  =	
  rifapen8ne	
  1200	
  mg	
  
M	
  =	
  moxifloxacin	
  



	
  	
  
Months	
  	
  
1-­‐2	
  

Control	
   HRZE	
  
DS-­‐TB	
  1	
   Pa100MZ	
  
DS-­‐TB	
  2	
   Pa200MZ	
  
MDR-­‐TB	
   Pa200MZ	
  

Comparison	
  of	
  Pa200MZ	
  vs	
  HRZE:	
  
•  Solid:	
  P=0.028,	
  HR=1.527	
  (95%	
  CI	
  1.070-­‐2.181)	
  
•  Liquid:	
  P=0.035,	
  HR=1.676	
  (95%	
  CI	
  1.059-­‐2.650)	
  



NC-­‐006  STAND  (PaMZ)


•  Par8ally	
  randomized	
  phase	
  3	
  study;	
  sample	
  size	
  1500	
  
•  Inclusion	
  criteria:	
  Adults;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  ≥100;	
  stable	
  diabetes	
  
•  Loca8ons:	
  mul8ple	
  interna8onal	
  sites	
  in	
  Asia	
  and	
  Africa	
  
•  Study	
  started	
  February	
  2015;	
  paused	
  aoer	
  284	
  enrolled	
  due	
  to	
  hepatoxicity	
  
•  Closed	
  to	
  new	
  enrollment	
  due	
  to	
  results	
  of	
  NC-­‐005	
  study	
  

	
  	
  
Months	
  	
  
1-­‐2	
  

Months	
  	
  
3-­‐4	
  

Months	
  	
  
5-­‐6	
  

Control	
   HRZE	
   HR	
   HR	
  
DS-­‐TB	
  1	
   Pa200MZ	
   Pa200MZ	
   Pa200MZ	
  
DS-­‐TB	
  2	
   Pa200MZ	
   Pa200MZ	
  
DS-­‐TB	
  3	
   Pa100MZ	
   Pa100MZ	
  
MDR-­‐TB	
   Pa200MZ	
   Pa200MZ	
   Pa200MZ	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  
Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  
M	
  =	
  moxifloxacin	
  



NC-­‐005  BPaMZ


•  From	
  October	
  2014-­‐May	
  2016,	
  180	
  DS-­‐TB	
  pa8ents	
  randomized	
  to	
  3	
  arms,	
  
60	
  MDR-­‐TB	
  pa8ents	
  enrolled	
  in	
  South	
  Africa,	
  Tanzania,	
  and	
  Uganda	
  
•  Par8cipants	
  treated	
  on	
  study	
  for	
  2	
  months,	
  then	
  referred	
  for	
  con8nued	
  
treatment	
  

	
  	
   N	
  
Months	
  	
  
1-­‐2	
  

Culture	
  negaSve	
  
(Solid	
  Culture)	
  

HR	
  (95%	
  CI)	
  
(Solid	
  Culture)	
  

Culture	
  negaSve	
  
(Liquid	
  Culture)	
  

HR	
  (95%	
  CI)	
  
(Liquid	
  Culture)	
  

Control	
   61	
   HRZE	
   86%	
   1.0	
   51%	
   1.0	
  
DS-­‐TB	
  1	
   59	
   BloadingPaZ	
   89%	
   1.3	
  (0.9-­‐1.8)	
   66%	
   1.7	
  (1.1-­‐2.8)	
  
DS-­‐TB	
  2	
   60	
   B200PaZ	
   84%	
   1.1	
  (0.8-­‐1.6)	
   75%*	
   2.0	
  (1.3-­‐3.2)	
  

MDR-­‐TB	
   60	
   B200PaMZ	
   100%*	
  (Z-­‐sens)	
  
95%*	
  (Z-­‐res)	
  

2.2	
  (1.5-­‐3.2)	
  
2.6	
  (1.5-­‐4.6)	
  

96%*	
  (Z-­‐sens)	
  
78%*	
  (Z-­‐res)	
  

3.5	
  (2.1-­‐5.6)	
  
2.0	
  (1.1-­‐3.4)	
  

*	
  P<0.05	
  compared	
  to	
  control	
  

CROI	
  2017	
  abstract	
  724LB.	
  

H	
  =	
  isoniazid 	
  B	
  =	
  bedaquiline	
  
R	
  =	
  rifampin 	
  Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  
Z	
  =	
  pyrazinamide 	
  M	
  =	
  moxifloxacin	
  
E	
  =	
  ethambutol	
  



NC-­‐008  SimpliciTB  
Trial  to  Evaluate  the  Efficacy,  Safety  and  Tolerability  of  BPaMZ  in    
Drug-­‐Sensi\ve  (DS-­‐TB)  Adult  Pa\ents  and  Drug-­‐Resistant  (DR-­‐TB)  Adult  Pa\ents


•  Par8ally	
  randomized	
  phase	
  2c	
  study;	
  sample	
  size	
  450	
  
•  Inclusion	
  criteria:	
  Adults;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  ≥100;	
  FQ	
  sensi8ve;	
  stable	
  diabetes	
  
•  Loca8ons:	
  mul8ple	
  interna8onal	
  sites	
  in	
  Africa,	
  Asia,	
  Europe,	
  and	
  South	
  America	
  
•  Study	
  started	
  August	
  2018;	
  es8mated	
  to	
  complete	
  in	
  2022	
  

	
  	
  
Months	
  	
  
1-­‐2	
  

Months	
  	
  
3-­‐4	
  

Months	
  	
  
5-­‐6	
  

Control	
   HRZE	
   HR	
   HR	
  
DS-­‐TB	
   B200PaMZ	
   B100PaMZ	
  
DR-­‐TB*	
   B200PaMZ	
   B100PaMZ	
   B100PaMZ	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  
B	
  =	
  bedaquiline	
  
Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  200mg	
  
M	
  =	
  moxifloxacin	
  

*	
  Resistant	
  to	
  either	
  INH	
  or	
  RIF	
  



DMID  01-­‐009


•  Trial	
  only	
  shortened	
  treatment	
  to	
  4	
  mo	
  
among	
  those	
  with	
  less	
  severe	
  disease:	
  
•  No	
  cavity	
  on	
  baseline	
  CXR	
  
•  Sputum	
  culture	
  converted	
  to	
  nega8ve	
  by	
  2	
  
months	
  of	
  treatment	
  

•  Trial	
  stopped	
  early	
  due	
  to	
  higher	
  
relapse	
  rate	
  in	
  4-­‐mo	
  arm	
  compared	
  to	
  
6-­‐mo	
  arm	
  (7.0%	
  vs	
  1.6%,	
  p<0.01)	
  
• Despite	
  study	
  failure,	
  4-­‐mo	
  arm	
  
treatment	
  success	
  rate	
  increased	
  from	
  
about	
  80-­‐85%	
  to	
  93%	
  	
  

Johnson	
  JL.	
  Am	
  J	
  Respir	
  Crit	
  Care	
  Med,	
  2009.	
  180(6):	
  p.	
  558-­‐63.	
  	
  



Sensi\vity  of  CXR  for  Cavi\es




CT  Scan




Predic\ng  Treatment  Response:  Radiology


•  CXR	
  resolu8on	
  insufficient	
  to	
  
clearly	
  iden8fy	
  and	
  follow	
  disease	
  
pathology	
  
•  PET/CT	
  scans	
  well	
  established	
  in	
  
oncology	
  to	
  stage	
  disease	
  and	
  
predict	
  outcomes	
  
•  Analysis	
  of	
  35	
  MDR-­‐TB	
  pa8ents	
  
with	
  PET/CT	
  scans	
  at	
  0,	
  2,	
  6	
  mo	
  of	
  
treatment	
  
•  Changes	
  on	
  PET	
  and	
  CT	
  scans	
  
correlated	
  with	
  final	
  treatment	
  
outcomes	
  6	
  mo	
  aoer	
  end	
  of	
  
therapy	
  

Chen	
  RY.	
  Sci	
  Trans	
  Med	
  2014;6;265ra166.	
  	
  	
  



Predic\ng  Treatment  Response:  Microbiology


•  Tradi8onally	
  measured	
  by	
  month	
  2	
  sputum	
  culture	
  conversion	
  rate	
  as	
  
surrogate	
  marker	
  of	
  sputum	
  bacterial	
  load	
  
• Month	
  2	
  sputum	
  culture	
  conversion	
  rate	
  associated	
  with	
  treatment	
  relapse	
  
in	
  mul8ple	
  studies	
  
•  Associa8on	
  on	
  an	
  individual	
  pa8ent	
  level	
  is	
  poor	
  

Horne	
  DJ.	
  Lancet	
  Infect	
  Dis	
  2010;10:387-­‐94.	
  



Shenai	
  S.	
  PLoS	
  ONE	
  2016;11(8):e0160062.	
  

ROC	
  curve	
  for	
  direct	
  
Xpert	
  Ct	
  rela8ve	
  to	
  
culture	
  nega8vity	
  at	
  the	
  
same	
  8me	
  point;	
  AUC	
  
values:	
  
• Day	
  7	
  =	
  96.7	
  
• Week	
  4	
  =	
  91.2	
  
• Week	
  8	
  =	
  86.0	
  
• Week	
  24	
  =	
  90.2	
  

ROC	
  curve	
  for	
  direct	
  
Xpert	
  Ct	
  to	
  predict	
  
treatment	
  failure	
  at	
  the	
  
end	
  of	
  treatment;	
  AUC	
  
values:	
  
• Week	
  8	
  =	
  80.2	
  
• Week	
  24	
  =	
  90.2	
  

Predic\ng  Treatment  Response:  Bacterial  Load




Predict  TB  
Using  Biomarkers  to  Predict  TB  Treatment  Dura\on


DMID	
  01-­‐009	
  study	
  

• Baseline:	
  no	
  cavity	
  on	
  CXR	
  
•  Treatment	
  response:	
  	
  
•  Month	
  2	
  sputum	
  culture	
  nega8ve	
  

Predict	
  TB	
  
• Baseline:	
  PET/CT	
  burden	
  of	
  
disease	
  
•  Treatment	
  response:	
  

•  Month	
  1	
  PET/CT	
  burden	
  of	
  disease	
  
•  Month	
  4	
  Xpert	
  MTB/RIF	
  cycle	
  
threshold	
  

Study	
  
4-­‐month	
  Treatment	
  

Success	
  Rate	
  
Prior	
  studies	
  (no	
  stra8fica8on)	
   80-­‐85%	
  
DMID	
  01-­‐009	
   93%	
  
Predict	
  TB	
   ?	
  



Screening
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Complete	
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Completion:	
  
24	
  Week
ARM
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for	
  those	
  eligible	
  
for	
  early	
  
completion	
  only

Complete	
  
HR

18	
  months

Early	
  
Completion:	
  
16	
  Week	
  
ARM

16	
  	
  	
  	
  	
  	
  20	
  	
  	
  	
  	
  24

Complete	
  
HR

B

C

Fail	
  Early	
  Completion	
  
Criteria—Join	
  Arm	
  A

Legend

PET/CT

If	
  Person	
  
Passes	
  Early	
  
Completion	
  
Criteria

Enrollment

18	
  	
  months	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Primary	
  
Endpoint	
  

and	
  

Follow	
  up	
  
completed

Primary	
  
Endpoint	
  

and	
  

Follow	
  up	
  
completed

Primary	
  
Endpoint	
  

and	
  

18	
  	
  months	
  	
  	
  	
  	
  	
  	
  	
  	
  16	
  	
  	
  	
  	
  20	
   24

W4	
  PET/CT	
  will	
  be	
  done	
  in	
  Arm	
  A	
  if	
  resources	
  allow

PET/CT	
  for	
  Arm	
  A	
  at	
  either	
  Week	
  16	
  OR	
  Week	
  24

•  Par8ally	
  randomized	
  phase	
  2	
  
study;	
  	
  
•  Sample	
  size:	
  310	
  in	
  Arms	
  B	
  
and	
  C	
  combined	
  
•  Inclusion	
  criteria:	
  adults;	
  
HIV-­‐;	
  diabetes	
  nega8ve	
  	
  
•  Loca8ons:	
  	
  

•  Cape	
  Town,	
  South	
  Africa;	
  	
  
•  Henan,	
  China	
  

•  Study	
  started	
  June	
  2017;	
  
es8mated	
  to	
  complete	
  in	
  
2022	
  

Predict  TB  
Using  Biomarkers  to  Predict  TB  Treatment  Dura\on




TRUNCATE-­‐TB  
Two-­‐month  Regimens  Using  Novel  Combina\ons  to  Augment  Treatment  
Effec\veness  for  Drug-­‐sensi\ve  Tuberculosis


•  Randomized,	
  adap8ve	
  study	
  with	
  treatment	
  x2	
  mo	
  (may	
  be	
  extended),	
  those	
  who	
  relapse	
  (predicted	
  
to	
  always	
  be	
  drug	
  sensi8ve	
  and	
  to	
  occur	
  early)	
  will	
  be	
  retreated	
  with	
  standard	
  6	
  mo	
  regimen;	
  sample	
  
size	
  900	
  (180/arm)	
  

•  Hypothesis:	
  TRUNCATE-­‐TB	
  management	
  strategy	
  non-­‐inferior	
  to	
  standard	
  treatment	
  at	
  96	
  wks	
  (2	
  
yrs)	
  

•  Exclusion	
  criteria:	
  children,	
  severe	
  clinical	
  TB,	
  baseline	
  smear	
  3+,	
  CXR	
  cavity	
  >4cm,	
  HIV+,	
  poorly	
  
controlled	
  diabetes	
  

•  Loca8ons:	
  Philippines,	
  Singapore,	
  Thailand	
  
•  Study	
  started	
  March	
  2018;	
  es8mated	
  to	
  complete	
  March	
  2022	
  

	
  	
  
Months	
  	
  
1-­‐2	
  

Months	
  	
  
3-­‐4	
  

Months	
  	
  
5-­‐6	
  

Control	
   HR10ZE	
   HR	
   HR	
  
DS-­‐TB	
  1	
   HR35ZELi	
   *	
  
DS-­‐TB	
  2	
   HR35ZEC	
   *	
  
DS-­‐TB	
  3	
   HPZLiLe	
   *	
  
DS-­‐TB	
  4	
   HZELiB	
   *	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  
Li	
  =	
  linezolid	
  600	
  mg	
  
C	
  =	
  clofazimine	
  200	
  mg	
  
P	
  =	
  rifapen8ne	
  1200	
  mg	
  
Le	
  =	
  levofloxacin	
  1000	
  mg	
  
B	
  =	
  bedaquiline	
  *	
  If	
  persistent	
  symptoms	
  and	
  smear+	
  at	
  wk	
  8,	
  extend	
  treatment	
  

to	
  wk	
  12;	
  if	
  persistent	
  symptoms	
  and	
  smear+	
  at	
  wk	
  12,	
  switch	
  to	
  
standard	
  treatment	
  and	
  extend	
  to	
  24	
  wks	
  



Recent  and  Ongoing  
Treatment  Shortening    

MDR-­‐TB  Trials




Bangladesh  Regimen

•  Observa8onal	
  study;	
  pa8ents	
  assigned	
  
sequen8ally	
  to	
  one	
  of	
  six	
  standardized	
  regimens	
  	
  

•  “A	
  new	
  regimen	
  cohort	
  was	
  started	
  once	
  the	
  
outcomes	
  of	
  the	
  previous	
  one(s)	
  seemed	
  
sufficiently	
  clear,	
  without	
  striving	
  for	
  sta8s8cal	
  
significance.”	
  

Mo	
  1-­‐4:	
  kanamycin,	
  clofazimine,	
  ga8floxacin,	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ethambutol,	
  INH,	
  PZA,	
  prothionamide	
  
Mo	
  5-­‐9:	
  ga8floxacin,	
  ethambutol,	
  PZA,	
  clofazimine	
  



STREAM  Stage  1  
Evalua\on  of  a  Standard  Treatment  Regimen    
of  An\-­‐tuberculosis  Drugs  for  Pa\ents  With  MDR-­‐TB


•  Randomized	
  phase	
  3	
  study	
  with	
  10%	
  non-­‐inferiority	
  margin;	
  primary	
  outcome	
  at	
  
2.5	
  yrs	
  aoer	
  randomiza8on	
  	
  
•  Inclusion	
  criteria:	
  Adults;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  ≥50;	
  pre-­‐XDR	
  or	
  XDR-­‐TB	
  excluded	
  
•  Loca8ons:	
  Ethiopia,	
  Mongolia,	
  Vietnam,	
  South	
  Africa	
  	
  
•  Study	
  started	
  July	
  2012;	
  accrual	
  completed	
  June	
  2015	
  with	
  424	
  enrolled	
  	
  
•  Preliminary	
  results	
  presented	
  at	
  2017	
  Union	
  World	
  Conference	
  on	
  Lung	
  Health;	
  
final	
  results	
  in	
  2018	
  

	
  	
  
Months	
  	
  
1-­‐4	
  

Months	
  	
  
5-­‐9	
  

Months	
  	
  
10-­‐24	
  

Success	
  	
  
Rate	
  

Adjusted	
  
Difference	
  
(95%	
  CI)	
  

Control	
   Local	
  WHO	
   Local	
  WHO	
   Local	
  WHO	
   80.6%	
  
2.1%	
  

(-­‐6.9	
  to	
  11.2)	
  
MDR-­‐TB	
   MCEZKHPr	
   MCEZ	
   78.1%	
  

H	
  =	
  isoniazid	
  10	
  mg/kg 	
  C	
  =	
  clofazimine	
  
Z	
  =	
  pyrazinamide 	
   	
  K	
  =	
  kanamycin	
  
E	
  =	
  ethambutol 	
   	
  Pr	
  =	
  prothionamide	
  

	
   	
   	
  M	
  =	
  moxifloxacin	
  hi-­‐dose	
  



STREAM  Stage  2  
Evalua\on  of  a  Standard  Treatment  Regimen    
of  An\-­‐tuberculosis  Drugs  for  Pa\ents  With  MDR-­‐TB


•  Goals:	
  fully	
  oral	
  9-­‐month	
  regimen;	
  6-­‐month	
  regimen	
  
•  Randomized	
  phase	
  3	
  study;	
  sample	
  size	
  1155	
  with	
  10%	
  non-­‐inferiority	
  margin;	
  
primary	
  outcome	
  at	
  18	
  months	
  aoer	
  randomiza8on	
  (Regimen	
  B	
  is	
  control)	
  
•  Inclusion	
  criteria:	
  adults;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  ≥50;	
  pre-­‐XDR	
  or	
  XDR-­‐TB	
  excluded	
  
•  Loca8ons:	
  mul8ple	
  sites	
  in	
  Asia,	
  Africa,	
  Europe	
  
•  Study	
  started	
  April	
  2016;	
  es8mated	
  comple8on	
  December	
  2021	
  

H	
  =	
  isoniazid	
  10	
  mg/kg 	
  C	
  =	
  clofazimine	
  
Z	
  =	
  pyrazinamide 	
   	
  K	
  =	
  kanamycin	
  
E	
  =	
  ethambutol 	
   	
  Pr	
  =	
  prothionamide	
  
M	
  =	
  moxifloxacin	
  high	
  dose 	
  L	
  =	
  levofloxacin	
  

	
   	
   	
  B	
  =	
  bedaquiline	
  

	
  	
  
Months	
  
	
  1-­‐2	
  

Months	
  
	
  3-­‐4	
  

Months	
  
5-­‐6	
  

Months	
  
7-­‐9	
  

Months	
  
	
  10-­‐24	
  

Regimen	
  A	
   Local	
  WHO	
   Local	
  WHO	
   Local	
  WHO	
  
Regimen	
  B	
   MCEZHKPr	
   MCEZ	
  
Regimen	
  C	
   LCEZHBPr	
   LCEZB	
  
Regimen	
  D	
   LCZHKB	
   LCZB	
  (28	
  wks)	
  

STREAM	
  Stage	
  1	
  

L	
  for	
  M;	
  B	
  for	
  K	
  

6mo;	
  2mo	
  K;	
  no	
  E	
  



MDR-­‐END    
Treatment  Shortening  of  MDR-­‐TB  using  Exis\ng  and  New  Drugs


• Randomized	
  controlled	
  trial;	
  sample	
  size	
  238;	
  treated	
  for	
  9-­‐12	
  
months	
  depending	
  on	
  8me	
  of	
  sputum	
  culture	
  conversion	
  to	
  nega8ve	
  
•  Inclusion	
  criteria:	
  adults;	
  FQ-­‐resistance	
  excluded	
  
•  Loca8on:	
  South	
  Korea	
  
•  Study	
  started	
  Jan	
  2016;	
  es8mated	
  comple8on	
  Dec	
  2019	
  

D	
  =	
  delamanid	
  
Li	
  =	
  linezolid	
  600 	
  	
  
Le	
  =	
  levofloxacin 	
  	
  
Z	
  =	
  pyrazinamide	
  

	
  	
  
Months	
  
	
  1-­‐8	
  

Months	
  
	
  9-­‐12	
  

Months	
  
	
  13-­‐24	
  

Control	
   Local	
  WHO	
   Local	
  WHO	
   Local	
  WHO	
  
Experimental	
   DLiLeZ	
   DLiLeZ	
  



endTB    
Evalua\ng  Newly  Approved  Drugs  for  MDR-­‐TB


•  Phase	
  3	
  randomized	
  clinical	
  non-­‐inferiority	
  trial;	
  sample	
  size	
  750	
  
•  Inclusion	
  criteria:	
  Adults,	
  children	
  ≥15;	
  FQ-­‐resistance	
  is	
  excluded	
  
•  Loca8ons:	
  mul8ple	
  clinics	
  in	
  Asia,	
  Africa,	
  South	
  America	
  
•  Study	
  started	
  Dec	
  2016;	
  es8mated	
  to	
  complete	
  in	
  April	
  2021	
  

	
  	
  
Months	
  
	
  1-­‐9	
  

Months	
  	
  
10-­‐24	
  

Control	
   WHO	
   WHO	
  
Arm	
  1	
   BLiMZ	
  
Arm	
  2	
   BLiLeCZ	
  
Arm	
  3	
   BDLiLeZ	
  
Arm	
  4	
   DLiLeCZ	
  

B	
  =	
  bedaquiline	
  
Li	
  =	
  linezolid	
  
M	
  =	
  moxifloxacin	
  
Z	
  =	
  pyrazinamide	
  
Le	
  =	
  levofloxacin	
  
C	
  =	
  clofazimine	
  
D	
  =	
  delamanid	
  



NEXT  
Evalua\ng  a  New  Treatment  Regimen  for  MDR-­‐TB


•  Randomized	
  controlled	
  trial	
  with	
  completely	
  oral	
  regimen;	
  sample	
  size	
  
300;	
  treated	
  for	
  6-­‐9	
  months,	
  stopping	
  when	
  3	
  consecu8ve	
  nega8ve	
  
sputum	
  cultures	
  achieved	
  
•  Inclusion	
  criteria:	
  adults	
  with	
  simple	
  MDR-­‐TB;	
  pre-­‐XDR	
  or	
  XDR-­‐TB	
  excluded	
  
•  Loca8on:	
  South	
  Africa	
  
•  Study	
  started	
  Oct	
  2015;	
  es8mated	
  comple8on	
  Jan	
  2019	
  

Li	
  =	
  linezolid	
  600 	
  Eth	
  =	
  ethionamide	
  
B	
  =	
  bedaquiline 	
  H	
  =	
  isoniazid	
  12.5	
  mg/kg	
  
Le	
  =	
  levofloxacin 	
  T	
  =	
  terizidone	
  

	
   	
  Z	
  =	
  pyrazinamide	
  

	
  	
  
Months	
  
	
  1-­‐2	
  

Months	
  
	
  3-­‐4	
  

Months	
  
5-­‐6	
  

Months	
  
	
  7-­‐9	
  

Months	
  
	
  10-­‐24	
  

Control	
   Local	
  WHO	
   Local	
  WHO	
   Local	
  WHO	
  
Experimental	
   BLiLeZ(EthHT)*	
   BLiLeZ(EthHT)	
  
*	
  Ethionamide	
  vs.	
  high-­‐dose	
  isoniazid	
  vs	
  terizidone	
  therapy	
  determined	
  based	
  on	
  individualized,	
  
gene-­‐directed	
  tes8ng	
  



NC-­‐008  SimpliciTB  
Trial  to  Evaluate  the  Efficacy,  Safety  and  Tolerability  of  BPaMZ  in    
Drug-­‐Sensi\ve  (DS-­‐TB)  and  Drug-­‐Resistant  (DR-­‐TB)  Adult  Pa\ents


•  Par8ally	
  randomized	
  phase	
  2c	
  study;	
  sample	
  size	
  450	
  
•  Inclusion	
  criteria:	
  Adults;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  ≥100;	
  FQ	
  sensi8ve;	
  stable	
  diabetes	
  
•  Loca8ons:	
  mul8ple	
  interna8onal	
  sites	
  in	
  Africa,	
  Asia,	
  Europe,	
  and	
  South	
  America	
  
•  Study	
  started	
  August	
  2018;	
  es8mated	
  to	
  complete	
  in	
  2022	
  

	
  	
  
Months	
  	
  
1-­‐2	
  

Months	
  	
  
3-­‐4	
  

Months	
  	
  
5-­‐6	
  

Control	
   HRZE	
   HR	
   HR	
  
DS-­‐TB	
   B200PaMZ	
   B100PaMZ	
  
DR-­‐TB*	
   B200PaMZ	
   B100PaMZ	
   B100PaMZ	
  

H	
  =	
  isoniazid	
  
R	
  =	
  rifampin	
  
Z	
  =	
  pyrazinamide	
  
E	
  =	
  ethambutol	
  
B	
  =	
  bedaquiline	
  
Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  200mg	
  
M	
  =	
  moxifloxacin	
  

*	
  Resistant	
  to	
  either	
  INH	
  or	
  RIF	
  



Nix-­‐TB  (XDR-­‐TB  or  unresponsive  MDR-­‐TB)  
Safety  and  Efficacy  of  Bedaquiline  plus  PA-­‐824  plus  Linezolid  in  Subjects  with  Drug  
Resistant  Pulmonary  Tuberculosis


•  Single	
  arm	
  phase	
  3	
  clinical	
  trial;	
  109	
  par8cipants	
  enrolled	
  (accrual	
  closed	
  
early	
  due	
  to	
  opening	
  of	
  ZeNiX	
  study)	
  
•  Inclusion	
  criteria:	
  Adults,	
  children	
  ≥14;	
  HIV-­‐;	
  HIV+	
  with	
  CD4	
  >50	
  
•  Loca8ons:	
  South	
  Africa	
  
•  Study	
  started	
  March	
  2015;	
  es8mated	
  to	
  complete	
  in	
  October	
  2021	
  
•  Preliminary	
  results	
  (CROI	
  2017):	
  at	
  6-­‐mo	
  aoer	
  comple8on	
  of	
  therapy,	
  
29/35	
  (83%)	
  successful	
  outcome,	
  2	
  relapses/reinfec8ons,	
  4	
  deaths	
  (all	
  
during	
  ini8al	
  8	
  wks)	
  

	
  	
  
Months	
  	
  
1-­‐2	
  

Months	
  	
  
3-­‐4*	
  

Months	
  	
  
5-­‐6	
  

XDR-­‐TB	
   BPaL1200	
  

B	
  =	
  bedaquiline	
  
Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  
L	
  =	
  linezolid	
  1200	
  mg	
  

*	
  Treatment	
  extended	
  for	
  addi8onal	
  3	
  mo	
  (9-­‐mo	
  total)	
  if	
  
culture+	
  at	
  month	
  4	
  



ZeNix  (XDR-­‐TB  or  unresponsive  MDR-­‐TB)  
Safety  and  Efficacy  of  Various  Doses  and  Dura\ons  of  Linezolid  plus  Bedaquiline  and  Pretomanid  in  
Par\cipants  With  Pulmonary  TB,  XDR-­‐TB,  Pre-­‐  XDR-­‐TB  or  Non-­‐responsive/Intolerant  MDR-­‐TB


•  Phase	
  3	
  randomized	
  clinical	
  trial;	
  LZD	
  treatment	
  dose/dura8on	
  blinded	
  (placebo-­‐
controlled);	
  sample	
  size	
  180	
  
•  Inclusion	
  criteria:	
  Adults,	
  children	
  ≥14;	
  HIV-­‐;	
  HIV+	
  	
  
•  Loca8ons:	
  South	
  Africa,	
  Georgia	
  
•  Study	
  started	
  Nov	
  2017;	
  es8mated	
  to	
  complete	
  in	
  Jan	
  2022	
  

	
  	
  
Months	
  	
  
1-­‐2	
  

Months	
  	
  
3-­‐4*	
  

Months	
  	
  
5-­‐6	
  

Arm	
  1	
   B200PaL1200	
   B100PaL1200	
  
Arm	
  2	
   B200PaL1200	
   B100Pa	
  
Arm	
  3	
   B200PaL600	
   B100PaL600	
  
Arm	
  4	
   B200PaL600	
   B100Pa	
  

*	
  Treatment	
  extended	
  for	
  addi8onal	
  3	
  mo	
  (9-­‐mo	
  total)	
  if	
  culture+	
  at	
  month	
  4	
  

B	
  =	
  bedaquiline	
  
Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  
L	
  =	
  linezolid	
  



TB-­‐PRACTECAL  (XDR-­‐TB  or  unresponsive  MDR-­‐TB)  
Pragma\c  Clinical  Trial  for  a  More  Effec\ve  Concise  and  Less  Toxic    
MDR-­‐TB  Treatment  Regimen(s)  


•  Phase	
  2-­‐3	
  randomized	
  clinical	
  trial;	
  sample	
  size	
  630	
  
•  Inclusion	
  criteria:	
  adults,	
  HIV+	
  or	
  –	
  
•  Loca8ons:	
  mul8ple	
  clinics	
  in	
  Belarus,	
  South	
  Africa,	
  Uzbekistan	
  
•  Study	
  started	
  Jan	
  2017;	
  es8mated	
  to	
  complete	
  in	
  Mar	
  2021	
  

	
  	
  
Months	
  	
  
1-­‐6	
  

Months	
  
	
  7-­‐24	
  

Control	
   WHO	
   WHO	
  
Arm	
  1	
   BPaLM	
  
Arm	
  2	
   BPaLC	
  
Arm	
  3	
   BPaL	
  

B	
  =	
  bedaquiline	
  
Pa	
  =	
  pretomanid	
  (Pa-­‐824)	
  
L	
  =	
  linezolid	
  
M	
  =	
  moxifloxacin	
  
C	
  =	
  clofazimine	
  



Timeline  of  Current  Clinical  Trials
















Early  Bactericidal  Ac\vity  (EBA)  Studies


•  EBA:	
  Mean	
  daily	
  log10	
  decline	
  of	
  CFU/
mL	
  sputum/day	
  on	
  treatment	
  (single	
  
drug	
  or	
  combina8on	
  regimen)	
  for	
  up	
  to	
  
14	
  days	
  
•  Small	
  sample	
  size	
  
•  Short	
  dura8on	
  
•  Safe	
  	
  
•  Dosing/toxicity	
  informa8on	
  
•  Endorsed	
  by	
  U.S.	
  FDA	
  and	
  TB	
  Global	
  
Alliance	
  



*Early	
  Bactericidal	
  AcSvity	
  (EBA):	
  Mean	
  daily	
  log10	
  decline	
  of	
  
CFU/mL	
  sputum/day	
  on	
  drug(s)	
  of	
  interest	
  for	
  up	
  to	
  14	
  days	
  	
  	
  
	
  
Jindani	
  et	
  al	
  2003.	
  Am	
  J	
  Respir	
  Crit	
  Care	
  Medicine	
  
Jindani	
  A	
  et	
  al.	
  American	
  Review	
  of	
  Respiratory	
  Disease,	
  Vol	
  121,	
  1980	
  
	
  
	
  

❌ Predicts	
  durable	
  cure	
  

X

*Early	
  Bactericidal	
  AcSvity	
  (EBA):	
  

1.	
  	
  	
  Fluoroquinolones	
  	
  2-­‐7:	
  	
  0.24-­‐0.27	
  
	
  	
  	
  	
  	
  	
  	
  SM+	
  INH+RIF+PZA+EMB	
  (HRZE):	
  0.27	
  

	
  
2.   INH	
  300	
  0-­‐14	
  	
  :	
  0.192	
  

3.   EMB	
  (25mg/kg)	
  0-­‐14:	
  0.177	
  	
  

4.   RIF	
  10	
  2-­‐14	
  :	
  0.113	
  

5.   PZA	
  0-­‐14	
  :	
  0.096	
  

	
  

Clinical	
  experience	
  in	
  achieving	
  durable	
  cure	
  
	
  
1.   INH+RIF+PZA+EMB	
  (HRZE)	
  1	
  

2.   Rifampin	
  (RIF;	
  R)	
  

3.   Pyrazinamide	
  (PZA;	
  Z)1	
  	
  or	
  Isoniazid	
  (INH;	
  H)1	
  	
  	
  

4.   Fluoroquinolones1	
  

5.   Ethambutol	
  (EMB;	
  E)1	
  (even	
  at	
  25	
  mg/kg	
  dose)	
  

1Original	
  BMRC	
  Phase	
  III	
  trials	
  1952-­‐1986	
  



Why	
  do	
  EBA	
  studies	
  predict	
  clinical	
  
treatment	
  response	
  so	
  poorly?	
  
	
  
Persistent	
  Mtb	
  popula8ons	
  
sequestered	
  in	
  poorly	
  vascularized	
  
compartments	
  
(ex.	
  caseum,	
  inside	
  granulomas)	
  
=	
  major	
  culprit	
  for	
  relapse	
  
	
  
Drug	
  penetra8on	
  and	
  ac8vity	
  in	
  these	
  
compartments	
  is	
  important	
  for	
  durable	
  
cure	
  

Sputum	
  measurements	
  of	
  Phase	
  2	
  
methods	
  may	
  not	
  capture	
  treatment	
  
effects	
  in	
  these	
  sequestered	
  
compartments	
  

NEJM	
  2015;	
  373:2149-­‐2160	
   Nat	
  Rev	
  Microbiology.	
  2014	
  Mar;12(3):159-­‐67	
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•  Hypothesis:	
  the	
  ability	
  of	
  EBA	
  studies	
  to	
  
approximate	
  the	
  sterilizing	
  potency	
  of	
  
specific	
  drugs	
  or	
  drug	
  regimens	
  will	
  be	
  
improved	
  by	
  the	
  addi8on	
  of	
  func8onal	
  
and	
  anatomic	
  radiologic	
  markers	
  ([18F]-­‐
FDG-­‐PET/CT)	
  and	
  dynamic	
  immunologic	
  
markers.	
  
•  Prospec8ve,	
  randomized	
  trial	
  of	
  
pulmonary	
  DS-­‐TB	
  pa8ents	
  in	
  Cape	
  Town,	
  
South	
  Africa	
  
•  Pa8ents	
  randomized	
  to	
  8	
  arms	
  and	
  
treated	
  for	
  14	
  days	
  

	
  
	
  

1.	
  INH	
  
2.	
  RIF	
  
3.	
  PZA	
  
4.	
  MXF	
  

5.	
  RIF	
  +	
  PZA	
  
6.	
  INH	
  +	
  PZA	
  

7.	
  	
  INH	
  +	
  RIF	
  +	
  PZA	
  +	
  EMB	
  
8.	
  MXF	
  +	
  RIF	
  +	
  PZA	
  +	
  EMB	
  

8	
  treatment	
  arms;	
  	
  
20	
  paSents	
  per	
  arm	
  

	
  

INH	
  =	
  isoniazid;	
  RIF	
  =	
  rifampin;	
  PZA	
  =	
  pyrazinamide;	
  
EMB	
  =	
  ethambutol;	
  MXF	
  =	
  moxifloxacin	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  14	
  days	
  of	
  study	
  treatment	
  (8	
  arms)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  InpaSent	
  monitoring 	
  	
  

Screen/Enroll	
   Discharge	
  

Baseline	
  
Overnight	
  
Sputum	
  

Daily	
  overnight	
  sputum	
  collecSon	
  
(CFU	
  count	
  and	
  MGIT	
  Time	
  to	
  PosiSvity)	
  

Baseline	
  
PET/CT	
  

Baseline	
  

14	
  day	
  
PET/CT	
  

*Baseline	
  
blood	
  

biosignature	
  

*14-­‐day	
  
Blood	
  

biosignature	
  

*	
  Whole	
  blood	
  RNA	
  signature	
  [Thompson	
  et	
  al.	
  Tuberculosis	
  2017;	
  
107:48-­‐58;	
  	
  Zak	
  et	
  al.	
  Lancet	
  2016;	
  387:	
  2312–22.]	
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Can  you  see  changes  on  PET/CT  scan  at  2  weeks?

2nd	
  par8cipant	
  to	
  complete	
  study	
  1st	
  par8cipant	
  to	
  complete	
  study	
  



Conclusions


•  Shortening	
  TB	
  treatment	
  dura8on	
  has	
  been	
  a	
  research	
  goal	
  since	
  effec8ve	
  TB	
  
therapy	
  was	
  established	
  
•  With	
  limited	
  treatment	
  op8ons,	
  all	
  possible	
  combina8ons	
  and	
  dura8ons	
  can	
  be	
  tested	
  
•  With	
  increasing	
  numbers	
  of	
  novel	
  drugs	
  and	
  drug	
  classes	
  becoming	
  available,	
  tes8ng	
  all	
  
possible	
  combina8ons	
  and	
  dura8ons	
  is	
  no	
  longer	
  prac8cal	
  or	
  feasible	
  

•  Current	
  methods	
  to	
  select	
  best	
  drugs/combina8ons	
  and	
  treatment	
  dura8ons	
  are	
  
based	
  on	
  mice	
  studies,	
  EBA	
  studies,	
  and	
  2-­‐month	
  culture	
  conversion	
  rates	
  
•  Recently	
  completed	
  treatment	
  shortening	
  clinical	
  trials	
  all	
  failed	
  
•  Currently	
  ongoing	
  trials	
  generally	
  also	
  based	
  on	
  these	
  same	
  methods	
  

•  Be^er	
  methodologies	
  based	
  on	
  more	
  than	
  just	
  sputum	
  are	
  needed	
  to	
  understand	
  
how	
  to	
  select	
  the	
  best	
  drug	
  combina8ons	
  and	
  dura8ons	
  in	
  early	
  phase	
  trials	
  to	
  
bring	
  forward	
  to	
  later	
  phase	
  trials	
  
•  Future	
  clinical	
  trials	
  based	
  on	
  be^er	
  methodologies	
  may	
  have	
  a	
  be^er	
  chance	
  of	
  
success	
  and	
  thus	
  consume	
  fewer	
  resources	
  


