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Aims

To evaluate novel approaches for TB prevention, 
treatment and diagnosis in HIV-infected infants, 

children, adolescents, and pregnant women regardless 
of DS and DR-TB status 



Strategy

 Collaboration with industry

 Rapid uptake of findings into policy and practice

 Phase I/II trials where efficient

 Phase III as required

 Earlier inclusion of adolescents 

 Inclusion of pregnant women



Estimated total TB cases 
in children 

1 000 000
(10% global burden)

Childhood cases notified 360 000

TB deaths 136 000 

(81 000 HIV-)
13.6% case fatality rate 

TB infections 6.6 million

MDR-TB estimates 30-50 0000

MDR-TB infection 500 000

WHO 2015  Global TB report www.who.int





Treatment considerations: children

 >75% pulmonary /intrathoracic TB

 Wide spectrum of disease

 Paucibacillary disease compared to adult pulmonary TB 
(fewer lung cavities)

 Severe and disseminated TB (TBM and miliary TB) 
especially in young 

 Treatment outcome in children generally good provided 
initiated early (paucibacillary)

 All treatment data extrapolated from adult studies



MDR-TB in children

 Estimated 50 000 cases paediatric MDR-TB annually 
world wide1

 Limited evidence base to inform MDR-TB treatment in 
children
 Single systematic review; no paediatric IPD meta-analysis2

 Guidelines for treatment of TB extrapolated from adults

 Specific paediatric considerations
 Paucibacillary disease

 Broad spectrum of disease 

 Study definitions: confirmed vs clinical cases;  definition of 
treatment outcomes in absence of much culture data

 Good response to antituberculosis treatment (81.7% 
treatment success in children2 vs 54% in adults3)

1 Jenkins et al. Lancet. 2014 May 3; 2 Ettehad et al. Lancet Infec Dis 2012; 3Ahuja et al. PLoS Med. 2012 



Low Treatment Success and High Mortality
9

MDR TB: 50% treatment success, 16% death XDR TB: 24% treatment success, 30% death

WHO Global TB Report 2015



46 (19.3%)

Harausz et al, in progress 
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BDQ CRUSH: impact of dissolving on a typical 
bedaquiline PK profile
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Tmax: 4.3 to 5.2h

Cmax:  5%

In press, Svensson



Levofloxacin:  Simulated AUC
Assuming 20 mg/kg dosing

750 mg

500 mg

1000 mg

N=109, median age 2.1y (0.3-

8.7), HIV+ 14.7%

Denti, Garcia-Prats, 

AAC, 2018



14

PK STUDIES ONGOING PAEDIATRIC STUDIES  

PK/safety studies
Standard first- and second-
line drugs-Establishing 
doses that achieve adult-
equivalent exposures

• DATiC: PK/safety first-line TB drugs (enrolment  completed 2016): 
NICHD R01: McCilleron

• STEP-TB: New pediatric dispersible formulations of first-line drugs 
(TBA, Unitaid)

• Infant PK study: low Rif exposures (TBA/Unitaid): 
Hesseling/Bekker

• MDR PK 1: PK, safety second-line drugs in children with/without 
HIV: levo, moxi, oflox, amik, HD INH, ethio, PAS, cycloserine) 
completed  (NICHD R01) - Hesseling

• MDR PK 2: Optimizing Levofloxacin, moxifloxacin, linezolid 
(NICHD Ro1): Garcia-Prats

• Rifabutin in children, NIRT (terminated; NICHD): Moultrie
• OptiRIF Kids: high-dose rifampicin PK safety: opened 2017 (TB 

Alliance/Unitaid): Hesseling

PK/safety studies
New drugs
Establishing doses that 
achieve adult-equivalent 
exposures

• Study 35- Rifapentine/isoniazid in HIV+/-children < 12 years of age: 
TBTC 

• P1108 and Jansen C211: Bedaquiline in children–BDQ in HIV-
uninfected children (Janssen);)

• 232/233- Delamanid in children- Otsuka (Otsuka)
• P2005 -injectable-sparing DLM-based regimen in children with and 

without HIV infection: 2017 (Dooley)
• P2001: safety and PK of rifapentine in HIV-infected pregnant women
• P1026S: including new TB drug arms

HIV/TB DDI studies • DNDi: Ritonavir boosting of LPV/r in TB/HIV: completed
• NICHD PK: first-line TB drugs with ART: completed
• P1101: RAL-based ART with standard TB drugs: ongoing



EFFICACY STUDIES ONGOING TRIALS 

TB prevention
Prevention of TB in 
children (high risk of TB 
progression)

• A5300 PHOENIX: delamanid vs. SD INH for MDR-TB 
prevention: 2018

• TB-CHAMP:  Levo vs placebo for MDR-TB prevention: 2016
• VQUIN: levo vs. placebo for MDR-TB prevention: open
• ACTG5279: one month of rifapentine+isoniazid daily for 

DS-TB prevention 
• P4v9 Trial: 4 months RIF vs 9 months INH for DS-TB prevention: 

ongoing
• TBTC 37: RPT 6 weeks vs. local SOC (RIF 4 mo or RPT/INH q 

week x 3 mo): planned
• P1078: IPT in HIV-infected pregnant women 

DS-TB disease
Reduce mortality, improve 
neurocognitive 
dysfunction

• TBM-KIDS: High-dose RIF +/- Levo for children with TBM 
(NICHD Ro1 - Dooley

• SURE Kids: Gibb 

Non-severe DS-TB Reduce 
treatment duration for 
children with non-severe 
disease

• SHINE: 4 vs. 6 months standard TB Rx (new FDCs, nested PK): 
open label (MRC CTU; Gibb)

• N=1200 (accrual will be completed June 2018)

MDR-TB  disease • SMART-KIDS: P2020



Data needed for MDR to inform regimens: rapid 
and efficient designs needed

1. PK and safety of BDQ (including in HIV+)

2. PK and safety of once-daily DLM

3. PK and safety of PA-824 in

4. PK and safety of DLM/BDQ co-treatment: 2020

5. PK and safety of linezolid, clofazimine  in children: 
MDR PK 2

6. PK and safety: sutezolid

7. MDR TB and pregnancy: PHOENIX, 2026S



MDR TB 2 year plans: children, pregnant women

 Complete P1108 (Bedaquiline phase I, II) HIV+/-

 Implement P2005 (Delamanid Phase I, II) HIV+/-

 Implement A5300 and  pregnancy sub study

 Implement P2020

 Complete Linezolid, clofazimine PK, safety

 Implement P1026 S  (new MDR-TB arm with DLM, 
BDQ)

 TB trial registry: pregnancy



IMPAACT MDR-TB: 5 year plan

 Develop PA-824 phase I/II in children

 Develop Sutezolid phase I/II in children 

 Complete PHOENIX, 2020

 Build capacity for paediatric MDR TB trials 



DS-TB Gaps for children Priority studies

• Prevention: RFTP INH 1 month

• Optimal treatment for TB meningitis 
(levofloxacin, high dose rifampin)

• Rifampicin dose optimization (severe 
disease not addressed in SHINE, 
treatment shortening): OptiRif Kids

• Treatment shortening: non-severe and 
severe disease 

• And need for treatment regardless of 
DST in future 

• PK and safety in children, 
pregnant women 

• PK and outcome (TBM Kids; 
NICHD; Dooley) : opened Q2 
2017 ; SURE KIDS

• Priority: building on SHINE, 
rifampin dose optimization 

• Opened Q1 2017; cohort 1 
completed; cohort 2: n=12

• SHINE+: Priority –
complementing SHINE and 
TBM Kids, Optirif Kids
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NON-SEVERE
TB

SEVERE TB 
(INCLUDING DISSEMINATED)

Wiseman, Ped Infect Dis J 2014 



N=1200
1130 enrolled
New FDCs 





Boeree, AJRCCM, 2015



• Dosing cohorts: n=20 per cohorts: A minimum of 60 (20 
children per cohort) (i.e. 3 dosing cohorts) enrolled

• Demonstrate exposures in children similar to those achieved 
in adults receiving 35-40 mg/kg in HIGHRIF1 over 15 days

• No age de-escalation.  Children e enrolled in 3 age groups, 
with children in all 3 age groups included in each dosing 
cohort:
• Age group 1: Age ≥ 6 to < 12 years 
• Age group 2: Age ≥ 2 to < 6 years
• Age group 3: Age ≥ 0 to < 2 years
• Status: Dosing cohort 1 completed (15-20 mg/kg_
• Dosing cohort 2 open: 35 mg/kg – up to 50 mg/kg 

OptiRif Kids  



DS-TB: 5 year plan

Children 

 Complete P2001

 Develop 1 month RFPRT/INH for DS-TB prevention: 
PK, safety: separate paediatric and pregnant studies

 Develop phase 3 treatment shortening treatment 
trial (full spectrum of TB disease)

 Work towards TB treatment regardless of DST 



Diagnostics and biomarkers: DS-TB and DR-TB

 Support nested diagnostics, biomarker studies

 Support expansion of site and TB lab capacity: MDR-TB 

 Use IMPAACT and other lab platforms

 Work with ITBSL

 Work with other investigators: serum, urine biomarkers

 Evaluate novel commercial molecular tests (Xpert Ultra), 

DST methods, WGS, correlates of risk

 Ideal cohorts through planned  protocols: SMART-Kids, 
P1108,  PHOENIX, diagnostic studies: prognostic 

markers, treatment response and diagnostic markers



TB vaccines 

 Collaborate with HVTN to design and conduct 
studies in infants and adolescents

 P1113 



Milestones 

 P1078 completed

 P2oo1: completion 2018

 P1113 completed

 Opened to accrual: P1108, P2005

 BDQ CRUSH completed

 PHOENIX: Version 1.0; maternal sub study

 IMPAACT 2020: Version 1 .0 by July 2018

 P1026S: new TB arms 



Mentored investigator graduates

 Adrie Bekker: P1106, 20126S

 Jyothi Mathad: P2001

 Vidya Mave: BJMC

 Anthony Garcia-Prats: P2005, 2020

 Elin Svensson: P1108, P2005, P2020, PHOENIX



New mentored investigators

• Ethel Weld: JHU

• Yael Hirsch-Moverman: CU

• Sylvia LaCourse: UW

• Lisa Cranmer: Emory

• Jeff Tornheim: JHU

• Mandar Paradkar: BJMC

• Pauline Howell: Sizwe

• Christy Beneri: Stonybrook

• Jennifer Hughes: SU

• Nicole Salazar-Austin: JHU

• Louvina van der Laan: SU


