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Background

• Tuberculosis meningitis (TBM): TBM mortality (30% in HIV-negative patients and up 
to 70% in HIV-positive individuals) mostly occurring in the first 2 weeks

• The reversibility and long-term impact of neurological complications is unknown
• Poor efficacy of the current WHO recommended 1st line, unchanged for decades
• Inadequate CNS drug penetration may contribute to the high early mortality in TBM
• New AntiTB drugs such asbedaquiline (TMC207), delamanid and pretomanid (PA-

824) are highly protein-bound and thus unlikely to have free penetration into 
cerebrospinal fluid (CSF).

Need of a new improved treatment as proposed here in INTENSE-TBM 
(Thwaites GE & al. 2013, Donald PR & al. 2016)



Hypothesis and Primary Objective

1. The trial hypothesis is that an intensified TBM treatment during 
the first 8-weeks with and without addition of aspirin will reduce 
the incidence of death compared with the standard of care.

2. The primary objective of the trial is to compare mortality of any
cause at W40 : (i) between an intensified TBM treatment and  a 
standard WHO treatment ; (ii) between aspirin and  placebo 
during the first 8 weeks of treatment



Study design

• Randomization (R) in a 1:1:1:1 ratio/ 192 patients per trial arm

• Factorial plan 2 x 2 Multicentre Phase III Randomized Controlled Superiority Trial

Adults with 
possible,
probable or 
definitive TBM

Screening 

R 
N=768

Arm A WHO standard TBM treatment + placebo

Arm B WHO standard TBM treatment + aspirin

Arm C Intensified TBM treatment + placebo

Arm D Intensified TBM treatment + aspirin

Inclusion

Follow up

Outcomes 
measure

Week 40

Last visit



Study population

• Sample size: 768 patients

• Inclusion criteria:
 Age > 15 years
 TBM defined as “probable” or “definite” classified as per the Marais’s published 

consensus, and TBM defined as “possible” according to revised Marais criteria

– Definitive TBM: acid-fast bacilli (AFB) seen in CSF microscopy, positive CSF M. tuberculosis culture, or positive CSF M. 
tuberculosis commercial nucleic acid amplification test in the setting of symptoms suggestive of meningitis

– Probable TBM: total Marais’s score (1) of ≥12 when neuroimaging available or total score of ≥10 when neuroimaging 
unavailable. At least 2 points should either come from CSF or cerebral imaging criteria.

– Revised possible TBM: total Marais’s score (1) score of 6-11 when neuroimaging available, or total score of 6-9 when 
neuroimaging unavailable, including LAM and Xpert Ultra and restricting miliary TB for suggestive chest X-ray in the 
“evidence of TB elsewhere” criteria . 



The standard WHO TBM treatment
(arms 1 and 2)

• Isoniazid 5 mg/kg/d + rifampicin 10 mg/kg/d + ethambutol 20 mg/kg/d + pyrazinamide 30 
mg/kg/d (2 months)

• Isoniazid 5 mg/kg/d + rifampicin 10 mg/kg/d (7 months)
– orally once a day or intravenously (IV) if clinically indicated.

• Corticosteroids: 
– D0-D7: 0.4 mg/kg eq. dexamethasone
– D7-D14: 0.3 mg/kg eq. dexamethasone
– D15-D21: 0.2 mg/kg eq. dexamethasone
– D22-D60: 0.1 mg/kg eq. dexamethasone
– IV or orally (depending on the patients’ ability to take oral drugs and local practice) once a day.



The intensified TBM treatment 
(arms 3 and 4)

• Intensified regimen (doses for oral administration): 
– rifampicin 35 mg/kg/d during 8 weeks, 
– linezolid 1200 mg/d 4 weeks, followed by linezolid 600 mg/d 4 weeks
– isoniazid 5 mg/kg/d, ethambutol 20 mg/kg/d and pyrazinamide 30 mg/kg/d

• IV regimen only if clinically indicated: 
– high dose IV rifampicin 20 mg/kg/d
– IV linezolid 1200 mg/d
– IV isoniazid 5 mg/kg/d 
– oral pyrazinamide 30 mg/kg/d

• M3–M9: oral rifampicin 10 mg/kg/d and isoniazid 5 mg/kg/d

• Corticosteroids: similar to standard TBM WHO treatment



INTENSE-TBM Rifampicin-1

1. High-dose Rifampicin in INTENSE-TBM: pulmonary
TB example (Svensson et al, CID 2018)
- Relationship between rifampicin plasma 

exposure and treatment response over 6 
months (n=336, 97 with PK data)

- Higher rifampicin exposures increased the 
probability of early culture conversion

- The effect did not plateau



INTENSE-TBM Rifampicin-2

1. High-dose Rifampicin in INTENSE-TBM: PK

- Large increase rifampicine exposure in plasma 
and CSF and safe of tripling the standard dose 
of rifampicin (Dian S and al. 2018, Scott KE and al. 2018)

- Concentration–effect relationship on TB 
culture conversion

- good hepatic tolerance of higher dose of 
rifampicin (up to 35 mg/kg orally) (Boeree MJ and 
al. 2017; Aarnoutse RE and al. 2017).



High dose Rifampicin-3
1. High dose Rifampicin in TBM: effect on mortality (phase 2 studies)

(Ruslami, Lancet ID 2013, Dian, AAC 2018)



High dose Rifampicin-4
1. High dose Rifampicin in TBM: a phase II open-label randomized controlled trial – 61 adults, 92% HIV+, 

median CD4 cell count 50 cells/µL
Cresswell et al, CID 2021 (in press)

«Rifampicin is undetectable in the CSF of the majority of TB 
meningitis patients at standard dosing. High-dose rifampicin
administered intravenously 20mg/kg and orally 35mg/kg resulted in 
therapeutic CSF rifampicin concentrations with no excess toxicity in a 
predominantly HIV- positive population. «

Achieving CSF concentrations above rifampicin minimal inhibitory concentration (MIC) occurred in 11% (2/18) of standard-of-
care, 93% (14/15) of IV-20, and 95% (18/19) of PO-35 participants. 



High dose Rifampicin-4
1. High dose Rifampicin in TBM: a phase II open-label randomized controlled trial – 61 adults, 92% HIV+, 

median CD4 cell count 50 cells/µL
Cresswell et al, CID 2021 (in press)

Achieving CSF concentrations above
rifampicin minimal inhibitory
concentration (MIC) occurred in

 11% (2/18) of standard-of-care,
 93% (14/15) of IV-20, and 
 95% (18/19) of PO-35 participants. 

In CSF, standard- of-
care achieved
undetectable
rifampicin
concentration in 
56% of participants



High dose Linezolid in Intense-TBM

• Recommended by the WHO for the treatment of MDR-TB (March 2017)
• Excellent meningeal diffusion: AUC meningeal / plasma= 0.9 - 1 (un-inflamed or mildly 

inflamed meninges) Nau Clin Microbiol Rev 2010

• MIC against M. tuberculosis = 0.125 - 1 mg/L Alcala Antimicrob Agents Chemother 2003

• AUC/MIC ratio= predictive of linezolid in vivo anti-TB activity Deshpande Clin Infect Dis 2016

• Rifampicin lead a 40% reduction in linezolid AUC Pea J Antimicrob Chemother 2012

• 2-fold increasing of linezolid dose (1,200 mg daily), in combination with rifampicin, will be 
needed to reach the target AUC/MIC ratio

2.  Linezolid in INTENSE-TBM (hypothesis for improved efficacy)



High Dose Linezolid in Intense-TBM (2)

2. Linezolid in INTENSE-TBM (safety assessment)

 1200 mg/d the first 4 weeks to increase anti-TB 
activity in presence with a drug-drug interaction 
between LZD and RIF (WHO 2015; Nuermberger E. 2016)

 Linezolid 1,200 mg daily was evaluated 
o In 15 MDR-TB: After a median period of 375 days, linezolid 

caused major AE in 6% MDR-TB patients Villar Eur Respir J 2011

o In 72 XDR-TB: 71% participants had at least 1 dose interruption 
during the 6 month treatment (myelosuppression= 22% ; 
peripheral neuropathy= 28%) Conradie NIX-TB trail CROI 2017
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Aspirin in Intense-TBM

1. The choice of aspirineReference ASA dose Duration Population Complications Conclusion Place

Misra
Journal of 

Neurological 
Science 2010 

150 mg/d
Placebo 3 months 118 HIV-

uninfected

28 vomiting
1 epigastric discomfort

4 rashes
28 altered liver function

No difference

ASA 150 mg resulted in 
insignificantly lesser strokes (24 vs 
43%)  and significantly reduced 3 
months mortality (22% vs. 43% in 

placebo group p=0.02)

India

Schoeman
Journal of Child 
Neurology 2011 

75 mg/d
100 mg/kg

Placebo
1 month 146 children

1 hematemesis
1 death (intracranial 

bleeding)

ASA irrespective of dose did not 
show any significant benefit 

regarding morbidity and mortality 
in children

South Africa

Mai Elife 2018 
81 mg/d 

1000 mg/d
Placebo

2 months 120 HIV-
uninfected

Cerebral (MRI proven) or 
gastrointestinal bleeding:

Placebo= 14%
ASA 81mg= 23%

ASA 1000mg= 20%
No difference

Potential reduction in new infarcts 
and deaths by days 60 in the ASA 

treated participants with 
microbiologically confirmed TBM :

34% events in placebo 
15% in aspirin 81mg/d 

11% in aspirin 1000 mg/d (p=0.06)

Vietnam



Aspirin-placebo
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Dolutegravir interaction with
high dose RIF

21

1. WHO recommends DTG double dose when associated with RIF
- A recent study from Uganda presented at CROI (March 2021) showed no concerns relative to the 

increased dose of RIF (phase 2b trial, 120 patients, median age 36)
- Sputum concersion 86% in RIF high dose versus 62% in RIF standard dose 

Sekaggya-Wiltshire et al, CROI 2021, abstract 90



Schedule

First inclusion: January 2021 (Madagascar, Ivory Coast



https://intense-tbm.org/
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https://intense-tbm.org/


Trial team, Abidjan, 2019



The study is planned to 
start in April 2020

Submission to Ethics: Nov 2019
https://intense-tbm.org/

https://intense-tbm.org/
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