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An Urgent Need

Faster-acting and simplified TB drug regimens are required

more urgently than ever in the fight against TB. 

Today’s drug regimens, which take between 6 and 24 months to complete, 

are lengthy and complicated to administer, and can be highly toxic. 



 Standard TB polmonare  New diagnosis :       RHZE(2) poi RH (4-7)

 Standard extra TB :                                              RHZE (2) poi RH (7-10)

 Recidive polmonari :                                           RHZE (2-3) poi RH (7-10)

 Elevata % di successi (>95%)
 rare recidive (2- 3%)
 buona tollerabilità
 bassi costi

DS - TB 



The recommendation is copied without
modification into this consolidated document
and appears exactly as in the 2010 guidelines.



• Shorter treatment regimens for TB disease can be more 
convenient and help patients finish treatment faster.

Regime breve
Standard

regimen



• Since the discovery of first-line anti-TB medicines and
treatment regimens, there has been a search for shorter
and more effective treatments for TB disease. This has
resulted in various trials and other studies designed to
assess whether treatment can be shortened, while
remaining highly effective.

• Three phase III trials (i.e. REMoxTB, OFLOTUB, RIFAQUIN)
failed to demonstrate non-inferiority of shorter regimens
to treat DS-TB .

• A recent phase III trial (TBTC study 31/ACTG A5349, or
S31/A5349, referred to below as “Study 31”) assessed the
safety and efficacy of two 4-month regimens for the
treatment of DS-TB .

• Study 31 was the first and only phase III trial to
demonstrate the non inferiority of the 4-month regimen
for treatment of DS-TB when compared to the standard of
care.

• This was the only trial to Study 31 was an international,
multicentre, randomized, open-label, controlled, three-arm
non inferiority trial among adolescents and adults (aged 12
years and above) with smear-positive10 and culture-
positive pulmonary DS-TB.



DS-TB
• 8 weeks of once-daily rifapentine (1200 mg, within 1h 
of food ingestion), isoniazid, pyrazinamide, and 
moxifloxacin (400 mg)

followed by 

• 9 weeks of once-daily rifapentine (1200 mg, within 1h 
of food ingestion), isoniazid, and moxifloxacin (400 mg).

Open-label, phase 3, randomized, controlled trial involving persons with 
newly diagnosed pulmonary tuberculosis from 13 countries

total of 17 weeks for treatment



Study 31 was an international, multicentre, randomized, open-label, 
controlled, three-arm non inferiority trial among adolescents and adults 
(aged 12 years and above) with smear-positive and culture-positive 
pulmonary DS-TB . Study participants were recruited from 13 countries. 

The study objectives were to evaluate the efficacy of: 

1) a rifapentine-containing regimen to determine whether the single
substitution of rifapentine for rifampicin makes it possible to reduce
the duration of treatment for drug-susceptible pulmonary TB to four
months; and

2) a rifapentine-containing regimen that additionally substitutes 
moxifloxacin for ethambutol and continues moxifloxacin throughout 
treatment, to determine whether the duration of treatment can be 
reduced, compared with the currently recommended 6-month 
regimen using a non-inferiority margin of 6.6 percentage points 





N Engl J Med 2021; 384:1705-1718 DOI: 10.1056/NEJMoa2033400



Two months of isoniazid, rifapentine, moxifloxacin, and 
pyrazinamide, 
followed by two months of isoniazid, rifapentine, and 
moxifloxacin 

2 months H +  P + M + Z 
and 

2 months H + P + M 



Subgroups excluded from the recommendation 

However, there were also subgroups for which there was no evidence (as they
were not eligible for inclusion in the trial) and therefore the use of the shorter
regimen outside the research environment is not indicated in these populations.

These groups include: 
• people weighing less than 40 kg; 
• people with certain forms of extra-pulmonary TB (such as TB meningitis, 
disseminated TB, osteoarticular TB, abdominal TB); 
• persons living with HIV infection with a CD4 count less than 100 cells/mm3 
(NB: The trial did not include persons living with HIV infection if they had a CD4 
count of less than 100 cells/mm3 and the GDG panel expressed concerns at an 
increased risk of relapse in this group (also because this group is at a higher risk of 
disseminated TB); 
• children less than 12 years of age (NB: The trial aimed to recruit people aged 12 
years and above. The youngest participant was 13 years of age. 
• pregnant, breastfeeding and postpartum women (NB: Pregnant or breast-
feeding women were excluded from the study because of uncertainties about the 
safety of rifapentine, moxifloxacin, and pyrazinamide in these groups). 



La rifapentina:

 non c’è ancora in Europa

 costa di più della rifampicina

 Si accumula nell’organismo con rischi di effetti collaterali non facilmente
contrallabili nemmeno con la sospensione

La moxifloxacina:

 costa di più dell’ etambutolo

 può dare problemi neurologici, gastrici, QTc lungo e tendinei

• Rifapentina

• Moxifloxacina

Rifampicina

Etambutolo



 Efficacia uguale……….più rapida negativizzazione ?

 Quindi ??????........ per solo 2 mesi in meno.





Drug resistance to the key first-line drugs rifampicin and isoniazid is increasing. 

 The aim of the WHO “End TB Strategy” is to end the global TB pandemic by 2035. 
This ambitious goal depends needs before the year 2025: 

vaccines, 

new drugs 

optimization of standard drugs

point-of-care diagnostic tests. 

Rifampicin, a drug with a well-known safety profile and efficacy data is currently 
dosed sub-optimal. 

The dose was selected when introduced in the 1970s because of financial reasons, 
fear for toxicity and because serum concentrations were well above the MIC.



 Rifampicina 10-12mg/kg/die max 600

 Isoniazide 5 (10 nei bambini)/kg/die max 300

 Pirazinamide 25-30 mg/kg/die

 Etambutolo 15-20 mg/kg/die

Regime standard TB pansensibile



• Current standard treatment for drug susceptible tuberculosis (DS-
TB) was designed 40 years ago and has remained unchanged
except for a 4-month regimen using high-dose rifapentine and
moxifloxacin following the results of a recent clinical trial

• The currently used once daily 10 mg/kg dosing of rifampicin was
selected in the 1970s and was based on pharmacokinetics, toxicity,
and cost concerns

• Some groups of people are more vulnerable to TB because of risk
factors (e.g., advanced age, immunosuppression, diabetes, or liver
disease) that increase their risk of active disease and poor
treatment outcomes

• For example, treatment success rate was 86% globally, but only
77% for this people [5].

• Optimal drug regimen, dose, and treatment duration
are still not well established, as these vulnerable
groups were underrepresented in previous clinical
trials as these were conducted in mid-to-high TB
burden countries.

• A rifampicin dose ranging trial in DS-TB patients by
Boeree and colleagues reported that doses (up to 50
mg/kg) were safe and tolerated, and further
improved the extended early bactericidal activity in
TB patients .

• The optimized doses achieved up to 10-fold higher
exposure in plasma (AUC0-24) and a higher early
bactericidal activity measured by a decline in the
colony-forming units count in sputum culture



• A meta-analysis of 13 studies from 1979 to 2021, including adults with TB meningitis and pulmonary TB receiving doses
up to 35 mg/kg, did not show an increase in the incidence of Severe Adverse Events (SAE), with a pooled Incidence Risk
Ratio of 1.00 (95% confidence interval 0.82–1.23)

• Therefore, increased doses might have the potential to shorten DS-TB treatment.

• Pharmacokinetic studies show that a low proportion of patients reach target exposures with the current standard doses
of rifampicin. For example, in a clinical trial in Indonesia, only 48% of the participants receiving standard dose
rifampicin reached the 8 mg/L threshold for maximum plasma concentrations (Cmax) deemed to be effective

• In addition, adults with TB and other comorbidities such as HIV and diabetes may have lower exposure to rifampicin.





 In a study with doses up to 50 mg/kg a significant effect was observed in
decrease of bacterial load suggesting that treatment duration can be
shortened.

 There was poor tolerability of the highest dose, a dose of 40 mg/kg was
well tolerated.

 In Indonesian patients with TB meningitis, intravenous high dose 
rifampicin was associated with better survival in patients with severe 
illness, but in another study 15 mg/kg rifampicin daily did not lead to 
higher survival compared to standard treatment in TB meningitis.

 In a Dutch TB expert center high dose rifampicin, in specific cases (low 
plasma concentrations and severe illness) was well tolerated for the 
whole 6-months treatment duration

Courtesy of Dott. L. R. Codecasa













• In its 2016 guidelines, the

WHO recommended that all

cases of rifampicin-resistant

TB, regardless of isoniazid

susceptibility (i.e. RMR-TB),

should be managed as MDR-

TB.

• In 2018, WHO revised its

guidelines recommending the

use of shorter and all-oral

regimens.

Outcome of rifampicin mono-resistant and multidrug-resistant

tuberculosis: a retrospective multicentre study from 1990 to 2016

MDR/XDR TB





MDR/XDR-TB 

management of 

patients and 

contacts: 

Challenges 

facing the new 

decade. The 

2020 clinical 









The shorter all-oral bedaquiline-containing
regimen for MDR/RR-TB 

4–6 Bdq(6 m) -Lfx-Cfz-Z-E-Hh-Eto / 5 Lfx-Cfz-Z-E 

Initial phase: 4–6 Bdq(6 m)-Lfx-Cfz-Z-E-Hh-Eto

Continuation phase: 5 Lfx-Cfz-Z-E 
• The shorter all-oral bedaquiline-containing MDR/RR-TB regimen recommended 

by WHO in 2020 contains: bedaquiline, levofloxacin/moxifloxacin, clofazimine, 

ethionamide, ethambutol, isoniazid (high dose) and pyrazinamide for 4 months 
with the possibility of extending to 6 months if the patient remains sputum smear positive or culture positive at the 

end of the fourth month)

• followed by 5 months of treatment with: levofloxacin/moxifloxacin, clofazimine, 

ethambutol and pyrazinamide. 

• Bedaquiline use in this regimen is for 6 months. 





Pretomanid, a
nitroimidazooxazine
that inhibits mycolic
acid biosynthesis
and thereby blocks
mycobacterial cell-
wall production,
also acts as a
respiratory poison
against non-
replicating bacteria
after nitric oxide
release under
anaerobic
conditions





The bedaquiline, pretomanid and linezolid (BPaL) 

regimen for MDR-TB with additional fluoroquinolone

resistance

Eligibility

•Pt. is diagnosed with bacteriologically confirmed pulmonary TB and has laboratory-
confirmed resistance to rifampicin and fluoroquinolones with or without resistance to 
injectable agents.

•Pt. is aged at least 14 years at the time of enrolment; weighs 35 kg or more.

•Pt. is willing and able to provide informed consent to be enrolled in the operational 
research project and to adhere to the follow-up schedule.

•Pt. if the patient is not pregnant or breastfeeding and is willing to use effective 
contraception.

•Pt. has no evidence in DST results of resistance to any of the component drugs, or has 
not been previously exposed to any of the component drugs for 2 weeks or longer.

•Pt. has no extrapulmonary TB (including meningitis, other CNS TB, or TB osteomyelitis). 













Courtesy of Ilaria Motta
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Courtesy of Ilaria Motta

The phase II/III clinical trial found that the new shorter BPaLM treatment regimen was very effective 
against rifampicin-resistant TB. 89 per cent of patients in the BPaLM group were cured, compared to 52 
per cent in the standard of care group.









* Linezolid dose is commonly reduced to 600 mg three times a week or 300 mg daily in patients with linezolid-induced peripheral neuropathy.

Table 2: Dosing of MDR-TB drugs for adults 

Drug Weight group

30-50 kg More than 50 kg

Bedaquiline (100 mg tablets) 400 mg once daily for 2 weeks, then 200 mg 3 times per week afterwards

Delamanid (50 mg tablets) 100 mg twice daily (200 mg total daily dose) for 24 weeks

Linezolid (600 mg tablets) 600 mg once daily + pyridoxine 50 mg daily*

Levofloxacin (250 mg or 500 mg tablets) 750 mg 1000 mg

Moxifloxacin (400 mg tablets) 600 mg 800 mg

Clofazimine (100 mg gel capsules) 100 mg 100 mg

Ethambutol (400 mg tablets) 800 mg 1200 mg

Pyrazinamide (500 mg tablets) 1500 mg 2000 mg

Isoniazid, high dose (300 mg tablets) 400 mg 600 mg

Prothionamide (250 mg tablets) 500 mg 750 mg

Kanamycin (1000 mg vials) 15 mg per kilogram body weight (maximum 1 g)†





TAKE HOME MESSAGES for DR-TB TREATMENT

“There is more to TB than just the Mycobacteria”

“Each patient and Mycobacteria is a complex and unique mix of host and 

resistance”

“Better data will bring more tailored treatments (and hopefully a vaccine)”

“Each patient is worth fighting for, irrespectively of the DST”

R. Koch; Z. Udwadia; G. Sotgiu



2022

•Diagnostic testing has expanded to include non-invasive specimens, such as

stools.

•Rapid molecular diagnostics are recommended as the initial test for TB

diagnosis for children and adolescents.

•Children and adolescents who have non-severe forms of drug-susceptible TB are

now recommended to be treated for four months instead of six months, as well as

TB meningitis, where a six-month regimen is now recommended instead of 12

months. This promotes a patient-centred approach that will reduce the costs of

TB care for children, adolescents and their families.

•Two of the newest TB medicines to treat drug resistant TB (bedaquiline and

delamanid) are now recommended for use in children of all ages, making it

possible for children with drug-resistant TB to receive all-oral treatment regimens

regardless of their age.

•New models of decentralized and integrated TB care are also recommended,

which will allow more children and adolescents to access TB care or preventive

treatment, closer to where they live.



2020 TPT guidelines – TPT options
• 6 or 9 months of daily isoniazid*

• 3 month regimen of weekly rifapentine plus isoniazid*

• 3 month regimen of daily isoniazid plus rifampicin*

• 4 months of daily rifampicin alone

• 1 month regimen of daily isoniazid plus rifapentine

• 36 months of daily isoniazid preventive treatment in 
PLHIV >10y in settings with high TB transmission

• 6 months regimen of levofloxacine for MDR-TB 

contacts

* Strong recommendation







1. Rapid resistance amplification
will occur, with loss of effective drugs

2. Diagnostic and drug development
will be impaired

3. Drug resistance and toxicity will become
more difficult to manage

4. Unrealistic expectations about short-term
effects will not be met (barriers)

5. Progress towards better ethical, health 
system and patient-centred care will be 
inhibited

















Good and bad news about new TB vaccines



Lo specialista di 

terapia 

antitubercolare

M Chagall L’acrobata 1915





On World TB day WHO calls for increased 

investments into TB services and research


