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• Pulmonary TB has a spectrum of 
disease, ranging from minimal to 
severe. 

• It has also long been recognized that 6 
months of treatment may be 
unnecessarily long for a large majority 
of patients with drug susceptible TB and 
that not all patients are cured with a 6-
month standard regimen. 



TB is a preventable and treatable 
infectious disease.

According to the latest estimates 
from the WHO, more than 85% of 
patients affected by DS-TB achieve 
a successful outcome with anti-TB 
therapies. 

Presently there are 21 medicines 
from several drug classes available 
for the treatment of TB 



• Tuberculosis (TB) has remained a global health challenge despite the availability of 
effective anti-tubercular drugs and various treatment strategies.

• Apart from the complications related to TB disease per se, adverse effects of 
antitubercular therapy (ATT) also contribute to morbidity. 

• In addition to the adverse effects, the long duration of the treatment regimen also 
reduces the patient’s acceptability of ATT. 

• The available “short-course treatment regimens” are still relatively long, thereby 
adversely affecting treatment compliance. 

• There is a need for effective, safe, short and intensive regimens for TB which can 
reduce the treatment cost and adverse effects, thereby improving its acceptance. 





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

Standard 6-month regimen







• 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.



Study 31/ACTG A5349 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
controllabili nemmeno con la sospensione

La moxifloxacina:

 costa di più dell’ etambutolo

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

• Rifapentina

• Moxifloxacina

Rifampicina

Etambutolo



This shorter treatment regimen has the potential to reduce the burden on healthcare
systems, increase treatment adherence and allow faster cure.

However, implementation and uptake are hampered by the limited availability of
rifapentine.

As of March 2020, rifapentine has been registered only in 13 countries worldwide

A recent survey within the TB Network European Trials group (TBnet) showed that by
October 2021, rifapentine was available in only 6 (14%) out of 43 participating countries of
the WHO European region

Treatment of drug-susceptible and drug-resistant tuberculosis 
Christoph Lange, Thomas Theo Brehm, Dumitru Chesov ,Yousra Kherabi and Lorenzo Guglielmetti





SHINE trial

1. Control regimen: 8 weeks RHZ(E) + 16 weeks RH

2. Shorter regimen: 8 weeks RHZ(E) + 8 weeks RH

Inclusion criteria: symptomatic nonsevere TB: respiratory TB
confined to one lobe (opacification of <1 lobe) with no cavities,
no signs of miliary tuberculosis, no complex pleural effusion, and
no clinically significant airway obstruction or peripheral
lymphnode TB

Randomization 1:1

Primary outcome: unfavorable status by 72 weeks

Noninferiority margin: 6 percentage points

Courtesy of Marina Tadolini



SHINE trial

Unfavorable status:
• treatment failure (treatment extension, change, or restart or tuberculosis recurrence), 

• loss to follow-up during treatment, 

• death, 

with the exclusion of all the participants who had undergone randomization but did not

complete 4 months of treatment (modified intention-to-treat population )



Shorter regimens +/- modified (increased) drugs dosage 

1. Shorter regimens

2. Modified (increased) drugs dosage



• Standard rifampicin dosage (10 mg/Kg) may not be optimal

• Increased Rifampicin dosage might:

oDaily dosage of 20 mg/Kg have bactericidal activity up to twice that of the 600-mg 
dose (reducing contagiousness duration)

o Increase the sterilizing effect (reducing treatment duration) – [less certainty]

oPrevent the emergence of rifampicin-resistant mutants (< risk of MDR-TB)

oNo costs issue



• 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.





METHODS
• In this adaptive, open-label, noninferiority trial, we randomly assigned participants with rifampin-

susceptible pulmonary tuberculosis to undergo either standard treatment (rifampin and isoniazid for 24 
weeks with pyrazinamide and ethambutol for the first 8 weeks) or a strategy involving initial treatment 
with an 8-week regimen, extended treatment for persistent clinical disease, monitoring after treatment, 
and retreatment for relapse. 

• There were four strategy groups with different initial regimens; 
• noninferiority was assessed in the two strategy groups with complete enrollment, which had initial 

regimens of high-dose rifampin–linezolid and bedaquiline–linezolid (each with isoniazid, pyrazinamide, 
and ethambutol). 

• The primary outcome was a composite of death, ongoing treatment, or active disease at week 96.
• The noninferiority margin was 12 percentage points.



TRUNCATE-TB Trial

Hd R = 35 mg/Kg then reduced to 20 mg/Kg after 1/11/2019 



TRUNCATE-TB Trial

Non inferiority margin: 12 percentage points 







For the past decades, treatment
against DR-TB was recommended
for a duration of at least 18 months
with a combination of at least four
active compounds was associated
with a high rate of adverse drug
events and high costs and resulted
in not more than 60% treatment
success overall .

C. LANGE ET AL.
THE CHALLENGE OF TB IN THE 21ST CENTURY



• 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:

MDR/XDR TB

• SCALE UP OF DR-TB TREATMENT THROUGH 
DECENTRALIZED CARE

• OUTPATIENT TREATMENTS

• REDUCED PATIENTS DISCONFORT

• LESS SIDE EFFECTS

• REDUCED MONITORING





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 outcome of the Nix-TB trial changed the prospect for the 

treatment of patients with DR-TB substantially in 2020





Intervention: 181 participants (≥14 years of age in South 
Africa and the country of Georgia and ≥18 years of age in 
Russia and Moldova) with extensively drug-resistant 
(XDR) tuberculosis, pre-XDR tuberculosis, or rifampin-
resistant tuberculosis that was not responsive to 
treatment or for which a second-line regimen had been 
discontinued owing to side effects were assigned to 
receive bedaquiline and pretomanid for 26 weeks, along 
with linezolid at one of two doses for either 26 weeks or 
9 weeks.

ZeNix Trial



ZeNix Trial
The primary end point was treatment failure 
or disease relapse (clinical or bacteriologic) 
at 26 weeks after completion of treatment. 
A favorable outcome was maintenance of 
negative culture status throughout follow-up 
in participants who had not had an 
unfavorable outcome previously.

Peripheral neuropathy occurred in 38%, 24%, 24%, and 13%,
respectively and myelosuppression occurred in 22%, 15%, 2%,
and 7%,respectively.







Courtesy of Ilaria Motta



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.





1)



BPaLM regimen
6 months (26 weeks) all-oral treatment regimen of bedaquiline, 

pretomanid, linezolid and moxifloxacin)

• In patients with MDR-/RR-TB where fluoroquinolone susceptibility is presumed or documented this 
regimen should be the treatment of choice.

• It is possible to omit moxifloxacin and continue with the BPaL regimen for MDR-/RR-TB patients with 
confirmed fluoroquinolone resistance (based on the results of the ZeNiX-TB and TB PRACTECAL trials). 

• When the regimen is BPaL from the start or is changed to BPaL, it can be extended to a total of 39 weeks 
(counting from the start of the therapy with BPaLM/BPaL). This extension is justified in cases of failure to 
convert culture between months 4 and 6 while on treatment; alternatively, it can be based on the clinical 
judgement of the treating physician. 

• Ideally, missing doses of all three or four drugs in the regimen should be avoided; however if doses are 
missed, any interruption of longer than 7 days should be made up by extending the treatment duration (for 
the number of missed doseses). Up to 1 month can be added to the overall treatment duration if there is a 
need to make up the missed doses 

• Therefore, 26 or 39 weeks of prescribed doses should be completed within an overall period of 7 or 10 
months, respectively.





Short-regimen 9-12 months all-oral

• For those who are not eligible for the shorter BPaLM/BPaL regiments :
9-month all-oral treatment regimen consisting of bedaquiline (used for 6 months), in combination with
levofloxacin/moxifloxacin, ethionamide, ethambutol, isoniazid (high-dose), pyrazinamide and clofazimine
(for 4 months, with the possibility of extending to 6 months if acid-fast bacilli are still detectable in the
patient’s sputum at the end of 4 months), followed by treatment with levofloxacin/moxifloxacin, clofazimine,
ethambutol and pyrazinamide (for 5 months).

• Ethionamide can be replaced by 2 months of linezolid (600 mg daily). 

• Patients with MDR-/RR-TB are eligible for this regimen if resistance to fluoroquinolones has been excluded
(based on operational data from South Africa)

2)





Longer individualised 18-month regimens
• For patients with MDR-/RR-TB who are not eligible for 

• Or had no favourable treatment outcome using the above 6-month or 9-month 
regimens, 

• Have TB disease caused by M. tuberculosis strains with extensive drug 
resistance (e.g. XDR-TB)

• or have intolerance to key components of the above-mentioned regiments 

• These regimens have a duration of at least 18 months and are individually 
designed based on a hierarchical grouping of second-line TB medicines, the 
drug-resistance profile and the patient’s medical history (based on the results 
of an individual patient data analysis

3)







European Respiratory Society, 2023; pp. 117–138 [https://doi.org/10.1183/2312508X.10024622

• Patients with 
XDR-TB or those 
who have failed 
treatments with 
MDR-/RR-TB 
therapies should 
be managed in 
referral centres.

• The management 
of difficult-to-
treat patients 
should be
discussed in
interdisciplinary
boards





• Currently the pipeline of new TB drugs candidate 
is flourishing like never before. 

• Thus, 19 new or repurposed compounds for 
treatment of DS-TB and DR-TB are at present in 
phase 1 or 2 clinical trials  

• Of these new drugs, 10 are of new classes or 
with a new mechanism of action.



Ongoing clinical trials
• The global pipeline of clinical research on TB treatment is evolving 
• The majority of trials aim to show non-inferiority of an experimental regimen with a shorter treatment duration
compared to a control, which is usually standardised for DS-TB and individualised for RR-TB.











| Host immune regulation by monocyte and macrophage miRNAs during tuberculosis





Conclusion

• Recent years have seen much-awaited improvements in TB treatment. 

• The historical paradigm of the 6-month “short course” treatment for DS-TB has fallen  

• In addition, recent reports suggest that further treatment shortening may be possible 

• History has shown how quickly new TB drugs can be followed by the emergence of drug resistance 

• By introducing new regimens with scarce global capacity for DST, past mistakes are being repeated 

• Finally, access to new drugs and regimens is a global emergency that requires commitment and adequate 
investments.

• Future efforts should be directed to protect these recent advances




