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a b s t r a c t 

In December 2022 World Health Organization released a new treatment for multidrug- 

resistant/rifampicin-resistant tuberculosis (MDR/RR-TB) guideline. The main novelty of this update 

is two new recommendations (i) a 6-month treatment regimen composed of bedaquiline, pretomanid, 

linezolid (600 mg), and moxifloxacin (BPaLM) is recommended in place of the 9-month or longer (18- 

month) regimens in MDR/RR-TB patients, now including extensive pulmonary TB and extrapulmonary 

TB (except TB involving central nervous system, miliary TB and osteoarticular TB); (ii) the use of the 

9-month all-oral regimen rather than longer (18-months) regimen is suggested in patients with MDR/RR- 

TB and in whom resistance to fluoroquinolones has been excluded. Longer (18-month) treatments 

remain a valid option in all cases in which shorter regimens cannot be implemented due to intolerance, 

drug-drug interactions, extensively drug-resistant tuberculosis, extensive forms of extrapulmonary TB, or 

previous failure. The new guidelines represent a milestone in MDR/RR-TB treatment landscape, setting 

the basis for a shorter, all-oral, more acceptable, equitable, and patient-centered model for MDR/RR-TB 

management. However, some challenges remain to be addressed to allow full implementation of the new 

recommendations. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Drug-resistant tuberculosis (DR-TB) remains a major global 

ealth threat, with an estimated burden of 450,0 0 0 (95% CI: 

99,0 0 0-501,0 0 0) new cases of rifampicin-resistant TB (RR-TB) in 

021 [1 , 2] . Globally DR-TB treatment success rates have increased 

rom 50% in 2012 to 60% in 2019 with 15% of multi DR (MDR)/RR- 

B patients still dying from the disease [3] . 

In December 2022, World Health Organization (WHO) released 

The WHO Consolidated Guidelines on Tuberculosis (TB), Module 
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: Treatment - Drug-Resistant Tuberculosis Treatment 2022 up- 

ate” [3] , which builds on the previous “Rapid communication”

ublished in 2022 [4] and replaces the 2020 “WHO consolidated 

uidelines on drug-resistant tuberculosis treatment” [5] . 

The 2022 WHO DR-TB treatment update includes seven main 

ections on treatment regimens for MDR/RR-TB and isoniazid- 

esistant TB (Hr-TB), monitoring patient response to treatment, the 

iming of starting the antiretroviral therapy in MDR/RR-TB patients 

iving with HIV and use of surgery for patients on MDR/RR-TB 

reatment [2] . 

The 2022 update contains two new recommendations (based 

n a review of new evidence) regarding treatment regimens for 

DR/RR-TB: (i) the use of the 6-month treatment regimen com- 

osed of bedaquiline, pretomanid, linezolid (600 mg) and moxi- 

oxacin (BPaLM) rather than the 9-month or longer (18-month) 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Indications/contraindications of the shorter and longer MDR/RR-TB treatment regimens, modified from [10] . 

Regimen 6-Month BPaLM/BpaL a 9-Month all-oral Longer individualized 18-month 

MDR/RR-TB 

Fluoroquinolones-susceptible 

YES (BPaLM) YES YES when 6-month and 9-month 

regimens could not be used 

Pre-extensively DR 

(Fluoroquinolones resistant) 

YES (BPaL only) NO YES when 6-month regimen could not 

be used 

Extensively DR-TB NO NO YES 

Extensive pulmonary TB YES NO YES 

Extrapulmonary TB YES 

(except TB involving CNS, miliary TB 

and osteoarticular TB) 

YES 

(except TB meningitis, miliary TB, 

pericardial TB and osteoarticular TB) 

YES 

Age < 14 years NO YES YES 

People living with HIV YES YES YES 

Pregnant/breastfeeding NO Ethionamide-sparing regimen is 

recommended 

YES 

Exposure to any of the drugs 

composing the regimen for ≥30 days b 
NO 

b NO 

b YES 

History of cardiac disease or 

concomitant drugs that prolong QTc 

YES (but must be monitored closely) YES YES 

Body mass index < 17 YES (but must be monitored closely) YES YES 

Hemoglobin < 8 g/dl or platelet 

< 75.000/mm 

3 

YES (but prefer other regimes) Linezolid-sparing regimen is suggested Linezolid-sparing regimen is suggested 

Pre-existing peripheral neuropathy of 

grade III-IV 

YES (but prefer other regimes) Linezolid-sparing regimen is suggested Linezolid-sparing regimen is suggested 

BpaLM: bedaquiline, pretomanid, linezolid (600 mg) and moxifloxacin; DR-TB: drug-resistant-tuberculosis; MDR/RR-TB, multidrug-resistant/rifampicin-resistant tuberculosis. 
a When the regimen is BPaL from the start or is changed to BPaL, it can be extended to a total of 9 months (39 weeks) if sputum cultures are positive between months 4 

and 6 
b When exposure is greater than 1 month, resistance to the specific drugs with such exposure must be ruled out before considering the regimen. 
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egimens in MDR/RR-TB patients (ii) the use of the 9-month all- 

ral regimen rather than longer (18-months) regimens in patients 

ith MDR/RR-TB and in whom resistance to fluoroquinolones (FQ) 

as been excluded. Longer regimens remain a valid option in some 

ircumstances (unchanged recommendation). Table 1 summarizes 

he main indications and contraindications of each treatment regi- 

en. 

-month treatment regimens 

Based on the evidence generated by the TB-PRACTECAL [6 , 7] 

nd ZeNix [8 , 9] randomized control trials, the Guidelines Devel- 

pment Group (GDG) concluded that BPaLM regimen, composed of 

edaquiline, pretomanid, linezolid (600 mg od – 26 weeks) and 

oxifloxacin, is recommended over the currently recommended 

onger regimens in patients with MDR/RR-TB. Drug susceptibil- 

ty testing (DST) to fluoroquinolones is strongly encouraged, but 

t should not delay treatment initiation; in cases when resis- 

ance to fluoroquinolones is documented after the start of BPaLM, 

oxifloxacin should be stopped, and the regimen continued as 

PaL (without moxifloxacin). BPaLM regimen is also recommended 

ver the currently recommended 9-month regimen with 4 months 

thionamide or with 2 months linezolid, and over an 18-month 

onger regimen in patients with pulmonary MDR/RR-TB without 

uoroquinolone resistance. 

Among the 6-month BPaL-based regimens assessed by the TB- 

RACTECAL trial (e.g., BPaL, BPaLM, and bedaquiline, pretomanid, 

inezolid and clofazimine [BPaLC] containing clofazimine), the 

PaLM regimen is preferred, as it led to more treatment success, 

ewer failures or recurrences and less emerging drug resistance 

ith little difference in adverse events. 

BPaLM regimen is suggested for all people with MDR/RR-TB re- 

ardless of HIV status, who have not had prior exposure to be- 

aquiline, pretomanid, and linezolid (defined > 1 month exposure). 

hen exposure is > 1 month, resistance to the specific drugs with 

uch exposure must be excluded. If resistance to bedaquiline, line- 

olid, or pretomanid is confirmed or suspected, the BPaLM/BPaL 

egimen should be stopped, and patients should be referred for a 

onger individualized regimen [10] . 
S13 
No efficacy data are available yet to propose the use of BPaLM 

egimen in patients affected by the central nervous system (CNS), 

steoarticular, and disseminated (miliary) TB, in those under 14 

ears of age and in pregnant and breastfeeding women due to lim- 

ted evidence on pretomanid safety in this population [10 , 11] . 

Several different dosing and duration schemes of linezolid were 

sed in the ZeNix trial and data suggested that a daily linezolid 

ose of 600 mg for 26 weeks was associated with higher levels of 

reatment success, lower levels of failure and recurrence, and fewer 

dverse events compared to 1200 mg/day [12 , 13] . The GDG con- 

idered the possibility to reduce the daily dose of linezolid to 300 

g/daily if necessary to mitigate toxicity, even though it is prefer- 

ble to use linezolid at the dosage of 600 mg/daily throughout the 

egimen [14 , 15] . The GDG acknowledged the slight differences in 

he treatment duration of the BPaLM and BPaL regimens as studied 

n TB-PRACTECAL and ZeNIX trials and suggested standardizing the 

reatment duration of BPaLM to 6 months (26 weeks); for BPaL, 

xtension to a total of 9 months (39 weeks) if sputum cultures 

re positive between months 4 and 6 can be considered. Missed 

oses of all three or four drugs in the regimen should be avoided; 

herefore, 26 or 39 weeks of prescribed doses should be completed 

ithin an overall period of 7 or 10 months, respectively. 

Additional evaluation of BPaLC regimen was made although ev- 

dence was limited due to smaller sample size compared with 

PaL; considering the increased pill burden, reduced acceptability 

ecause of skin discoloration and other potential adverse effects 

elated to clofazimine use without noticeable benefits, the GDG 

udged that BPaLC regimen should not be recommended. 

-month all-oral regimen 

Another treatment option for people with MDR/RR-TB and 

ithout resistance to fluoroquinolones who are not eligible for the 

PaLM is the 9-month all-oral bedaquiline-containing regimen. It 

onsists of (i) intensive phase: bedaquiline in combination with 

Q (levofloxacin or moxifloxacin), ethionamide (or linezolid at the 

osage of 600 mg daily), ethambutol, high-dose isoniazid, pyrazi- 

amide and clofazimine (ii) continuation phase: fluoroquinolones, 

lofazimine, ethambutol, and pyrazinamide. The intensive phase is 
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ntended as 4-month long (except bedaquiline, which is always 6- 

onth long, and linezolid, which is maximum 2-month long), but 

t may be extended to 6 months when bacteriological conversion 

s not seen at the end of the fourth month of treatment, while 

he continuation phase remains of 5 months; hence, if extended, 

he entire regimen may last 11 months instead of 9. The two reg- 

mens are as follows: 4-6 Bdq (6m) -FQ-Cfz-Z-E-Hh-Eto/5 FQ-Cfz-Z- 

 (known as ethionamide variation) and 4-6 Bdq (6m) -Lzd (2m) -FQ- 

fz-Z-E-Hh/5 FQ-Cfz-Z-E, also known as linezolid variation [11] . 9- 

onth regimens represent the preferred treatment option over the 

onger regimens for patients without previous exposure to second- 

ine treatment (including BDQ), except in case of extensive pul- 

onary disease, severe extrapulmonary, CNS, military, and osteoar- 

icular TB where longer treatment is still recommended. 

While the lack of safety data on pretomanid in children aged 

elow 14 years makes the BPaLM not recommended in this age 

roup, the 9-month all-oral regimen can be suggested to chil- 

ren of all ages, in consideration of the recommendation for be- 

aquiline use in children even below 6 years of age [14] . Further- 

ore, considering the contraindication to the use of ethionamide 

n pregnancy and the consolidated data on using linezolid during 

regnancy, the 9-month regimen with linezolid is recommended 

nstead of ethionamide for pregnant and lactating women. Re- 

arding the choice of fluoroquinolones, although levofloxacin and 

oxifloxacin have shown similar efficacy for treating DR-TB, lev- 

floxacin is often preferred because of moxifloxacin’s higher po- 

ential for cardiotoxicity even if levofloxacin has been associated 

ith musculoskeletal disorders in pediatric populations [15] . The 

-month regimen can be a preferred option over the longer reg- 

mens in newly diagnosed patients not eligible for the 6-month 

PaLM/BPaL; an informed decision-making process, including clin- 

cal judgment, DST results, and patient preference should be made. 

onger regimens for multidrug-resistant/rifampicin-resistant 

uberculosis 

The last treatment section of the guidelines is dedicated to 

onger regimens (18-20 months), based on the WHO drug grouping 

, B, and C 

∗. This option, with no changes compared to 2020 WHO

uidelines, is still considered when the BPaLM/BPaL or 9-month 

ll-oral regimen cannot be used (e.g., severe extrapulmonary TB; 

dditional resistance to key medicines of the BPaLM/BPaL regi- 

en -except moxifloxacin- or the 9-month all-oral regimen; lack 

f response to shorter treatment regimens; drug intolerance to the 

omponent medicines of the 6-month or 9-month regimen; preg- 

ant and lactating women or children aged below 14 years). Longer 

reatment, preferably all-oral, should be individualized based on 

ST and treatment history and it must include an intensive phase 

ith at least four likely to be effective TB agents (three of Group A 

nd at least one of Group B), and a continuation phase of at least 

hree drugs. If four likely effective drugs cannot be achieved with 

gents from Group A and Group B, Group C agents are added to 

omplete it. When Group C agents are included in the regimen, 

he number of drugs may exceed four, to reflect the uncertainty 

bout the efficacy of some of these medicines. Due to the long du- 

ation of therapy and the potential side effects, the GDG agreed 

hat reducing the pill burden to the minimum effective one is the 

est strategy to minimize the risk of treatment failure. Bedaquiline 

hould be included in all age groups, even in pregnancy and in 

hose aged below 6 years; in addition, evidence supports its safe 

se beyond 6 months in selected patients, under “off-label” use 

16] . Although the GDG did not give recommendations on the ef- 

ectiveness of the co-administration of bedaquiline and delamanid, 

wing to lack of evidence data, both medicines may be used in pa- 

ients who have limited treatment options. Recent data presented 

rom the DELIBERATE trial highlighted that the QTc effects of co- 
S14 
dministration of bedaquiline and delamanid were not more than 

dditive and they were not associated with grade 3 or 4 QTc pro- 

ongation [17] . Balancing desirable and undesirable effects, GDG 

udged that it would probably be feasible to use delamanid in chil- 

ren of all ages (using the 25 mg dispersible delamanid formula- 

ion in children below 3 years of age) [18] . The total duration of 

onger regimens is 18-20 months (15-17 months after culture con- 

ersion) that may be modified according to treatment response. 

All regimens (BPaLM, BPaL, 9-month, and longer treatments) 

an be safely recommended in people living with HIV, with careful 

valuation of drug-drug interactions and in those with CD4 + cell 

ount < 100/mm 

3 . 

iscussion 

The long-awaited new DR-TB treatment guidelines represent a 

lear push toward the utilization of all-oral, shorter regimens for 

ost patients with MDR/RR-TB. 

Based on available data, the 6-month BPaLM/BPaL regimens 

an achieve successful outcomes even in case of extensive pul- 

onary and extrapulmonary (except CNS, miliary and osteoar- 

icular TB) MDR/RR-TB, representing the shortest regimens ever 

roposed for this difficult-to-treat condition. While the evidence 

round BPaLM/BPaL regimens is highly promising, some aspects 

ust be addressed soon to allow their smooth roll-out. 

Firstly, access to drug susceptibility tests and second-line drugs 

emains the major issue for National TB Programs, and only a third 

f estimated MDR/RR-TB patients have been enrolled on treatment 

lobally [1] . Once MDR/RR-TB is identified, the limited global ac- 

ess to rapid bedaquiline and linezolid molecular testing and the 

ack of pretomanid rapid molecular testing to exclude baseline re- 

istance are major concerns, especially in consideration of the rise 

f bedaquiline resistance [19] . BPaLM regimen, including only four 

rugs, and even more BPaL, are likely to be inadequate in case 

f baseline resistance to one or more drugs included in the regi- 

en, with a high risk of treatment failure. While resistance test- 

ng to FQ is available, its global coverage remains low (being only 

0% in 2021) [3] , and universal access to rapid fluoroquinolone- 

ST should also be pursued, to allow appropriate regimen selection 

i.e., BPaL instead of BPaLM) and avoid unnecessary and potentially 

oxic drugs administration in case of resistance. 

In addition, the high cost of bedaquiline, pretomanid, and line- 

olid, together with issues regarding pretomanid availability in 

ome countries, limit the access to these medicines for many pa- 

ients, not only in low resources but also in middle and high- 

ncome countries, and should be urgently addressed. 

Besides diagnostic and treatment capacity, there are also some 

ractical aspects that need to be clarified (i) BPaLM only considers 

oxifloxacin use, and not levofloxacin: further studies are needed 

o show if levofloxacin can be a safe substituted with same out- 

omes; (ii) the GDG allowed the reduction of the daily linezolid 

ose to 300 mg to mitigate linezolid-related side effects (e.g., ane- 

ia, peripheral neuropathy); it is our opinion that the reduced 

ose should be given only if therapeutic drug monitoring and min- 

mal inhibitory capacities are available; (iii) evidence is needed 

o understand if BPaLM/BPaL can be continued (and how) with- 

ut linezolid in case of drug interruption/early discontinuation or, 

ather, if the entire regimen should be stopped; (iv) the 6-month 

PaL regimen might be prolonged to 9 months in case of positive 

putum cultures between months 4 and 6. However, when the evi- 

ence of culture conversion is not available at 6 th month, we won- 

er if other elements (i.e., previous failure, smear microscopy re- 

ults, chest X-ray picture or computer-aided detection score) could 

e considered to predict response to treatment and, in case of 

ikely poor response, clinicians might decide to prolong the treat- 

ent to 9 months. 
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[

[

BPaLM is not supposed to be prolonged beyond 6 months; how- 

ver, we wonder if the same elements listed above suggesting a 

oor response to treatment could guide the decision to prolong 

t to 9 months as well. Although limited data on the BPaLC regi- 

en are available, in the case of FQ resistance, adding clofazimine 

o BPaL might be considered to reinforce the regimen and protect 

gainst bedaquiline resistance onset. 

Last, but not least, future guidance in the following areas would 

e very useful for National TB Programs in view of BPaLM/BPaL 

oll-out: BPaLM/BPaL adherence monitoring plan, with details on 

dherence methods/digital technologies utilization; BPaL/BPaLM 

reatment monitoring schedule (beside culture monitoring); post- 

reatment follow-up data recording and reporting, to inform about 

he sustained treatment success and risk of relapse. 

In conclusion, the updated DR-TB treatment guidelines repre- 

ent a turning point in MDR/RR-TB treatment evolution, offering 

ultiple all-oral, shorter, and more patient-centered options, and 

etting the basis for a new, more acceptable, equitable, and cost- 

ffective model for MDR/RR-TB management [20 , 21] . Massive ef- 

orts in terms of capacity building, strengthening of diagnostic ca- 

acity, actions to ensure new drugs and shorter regimens access 

nd generation of further evidence around new regimens are ur- 

ently needed to expand the MDR/RR-TB treatment coverage and 

chieve actual implementation of the new guidelines at a global 

evel. 
∗Group A = levofloxacin or moxifloxacin, bedaquiline, and line- 

olid; • Group B = clofazimine, and cycloserine or terizidone; and 

Group C = ethambutol, delamanid, pyrazinamide, imipenem–

ilastatin or meropenem, amikacin (or streptomycin), ethionamide or 

rothionamide, and p-aminosalicylic acid. 
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