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Note

These consolidated guidelines have been updated following Guideline Development Group (GDG) processes carried out between 2011 and
2018 in accordance with WHO requirements (online Annexes 3-5) (7). The document replaces other WHO recommendations relating to the
treatment of multidrug- and rifampicin-resistant tuberculosis (MDR/RR-TB) issued since 2011 (2-6) (as well as recommendations in other
guidelines relevant to the care of drug-resistant TB (DR-TB); see Box 1). The PICO (Population, Intervention, Comparator and Outcomes)
questions underlying the recommendations and the revised dosage of medicines used in second-line regimens and key references are
included in this document (Annexes 1and 2 and the References section, respectively). More details on the GDG processes and participants,
the main methods used to develop the recommendations, the resultant Grading of Recommendations Assessment, Development and
Evaluation (GRADE) evidence summaries and decision frameworks for each recommendation, and unpublished data, data analysis plans
and reports of systematic reviews are available online (online Annexes 3-9). The recommendations and other practical information to
support their implementation will be reproduced in a forthcoming update of the WHO TB programmatic management handbook (7).
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Am amikacin Km kanamycin
Amx—Clv  amoxicillin—clavulanic acid Lfx levofloxacin
Bdq bedaquiline Lzd linezolid

Cfz clofazimine Mfx moxifloxacin
Cm capreomycin Mpm meropenem
Cs cycloserine PAS p-aminosalicylic acid
DIm delamanid Pto prothionamide
E ethambutol rifampicin

Eto ethionamide S streptomycin
Gfx gatifloxacin thioacetazone
Hh high-dose isoniazid Trd terizidone
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[1.5, 5.8] 3.0 Amoxicillin—clavulanic acid
[1.3, 8.6] 3.6 Clofazimine
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[1.9, 8.8] 41 Levofloxacin
[2.3, 8.8] 45 Streptomycin
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The following staff served as the WHO Steering Committee for the development of the current policy
guideline: Dennis FALZON, Medea GEGIA, Christopher GILPIN, Licé GONZALEZ-ANGULO, Ernesto
JARAMILLO, Linh NGUYEN, Karin WEYER and Matteo ZIGNOL from the WHO Global TB Programme
(WHO/GTB); Meg DOHERTY from the WHO HIV Department; Piero OLLIARO from the Special
Programme for Research and Training in Tropical Diseases (TDR); and Edward KELLEY from the WHO
Service Delivery and Safety Department. The guideline text was drafted by Dennis FALZON and Licé
GONZALEZ-ANGULO with contributions from Alexei KOROBITSYN, under the guidance and
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an update of the IPD analysis on rifampicin-resistant/multidrug-resistant TB (RR-/MDR-TB) outcomes,*
which was funded by the American Thoracic Society (ATS), the Infectious Diseases Society of America
(IDSA) and the United States Centers for Disease Control and Prevention (U.S. CDC). ATS/CDC/IDSA
and WHO/GTB agreed to the mutual exchange of results of the two analyses to inform the revision
of their respective TB guidelines.
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The recommendations and remarks contained in this document resulted from the discussions of a
Guideline Development Group (GDG) convened by the Global TB Programme (GTB) of the World Health
Organization (WHO) in Versoix, Switzerland from 16 to 20 July 2018 ( ). WHO expresses
its gratitude to the numerous MDR/RR-TB patients whose data allowed the development of the new
WHO guidelines. WHO gratefully acknowledges the contributions made by this Group ahead of, during
and after this meeting by Holger SCHUNEMANN (Chair and GRADE methodologist) and Geraint
(Rhys) DAVIES (Co-Chair) and the other GDG members: Eden ABADIANO MARIANO, Susan ABDEL
RAHMAN, Sarabjit S CHADHA, Daniela CIRILLO, Fernanda DOCKHORN COSTA JOHANSEN, Bernard
FOURIE, Edwin HERRERA-FLORES, Ayuko HIRAI, Alexander KAY, Rafael LANIADO-LABORIN, Lawrence
MBUAGBAW, Payam NAHID, Austin Arinze OBIEFUNA, Cristina POPA, Wipa REECHAIPICHITKUL, Maria
RODRIGUEZ, Adman Skirry SHABANGU, Sabira TAHSEEN, Carrie TUDOR, Zarir UDWADIA and Andrew
VERNON ( ). Likewise, WHO thanks the team from McGill University, Montréal, Canada
that undertook the systematic reviews and individual patient data collection and analyses, namely,
Syed ABIDI, Faiz AHMAD KHAN, Jonathon CAMPBELL, Zhiyi LAN and Dick MENZIES.

“ Ahuja SD, Ashkin D, Avendano M, BanerjeeR, Bauer M, BayonaJN etal. Multidrugresistant pulmonary tuberculosis treatmentregimens
and patient outcomes: an individual patient data meta-analysis of 9,153 patients. PLoS Med. 2012;9(8):e1001300.



WHQO also acknowledges the experts on the External Review Group (ERG) who provided comments
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The writing of these guidelines was coordinated by Dennis FALZON (WHO/GTB) and Kerri VINEY (WHO
rapporteur), under the guidance and supervision of Ernesto JARAMILLO and Karin WEYER (WHO/
GTB), and the overall direction of Tereza KASAEVA, Director of WHO/GTB. The authors acknowledge
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Guideline Steering Committee, ahead of submission to the WHO Guideline Review Committee (GRC)
adjudication in November 2018 in accordance with the WHO internal clearance process.
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Johnson & Johnson Services, Inc. (Tine DE MAREZ, Chrispin KAMBILI), Otsuka (Marc DESTITO, Lawrence
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NUNN, Patrick PHILLIPS, Ira D. RUSEN) and the UNION (Alberto PIUBELLO, Valérie SCHWOEBEL,
Arnaud TREBUCQ) (see also ). Yinyin XIA and Andrei MARYANDYSHEV assisted with
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task force on the pharmacokinetics and pharmacodynamics (PK/PD) of TB medicines contributed to
the update of the drug dosage schedules (Annex 2). WHO acknowledges the contribution of the
American Thoracic Society, the U.S. Centers for Disease Control and Prevention, the Infectious
Diseases Society of America, the European Respiratory Society and the Canadian Institutes of Health
Research for their support to McGill University to consolidate the earlier records of longerregimens
in the individual patient dataset used in the 2018 update (43).

The funding for the update of the guidelines was made available through grants from the Russian
Government "Acceleration of multisectoral actions towards ending the global tuberculosis epidemic-
2018-2020" (WCCPRD6702601) and UNITAID grant no. 2016-10-WHO Tuberculosis 19-2017-e.
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This 2011 update of Guidelines for the programmatic management of drug-resistant tuberculosis was
coordinated by Dennis FALZON under the guidance of Ernesto JARAMILLO and Léopold BLANC of
the World Health Organization’s Stop TB Department. The contribution of the following experts and
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diw 14 o locl

A Fluoroquinolones

Levofloxacin - 250 mg tab 3 3 4 4 4 15¢g
500 mg tab 15 15
750 mg tab 1 1 15 15 15
Moxifloxacin standard dose* 400 mg tab 1 1 1 1 1 400 mg
hiakh-a cd ADO0-raa-tale 1 L 1.C 1. o) 9] 9] [oTaTaNr-vw, t Atk +oanAardizad
Illyll Uuust “TUYU Illy way Ul .J o LUl o [ [ OUVU llly asS UusSTUu T Sstariual UlZTyu
shorter MDK-1B regimen
Bedaquiline - 100 mg tab 4 tabs od for first 2 weeks; then 2 tabs od 400 mg
M/W/F for 22 weeks
Linezolid =< 600 mg tab (<15y) (<15y) 1 1 1 129
B Clofazimine =€ 50 mg cap or tab 2 2 2 2 2 100 mg
. 100 mg cap or tab 1 1 1 1 1 100 mg
terizidone
Cycloserine or 10-15 mg/kg 250 mg cap 2 2 3 3 3 ie]
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30-35 36-45 46-55 56-70 >70
kg kg kg ki kg
C Ethambutol 15-25 mg/kg 400 mg tab 2 2 3 3 3 -
Delamanid = 50 mg tab 2bd  2bd 2bd 2bd 2bd 200 mg
Pyrazinamide 20-30 mg/kg 400 mg tab 3 4 4 4 5 -
500 mg tab 2 3 3 3 4
Imipenem-cilastatin = 0.5g + 0.5gvial 2vials(1g+1g)bd - Tobe used with clavulanic
acid
Meropenem - 1 g vial (20 ml) Tvial 3 times per day or 2 vials bd - Tobe used with clavulanic
acid
Amikacin 15-20 mg/kg 500 mg/2 ml vial® 25ml 3ml 3to4 4ml 4ml 19
ml
Streptomycin 12-18 mg/kg 1gvial® Calculate according to the dilution used 19
Ethionamide or 15-20 mg/kg 250 mg tablet 2 2 3 3 4 1g Once daily dose advised but
prothionamide can start with 2 divided doses
until tolerance improves
p-aminosalicylic acid 8-12 g/day in 2-3 PAS sodium salt (4g)  1bd 1bd 1bd Tbd 1tol5 129
divided doses sachet bd
PASacid (4g)sachet 1bd 1bd 1bd Tbd 1to15
bd
o Isoniazid 4-6 mg/kg 300 mgtab 2/3 1 1 1 1 - 100 mg isoniazid tablet can
=4 (standard dose)* facilitate the administration of
[]
3 certain dosages
2 1015 mg/k% 300 mg tablet 15 15 2 2 2 Pyridoxine given with isoniazid
5 (high dose) in patients at risk (such as
H those with HIV, malnutrition)
m—w
Clavulanic acid® — 125 mg tab? Tbd 1bd 1bd 1bd 1bd - Only to be used with

carbapenems
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56

kg kg kg kg kg

Kanamycin 15-20 mg/kg 500 mg/2 ml via 2to25 25t03 3tod 4ml 4 ml 19 M/W/F dosing of
C 15=20 K 500 2 mivial 2 :” | j””l 3 't”' 2—4mi—4ml 1 ES}B%J%%;S it ?ct)ﬁcjit?%d
apreomycin =20m mg/2 mivial® 5m m 0 m m

Q P Y 9/%g 9 o inconvenience when the
2 ml injectable agents are used in
; longer MDR-TB regimens
®  Gatifloxacin — 400 mg tab 2 2 2 2 2 800 mg  Not used in <18 year olds
a (no quality assured product
H currently available)
w

¥

Thioacetazone = 150 mg tab 1 1 1 1 1 - Not used in <18 year olds
(NO gudlilty assurea proauct
currently available)

(<15'y) = follow the separate dose schedule for patients younger than 15 years of age; bd = two times a day; cap = capsule; g = gram; im = intramuscular; iv = intravenous; kg = kilogram; ml = millilitre; mg =
milligram; M/W/F = Monday, Wednesday, Friday; soln = solution; susp = suspension; tab = tablet

*Dosages were established by the Guideline Development Group for the WHO treatment guidelines for rifampicin- and multidrug-resistant tuberculosis, 2018 update and the WHO Global task force on the
pharmacokinetics and pharmacodynamics (PK/PD) of TB medicines and other experts. They are based on the most recent reviews and best practices in the treatment of MDR/RR-TB. For certain agents the
dosages were informed by pharmacokinetic modelling results based on the principle of allometric scaling (Anderson BJ, Holford NH. Mechanism-based concepts of size and maturity in pharmacokinetics. Annu
Rev Pharmacol Toxicol 2008;48:303-32). Due to the pharmacokinetic properties of certain medicines the doses proposed may exceed the mg/kg/day ranges shown here in order to achieve blood concentrations
similar to target levels in an average adult patient. In patients <30 kg follow the schedule for <15 year olds unless otherwise indicated. If multiple dose options are given for one weight band select the lower or
higher option depending on whether the patient is at the lower or higher limit of the body weight range. Dosing more closely to the target mg/kg/day should be aimed for, and is more feasible with oral or
parenteral fluids and when solid forms of different dosages are available. Fractioning of tablets into halves or less should be avoided, if possible. Therapeutic drug monitoring is advised when the dose is at the
upper and lower ends of the range to minimize the adverse therapeutic consequences of over- and under-exposure, respectively (especially for injectable agents, linezolid and fluoroquinolones).

©Clinicians may decide to exceed these values in particular cases to improve therapeutic effect.
“No weight-based dosing is proposed.

4Unless there is risk of toxicity, the high dose may be used if antimicrobial levels may be lowered because of pharmacokinetic interactions, malabsorption or other metabolic reasons or if the strain has low-level
drug resistance.

¢ Weight-based daily dose is for 6 or 7 days/week administration (M/W/F scheduling may permit higher dosing). Volumes shown may differ by preparation. Streptomycin may be diluted in three different ways.
For iv use, the volume may be increased.

fIn the 2018 WHO treatment guidelines, these agents are either no longer recommended (kanamycin, capreomycin), only recommended as a companion agent (amoxicillin/clavulanic acid) or not included because
of lack of data from the latest analysis on longer MDR-TB regimens in adults (gatifloxacin, isoniazid and thioacetazone).

9 Only available in combination with amoxicillin as co-amoxyclav (e.g. 500 mg amoxicillin/125 mg clavulanic acid fixed dose combination). It is given with each dose of carbapenem, either as 125 mg bd or 125 mg 3
times daily.

See the text of the guidelines for more details on the use of medicines.
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16-23 24-30
kg kg

31-34

kg >34kg

duw 15

A Fluoroquinolones

Levofloxacin 15-20 mg/kg 100 mg dt 1 15 2or3 3ord (>14y) (>14y) (>14y) 15g
250 mg tab 0.5 05 Torl1l5 150r2 2 3 (>14y) 15g
Moxifloxacin 10-15 mg/kg 100 mg dt* 08 1.5 2 3 4 (>14y) (>14y) 400 mg
400 mg tab* 2mlc 3mlc 5ml°  05or 1 (>14y) (>14y) 400mg Use 10 mg/kgin
0.75 <6 months
Bedaquiline - 100 mg tab - - - 2 tabs od for 4 tabs od for - Only in patients
twoweeks;then 2 weeks; then >5 years old
1 tab odM/W/F 2 tabs od M/W/F (lower dose from
for 22 weeks for 22 weeks 15-29 kg; higher
dose from >29 kg)
Linezolid 15 mg/kg od 20 mg/ml susp 4 ml 6 ml 8ml Mml 14ml 15ml 20ml* 600 mg
In <16 Kg C p
1012 m%/kg 600 mg tab 0.25 0.25 0.25 0.5 0.5 0.5 0.75
odin >15 kg
B Clofazimine 2-5 mg/kg 50 mg cap or tab Talt Talt 1alt 1 2 2 (>14y) 100 mg Give on alternate
days days days days if dose in mg/
100mgcaportab  M/W/F MMW/F  Talt 1lalt 1  (>14y) (>14y) 100mg (&9 steongn
days  days
Cycloserine or 15-20 mg/kg 125 mg mini capsule 1 1 2 3 4 14y (>14y) 1g
terizidone (cycloserine)
250 mg cap® 4-5ml¢ 5-6ml©  7-10 2 2 2 >14y) 1g
ml©
C Ethambutol 15-25 mg/kg 100 mg dt 1 2 3 4 - - (>14y) -
400 mg tab“ 3mlc 4mlc eml 1 Tor15 2 (>14y)
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Delamanid

50 mg tab

1N 1C
kg kg kg
1 bd

12 22

e e

e

24 2N

21 24
kg
1 bd

2 bd

200 mg

Only in patients
>2 years old (25 mg
bd in 3-5 years;

50 mg bd in 6-11
years; 100 mg bd in
12-17 years)

Pyrazinamide 30-40 mg/kg 150 mg dt 1 2 3 4or5 - - (>14y) -
400 mg tab 0.5 0.75 1 150r2 25 3 (>14y)
500 mg tab 0.5 0.5 0.75 15 2 25  (>14y)
or1
Imipenem- - 0.5g + 0.5 g vial - - - - - - - - Not used in
cilastatin patients <15 years
(use meropenem)
Meropenem 20-40 mg/ 1g vial (20 ml) 2ml 4 ml 6ml 89ml TIml (>14y) (>14y) - To be used with
kg iv every clavulanic acid
8 hours
Amikacin 15-20 mg/kg 500 mg/2 ml vial 04ml 06ml  08- 12-  20ml (>14y) (>14y) ie]
1T.0ml 1.5 mi
Streptomycin 20-40 mg/kg 1gvial Calculate accordingtothedilutionused  (>14y) (>14vy) 1g
Ethionamide or 15-20 mg/kg 125 mg dt 1 1 2 3 4 4 (>14y) iie]
prothionamide (ethionamide)
250 mg tab 0.5 0.5 1 2 2 2 (>14y) ie]
p-aminosalicylic 200-300 PAS acid (4 g) sachet 05— 0751 12 2-3 3-35 (>14y) (>14y) - Full dose can be
acid mg/kg in 2 075  gbd gbhd gbd ghbd given once daily if
divided doses g bd tolerated
PAS sodium salt (4 g) 05— 0.75-1 12 -3 335 (>14y) (>14y)
sachet 075 gbd gbd gbd gbd
gbd
PAS sodium salt 60% 15 2-3 34 4or6 6o0r8 812 812 -
(9.2 g) sachet gbd gbd gbd g bd gbd gbd g bd
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56 7-9
kg kg kg

10-15

16-23 24-30 31-34

kg

kg

ssauPIpaW 13Y10

Isoniazid 15-20 mg/kg 50 mg/5 ml soln 8-10  15ml 20 ml - - - - 300 mg isoniazid
(high dose) ml tablet can be used
' ' 20 ki
100 mg tab 1 15 2 3 4 4 (>14y) In patients >20 kg
Pyridoxine is always
given with high-
dose isoniazid in
children (12.5 mg
odin <5y olds
and 25 mg od in
>4 y olds)
Clavulanic acid" - 250 mg 2ml 3ml 5ml 8 ml 10Oml (>14y) (>14y) Only to be used
amoxicillin/62.5 mg bd" bd" bd" bd" bd" with carbapenems
clavulanic acid/5 ml
susp”
Kanamycin 15-20 mg/kg 500 mg/2 ml vial 04ml 06ml 08 12-15 20ml (>14y) (>14vy) 19 1 g vials (3 ml)also
1.0 ml ml available
Capreomycin 15-20 mg/kg 500 mg/2 ml vial’ 04ml 06ml 08— 12— 20ml (>14y) (>14y) 19 1 g vials (2 mlalso
1.0ml 1.5ml available
Gatifloxacin - 400 mg tab - - - - - - - - Not used in

<18 y olds (no
quality assured
product

currently available)

Thioacetazone

— Not used in
<18 y olds (no
quality assured
product
currently available)

(>14y) = follow the separate dose schedule for patients older than 14 years of age; alt = alternate; bd = two times a day; cap = capsule; dt = dispersible tablet; g = gram; im = intramuscular; iv = intravenous; kg
= kilogram; ml = millilitre; mg = milligram; M/W/F = Monday, Wednesday, Friday; soln = solution; susp = suspension; tab = tablet

2Dosages were established by the Guideline Development Group for the WHO treatment guidelines for rifampicin- and multidrug-resistant tuberculosis, 2018 update and the WHO Global task force on the
pharmacokinetics and pharmacodynamics (PK/PD) of TB medicines and other experts. They are based on the most recent reviews and best practices in the treatment of MDR/RR-TB. For certain agents the
dosages were informed by pharmacokinetic modelling results based on the principle of allometric scaling (Anderson BJ, Holford NH. Mechanism-based concepts of size and maturity in pharmacokinetics. Annu
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Rev Pharmacol Toxicol 2008;48:303-32). Due to the pharmacokinetic properties of certain medicines the doses proposed
may exceed the mg/kg/day ranges shown here in order to achieve blood concentrations similar to target levels in an
average adult patient. In patients >30 kg follow the schedule for >14 year olds unless otherwise indicated. If multiple
dose options are given for one weight band select the lower or higher option depending on whether the patient is at
the lower or higher limit of the body weight range. Dosing more closely to the target mg/kg/day should be aimed for,
and is more feasible with oral or parenteral fluids and when solid forms of different dosage are available. Fractioning of
tablets into halves or less should be avoided if possible. Therapeutic drug monitoring is advised when the dose is at the
upper and lower ends of the range to minimize the adverse therapeutic consequences of over- and under-exposure
respectively (especially for injectable agents, linezolid andfluoroquinolones).

° Clinicians may decide to exceed these values in particular cases to improve therapeutic effect.

¢Dissolving in 10 ml of water may facilitate administration in patients in lower weight-bands and avoids fractioning solid
formulations, although bioavailability is uncertain (use of dispersible tablets is preferred if available).

¢ Inindividuals >44 kg a dose of 600 mg odis proposed.

¢May be used in children 3-5 years of age. Giving half a 50 mg adult tablet in these children does not result in the same
blood levels observed in trials using the special 25 mg paediatric tablet. Bioavailability may further be altered when
the 50 mg tablet is split, crushed or dissolved.

f Weight-based daily dose is for 6 or 7 days/week administration (M/W/F scheduling may permit higher dosing). Volumes shown
may differ by preparation. Streptomycin may be diluted in three different ways. Dosing closer to the upper limit of the
mg/kg/day is more desirable. For iv use, the volume may be increased.

9 Inthe 2018 WHO treatment guidelines, these agents are either no longer recommended (kanamycin, capreomycin), only
recommended as a companion agent (amoxicillin/clavulanic acid) or not included because of lack of data from the
latest analysis on longer MDR-TB regimens in adults (gatifloxacin, isoniazid and thioacetazone).

"Only available in combination with amoxicillin as co-amoxyclav. Only to be used with carbapenems, in which case they are

given together, e.g. 125 mg bd or 125 mg 3 times daily in the 24-30 kg weight band.

See the text of the guidelines for more details on the use of medici
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