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MDR/RR-TB treatment coverage in children
and young adolescents, average for 2018-
2023 (out of an estimated 30 000 per year)
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SEAR: WPR:
0-14 years = 2.7% of all MDR/RR-TB initiated on 0-14 years = 0.7% of all MDR/RR-TB initiated
second-line treatment (1689 out of 62 850) on second-line treatment (197 out of 27 313)
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Characteristics of children and adolescents with multidrug-
resistant and rifampicin-resistant tuberculosis and their
association with treatment outcomes: a systematic review
and individual participant data meta-analysis

Anthony | Garcia-Prats*, Maria Garcia-Cremades*, Vivian Cox, Tamara Kredo, Rory Dunbar, H Simon Schaaf, James A Seddon, Jennifer Furin,
Jay Achar, Kendra Radke, Tina Sachs, Amanzhan Abubakirov, Saman Ahmed, Onno W Akkerman, Nadia Abdulkareem Al Ani,

Farhana Amanullah, Nafees Ahmad, Laura F Anderson, Meseret Asfaw, Funeka Bango, Torsten Bauer, Mercedes Becerra, Martin Boeree,

Folke Brinkmann, Rosemary Brown, James Brust, Jonathon R Campbell, Anna Cristina Carvalho, Isabel Carvalho, ] Peter Cegielski, Rosella Centis,
Edward D Chan, Sandeep Chauhan, Silvia S Chiang, Pei-Chun Chan, Lia D’Ambrosio, Margareth Dalcolmo, Narine Daneilyan, Gerard de Vries,
Heather R Draper, the endTB Study Group, Lee Fairlie, Joshua R Francis, Molly Franke, Medea Gegia, Camilo Gomez Restrepo, Annette Guenther,
Tatyana Gureva, Brit Haecker, Elizabeth Harausz, Catherine Hewison, Robert M Hicks, Helena Huerga, Jennifer Hughes, Petros Isaakidis,

Syed M Kadri, Mazhar Ali Khan, Tinatin Kotrikadze, Liga Kuksa, Nathalie Lachenal, Christoph Lange, Leonid Lecca, Elisa Lopez-Varela,

Sheila Lucena, Andrei Mariandyshev, Sanjay Mattoo, Ana Mendez-Echevarria, Giovanni Battista Migliori, Carole Mitnick, Erika Mohr-Holland,
Winston Mulanda, Totugul Murzabakova, Bakyt Myrzalieve, Norbert Ndjeka, Stefan Niemann, Iveta Ozere, Nesri Padayat chi, Malik Parmar,
Nargiza Parpieva, Mohammad Manzur-Ul-Alam, Natasha Rybak, Kuldeep Singh Sachdeva, Kelly Salmon, Begofia Santiago-Garcia,

Dagmar Schaub, Ira Shah, Sarita Shah, Vaibhav Shah, Sangeeta Sharma, Tae Shun Shim, Sonya Shin, Animesh Sinha, Alena Skrahina,

Hardik Solanki, Belen P Solans, Antoni Soriano-Arandes, Atyrkul Toktogonova, Tjip van der Werf, Gustavo E Veldsquez, Bhanu Williams,
Jae-Joon Yim, Rada Savict, Anneke Hesselingt

Summary
Background There are few data on the treatment of children and adolescents with multidrug-resistant (MDR) or
rifampicin-resistant (RR) tuberculosis, especially with more recently available drugs and regimens. We aimed to
describe the clinical and treatment characteristics and their associations with treatment outcomes in this susceptible
population,

https://www.thelancet.com/journals/lanchi/article/
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Paediatric drug-resistant TB

individual patient database:

* High % of adolescents

* High % of bacteriological
confirmation

Suggesting:
* Young children with DR-TB
not detected
* Treatment seldomly
started in absence of
bacteriological
P\

confirmation A
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Risk factors for MDR/RR-TB in children and

adolescents

* Exposure to person with confirmed DR-TB

* Exposure to person who failed TB treatment
or who died from TB

* Non-response to first-line TB treatment

* Previous TB treatment

) Contact investigation:
~ V" acritical intervention to
identify children and
adolescents exposed to
DR-TB

Children with a decision to start treatment
0 based on the treatment decision algorithms
need to be assessed for risk of DR-TB
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* High index of suspicion needed

* Bacteriological testing critical
with different samples (respiratory and stool)

increases sensitivity (fewer false negative results)

* If bacteriological testing negative or cannot be done, a clinical diagnosis
can be made (include detailed guidance in national guidelines)

 The DST pattern of the child/adolescent or the
informs treatment
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e In children with MDR/RR-TB aged below 6 years, an all-oral treatment regimen
containing bedaquiline may be used

e In children with MDR/RR-TB aged below 3 years, delamanid may be used as part of
longer regimens

(NEW: both conditional recommendations, very low certainty of the evidence)

Remarks:

e Applies to and complements current WHO recommendations on shorter and longer
regimens that contain bedaquiline

* Complements the current WHO recommendation on longer regimens that contain
delamanid

These recommendations make it possible to

D5 World Health
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build all oral regimens for children of all ages {i
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https://apps.who.int/

iris/rest/bitstreams/1
514053 /retrieve
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Use of bedaquiline in children and adolescents

BEDAQUILINE

with multidrug- and rifampicin-resistant

tuberculosis - Information note
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WHO recommendations for bedaquiline in
children and adolescents

The United Statea Food and Drug Adninststion gastad
accalsmtad aporoval for bedaquiling in 2012 for the treatment
of adalts aged 18 yoars and ovar with multdrug-resistant
puimongry T8 (MDR-TB) for wham 89 effactive teaiment
regmean could not othanwiss be camposed (71 This approval
was basod on phase lib trisl data and made badaguiine the
first madicine fom & new duis aggeoved with a TE indication
In over 40 years

Since then, additional evidencs has been genoated on the
wie of bedaguiine for the trastment of MDR/RRA-TE i both
acdults and chidran. Eadaquilng has played an hersasingly
important rolo in TE beatment as 3 component o both shorter
and longer regimena, and has alowed the move swey Fon
Injectable-contaning regimens to sll-ofml ragimens (2]

Bedaquiline - a key medicine in WHO-

recommended regimens

« Badaquilne Ia now recommandad by WHO for tha
treatment of NDR/RE-TE In adults and chilren o all
LIRS

+ Bedaculing Is & componant of tha J-month all-oral
regimen, which Is the teatment of choce *or cligible
poopke sped ude: M yoars with MOR/MAR-TB rather thas
lomgee (B month) regimens.
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« For pacpls sped 14 years and over with MDR/RA-TE,
WHO suggests the use of a 5-month tréatment reglmsen
composed of bedaguling, cretomanid, Inazolid and
mofoxac ([BPsLN) rathar than the 3-month o kngae
(32 mann) regimens. In casea of documentad resistance
1o flucroquinalones, EPal wihout moxiiosadn would be
initiated o continued (4)

« EBadaquiingis a group A madicing and acore 3 &
of longer Individualized regimens for peoplo who are not
igitie for the 8-menth sli-orsl or BPaLM B Pal regimans,

be ;=ed as part of short and
Tecommended regumens for
e with MDR/RR-TR of af ages

Duration

« Bacagquiing 13 uscally ghven for £ montna. This may be
extended 1o the enlire duration of the U-month all-oml
regimen if the initial phate of the regimen @ extended
from 4 10 6 montha, T aputum I8 poainie ater 4 montha
of treatment.

Whien ured as garl of 3 onger regimen in pecgle with
NUOOQUnoine raslstence or wah laited teatmsnt
options, the etension of bedaquiing beyond 6-9 menths
may be considensd (0 label L) with slrict tassioe snd
Sollow-up mondtoring. For chidran, this should be cons in
consultaton with an axpart n pasdiatnc drugsesistant 1L,
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tuberculosis - Information note

of d o in chiléran and saclencants in tha contet of the

tretnant of muitdnig- and fempicin-sesivant uib

lonas (MON/ T o line wth the ntest Viorkd sl

O (WH0) d doseg

acd avadiable b muk

Target audisnce

Docsors, cinic s e siraey, gh

pamiy and camgivees of chilgran wish MOR/IR-TD,

community haslth wockee., g o
aciTRnon.

WHO recommendations for delamanid in
children and adolescents

5 partsars and pertans provding techrical

Delamanid - a medicine for people of all
ages with limired rreatment options

The Europoan Modicines Agency granted conditional
Approwal 1o Geamanid In 2014 "Rs part of s appropriste
combination regimen for pulmonary mulidngresistant
wberodoss I adull pationts (218 yours of age) whan an
aflactive treatmant CANOE OIRArWE D Companed
for reasons of resistance or tolerablity™ (7). This made
delsmanid the sucond new mediche fom a now cess
approvedwith a T8 indication, foliowing o from

- D s noww recommendod by WHO for the festment
of MDR/RATE in adults and children of af sges (2. 3.

« Delamanid b & group C medicine ang can be usad aa
part of longer Individualized regimens Sor pooos with
MCAMRTE, including children and adolescents, who
e not @igible for the G-manth all-ordd regimen or the
G-month rogimen compesed of bedaguilng, pretomanid

Since thon, sdditoral evidence has been genoated on the
194 of delamanid for tha treatmant of MDA/RR-TE in both
0uls and chidren 23 uss has epanded the list of mediones
avalable 10 dosign all oral longer individualized regimons for
pacgie with MOR/RR-TAE, moving swey “om Toeke injactabla
agents. The avalabiity of celamanid is particularly important
for poogle, Including children, with limied options due to 3
orR SN reastance profia,

Delamantd can be used as part of
mdividualzed Jonger regimens r paople
of afl ages with MDR/RR-TB

andh i, with or withoul mesdflosacin (BPaLM/BPsL)
A3 & group © madicins, dalamanid can be haduded n
MDOR/RR-TE rogmens when a treatment 7egimen cannot
Lo composed of group A or B agents akne due lo
rRsistance of Intoleeanca,

D «

« Deinmank! is ususly ghvan for 6 monmns, Tha duration may
be adended beyond G months (off-Lbel use) n peopls,
Including childron, with flucroguinclons resistance o with
Imitad trastmant options, Shudias undertaken batwaen
2020 ard 2022 showed that the use of delaman id beyond
6 months (whon given slongsklo other medicines,
NAudng badegulling) 5 aafe (4 5)
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e BEAT-TB trial in South Africa — 6-month Bdg-Lzd-DIm-Lfx/Cfz

(or both) vs Standard of Care

 New recommendation: gy
WHO suggests the use of a 6-month treatment regimen
composed of bedaquiline, delamanid, linezolid (600 mg), |
levofloxacin, and clofazimine (BDLLfxC) in MDR/RR-TB By seT T

(BDQ, DLM, LNZ, LVX,
CFZ)

(Conditional recommen dation, very IOW Certain ty Of ’ FQ sensiti ] ’ FQ sensitivity not established ] ’ FQ resistant FQ sensitive ] [ FQ sensitivity not established ] [ FQ resistant l
evidence) - - i ' :

Standard of Care

patients with or without fluoroquinolone resistance

Regimen

drugs

v
Individualised _
« F S Continue Standard of Continue Standard of regimen with BDQ, BDG. DLM. LNZ. It C$nkt)|:ue'BEAT B00. DUM. LNZ. CF2
Care Care LNZ, DLM and other Q, DLM, LNZ, b sl Q, DLM, LNZ,

vIFQR

* Applies to (among others):

a. PTB TB, including children, adolescents, PLHIV, pregnant and breastfeeding women

b. EPTB except CNS, osteoarticular, or disseminated forms of TB with multi-organ involvement

c. Children and adolescents without bacteriological confirmation of TB or DST but with a high likelihood of MDR/RR-TB (based
on clinical signs and symptoms of TB, in combination with a history of contact with a patient with confirmed MDR/RR-TB)

W
. e Q)
R  Organization Rapid communication: https://www.who.int/publications/i/item/B09123 FIDTE
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 endTB trial = 9-month regimens vs Standard of Care -
Month (study visit frequency)

¢ New recommendation: 123456 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
WHO suggests using the 9-month all-oral regimens Weekly | Every 4 Weeks | Every 68 weeks
Clinical, biochemical, hematologic, bacteriologic, adherence, neurologic, optic, audiometric,
(BLMZ, BLLfxCZ and BDLLfxZ) over currently radiographic, cardiac monitoring

recommended longer (>18 months) regimens in
patients with MDR/RR-TB and in whom resistance

to fluoroquinolones has been excluded. Amongst

endTB3: 9Bdq-DIm-Lzd-Lfx-Z

these regimens, using BLMZ is suggested over
endTB5: 9DIm-Cfz-Mfx-Z
BLLfxCZ, and BLLfxCZ is suggested over BDLLfxZ
endTB Control: 18-month WHO Standard of Care (SoC)
(Conditional recommendation, very low certainty of

evidence) weels
* Applies to (among others): vIFQS
a. PTB TB, including children, adolescents, PLHIV, pregnant and breastfeeding women X FQ R

b. EPTB except CNS, osteoarticular, or disseminated forms of TB with multi-organ involvement
c. Children and adolescents without bacteriological confirmation of TB or DST but with a high likelihood of MDR/RR-TB (based on
clinical signs and symptoms of TB, in combination with a history of contact with a patient with confirmed MDR/RR-TB)

W
T £y
&% 0rganization apid communication: https://www.who.int/publications/i/item/B09123
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e Child-friendly formulations of second-line
medicines should be used whenever
possible and included in funding requests

e New formulations available through GDF:

— Bedaquiline 20 mg tab

— Delamanid 25 mg disp tab
— Linezolid 150 mg disp tab

2% World Health
Lo Organization

CHILD-FRIENDLY
FORMULATIONS
FOR DRUG-
RESISTANT
TUBERCULOSIS

SwiDratimian
S ot BT

MERCE

W
MEDIGINES £ ’
CATALOG A8

WHO-
RECOMMENDED

GROUPING

None

MEDICINE

FORMULATION PACK SIZE SHELF-LIFE STORE

BELOW

Levofloxacin 100mg  Dispersible tablet 100 in blister 36 months 30°C
Moxifloxacin 100mg  Dispersible tablet 100 in blister 24 or 36 months  30°C
Bedagquiline 20mg Tablet 60 in jar 36 months io°C
Linezolid 150mg Dispersible tablet 100 in blister 24 months io°C
Clofazimine 50mg Tablet 100 in blister 36 months 30°C
Cycloserine 125mg Mini-Capsule 100 in blister 24 months 25°C
Ethambutol 100mg Dispersible taklet 100 in blister 24 months 30°C
Delamanid 25mg Dispersible tablet 48 in blister 36 months 25°C
Pyrazinamide 150mg Dispersible tablet 100 in blister 36 months 30°C
Ethionamide 125mg  Dispersible tablet 100 in blister 36 or 48 months  30°C
lsoniazid 100mg Dispersible tablet 100 in blister 386 months 0°C

https://www.stoptb.org/sites/default/files/

gdfmedicinescatalog 1.pdf

https://www.stoptb.org/sites/default/files/

odf tin drtb pediatric.pdf



https://www.stoptb.org/sites/default/files/gdfmedicinescatalog_1.pdf
https://www.stoptb.org/sites/default/files/gdfmedicinescatalog_1.pdf
https://www.stoptb.org/sites/default/files/gdf_tin_drtb_pediatric.pdf
https://www.stoptb.org/sites/default/files/gdf_tin_drtb_pediatric.pdf

Annex to the Module 4 operational handbook: weight-based
dosing of medicines used in MDR-TB regimens, adults and children

Formulation

Group A it
P diluted in 3-<5kg | 5—<T kg | 7-<10kg [10-<16kg 16-=24kg 24-<30kg |30-<36kg|36—=4b kg [46-<56kg | 56—<T0kg | =T70kg Comments
medicines 10 mL of water

as applicable)

Levoflexacin 100 mg dt 1 15 2z 3 - -
{Lfx) (10 mg/mi)

5 ml
(0.5 o)
250 mg tab 2 mL® 5 L (05 tab) 1 15 2 3 4
(25 mg/mil})

500 mg tab - 1 1.5 2
750 myg tab - 1 15

Moxifloxacin | 100 mg dt 4 ml aml 15 ? 3 A A -
(M) {10 rmg/mdL)

400 mg tab 1 mL® 2 ml® 3 mlL® 5 miL T5mlL 1 1
(40 rmgy/ml) (05 wab)® | {0.75 tab)*

Standard dose

somgtabhigh | e Posing guidance available for children, adolescents and adults
e 3kgto>70kg
 Age and weight-based approach for bedaquiline and delamanid
* Dosing provided using child-friendly formulations (preferred) but can also
be given using adult formulations
* Final approach to dosing depending on formulations available in country

2% World Health
Lo Organization

Dosing calculator
in KSP app

MODULE 5: MANAGEMENT OF

< TUBERCULOSIS IN CHILDREN AND
ADOLESCENTS

TB Drug Dosage Calculat... > Module 5: Manage

1;_‘._

GROUP A
MEDICINE

BEDAQUILINE

RESET | | . DOWNLOAD

Dosages for MDR-TB patient aged 1 years,
weighing 9 Kg, with drugs selected :
Bedaquiline

Group A

DRUG : Bedaquiline
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