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Background: Limited data exist on the use of bedaquiline and delamanid in adolescents with rifampicin-resis-
tant tuberculosis (RR-TB). We describe RR-TB treatment of adolescents (10�19 years) with injectable-free
regimens containing these drugs in Khayelitsha, South Africa.
Methods: This retrospective study included adolescents initiating injectable-free RR-TB treatment regimens
containing bedaquiline and/or delamanid from February 2015 to June 2018. We report adverse events (AEs)
of interest, sputum culture conversion (SCC), and final end-of-treatment outcomes.
Findings: Twenty-two patients were included; median age at treatment initiation was 17 years (interquartile
range [IQR] 15-18), and six (27%) were HIV-positive (median CD4 count 191 cells/mm3 [IQR 157-204]). Eight
(36%) patients had RR-TB with fluoroquinolone resistance; ten (45%), eight (36%), and four (18%) patients
received regimens containing bedaquiline, delamanid, or the combination of bedaquiline and delamanid,
respectively. The median durations of exposure to bedaquiline and delamanid were 5¢6 (IQR 5¢5-8¢4) and 9¢4
(IQR 5¢9-14¢4) months, respectively. There were 49 AEs of interest which occurred in 17 (77%) patients. Four-
teen (64%) patients had pulmonary TB with positive sputum cultures at bedaquiline and/or delamanid initia-
tion; among these SCC at month 6 was 79%. Final end-of-treatment outcomes for the 22 adolescent were: 17
(77%) successfully treated, two (9%) lost-to-follow-up, two (9%) treatment failed, and one (5%) died.
Interpretation: This study found that injectable-free regimens containing bedaquiline and/or delamanid in a
programmatic setting were effective and well tolerated in adolescents and should be routinely provided for
RR-TB treatment in this age group as recommended by the World Health Organisation.

© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
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1. Introduction

Adolescents are a vulnerable population when it comes to rifam-
picin-resistant tuberculosis (RR-TB), a form of TB that was estimated
to cost the global economy 3 billion United States Dollars in 2018 and
which will be responsible for one-third of deaths from antimicrobial
resistance if radical action is not taken [1�3]. Studies have shown
that adolescents may have worse RR-TB outcomes compared with
both younger and older populations, especially if they are co-infected
with HIV [4]. Given that adolescents are experiencing significant
transitional periods in their lives [5], they may also be more likely to
suffer from the impact of the serious and well-described adverse
events (AEs) associated with commonly-used second-line anti-tuber-
culosis medications, especially the permanent hearing loss associated
with injectable-agents [6].
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Panel: Research in Context

Evidence before this study

We searched: PubMED, Google Scholar, OVID, and the Cochrane
Database of Systematic Reviews and trial registries (clinicaltrials.
gov and the South African National Clinical Trials Register) for stud-
ies published before May 10, 2019 to identify studies where beda-
quiline and/or delamanid were given to adolescents (defined as
persons 10�19 years of age) for treatment of rifampicin-resistant
tuberculosis (RR-TB); abstracts of the International Union Against
Tuberculosis and Lung Disease’s Union World Conference on Lung
Health from 2015 to 2018, the Conference on Retroviruses and
Opportunistic Infections from 2016�2018, and the International
Conference on Antimicrobial Agents and Chemotherapy from 2015
to 2019; and evidence from unpublished studies from January 1,
2013 through May 10, 2019, on short-term safety and dosing of
delamanid and bedaquiline in children ages 3 years and above
(delamanid) and 6 years and above (bedaquiline).

Some cohort studies on bedaquiline in adults included a
small number of adolescents aged 12 years and above but
detailed outcomes and safety in this population specifically
were not assessed; additionally a 2016 retrospective review of
16 older children and adolescents with RR-TB who received
delamanid through Otsuka’s compassionate use programme
was published as a letter to the editor and reported early safety
and effectiveness but only culture status was assessed at the time
of the analysis. Multiple clinical trials were identified assessing dos-
ing, efficacy and safety of bedaquiline in children and adolescents
(Janssen C211, NCT02354041; P1108, NCT 02906007; EndTB,
NCT02754765) and delamanid in children and adolescents (Otsuka
232, NCT01856634; Otsuka 233, NCT01859223; IMPAACT 2005,
NCT03141060; EndTB, NCT02754765). The endTB trial (multiple
arms containing bedaquiline and/or delamanid) includes patients
aged 15 years and older, and IMPAACT 2020 assessing injectable-
free therapy in adolescents aged 10�19 years is being planned.
Finally, a systematic review and individual patient data meta-anal-
ysis of 975 children and adolescents treated for RR-TB did not
include any patients who received bedaquiline or delamanid.

Added value of this study

Our data from this programmatic setting in Khayelitsha, South
Africa—amajor epidemic hotspot for RR-TB and HIV and one with a
growing adolescent population—found that end-of-treatment effec-
tiveness and safety outcomeswere excellent among this population
treated with injectable-free regimens containing bedaquiline and/
or delamanid for RR-TB, including those living with HIV. There
were few instances of Grade 3 and 4 adverse events of interest dur-
ing bedaquiline and/or delamanid exposure and over three fourths
of adolescents were successfully treated. Additionally, there were
no cases of cardiotoxicity or QTcF prolongation>500ms.

Implications of all the available evidence

Although the new World Health Organization recommendations
stress the importance of injectable-free regimens for the treatment
of RR-TB and advise that injectables should be avoided in paediatric
populations, many countries are only providing bedaquiline and
delamanid to people over the age of 18 years, thus excluding vul-
nerable adolescents. Our study has shown that denying access to
these medications to persons under the age of 18 is no longer justi-
fied. Furthermore, because most countries are rolling out
injectable-free regimens in a phased approach or “pilot” fashion,
our data support prioritizing adolescents, including those living
with HIV, to receive injectable-free regimens for RR-TB.
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The World Health Organization (WHO) has now recommended
all-oral treatment regimens for the majority of people with RR-TB;
however, these guidelines reveal the limited experience of all-oral
regimens in adolescents [7]. Many countries have restricted the use
of newer medications including bedaquiline and delamanid to people
over the age of 18 years. While there is growing experience using
these drugs in older children and adolescents, most published data
on bedaquiline and delamanid in this population provide only
interim efficacy and safety outcomes, and pragmatic data that
describe safety, effectiveness, and outcomes at the end-of-treatment
are urgently needed. A retrospective multi-site cohort review of 27
adolescents receiving bedaquiline found the drug was safe, and 23
participants had negative sputum cultures at the time of analysis. No
end-of-treatment outcomes were reported, however, and none of the
adolescents had HIV [8]. In a multi-site retrospective record review
of 16 children and adolescents who received delamanid under com-
passionate use for the treatment of RR-TB (all but two children had
fluoroquinolone-resistant strains), 81% had negative sputum cultures
at the time of the analysis, but only six children had completed 24
weeks of treatment with delamanid. Excellent safety parameters
were also reported, but only three of the adolescents were living
with HIV [9]. A large retrospective review of persons receiving beda-
quiline for the treatment of RR-TB in South Africa—which demon-
strated both significantly improved treatment outcomes and lower
mortality among persons who received bedaquiline compared with
those who did not—included 39 adolescents 15�18 years of age but
no detailed exploration of the adolescent population was presented
[10]. A systematic review and individual patient data meta-analysis
of 975 children and adolescents treated for RR-TB did not include any
patients who received bedaquiline or delamanid [11].

Robust data on effectiveness and safety at the end-of-treatment
among adolescents who received injectable-free regimens containing
bedaquiline, delamanid or both could support the WHO recommen-
dation that “the avoidance of an injectable-containing regimen is par-
ticularly desirable in children” [12]. recognizing that adolescents with
RR-TB may have worse treatment outcomes and suffer disproportion-
ately from the serious AEs associated with injectable medications,
M�edecins Sans Fronti�eres (MSF) partnered with the Province of the
Western Cape and the City of Cape Town to provide injectable-free
regimens containing bedaquiline, delamanid, or both, for all adoles-
cents diagnosed with RR-TB in the peri-urban township of Khayelit-
sha, South Africa. The objective of this retrospective analysis was to
describe early and end-of-treatment safety and effectiveness of
injectable-free regimens containing bedaquiline and/or delamanid
for the treatment of RR-TB in this population.

2. Methods

2.1. Study design and population

This was a retrospective cohort study of all consecutive adoles-
cents aged 10�19 years, initiating injectable-free RR-TB treatment
regimens containing bedaquiline and/or delamanid from February
2015 to June 2018 in Khayelitsha, South Africa.

2.2. Inclusion criteria and eligibility for bedaquiline and/or delamanid

Adolescents were included if they received at least 1 week of
bedaquiline and/or delamanid for the treatment of RR-TB. Bedaqui-
line and/or delamanid were offered to adolescents aged 10�19 years
within an anti-tuberculosis regimen containing at least four other
effective drugs for the treatment of RR-TB. Some of these patients
had exposure to injectable agents prior to the initiation of bedaqui-
line and/or delamanid. Patients were eligible to receive regimens
containing both bedaquiline and delamanid if they met the following
indications: (1) limited options to design a regimen with at least five
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effective drugs; (2) floroquinolone resistant; and (3) patients whose
RR-TB treatment previously failed. Patients were eligible to receive
bedaquiline or delamanid if they had drug intolerance requiring sub-
stitution of specific second-line drugs in the treatment regimen.
Patients were prioritized for treatment with delamanid if they were
on fixed dose combination anti-retroviral therapy and/or for the ado-
lescents less than 15 years of age.

2.3. Procedures

Adolescents with RR-TB were managed free of charge in primary
and secondary public healthcare facilities within the decentralised
RR-TB programme in Khayelitsha [13]. Some children and adoles-
cents in this setting are treated for RR-TB in the absence of bacterio-
logical confirmation if they have clinically diagnosed RR-TB. MSF
began supporting the roll-out of bedaquiline and delamanid for ado-
lescents in Khayelitsha in 2015. Bedaquiline was available on a case-
by-case basis for children and adolescents <18 years of age through
the expanded National Bedaquiline Clinical Access Programme [14]
and delamanid was available for adolescents through MSF and later
through the national Delamanid Clinical Access Programme.

The dose of bedaquiline was 400 mg daily for 2-weeks, followed
by 200 mg three times a week for those >30 kg; 100 mg of delamanid
was administered twice daily, with the exception of the 10 year old
patient who received 50 mg twice daily. Bedaquiline and delamanid
were administered for a period of 6-months but could be extended
beyond 6-months if there was a clinical indication. Monitoring of
patients on bedaquiline and/or delamanid for safety occurred
monthly; this included clinical assessments and serial laboratory
tests, including albumin, haemoglobin, electrolyte measurements,
and renal and liver function tests.

Electrocardiogram monitoring was carried out monthly for
patients receiving either bedaquiline or delamanid, in addition to
other potentially QT prolonging drugs such as moxifloxacin and/or
clofazimine. Patients receiving both bedaquiline and delamanid had
twice monthly electrocardiograms for the first 8 weeks then monthly
thereafter. QTc intervals were corrected for heart rate using the Fri-
dericia formula (QTcF) [15]. If the QTcF interval was prolonged (i.e.
QTcF >450 ms), the electrocardiogram was repeated and treatment
decisions were based on the average QTcF measurement. To elimi-
nate potential calculation errors, the study team independently and
retrospectively calculated the QTcF intervals using the QT and heart
rate values from the electrocardiograms obtained from clinical files.
In cases of clinically significant cardiotoxicity, e.g. QTcF prolongation
> 500 ms, patients were managed according to WHO guidelines [16],
local provincial guidance, and clinician discretion.

The National Health Laboratory Service (NHLS) conducted the
monthly bacteriological monitoring (smear microscopy, and TB cul-
ture liquid media) as per the local guidelines [17]. When cultures
were positive for Mycobacterium tuberculosis, additional drug suscep-
tibility testing (DST) was conducted for first- and second-line anti-
tuberculosis medications at diagnosis or upon request.

2.4. Outcomes

Safety was measured by the occurrence of treatment-emergent
AEs of interest; these were limited to laboratory-monitored parame-
ters (increased alanine aminotransferase, decreased white blood cell
count, anaemia, and thrombocytopaenia), and clinically assessed
QTcF prolongation. These measures were graded according to the
EndTB Severity Grading Scale [18] and the NHLS normal reference
ranges for adolescents based on age and sex were used to determine
the lower and upper limits of normal for the investigated laboratory
parameters [19].

Effectiveness was assessed using sputum culture conversion (SCC)
and final treatment outcomes. SCC was measured 6-months after
initiation of bedaquiline and/or delamanid. SCC was defined as two
consecutive negative cultures taken at least 30 days apart in a patient
with a positive specimen at bedaquiline and/or delamanid initiation
[20]. Sputum reversion to positive was defined as two consecutive
positive cultures at least 30 days apart occurring after SCC. Standard
WHO definitions were used for RR-TB treatment outcomes [20];
favourable and unfavourable outcomes were defined as cure and
treatment completion and loss to follow-up (LTFU), death, and treat-
ment failure, respectively.

2.5. Data sources and statistical analysis

Data were obtained from the South African Electronic RR-TB Reg-
ister (EDR.web), paper RR-TB registers, patients’ medical records
(including electrocardiogram readings), and the National Health Lab-
oratory Service Database (TrakCare). Data entered in EDR.web were
validated using information in patient medical records and RR-TB
registers. These systems are used for prospective, routine program-
matic monitoring.

Clinical and demographic characteristics were described using
proportions for categorical variables and using medians and inter-
quartile range (IQR) for continuous variables. Chi square or Fisher
tests and Wilcoxon rank-sum tests were used to determine differen-
ces in clinical and demographic characteristics based on HIV-status.
Factors were considered statistically significant if there was a two-
tailed P-value of <0¢05. Box plots were used to show the distribution
of the QTcF values from baseline to month 6 (median, interquartile
range, and range). Time to culture conversion was displayed using a
Kaplan Meier curve and a life table was used to report on culture sta-
tus up until month 6. Stata version 14¢1 (College Station, Texas, USA)
package was utilised for statistical analysis.

2.6. Ethics

Ethical approval was obtained from the University of Cape Town
Human Research Ethics Committee (HREC 499/2011) for this study.
Additionally this research fulfilled the exemption criteria set by the
MSF Ethics Review Board for a posteriori analyses of routinely col-
lected clinical data.

2.7. Role of the funding source

The funder had no role in this study design, data collection, data
analysis, data interpretation, or the manuscript writing. The corre-
sponding author had full access to all the data included in the study
and had final responsibility for the decision to submit for publication.

3. Results

3.1. Patient and treatment characteristics

From February 2015 to June 2018, 22 adolescents were initiated
on injectable-free regimens containing bedaquiline and/or delama-
nid. Clinical and demographic characteristics of this cohort, stratified
by HIV status, are described in Table 1; there were no significant dif-
ferences based on HIV status.

Overall, ten (45%) patients received regimens containing bedaqui-
line without delamanid and eight (36%) received regimens containing
delamanid without bedaquiline. Four (18%) patients received beda-
quiline and delamanid together (RR-TB treatment was failing in one
patient and the other three had RR-TB with fluoroquinolone resis-
tance). Ten (46%) adolescents received bedaquiline and/or delamanid
as a substitute for the injectable agent, ten (46%) received one or both
drugs due to limited therapeutic options as a result of second-line
drug resistance, and two (8%) patients received bedaquiline and/or
delamanid following previous RR-TB treatment failure. Overall, only



Table 1
Clinical and demographic characteristics of adolescents who initiated injectable-free regimens containing bedaquiline and/or delamanid between February 2015 and June
2018 in Khayelitsha, South Africa.

Total Patients
N (%) or Median (IQR)

HIV-Positive
N (%) or Median (IQR)

HIV-Negative
N (%) or Median (IQR)

P-value

Number of Patients 22 (100¢0) 6 (100¢0) 16 (100¢0) ¢¢
Age at treatment initiation, (y) 17¢0 (15¢0�18¢0) 16¢5 (15¢0�18¢0) 17¢0 (14¢5�19¢0) 0¢68
Sex
Male 13 (59¢1) 2 (33¢3) 11 (68¢7) 0¢16

Weight (kg) 49¢5 (40¢0�56¢0) 45¢0 (39¢0�51¢0) 50¢5 (44¢5�58¢0) 0¢40
Body mass index (kg/m2)
(n = 19)

18¢8 (17¢0�20¢6) * 19¢3 (18¢5�20¢1) 18¢7 (16¢6�20¢6) * 0¢38

CD4 count at treatment initiation (cells/mm3) ¢¢ 190.5 (157¢0�204¢0) ¢¢ ¢¢
On anti-retroviral therapy at Bedaquiline and/or Delamanid Initiation ¢¢ 4 (66¢7) ¢¢ ¢¢
Median weeks to anti-retroviral therapy following Bedaquiline and/or Delamanid
Initiation (n = 2)

¢¢ 5¢8 (2¢1�9¢4) ¢¢ ¢¢

NNRTI/PI used in anti-retroviral Therapy
Efavirenz
Lopinavir/Ritonavir
Nevirapine

¢¢
2 (33¢3)
1 (16¢7)
3 (50¢0)

¢¢ ¢¢

RR-TB disease classification
Clinically diagnosed RR-TB
GeneXpert rifampicin-resistance without further confirmation
Rifampicin-mono resistant TB
Multi-drug resistant TB
RR-TB with fluoroquinolone resistance

2 (9¢1)
1 (4¢5)
3 (13¢6)
8 (36¢4)
8 (36¢4)

0 (0¢0)
0 (0¢0)
0 (0¢0)
4 (66¢7)
2 (33¢3)

2 (12¢5)
1 (6¢3)
3 (18¢7)
4 (25¢0)
6 (37¢5)

0¢55

Previous TB treatment history
None
First-line TB treatment
Second-line TB treatment

15 (68¢2)
4 (18¢2)
3 (13¢6)

4 (66¢7)
1 (16¢7)
1 (16¢7)

11 (68¢7)
3 (18¢8)
2 (12¢5)

1¢0

Disease Site
Pulmonary TB
Extra-pulmonary TB

20 (90¢9)
2 (9¢1)*

6 (100¢0)
0 (0¢0)

14 (87¢5)
2 (12¢5)*

1¢0

Culture Status at Bedaquiline and/or Delamanid Initiation
Negative
Positive
Not Done

5 (25¢0)
15 (68¢2)
2 (9¢1)

0 (0¢0)
6 (100¢0)
0 (0¢0)

5 (31¢3)
9 (56¢2)
2 (12¢5)

0¢23

Median QTcF interval at Bedaquiline and/or Delamanid Initiation (ms)
(n = 20)

399¢0 (388¢0�416¢0)+ 399¢0 (390¢0�413¢0) 403¢5 (386¢0�423¢0)+ 0¢74

Abbreviations: IQR, Interquartile range; RR-TB, Rifampicin-resistant Tuberculosis; TB, Tuberculosis; QTcF, QT corrected using the Frederica formula. *n = 1 Extra-pulmonary TB
of the spine (bone tissue), n = 1 Extra-pulmonary TB of the lymph nodes. *n = 3 missing baseline body mass index. +n = 2 missing baseline QTcF. The comparisons underlying
the p-values presented in this table relate to the HIV status of the included participants.
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seven (32%) patients started bedaquiline and/or delamanid at RR-TB
treatment initiation; four on bedaquiline, two on delamanid, and one
on both drugs together. The median time from RR-TB treatment initi-
ation to receiving bedaquiline and delamanid was 5¢6 (IQR 0¢0-7¢9)
and 4¢7 (IQR 1¢1-9¢1) weeks, respectively, while the median duration
of exposure to these drugs was 24¢5 (IQR 24¢0-36¢4) and 40¢9 (IQR
25¢4-62¢8) weeks, respectively. Eleven (50%) patients received a regi-
men containing linezolid (600 mg daily aside from one patient who
received 300 mg daily). The co-administered TB drugs as well as the
combinations of QT prolonging drugs can be seen in Fig. 1.
3.2. Treatment emergent adverse events of interest

Overall, there were 49 treatment emergent AEs of interest which
occurred in 17 (77%) patients (13¢8 events per 100 person-months). In
total there were five severe AEs, three grade 3 and two grade 4,
reported among three (14%) patients (Table 2). All five severe AEs were
haematological with a median time to the onset of 3¢0 (IQR 1¢8-15¢1)
months; only two of these three patients were receiving linezolid.

Twelve (55%) patients experienced haematological AEs and half
(n = 6) of them had anaemia. Only seven (58%) of these 12 patients
were on a regimen containing linezolid; all seven received linezolid
doses of 600 mg daily. Three of the five (60%) patients not on linezolid
had Grade 1 hematological AEs at treatment initiation; three patients
(n = 2 HIV-positive and n = 1 HIV-negative) had Grade 1 decreased
white blood cell counts and one HIV-positive patient had existing
grade 1 anaemia. The remaining two patients not on linezolid (n = 1
HIV-positive and n = 1 HIV-negative) did not have any existing
hematological AEs at treatment initiation. Although insignificant,
there was a trend towards a greater frequency of hematological AEs
among those on linezolid containing regimens (64% and 45% linezolid
containing and non-linezolid containing regimens, respectively,
p = 0¢67). The median time to the onset of these hematological AEs
was 3¢0 (IQR 1¢8-15¢1) months.

No patient had a baseline QTcF value >=450 ms. There were four
instances of grade 1 QTcF prolongation (QTcF 450�480 ms) which
occurred in four (18%) patients at months 1 (n = 1), 3 (n = 2), and 6
(n = 1, Table 2, Fig. 2). While there were many missing electrocardio-
gram results over the 6-month follow-up period, there were no
instances of QTcF> 500 ms, cardiac arrhythmia, or unexplained sud-
den death reported in this cohort.

There were no deaths as a result of any of the AEs reported, nor
were there any cases in which bedaquiline and/or delamanid were
permanently discontinued as a result of the AEs reported.
3.3. Effectiveness

Twenty (91%) patients had pulmonary TB, five (26%) of whom had
negative sputum cultures when bedaquiline and/or delamanid was
initiated. Four (80%) of these patients had persistently negative cul-
tures until the end of treatment and were assigned successful treat-
ment outcomes. The fifth patient was LTFU 8¢2 months after
delamanid initiation. Another patient (n = 1, 5%) did not have a cul-
ture completed when bedaquiline and/or delamanid was initiated,
nor did this patient have cultures taken during treatment; this
patient was assigned a successful end-of-treatment outcome



Fig. 1. Number of (a) all co-administered tuberculosis medications (b) combinations of QT-prolonging tuberculosis medications co-administered among adolescents who initiated
injectable-free regimens containing bedaquiline and/or delamanid between February 2015 and June 2018 in Khayelitsha, South Africa.
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Fourteen (70%) of the 20 patients with pulmonary TB had positive
sputum cultures at bedaquiline and/or delamanid initiation; among
these, SCC at month 6 of RR-TB treatment was 79% (Fig. 3). Among
the 11 patients who had SCC by month 6, the median time to SCC
was 2¢3 (IQR 0¢8-2¢7) months. There was no significant difference in
the rate of SCC by HIV status (p = 0¢54).

Details of the three patients whose sputum cultures did not con-
vert by month-6 are as follows. One patient who received both beda-
quiline and delamanid was assigned an outcome of treatment failure
13¢1 months after bedaquiline initiation; this was a HIV-positive
male with fluoroquinolone-resistant RR-TB and no previous TB treat-
ment history. At the end of the study period, this patient was still
alive and receiving a salvage regimen. Another patient died 1¢9
months after initiating both bedaquiline and delamanid while still on
treatment with both of these medications; this was a 17 year old,
HIV-positive female (CD4 count, 198¢0 cells/mm3) with extensively
drug-resistant tuberculosis and no previous TB treatment history.
She did not experience any Grade 3 or 4 AEs of interest. The third
patient was LTFU 5¢2 months after delamanid initiation; this patient
was a HIV-negative female with rifampicin-mono-resistant TB and
no previous TB treatment history.

End-of-treatment outcomes for the 22 adolescents were as fol-
lows: 17 (77%) successfully treated, two (9%) LTFU, two (9%) were
failed by treatment, and one (5%) died. Among the four patients on
the combination of bedaquiline and delamanid, two (50%) were suc-
cessfully treated, one (25%) was failed by treatment, and one died
(25%). The median times to LTFU and treatment failure, after initia-
tion of bedaquiline and/or delamanid, were 6¢7 (IQR 5¢2-8¢2) and



Table 2
Number of treatment emergent adverse events of interest based on grade among adolescents who initiated injectable-free regimens containing bedaquiline and/or
delamanid between February 2015 and June 2018 in Khayelitsha, South Africa.

Adverse Events of Interest Median (IQR) time
to onset (months)

Grade 1
Instances/Patient
N/N (%)

Grade 2
Instances/Patient
N/N (%)

Grade 3
Instances/Patient
N/N (%)

Grade 4
Instances/Patient
N/N (%)

Total Instances/Patient
N/N (%)

Alanine aminotransferase
increased

2¢2 (1¢5�3¢5) 8
n = 4 (18%)

2
n = 2 (9%)

0 0 10
n = 4 (18%)

White blood cell decreased 6¢4 (1¢80�19¢0) 14
n = 6 (27%)

0 0 0 14
n = 6 (27%)

Anaemia 2¢4 (1¢8�4¢6) 8
n = 5 (23%)

8
n = 6 (27%)

3
n = 2 (9%)

1
n = 1 (5%)

20
n = 7 (32%)

Thrombocytopaenia 1¢3 0 0 0 1
n = 1 (5%)

1
n = 1 (5%)

QTcF prolongation 3¢0 (2¢0�4¢5) 4
n = 4 (18%)

0 0 0 4
n = 4 (18%)

Total of each grade 3¢0 (1¢8�6¢5) 34
n= 16 (73%)

10
n = 7 (32%)

3
n = 2 (9%)

2
n = 2 (9%)

49
n = 17 (77%)

Abbreviations: IQR, interquartile range; QTcF, QT corrected using the Frederica formula.
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16¢7 (IQR 13¢1-20¢2) months, respectively. There was no significant
difference in the frequency of successful outcomes based on HIV sta-
tus (p = 0¢59). The remaining patient who was failed by treatment,
that included bedaquiline but not delamanid, was a HIV-negative
female with fluoroquinolone resistant RR-TB; SCC occurred within
4¢2 months of bedaquiline initiation however, cultures reconverted
to positive 13¢8 months after initial SCC when she was no longer on
bedaquiline. Nineteen months after the initiation of bedaquiline she
was assigned an outcome of failed by treatment.

Both individuals in whom treatment had failed had experienced
adherence challenges, as noted in clinical records; however, we did
not have sufficient data to report on number of missed doses, nor on
the extent of disease and severity throughout treatment. Both indi-
viduals are still alive and receiving salvage regimens tailored accord-
ing to extended DST results, and one is due to be discharged with a
successful outcome after a year of monthly negative sputum TB cul-
tures.

4. Discussion

We report on end-of-treatment outcomes for adolescents, includ-
ing those living with HIV, who received injectable-free regimens con-
taining bedaquiline and/or delamanid for the treatment of RR-TB in a
routine programmatic setting. Nearly half of these patients received
regimens containing bedaquiline and/or delamanid as part of a
Fig. 2. Distribution of median QTcF measurements over the first 6-months of treat-
ment among adolescents who initiated injectable-free regimens containing bedaqui-
line and/or delamanid between February 2015 and June 2018 in Khayelitsha, South
Africa.
strategy to prioritise injectable-free regimens. Although we report on
a small cohort of adolescents from one programmatic setting, our
findings are important in that, despite the high rates of HIV and fluo-
roquinolone-resistant RR-TB, they show good safety and excellent
effectiveness. Our findings support the notion that there is no evi-
dence based reason to restrict adolescents from receiving injectable-
free regimens containing bedaquiline and delamanid, and thus they
should be prioritised for broader access to such regimens as recom-
mended in the updated WHO treatment guidelines [12].

Historically, adolescents have been denied new anti-tuberculosis
medications largely due to safety concerns. In this cohort, although
AEs were frequent, we report a very low incidence of severe treat-
ment emergent AEs of interest (1¢4 events per 100 person-months).
Although we were not able to assess the causal anti-tuberculosis
drug/s associated with these Grade 3 and 4 AEs, neither anaemia nor
thrombocytopaenia are commonly associated with exposure to beda-
quiline and/or delamanid. The majority of AEs experienced in this
cohort were haematologic (71%); although non-significant, there was
a trend towards a greater frequency of haematological AEs among
those on regimens containing linezolid, a drug known to significantly
impact this laboratory monitored parameter [21]. Hematological
abnormalities in person’s not receiving linezolid points to other
causes of bone marrow suppression in this population, including TB
itself or HIV; however, the small sample size limits the ability to
draw any strong conclusions. There were no cases of cardiac
Fig. 3. Effect of bedaquiline and/or delamanid treatment on sputum cultures positive
for tuberculosis among adolescents who initiated injectable-free regimens containing
bedaquiline and/or delamanid between February 2015 and June 2018 in Khayelitsha,
South Africa.
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arrhythmia or QTcF >500 ms, despite the fact that some patients
received the combination of bedaquiline and delamanid. These data
are supported by findings from recently published adult cohorts
which also showed low frequencies of QTcF prolongation among
patients on bedaquiline, and sometimes in combination with delama-
nid [22,23]. Additionally, based on the evidence from ACTG5343, it
has been demonstrated that the use of bedaquiline and delamanid in
combination is no more than additive [24]. In these studies with
more rigorous monitoring, none of the instances of QTcF prolonga-
tion were associated with cardiac arrhythmia or death. Based on our
experience, patient safety needs to be balanced with logistics around
frequent clinic visits for ECG’s; this should be taken into account
when deciding on context-relevant monitoring schedules. For
patients on bedaquiline, delamanid, and other QT prolonging drugs,
monthly ECG monitoring seems reasonable. Of note, patients
included in this cohort were on a median of seven anti-tuberculosis
medications, many of which could have attributed to the AEs
observed. Finally, there were no deaths or instances of permanent
discontinuation of bedaquiline and/or delamanid as a result of the
AEs reported.

In this cohort of adolescents, among whom 27% were HIV co-
infected and 36% had RR-TB with fluoroquinolone resistance, we
report a treatment success rate of 77%. This is a notable finding, as it
challenges the literature suggesting that adolescents treated for RR-
TB have poor outcomes [4,25]. It is possible that the patients included
in the previous cohorts were treated with ineffective regimens con-
taining suboptimal, toxic drugs, thus explaining the higher rates of
unsuccessful outcomes [26�28]. Additionally, the treatment success
rate for the adolescents included in this cohort is higher than that
reported for adult populations globally [29]. However, it is similar to
the success rate of 76% reported in a Peruvian cohort of adolescents,
despite the fact that new anti-tuberculosis medications were not
used. This might be explained by the fact that none of the Peruvian
adolescents were living with HIV [30]. As this study included a small
cohort of adolescents, this might have allowed for more focused
social support in the form of a peer support group with a dedicated
counselor to check up on the adolescents regularly. Additionally,
these adolescent were provided with tailored support through
mobile phones and social media platforms; this may have contrib-
uted to the good outcomes observed. Our data suggest that even in
this difficult to treat population, for whom treatment outcomes have
historically been poor, high rates of treatment success can be
achieved with injectable-free regimens that include novel agents.

The practice of denying this vulnerable population access to new
anti-tuberculosis medications, including injectable-free regimens, is
detrimental considering the impact that injectable agents have on
the cognitive development of adolescents as a result of hearing loss
[31]. Although South Africa has recommended injectable-free regi-
mens for the treatment of RR-TB, the limited safety and effectiveness
data from programmatic settings has left clinicians feeling hesitant in
the implementation of these new guidelines. Additionally, the major-
ity of adolescents globally are being denied programmatic access to
such regimens despite the WHO recommendations. Our data should
reassure clinicians and policy makers, that the use of injectable-free
regimens containing bedaquiline and/or delamanid in adolescents is
both safe and effective. Deployment of these regimens along with
supplemental capacity building on the holistic and decentralised
management of RR-TB in pediatric and adolescent populations should
be the norm.

This study was subject to several limitations. First this was a retro-
spective study of routinely collected programmatic data with a small
study population, conducted at a single site. Thus, these factors might
limit the generalisability of our findings. Second, there was no con-
temporary control group which limits the comparability of these
results. Third, QTcF prolongation might have been underestimated in
this study due to infrequency of electrocardiogram monitoring; these
missing data are a reflection of the reality of RR-TB treatment admin-
istration and patient monitoring under routine programmatic condi-
tions. These data suggest that frequent electrocardiogram monitoring
might play a less substantial role in clinical decision making. Fourth,
as AEs were not systematically documented in clinical files we were
only able to report on AEs of interest limited to laboratory-monitored
parameters and clinically assessed QTcF prolongation. Thus, this
study does not give a comprehensive overview of all the AEs faced by
adolescents on RR-TB treatment. Fifth, as a result of the small sample
size, it would be difficult to draw any firm conclusions on factors
associated with poor treatment outcomes among this cohort. This is
an important area for future research. Nonetheless our study pro-
vides real-world data on a population for which there is a paucity of
data in the literature.

Adolescents are systematically denied access to the novel RR-TB
drugs that have been associated with lower mortality and improved
outcomes in adults. We found that injectable-free RR-TB treatment
regimens containing bedaquiline and/or delamanid were well toler-
ated and achieved excellent outcomes in this cohort of adolescents in
the programmatic setting of Khayelitsha, South Africa. There is an
urgent need to expand access to novel RR-TB medications, such as
bedaquiline and delamanid, in injectable-free regimens in order to
ensure the best chance of cure among this vulnerable group. In the
past, adolescents have been overlooked in many aspects of the RR-TB
care cascade: it is time for the tide to shift and for National TB Pro-
grams to prioritize adolescents in the uptake and roll-out of new
treatment guidelines.
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