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INTRODUCTIO Drug resigfit tPculosis (DR-TB)yR eadihg global health priority worldwide. The main
problem for deg} an effeClye regimen is the identifigti age drugs. Two novel available drugs, delamanid and
bedaquiline, are p pivotal B ongoing scientifigNggRs.

EVIDE| selected publisgy ® regdHing data on the treatment outcomes of delamanid and

§ (95% Cl: 45-71%), 8% (95% CI: 3-15%), and 6% (95% CI: 2-12%)
€ to sputum culture conversion for delamanid and bedaquiline was ~20.50
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gatment outcomes among patients with drug-resistant tuberculosis: a systematic review and
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Introduction infectious killer following coronavirus disease

(COVID-19).13 The continuing spread of drug-

G lobally, tuberculosis (TB) is the 13" impor- resistant-TB is one of the most challenges and
tant cause of mortality, with the death of 1.5  concerns worldwide.« 5 Elimination of TB by

million people in 2020, and the second leading 2035 will be possible only if countries effective-
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ly address the emergence of multidrug-resistant
(MDR) and extensively drug-resistant (XDR)
strains of Mycobacterium tuberculosis.> 3 The
mismanagement of TB treatment (such as inap-
propriate or incorrect use of antimicrobial drugs,
or application of ineffective formulations of drugs,
and premature treatment interruption) and per-
son-to-person transmission a number of reasons
why MDR- and XDR-TB continues to emerge
and spread.1”® Treatment options for MDR- and
XDR-TB are limited, long, and expensive, and
recommended medicines are often unavailable
and associated with many adverse events.s® The
main problem for designing an efficient regimen
is the identification of active drugs.7 The World
Health Organization (WHO) 2016 has recently
suggested a revision of the classification of nove
anti-TB drugs based on current evidence on eac

drug for the treatment of MDR-TB. In the feydsed
WHO classification, exclusively aimed at ma
aging drug-resistant cases, medici ‘

listed in hierarchical order from grfupdA to g¥u
D (D1, D2, and D3).s Two novel avai g
delamanid and bedaquiline presently pivotal
in ongoing scientific disgussiof and delamanid/
bedaquiline are in@clx(c' t roup.e The
primary aim of thgregEnt systemié®eview and
meta-analysis Wss to asse Museilable data g
the efficacy a ty of anid and bed

D cases.

line fort/rwrreatm t

ence acquisitio
We condu jangl/ 1\ 2

analysis to assess the
bedaquiline agains

Design

ing Items for By Reviews and Meta-
Analyses (PRIS % atement.1® This study
was approved by We¥ethics commettee of Ilam
University of Medical Sciences (reference n. IR.

MEDILAM. REC. 1400.147).

Search strategy

We used the databases MEDLINE [PubMed],
Scopus, and Embase to identify any relevant
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straints until June 2020. The article screening
was performed by using the following keywords:
(“Tuberculosis” OR “drug resistant tuberculo-
sis” OR “DR-TB” OR “drug-resistant tubercu-
losis” OR “multidrug resistant tuberculosis” OR
“MDR-TB” OR “MDRTB” OR “extensively
drug-resistant tuberculosis” OR “extensively
drug resistant tuberculosis” OR “XDR-TB” OR
“XDRTB”) ANDg&delamanid” OR “bedaqui-
line”) in the Ti tract/Keywords fields. The
records fou atabase searching were
merged,
EndNote

evaluate

QPrcN
@

article selection were
fourth author (E.
three reviewers g

independentl Med irrelevant or dupli-
cate article our reviewers separately
assesseg g articles (full text screen-
ing) f6 Any discrepancies were re-

solved by cogsénsus. The flow chart of the se-
studies is shown in Figure 1.

Records identified
through database
searching
(N.=1632)

Ident

Records excluded after
duplicates, titles and
abstract review
(N.=1480)

Screening

Full-text articles

v excluded, with reasons:

- Meta-analysis, review,
conference abstract and
non-relevant data ora data
not available, no final
outcomes, did not meet
inclusion criteria

Y (N.=114)

Studies included in

qualitative synthesis
(N.=38)

Full-text articles
assessed for eligibility
(N.=152)

Y

Eligibility

Y

Studies included in
quantitative synthesis
(meta-analysis)
(N.=38)

Included

full-text English articles without any time con- Figure 1.—Flow chart of study selection.
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Study selection

We selected published studies reporting data on
the treatment outcomes of delamanid and be-
daquiline in treating DR-TB cases in humans
involving adult populations of >5 patients. The
following studies were excluded: 1) case reports
fewer than five DR-TB cases, letters to the editor,
abstracts commentaries, editorials, and reviews
on delamanid and bedaquiline in DR-TB; 2) in
vitro and in vivo studies; 3) studies without full
texts, or those did not report a main outcome; and
4) studies with unclear/unconfirmed diagnosis of
treated DR-TB patients. Inclusion criteria in-
cluded original studies (retrospective or prospec-
tive Cohort, Case Series, randomized trials) that
reported (1) treatment outcomes in a populatio

of adults, and (2) at least one outcome accordin

to WHO classifications of success (e.g., cure o
treatment completion), failure, death, a -
ment adverse events related to DR?ftherapy.

Data extraction

Data were collected using a standar data

extraction form, comprising OT$irst author name,

publication year, duragpén of s type of study

design, age and ge eﬁmber an@haracteris-
tiegps,

tics of treated DR-TB %e and duratio
of treatment, a atmen®gutcomes recorded
conformit ithN;l(sassificatiom
tum MN tingge alg rate of cultur

sion a#d segients.

Patients n®¥sed with DR d *ated with
delamanid and/or beda h. There
were no restrictions o a city.

Interventions

@lamanid and/or beda-
quiline and both\sgr®pd-as the intervention in the
observation group.Wlacebo or other treatments
that did not contain delamanid and/or bedaqui-
line and both served as the interventions in the
control groups.

Treatment cof

Outcomes

The main outcomes included the sputum culture
conversion and treatment success, and the sec-
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ondary outcomes included the cure rate, death,
and adverse events.

Quality assessment

The quality of the included studies was assessed
by two independent reviewers (M.SH. and H.K.)
using an adapted version of the tool proposed
by the Newcastle-Ottawa Quality Assessment
Form for cohort, ndomized, and case series
studies.1? A scgfe ing from 0O to 9 points was
Articles with scores >5
ere considered as high and
ly. A third revie E.K),

, v.14.1 (Stata-
SA). The Score

Corp, College
(Wilson) confi

compute t individual studies. We
also car ndom effects model us-
ing th ian and Laird method, with

eterogeneity being taken from

iance fixed-effect model. We also

our results by the aid of forest plots.

on bias was assessed using Egger’s test.

value <0.05 was considered statistically

spynificant. All statistical interpretations were re-
ported on a 95% ClI: basis.

Evidence synthesis
Selection of the studies

A total of 1632 records were identified in our
initial electronic database search. From these re-
cords, after an initial screening of the title and
abstract, 1480 articles were excluded due to
their irrelevance and duplication. The full texts
of the remaining 152 articles were reviewed. Of
the 152 articles, 114 were excluded for being
meta-analysis, review, and conference abstract,
as well as for irrelevant or unavailable data, no
final outcomes, and the lack of necessary crite-
ria for reporting treatment outcomes. The full
texts of the remaining 38 studies7 1 13-48 (3896
cases on bedaquiline, 789 cases on delamanid,
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and 241 cases on delamanid plus bedaquiline)
were identified as eligible for inclusion in the
meta-analysis (Supplementary Digital Material
1: Supplementary Table I).

Characteristics of included studies

The 38 studies selected for this work were per-
formed on 4926 patients (47.09% males and
52.90% females, with the mean age of 32 years)
in more than 16 countries across the globe. Per
regional distribution, more than half (N.=18;
31.57%) were conducted in Asia. The rest of the
studies were conducted in Africa (N.=13) and
Europe (N.=12). None of the selected studies was
conducted in USA. In addition, nine of the select-
ed studies were from multinationals. Except twi
studies,s® 47 36 (<96%) studies were performe
in the years between 2015 and 2020. The epide-
miological design of the studies was r
tive in 28 out of 38 (53.8%) cases. A
clinical trialsi” % were performed./0n
rolled children,: and four studies fncl

Figure 2.—Forest plot for the (A
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trol group. All the DR-TB patients in the selected
studies, except one study, were received a single
daily dose of bedaquiline (400 mg). Daily dosage
of delamanid was the same as bedaquiline in the
selected studies, but the individuals with DR-TB
were given a daily dose of 200 mg of delamanid.
All the 38 studies were reported in English and
included studies that received treatment between
1996 and 2018. t 1702 and 1506 of patients
enrolled were positive for MDR-TB and
XDR-TB, re NThe average study popu-
24-620), and the duration

om 24 to 120 day:
)
/

conversion
s ~20.50 (11)
egtively. In addition,
culture conversion
iline was ~24 (10) days.

e
1
of treatmentrange

for delamanid and
days and ~18 (12
median (IQR) j
for delamanj

bedaquiline, (B) bedaquilinggplus \ ES(95%C)  Weight
delamanid, and (C) de ) .
culture conversion o 1ve e, (2016) :_._ 095(075,1.00) 4.18
i , 11414, 17,8, 20, Aal, X 27 i
§P 9}%13/(1039%9%5“4? , 44 V; etal. (2016) v - 0.71(0.29,0.96) 3.33
v, etal, (2017) —te  0.81(0.62,0.94) 4.35
Borisov, eral. (2017) — ! 0.45(0.40,0.49) 486
Guglielmetti, efal. ( : ——#— 091(0.79,098) 4.55
Borisov, efal. (201 , —%— 091(081,097) 462
—_— 0.62(0.45,0.77) 4.50
' 0.16 (0.03, 0.40) 4.15
—— 0.68 (0.55,0.78) 4.66
f——————# 1.00 (0.75, 1.00) 3.89
|- 0.83 (0.80, 0.86) 4.88
e ' 0.49 (0.43,0.55) 4.84
' -# 1.00(0.97,1.00) 4.75
e 2 0.44(0.34,0.54) 4.75
— 0.75 (0.60, 0.87) 62.31
R e e U
2 3 4 5 6 7 8 9 1
Proportion
uiline And Delamanid 1
ryandyshev, efal, (2017) - - 0.80 (0.28,0.99) 2.98
Ferlazzo, etal. (2018) B 0.79 (0.59,0.92) 4.36
Kim, etal. (2018) 0.64 (0.31,0.89) 3.75
Sarin, etal, (2019) —_— 0.36 (0.23,0.50) 4.60
H.Kang, etal. (2020) —_— 0.55 (0.43,0.67) 4.66
Subtotal (12 = 74.64%, P=0.00) 0.60 (0.42,0.77) 20.36
1 I 1 1 I I I 1 I I
o 1 2 3 4 5 6 .7 8 9 1
Proportion
Delamanid |
Mok, eral. (2017) —O_I 0.53 (0.35,0.71) 4.42
Kim, etal. (2018) - 0.73(0.39,0.94) 3.75
Okumura, etal. (2019) ' ¥ 1.00(0.89, 1.00) 4.41
H.Kang, etal. (2020) —_—— ' 0.39 (0.30, 0.49) 4.75
Subtotal (12 = 95.37%, P = 0.00) T 0.71(0.32,0.98) 17.33
Tl s U s I e U]
0O 1 2 3 4 5 6 7 8 9 1
Proportion
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Fourteen studies reported sputum culture conver-
sion to bedaquiline-containing regimens, with
a pooled proportion of 75% (95% CI. 60-87%)
and heterogeneity across studies (12=97.13%), as
ShOWﬂ in Figure 2. 11, 14, 17, 18, 20, 22, 24, 27, 31, 34, 37-
39,41, 43,44 No statistical significance was detected
between the time conversion of positive and neg-
ative sputum culture among drugs. Four studies
reported sputum culture conversion to delamanid-
containing regimens, with a pooled proportion of
71% (95% Cl: 32-98%; 12=95.37%), which was
higher than the rate reported for delamanid plus
bedaquiline-containing regimens (60% (95% ClI:
42-77%; 12=74.64%; Figure 2).

Treatment success

A total of 809 patients achieved treatment suc
cess of bedaquiline with a combined proporti

Study

/(

A 4

Bedaquiline
Udwadia, eral. (2014
Gughe!mem

HEIDARI

82-100, respectively). For delamanid plus beda-
quiline, the treatment success was 78% (95% CI:
61-92%) among 241 patients (Figure 3).

Cure rate and death

A total of 663 patients achieved bedaquiline cure

rate, with a proportion of 58% (95% CI: 45-71%;
Figure 4)7 14, 15, 21, 24, 25, 29, 31, 35, 39, 42, 46-48 and a

significant hetero ity (12=94.88%). The cure

th and treatment failure
95% CI: 3-15%) and 6%
in 4% (95% CI: 257%) and
T

Figure 3.—Forest plot for the (A)
bedaquiline, (B) bedaquiline plus
delamanid, and (C) delamanid

e

3.60
5.49
6.00
5.96
5.34
6.02
5.61
5.70
5.80
5.95

0.41 (0.36, 0.46)
0.80 (0.65, 0.90)
0.67 (0.53, 0.79)
0.59 (0.47, 0.69)
0.04 (0.02, 0.08)

————# 1.00(0.82, 1.00) 5.09
0.75(0.48,0.93) 4.94
Yunusbaeva, 3. (2019) 0.27 (0.21,0.32) 598
Barvaliya, etal. (2020) 0.80 (0.72,0.87) 5.90
Subtotal (12 = 97.29%, P = 0.00) 0.63 (0.48,0.78) 77.37
T T T T
0 7 8 9 1
oportion
Bedaquiline And Delg |
Maryandyshev, et a - 0.80 (0.28, 0.99) 3.60
Ferlazzo, etal. (2018) _— 0.79 (0.59, 0.92) 5.36
Mohr-Holland, etal. (2028 ~ - 0.50 (0.07, 0.93) 3.30
Subtotal (12 = %, P=.) —_— T 078(061,092) 1227
1 1 1 1 1 I T 1 T I I
O 1 2 3 4 5 6 7 8 9 1
Proportion
Delamanid i
Skripconoka, efal. (2013) —— 0.64 (0.59, 0.68) 6.02
Lee, otal. (2019) -+ 0.67 (0.30, 0.93) 4.35
Subtotal (1°2 = .%, P=.) <> 0.65 (0.60, 0.69) 10.36
I 1 1 1 T I 1 - 1 1 1 I
0O 1 2 3 4 5 6 7 8 9 1
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Study

Bedaquiline

Udwadia, et al. (2014)
Henry, 01 al.(2016)

Pym, et al.(2016)
Borisov, e/ al.(2017)
Gughelmetti, e/ al. (2017)
Borisov, &/ al.(2018)
Hewison, o/ al.(2018)
Ndjeka, ef a/.(2018)
Bastard, &/ /. (2019)
Kwak, o1 al.(2019)
Otayanju, e al.(2019)
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%

ES (95% C1) Weight

- 100 (0.48, 1.00)
020008, 0.44)
061(0.54,0.68)
0.36 (0.31, 0.41)
0.76 (0.60,087)
0,63 (0.49,0.76)
0.44(0.33,0.55)
0.76 (0,69, 0.62)
0.68(0.43,087)
0.75(035,0.97)
0.71(059,0.82)
025(020,031)
0.58 (0.45,0.71)

Bedaquiline And Delamanid
Maryandyshev, e/ al.(2017)

Delamanid

Skripconoka, e/ al. (2013)

Kwak, efal. (201
Figure 4.—Forest plot cure rates st

for the (A) bedaquiline, (B) beda-

quilne plus delamanid, 41d.(Q)
ggglgymgwd 7 A4 152l 24, 25,29, 51, 95,

fatigue, and anoreX|a rious Adyerse events,
cluding cardiac arrh pe pheNg neuropathy,
and renal failure, ere |n 21 studies th
were used bedagMine and Ia |d treatment

Publlcat as

ith the P values
rate, death, and

mentary Digi
ure 1, Supple
Figure 3).

igure 2, Supplementary

Discussion

The current study systematically reviewed the
available scientific evidence to support the de-
velopment of future evidence-based guidance
on using delamanid or bedaquiline in difficult-
to-treat DR-TB cases. However, only one study

21

in- i

Minerva Respiratory Medicine

is avaHabI? daquiline treatment in DR-TB
ildren.:' T#s systematic review was conduct-
sample size of 4926 cases collected
érent continents.
findings from this study showed that beda-
iline or delamanid has no statistically signifi-
ant difference in the time/rate of positive con-
version culture relative to negative culture. Due
to the novelty of the drug data on patients treated
with bedaquiline, outside clinical trials are still
infrequent. Herein, we provide evidence for the
effectiveness of bedaquiline- or delamanid-based
regimens in clinical practices. This systematic re-
view and meta-analysis included a larger number
of observational studies and suggested that the
two mentioned medications are increasingly be-
ing used off-label in the management of DR-TB.
Notably, most of the patients in our study received
bedaquiline, a drug shown to improve treatment
outcomes of DR-TB patients. Similar treatment
outcomes are described in other high-resource
settings, but these studies included fewer XDR-
TB patients.s? 451 The routine or broad off-label
use of delamanid in combination with bedaquiline
is not recommended by WHO.s? Therefore, this

March 2024
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issue necessitates more support to protect patients
from potential adverse events related to the com-
bination of the two new drugs in addition to that
deriving from the drugs used in the background
regimen. In our study, sputum culture conversion
rates of bedaquiline and delamanid were 75% and
71% for DR-TB patients, which were relatively
lower than DR-TB patient prospectives? 554 and
retrospectivez® 557 clinical studies. This review
identified 38 studies, with 28 distinct cohorts pub-
lished since 2013 that reported treatment regimens
and outcomes in 1602 MDR-TB and 1318 XDR-
TB patients. The included studies reported adverse
events, sputum culture conversion, and treatment
outcomes. The pooled overall treatment success
in DR-TB patients to bedaquiline was 63%, simi-
lar to a previously reported study (61% treatmen
success rate),s® as well as well below the WH

(75% treatment success rate) and results
large global prospectlve cohort (74 2% treatme

success. Thus, treatment s

clusively attributed to deJamani

The pooled overallw?O?a S

treated with bedaq m@ delamarffd were 58%
and 53%, respextively, ch™as lower tha
those stated in 15 WH®,Global TB repggl.N
i.e. cure i By,
with g
assQciatio

mg the data
#hces in efficacy
) gs. The treatment
ped in the present study
in comparison ulture conversion point-
edly implies that m®st of the DR-TB patients who
achieve sputum culture conversion do not obtain
treatment success. This unsuccessful outcome
may arise from treatment failure, and also treat-
ment discontinuation due to adverse effects or re-
lapse. The major adverse events identified in our
review were gastrointestinal and dermatological
side effects, as well as QT prolongation.

rather than a true
of regimens or 4
success propo
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Limitations of the study

Our systematic review has several limitations.
First, the included studies were mostly retro-
spective. The relatively insufficient information
of these studies can lead to an increase in the rate
of patients” withdrawal to follow-up and conse-
quently less report adverse events. Second, none
of the control groug,of patients received bedaqui-
line or delamanig?ieed, the results of the case
pared properly with the
uses confounding in our
se crude outcomes, rather

opclusions

Whlle data@/ clinical outcomes in DR-TB pa-
s treated#vith bedaquiline and delamanid are
mional and limited, these two agents ap-
Mieneficial drugs. Moreover, the addition
#famanid and bedaquiline to MDR- and XDR-
regimens, though is associated with significant
dverse events, may improve treatment outcomes.
However, this surmise needs to be systematically
evaluated in well-designed clinical trials.
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