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Summary The Lancet Regional
Background In 2021, World Health Organization revised of definition of extensive drug-resistant tuberculosis. We Health - Europe
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aimed to determine treatment outcomes of individuals affected by extensively drug-resistant tuberculosis in Europe. 575 3
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Methods This observational, retrospective cohort study included patients diagnosed with extensively drug-resistant | ' JiJanepe 2025,

tuberculosis in the World Health Organization European Region from 2017 to 2023. Participating centres collected 55,
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consecutive, detailed individual data for extensively drug-resistant tuberculosis patients. Data were analysed with
meta- and regression methods, accounting for between-country heterogeneity.

Findings Among 11,003 patients with multidrug-resistant/rifampicin-resistant tuberculosis, 188 (1-7%) from 16
countries had extensively drug-resistant tuberculosis. Of these, 48-4% harboured strains with resistance to
bedaquiline (n = 91/188), 34-0% to linezolid (n = 64/188), and 17-6% to both (n = 33/188). The individual
composition of anti-tuberculosis regimens was highly variable, with 151 different drug combinations. Among the
156/188 (83-0%) patients with available treatment outcomes, the pooled percentage of successful outcomes was
40-2% (95% confidence interval [95% CI] 28-4%-53-2%). In patients with unsuccessful treatment outcomes
(101/156), most experienced treatment failure (n = 57/156 [pooled proportion 37-1%], 95% CI: 26-1%-49-7%) or
death (n = 30/156 [pooled proportion 21-3%], 95% CI: 15-7%-28-2%). After adjustment for disease severity, each
additional likely effective drug decreased the odds of unsuccessful outcomes (adjusted odds ratio: 0-65, 95% CI:
0-45-0-96) (p = 0-026), whereas being treated in an upper-middle-income country increased the odds of
unsuccessful outcomes compared with being treated in a high-income country (adjusted odds ratio: 13-7, 95%
CI: 3-7-50-2) (p < 0-001). Compared with other levels of drug resistance, treatment outcomes were significantly
worse for extensively drug-resistant tuberculosis.

Interpretation Only four out of ten patients affected by extensively drug-resistant tuberculosis achieved successful
treatment outcomes. These findings highlight the need for adequate, individualised treatment regimens and

optimised drug susceptibility testing.

Funding None.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Tuberculosis remains a major global health challenge,
particularly with the emergence of drug-resistant forms
of the disease. In 2024, the World Health Organization
(WHO) ranked multidrug-resistant/rifampicin-resistant
tuberculosis, together with carbapenem-resistant Aci-
netobacter baumannii, third-generation cephalosporine-
resistant Enterobacteriales and carbapenem-resistant
Enterobacteriales, as the top priority bacterial patho-
gens globally." Multiple reports suggest that resistance
to both new and repurposed anti-tuberculosis drugs is
emerging worldwide.”* The case of bedaquiline is
emblematic, as both primary and acquired drug resis-
tance to this drug are increasing.”* In the WHO Eu-
ropean region, 35-1% of pulmonary multidrug-
resistant/rifampicin-resistant tuberculosis cases had
fluoroquinolone resistance (pre-extensively drug-
resistant tuberculosis) in 2022.° Among patients tested
for any other Group A drug, the prevalence of exten-
sively drug-resistant tuberculosis defined, according to
the new 2021 WHO definitions, as pre-extensively drug-
resistant tuberculosis with additional resistance to at
least one additional Group A drug (either bedaquiline
or linezolid)," was 8-7%. However, these figures should
be interpreted with caution due to the limited drug
susceptibility testing (DST) capacity for bedaquiline and
linezolid. Both genotypic and phenotypic DST

availability is concerningly inadequate worldwide,
including in the WHO European region."

In response to the evolving drug resistance land-
scape, the WHO released new guidelines in 2022 rec-
ommending a 6-month regimen containing
bedaquiline, linezolid, pretomanid and moxifloxacin
(BPaLM) for multidrug-resistant/rifampicin-resistant
tuberculosis treatment.”” For pre-extensively drug-
resistant tuberculosis, the WHO endorses the same
regimen excluding moxifloxacin (BPaL). In April 2025,
the WHO consolidated its guidelines recommending
four additional 6- and 9-month regimens, which have
the advantage of being indicated also for children,
pregnant and breastfeeding women.”? However, for
extensively drug-resistant tuberculosis there are
currently no alternatives to the long (18-24 months)
individualised treatment regimens with poor evidence
base, which often involve multiple drugs, including
injectable agents, and are associated with significant
toxicity. Treatment recommendations for the treatment
of extensively drug-resistant tuberculosis are lacking,
apart from a recently published expert consensus
document.™

The 2021 WHO revision of drug-resistance defini-
tions was based on a large meta-analysis of individual
patient data showing that outcomes for patients treated
without fluoroquinolones and bedaquiline/linezolid
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Research in context

Evidence before this study

Rifampicin-resistant tuberculosis is one of four organisms
with critical priority in the World Health Organization (WHO)
bacterial priority pathogen list. In 2021, based on the analysis
of a large individual patient data database, the WHO revised
its definitions of drug-resistant tuberculosis. Pre-extensively
drug-resistant tuberculosis is now defined as disease due to
Mycobacterium tuberculosis resistant to rifampicin (with or
without isoniazid resistance, i.e., multidrug-resistant/
rifampicin-resistant tuberculosis) and to any
fluoroquinolone, and extensively drug-resistant tuberculosis
as pre-extensively drug-resistant tuberculosis plus resistance
to at least one Group A drug (bedaquiline and/or linezolid).
According to WHO estimates, the global treatment success
rate in 2023 was 88% for drug-susceptible tuberculosis, in
stark contrast with only 63% for patients with multidrug-
resistant/rifampicin-resistant tuberculosis. Concerningly,
treatment outcomes for patients affected by the revised
form of extensively drug-resistant tuberculosis remain largely
unknown. To assess available evidence, we searched PubMed
on June 18, 2025, using the terms (“extensively drug-
resistant” OR “XDR") AND (“tuberculosis” OR
“mycobacterium tuberculosis” OR “TB” OR “MTB” OR
"tuberculosis”[Mesh]) AND “outcome*”, restricted to peer-
reviewed articles published after the 2021 definition revision.
Of 226 results, only two studies included patients with the
revised form of extensively drug-resistant tuberculosis. One
study from France included nine such patients but did not
report their outcomes separately from pre-extensively drug-
resistant tuberculosis patients. Another study from five
Eastern European countries (Georgia, Kazakhstan, Kyrgyzstan,
Moldova, and Ukraine) included 52 patients with extensively
drug-resistant tuberculosis and reported a success rate of
31%. To our knowledge, no published study has
systematically described how these patients are managed. In
addition, existing data on outcomes are limited by small
sample sizes or restricted to smaller regions of Europe.

were significantly worse than for other multidrug-
resistant/rifampicin-resistant tuberculosis patients.”
Emerging evidence suggests that bedaquiline resis-
tance is associated with worse treatment outcomes.'
However, despite growing concerns, to date there is a
notable lack of publicly available data on treatment
outcomes of newly-defined extensively drug-resistant
tuberculosis cases.

This study aims to evaluate the treatment ap-
proaches and outcomes of extensively drug-resistant
tuberculosis patients in the WHO European region,
addressing the critical gap in knowledge and informing
future tuberculosis management strategies. To our
knowledge, this is the largest report of its kind to date
in the WHO European region.

www.thelancet.com Vol 56 September, 2025

Added value of this study

This study used individual patient-level data to describe
management and treatment outcomes of patients with
extensively drug-resistant tuberculosis across the WHO
European Region. Among 11,003 multidrug-resistant/
rifampicin-resistant tuberculosis patients who received care
between 2017 and 2023 in TB treatment centres in 16
countries of the WHO European Region, 188 patients fulfilled
criteria for extensively drug-resistant tuberculosis. In a
pooled analysis, accounting for between-country
heterogeneity, only 40% of these patients achieved
successful treatment outcomes, a significantly lower success
rate compared to other forms of drug-resistant tuberculosis,
and comparable to rates of long-term success of the pre-
antibiotic era. We identified key risk factors for unsuccessful
outcomes, such as the number of effective drugs in the
regimen and being treated in upper middle-income countries
compared with high-income countries.

Implications of all the available evidence

With currently available diagnostics, drugs, and
infrastructures, the prognosis of patients affected by
extensively drug-resistant tuberculosis in the WHO European
Region is extremely poor, in upper middle-income countries.
On average, half of the drugs that patients with extensively
drug-resistant tuberculosis received were ineffective
according to drug susceptibility testing. Findings of this
study underscore the urgent need for access to rapid drug
susceptibility testing for all drugs in use and effective
treatment regimens, including new compounds, for all
patients affected by extensively drug-resistant tuberculosis
and implementation of a global antibiotic stewardship
program to address growing M tuberculosis drug resistance.
Future public health efforts should focus not only on research
and development but also on implementation to improve
outcomes for individuals with drug-resistant tuberculosis
globally.

Methods

Study design and data collection

In this observational, retrospective cohort study,
participation was offered through the contact lists of
members of the Tuberculosis Network European Trials
group” (TBnet; www.tbnet.eu) and the European Soci-
ety of Clinical Microbiology and Infectious Diseases
(ESCMID; www.escmid.com) Study Group for Myco-
bacteria (ESGMYC) in countries of the WHO European
Region during the fourth quarter of 2023. In total,
42 centres were invited to participate. The electronic
case report form (eCRF) was distributed to interested
centres in the first quarter of 2024 and retrieved by July
31st 2024. Data were recorded passively by participating
clinicians through retrospective review of medical
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charts. The study was reported in accordance with the
STROBE guideline for cohort studies (Table S1 in
Supplementary Material).

Population and definitions

All participating centres treated at least one exten-
sively drug-resistant tuberculosis patient between
January 2017 and December 2023. The study popu-
lation encompassed aggregate data on all multidrug-
resistant/rifampicin-resistant  tuberculosis  cases
treated during this period, with individual patient-
level data specifically collected for extensively drug-
resistant tuberculosis cases as per the 2021 WHO
definitions.”” Data collected included patient charac-
teristics, tuberculosis localisation and extent, previous
tuberculosis treatment, extended phenotypic and
genotypic DST results, treatment regimens and
changes, treatment duration, treatment outcomes as
reported by the participating centres (per WHO 2021
criteria’®) (Table S2), post-treatment follow-up and
time to sputum culture conversion (see Appendix for
full eCREF).

Regarding treatment outcomes, only the WHO-
defined outcome itself was reported, without further
specification of the underlying reason. As such,
‘treatment failure’ may reflect either microbiological
failure or clinical reasons, including regimen
changes. Notably, ‘lost to follow-up’ refers to a patient
whose treatment was interrupted for two or more
consecutive months, whereas those with missing
outcome data were classified as ‘not evaluated’. Lost
to follow-up was considered an unsuccessful outcome
as there was sufficient information to discriminate
these patients from those who were entirely not
evaluated.

Centre-level data included the number of multidrug-
resistant/rifampicin-resistant tuberculosis, pre-
extensively drug-resistant tuberculosis, and extensively
drug-resistant tuberculosis cases and aggregate pro-
portions of favourable outcomes for multidrug-
resistant/rifampicin-resistant tuberculosis and pre-
extensively drug-resistant tuberculosis during the
study period.

Drugs were considered part of the treatment
regimen if they were administered for at least 30 days.
Resistance was defined by any resistant result on
phenotypic and genotypic DST, with a conservative,
clinically based approach, in which treatment regimens
are typically designed according to a “worst-case sce-
nario” regarding drug resistance. A drug was consid-
ered ‘likely effective’ in case of a proven susceptible
genotypic and/or phenotypic DST result and in absence
of any resistant result on genotypic and/or phenotypic
DST. We categorised participating countries into high-
income countries (HIC) and upper middle-income
countries (UMIC) according to the 2024 World Bank
classification."”

Statistical analyses

Demographics and clinical characteristics were sum-
marised for all patients using descriptive statistics.
Continuous variables were presented as medians and
interquartile ranges (IQRs), and categorical variables
were presented as proportions. To account for hetero-
geneity between participating countries, we conducted a
meta-analysis to estimate pooled percentages of suc-
cessful outcomes and each of the individual unsuc-
cessful outcomes, stratified by country and type of
resistance  (multidrug-resistant/rifampicin-resistant,
pre-extensively drug-resistant, or extensively drug-
resistant tuberculosis). Between-country variance was
estimated using the DerSimonian-Laird estimator (t?),
and overall heterogeneity was expressed as the I” sta-
tistic (using the R package meta). Proportions were
logit-transformed to stabilise variances, and inverse
variance weighting was applied. Clopper—Pearson con-
fidence intervals were calculated for individual study
estimates, and Knapp-Hartung adjustments were used
for the randome-effects models. Subgroup differences
were assessed using a chi-squared test, comparing the
pooled percentages between resistance groups. Patients
who were ‘not evaluated’ were excluded from outcome
analyses. To assess potential selection bias from
excluding these patients, their baseline socio-
demographic and clinical characteristics were
compared to the analysed population. In a subgroup
analysis, pooled individual outcomes (‘cured’, ‘treat-
ment completed’, ‘treatment failure’, ‘died’, and ‘lost to
follow-up’) were compared by subgroups based on
country income level, number of likely effective anti-
tuberculosis drugs included in the regimen, and resis-
tance pattern (resistance to linezolid, bedaquiline, or
both drugs). In another subgroup analysis, de-
mographic and clinical characteristics were compared
between patients with and without evidence of beda-
quiline resistance who nevertheless received bedaqui-
line. In addition, the pooled proportion of successful
outcomes was compared between patients with evi-
dence of bedaquiline resistance who received bedaqui-
line and all other patients who either did not receive
bedaquiline or did not have evidence of bedaquiline
resistance. In a regression analysis, unadjusted odds
ratios (ORs) were calculated to estimate the association
between unsuccessful outcomes and four a priori
selected covariates of interest: income category of the
country where the patients were treated, resistance
pattern (resistance to bedaquiline, linezolid, or both
drugs), the number of total anti-tuberculosis drugs in
the regimen, and the number of likely effective anti-
tuberculosis drugs in the regimen. The latter two
were treated as continuous variables, and the assump-
tion of linearity between the log odds and these vari-
ables was assessed visually by plotting the fitted
regression lines alongside the observed log-odds (with
95% confidence intervals) for each distinct value
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(Figures S1 and S2 in Supplementary Material).
Adjusted odds ratios (aORs) were calculated using
multivariable logistic regression models. Due to sample
size constraints, four separate models were constructed,
each including one of the four covariates of interest
described above, along with three covariates related to
disease severity that were also selected a priori: presence
of lung cavities, sputum smear positivity, and prior
treatment with second-line injectable drugs. The
regression analyses were performed using complete
case analysis, excluding patients with missing data. To
account for potential clustering of outcomes within
countries, 95% confidence intervals were calculated
using cluster-robust standard errors, based on the
sandwich estimator from the sandwich and Imtest R
packages, with clustering by country. In the main an-
alyses, drugs that were administered without available
DST results were considered as likely non-effective,
reflecting that lack of evidence of susceptibility limits
confidence in their efficacy. In a sensitivity analysis, we
revised this definition to classify administered drugs
with missing DST results as likely effective, reflecting a
more programmatic approach where drugs are often
used despite the absence of DST results. In another
sensitivity analysis, drugs without DST in more than
40% of patients were considered ineffective for all pa-
tients. To assess the risk of selection bias, descriptive
characteristics of excluded patients were compared with
the included patients.

The risks of unsuccessful outcome and death over-
time were examined using Kaplan—Meier curves and
stratified according to income category and the number
of likely effective drugs; strata were compared using the
log-rank test. Using the same variables and approach as
the logistic regression, univariable and multivariable
adjusted hazard ratios were estimated based on Cox
regression analysis using the same covariates as the
logistic regression (Figure S3 in Supplementary
Material). Time at risk was defined as the interval
from the reported start of treatment to the assignment
of a treatment outcome. Because loss to follow-up was
classified as an unsuccessful treatment outcome, these
cases were not censored, whereas patients with un-
evaluated outcomes were excluded entirely.

Data were analysed using R version 4-2-3.

Ethical considerations

The Institutional Review Board of the Bligny Hospital
(Briis-sous-Forges, France) granted ethical clearance for
this study (CRE 27/06/2023). Individual consent was
waived based on anonymous data collection. Additional
ethical approval was obtained in each participating
centre, as needed.

Role of the funding source

The German Center of Infection Research (DZIF)
supports C.L. under Grant Agreement 02.702 for
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clinical tuberculosis research. DZIF had no role in the
study concept, evaluation or in the decision to submit
the manuscript for publication.

Results

Of the 42 centres invited to participate, 24 responded
and 18 completed the eCRF, providing aggregate data
for 11,003 patients—of whom 7301 had multidrug-
resistant/rifampicin-resistant tuberculosis and 3514
had pre-extensively drug-resistant tuberculosis—as well
as individual-level data for 188 patients with extensively
drug-resistant tuberculosis (Fig. 1). The patients were
included from 18 centres in 16 different countries
(Figure S4 in Supplementary Material). Comorbidities,
socio-demographic, and clinical characteristics of
extensively drug-resistant tuberculosis patients are
available in Tables 1 and 2. The median treatment
duration was 382-0 days (IQR 242-0, 567-0), and the
regimens included a median of six anti-tuberculosis
drugs (IQR 5, 8), out of which a median of three were
considered effective (IQR 2, 4). The individual compo-
sition of anti-tuberculosis regimens was highly variable,
with 151 different drug combinations. Likewise, the
individual drug-resistance patterns were diverse,
including 105 distinct combinations (Fig. 2). The most
frequently administered drug was linezolid (80-3%,
n = 151/188) followed by cycloserine/terizidone (78-2%,
n = 147/188), clofazimine (75-5%, n = 142/188), and
delamanid (72-9%, n = 137/188) (Figure S5A). Signifi-
cant differences were observed in the treatment regi-
mens used in high-income countries (HICs) compared
to upper-middle-income countries (UMICs) with pa-
tients in HICs receiving significantly more drugs (me-
dian: 7 vs 6, p = 0-007) and more frequently receiving
moxifloxacin, pretomanid, and amikacin (Table S3 in
Supplementary Material). Overall, among group A
drugs, in 48-4% of patients M tuberculosis strains were
resistant to bedaquiline alone (n = 91/188), in 34-0% to
linezolid alone (n = 64/188), and in 17-6% to both drugs
(n = 33/188). In addition to group A drugs, resistance
was most reported to ethambutol (80-3%, n = 151/188)
followed by pyrazinamide (73-4%, n = 138/188), clofa-
zimine (21-8%, n = 41/188), cycloserine (12-8%, n = 24/
188), delamanid (9:0%, n = 17/188), and pretomanid
(0-53%, n = 1/188) (Figure S5B). The overall unavail-
ability of phenotypic DST varied by individual drug,
with pretomanid having the highest proportion of
missing results (91-0%, n = 172/188), while moxi-
floxacin and linezolid had the lowest (1-6%, n = 3/188).
In contrast, genotypic DST results were unavailable for
more than 80% of patients across all reported drugs
(linezolid, clofazimine, bedaquiline, delamanid, and
pretomanid) (Table S4 in Supplementary Material).
Phenotypic DST was less frequently performed in
UMICs for cycloserine/terizidone, carbapenems, kana-
mycin, and ethionamide/prothionamide. Similarly,
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42 treatment centres in the WHO Europe Region were

invited to participate

Did not respond N =18

No XDR-TB patients N = 6

Centres excluded:

18 centres contributed data

Patients treated from 2017-2023:
MDR-/RR-TB, N = 7,301
Pre-XDR-TB, N = 3,514
XDR-TB, N =190
Total = 11,005

Incomplete resistance patterns

Excluded N=2

Eligible patients
MDR-/RR-TB, N = 7,301
Pre-XDR-TB, N = 3,514
XDR-TB, N=188
Total = 11,003

Treatment outcome not evaluated
MDR-/RR-TB, N =419

Pre-XDR-T, N =152
XDR-TB, N =32

Patients with treatment outcomes
MDR-/RR-TB, N = 6882
Pre-XDR-TB, N = 3,362

XDR-TB, N =156
Total = 10,400

Date of treatment start and/or outcome date missing

XDR-TB,N=2

Patients eligible for time-to-event analysis

XDR-TB, N =154

Fig. 1: Flow diagram. Abbreviations: MDR-/RR-TB, multidrug/rifampicin-resistant tuberculosis; Pre-XDR-TB, pre-extensively drug-resistant
tuberculosis; XDR-TB, extensively drug-resistant tuberculosis.
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Characteristic n/N (%)

Demographics
Male
Age in years (at first visit), median (IQR)

149/188 (79-3)
42 (34, 52)
Age categories

13-34 years 47/187 (25-1)
35-64 years 127/187 (67-9)
>65 years 13/187 (7-0)

BMI (kg/m?), median (IQR)
Social characteristics

210 (18-8, 23-0)

Active tobacco smoker 97/116 (83-6)
Active alcohol abuse 58/181 (32:0)
Homeless 22/166 (13-3)
Intravenous drug use 15/181 (8-3)
Comorbidities

Chronic kidney disease 8/186 (4-3)
Diabetes mellitus type | or Il 12/186 (6-5)
Active HBV infection 5/122 (4-1)

Active HCV infection
Living with HIV

Immunosuppression

25/124 (20-2)
27/185 (14-6)
8/184 (4-3)

Malignancy 4/186 (2-2)

Abbreviations: BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus 1.

Table 1: Baseline socio-demographic characteristics and comorbidities
of 188 extensively drug-resistant tuberculosis patients from 16
countries in the WHO European Region (2017-2023).

genotypic DST was less commonly performed in
UMICs for linezolid, clofazimine, bedaquiline, pre-
tomanid, and delamanid (Table S4 in Supplementary
Material). Moreover, patients treated in UMICs were

Characteristic n/N (%)

TB disease characteristics
TB localisation
Extrapulmonary only 4/188 (2-1%)
170/188 (90-4%)
14/188 (7-4%)
115/160 (71-9%)
149/186 (80-1%)
134/175 (76-6%)

Pulmonary only
Pulmonary and extrapulmonary
Bilateral lung involvement
Any lung cavity
Sputum smear positive
Previous treatment
Previous anti-TB treatment history
None 37/182 (20-3%)
19/182 (10-4%)
126/182 (69-2%)

First-line drugs only
Second-line drugs
Current treatment
382 (248, 567)
6 (5 8)
3(24)

Treatment duration in days, median (IQR)
No. of drugs in the regimen, median (IQR)

No. of likely effective drugs in the
regimen, median (IQR)

Abbreviations: TB, tuberculosis; IQR, interquartile range.

Table 2: Baseline clinical characteristics of 188 extensively drug-
resistant tuberculosis patients from 16 countries in the WHO Europe
Region (2017-2023).
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significantly older, had lower BMI, were less frequently
smokers or intravenous drug users, and had more
often been exposed to previous anti-tuberculous treat-
ment (Tables S5 and S6 in Supplementary Material).

Thirty-two patients (17-0%) were classified as ‘not
evaluated’—including those still undergoing treatment
—and were therefore excluded from outcome analyses.
These excluded patients were significantly younger
than those included in the analysis, but otherwise
closely resembled the analysed population (Tables S7
and S8 in Supplementary Material). Among the 156
patients with extensively drug-resistant tuberculosis
(XDR-TB) and available treatment outcomes, 55 expe-
rienced a successful outcome (Fig. 3). Crude percent-
ages are available in Figure S6 in Supplementary
Material. Based on a random-effects meta-analysis, the
pooled percentage of successful outcomes was 40-2%
(95% CI: 28-4-53-2) (Fig. 3). Among the 101 patients
with unsuccessful treatment outcomes, treatment fail-
ure was most common (n = 57), corresponding to a
pooled proportion of 37-1% (95% CI: 26-1-49-7). Death
occurred in 30 patients, with a pooled proportion of
21-3% (95% CI: 15-7-28-2), and loss to follow-up was
reported in 14 patients, corresponding to a pooled
proportion of 12-9% (95% CI: 8-1-19-9). Based on
aggregate data from 12 out of 18 participating centres,
5063 of 6880 patients with multidrug-/rifampicin-
resistant tuberculosis experienced a successful treat-
ment outcome, resulting in a pooled percentage of
77-0% (95% CI: 70-3-82-5). Among 3362 patients with
pre-extensively drug-resistant tuberculosis, 2273 had a
successful outcome, corresponding to a pooled estimate
of 67-7% (95% CI: 58-1-76-1). Compared to patients
with multidrug-/rifampicin-resistant- or pre-extensively
drug-resistant tuberculosis, the pooled percentage of
successful outcomes was significantly lower among
patients with extensively drug-resistant tuberculosis
(p < 0-0001), whereas the pooled percentages of treat-
ment failure and death were significantly higher
(p < 0-0001 and p = 0-008, respectively) (Figures S7-S10
in Supplementary Material). In the analysis of individ-
ual outcomes and different subgroups among patients
with extensively drug-resistant tuberculosis, the pooled
proportions of cure and treatment completion were
significantly higher in HICs compared to UMICs (Fig. 4)
(Figure S11 and Table S9 in Supplementary Material).
Additionally, the pooled proportion of patients who died
was significantly lower in patients who were treated with
bedaquiline compared to those who were not. In terms
of resistance to group A drugs, the pooled proportion of
treatment failure was higher in patients with resistance
to both linezolid and bedaquiline compared to those with
resistance to either one of them, although the difference
was not statistically significant (Fig. 4) (Figure S11 and
Table S9 in Supplementary Material).

In total 124 patients had evidence of bedaquiline
resistance. Of these, 74 still received bedaquiline,
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Fig. 2: Overview of individual treatment regimens, Mycobacterium tuberculosis drug susceptibility patterns, and treatment outcomes
for 188 extensively drug-resistant tuberculosis patients from 16 countries in WHO Europe Region (2017-2023). Individual-level vis-
valisation of treatment regimens, drug susceptibility testing (DST) results, and outcomes for patients with drug-resistant TB. Each row
represents one patient. The left section indicates whether specific drugs were included in the treatment regimen (green), not included
(orange), or unknown (grey). The middle section shows DST results for the same drugs: resistant (dark red), susceptible (purple), or not
performed (light grey). The right section displays treatment outcomes: successful (blue), unsuccessful (red), or not evaluated (light grey).
Abbreviations: FQ, fluoroquinolones; Lfx, levofloxacin; Mfx, moxifloxacin; Bdg, bedaquiline; Lzd, linezolid; Cfz, clofazimine; Cs/Tzd, cycloserine/
terizidone; E, ethambutol; DIm, delamanid; Pa, pretomanid; Z, pyrazinamide; Carb + Amx/Clav, carbapenem + amoxicillin/clavulanic acid; Amk,
amikacin; Cm, capreomycin; Km, kanamycin; Eto/Pto, ethionamide/prothionamide; PAS, P-aminosaliscylic acid.
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Fig. 3: Pooled percentages of treatment outcomes for patients with rifampicin-/multidrug-resistant, pre-extensively drug-resistant,
and extensively drug-resistant tuberculosis in the WHO European Region (2017-2023), from a random-effects meta-analysis ac-
counting for between-country variation. "Based on aggregate data from 12 out of 18 participating centres. *Based on patient-level data
from the participating centres. Abbreviations: MDR-/RR-TB, multidrug/rifampicin-resistant tuberculosis; Pre-XDR-TB, pre-extensively drug-

resistant tuberculosis; XDR-TB, extensively drug-resistant tuberculosis.

whereas 50 did not (Tables S10 and S11 in
Supplementary Material). Baseline socio-demographic
and clinical characteristics were generally comparable
between the two groups. However, the patients with
evidence of bedaquiline resistance who still received
bedaquiline had a significantly higher proportion of
adverse events (Table S11 in Supplementary Material).
Among patients with microbiological evidence of
bedaquiline resistance and an evaluated treatment
outcome (n = 101), those who received bedaquiline
(n = 62) had a pooled proportion of successful
outcomes of 38:3% (95% CI: 20-1-60-5), which was
not significantly different from the 43.2% (95% CI:
18-1-72-4) observed among those who did not
receive bedaquiline (n = 39) (Figure S12 in
Supplementary Material). In the multivariable logis-
tic regression analysis, adjusting for lung cavitation,
sputum smear positivity and previous treatment

www.thelancet.com Vol 56 September, 2025

with second-line injectable drugs, the number of
likely effective drugs in the regimen significantly
reduced the odds of unsuccessful outcomes (aOR
0-65, 95% CI: 0-5, 09, p = 0-006), whereas being
treated in an UMIC (aOR 13-7, 95% CI: 4-0, 56-6,
p < 0-001) significantly increased the odds of un-
successful outcomes compared to being treated in a
HIC (Fig. 4).

The time to unsuccessful outcomes was significantly
shorter in patients treated in UMICs compared with
HICs (Log-rank p < 0-001) (Fig. 5). Similarly, time to
death was shorter in UMICs compared with HICs,
although the difference was not significant (Figure S13
in Supplementary Material).

In a sensitivity analysis, using an alternative defini-
tion of likely effective drugs yielded similar results for
both the logistic and Cox regression analyses
(Tables S12 and S13 in Supplementary Material).
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Characteristic outcome L outcome U
No. of administered drugs, median (IQR) 60 (5-0, 8-0) 60 (50, 8-0) 0-89 (0-76, 1.05)
No. of effective drugs, median (IQR) 3-0(2:0,4-0) 3-0(2:0,4-0) 0-79 (0-54, 1-16)
World Bank income group, /N (%)

HIC 18/26 (69-2%) 8/26 (30-8%) Ref'

UMIC 37/130 (28-5%) 93/130 (71-5%) 5:66 (1-72, 18:56)
Resistance to Lzd, Bdg, or both drugs, /N (%)

Lzd not Bdq 21/55 (38-2%) 34/55 (61-8%) Ref

Bdq not Lzd 25/71 (35:2%) 46/71 (64-8%) 1-14 (0-64,2:01)

Bdq and Lzd 9/30 (30-0%) 21/30 (70-0%) 1:44 (0-57, 3-65)

OR (95% CI)

p-value  Adjusted OR (95% CI)
L 017 0-85 (071, 1-02) Lo 0-078
—— 024 0-65 (0-45, 0-95) —— 0026

p-value

Ref

0004 13-7(3-72, 50-16) ————><0-001
Ref
—t— 0-66 0-92 (0-53, 1-6) —— 077
——— 0-44 103 (0-39, 2:72) s — >09
0-4 1 27 74 201 0-4 1 27 74 20:1

Fig. 4: Univariable and multivariable logistic regression analysis of risk factors for unsuccessful treatment outcome in 156 extensively
drug-resistant tuberculosis patients from 16 countries in the WHO European Region (2017-2023). 95% confidence intervals were
calculated using cluster-robust standard errors with clustering by country. Odds ratios were adjusted for presence of lung cavities,
previous treatment with second-line drugs, and sputum smear positivity. Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; HIC,
high-income countries; UMIC, upper-middle-income countries; Lzd, linezolid; Bdg, bedaquiline.

Discussion

Despite recent outstanding advancements in treatment
for drug-resistant tuberculosis, our findings indicate
that only 40% of patients affected by extensively drug-
resistant tuberculosis in the WHO European region
achieved successful outcomes, which is significantly
lower than those for multidrug-resistant/rifampicin-
resistant tuberculosis and pre-extensively drug-resis-
tant tuberculosis.

These results are extremely concerning, as a pooled
40% success rate is comparable to the rate of sponta-
neous cure for tuberculosis from the pre-antibiotic
era.””?' Overall, this proportion of treatment success is

lower than the pooled success rate of 44-8% in the
WHO European region reported in a recent systematic
review using the previous definition of extensively drug-
resistant tuberculosis.”? However, it is also notably
higher than the crude success rate of 31% reported in
another recent observational study based on the new
definition of extensively drug-resistant tuberculosis,
which was conducted across five UMICs in Eastern
Europe.” The most likely explanation of this discrep-
ancy is the more diverse representation of HICs in
addition to UMICs in our study and the implementa-
tion of random effects to consider the resulting het-
erogeneity. Regardless, these success rates are

£
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Z s - UMIC
£ Log-rank p-value < 0-:001
Z aHR =108, p < 0-001
2
2
= 050 1
<
=
=
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=
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£ 0254
2
<
=
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0-00
0 10 20 30 40
Time (months)
At Risk 25 24 18 6 4
Events 0 1 2 S 5
At Risk 129 89 34 12 4
Events 0 37 71 86 91

Fig. 5: Kaplan Meier curve of time to unsuccessful outcome for 154 extensively drug-resistant tuberculosis patients, stratified for
World Bank income groups, in the WHO European Region (2017-2023). Abbreviations: HIC, high-income country; UMIC, upper middle-

income country.
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remarkably far from WHO’s End TB strategy targets,
aiming for a 75% treatment success rate.” The emer-
gence of extensively drug-resistant tuberculosis poses
an additional, major threat to meeting these targets.

Our study also underscores the critical need for
optimised DST methods for early detection and
adequate management of resistance to new and re-
purposed anti-tuberculosis drugs, including fluo-
roquinolones, bedaquiline and linezolid. To date, rapid
molecular tests are only available for fluoroquinolones
and second-line injectables among second-line drugs.
In parallel to the introduction of available tests,
including targeted next generation sequencing, whole
genome sequencing, and extended phenotypic DST
capacity, new rapid diagnostic tools should be a
research priority to allow for effective prevention and
treatment of extensively drug-resistant tuberculosis.”
While the introduction of BPaLM and BPaL regimens
has provided hope for improving multidrug-resistant/
rifampicin-resistant tuberculosis and pre-extensively
drug-resistant tuberculosis treatment outcomes, the
real-world implementation of these regimens remains
problematic."” In our study, each additional likely
effective drug significantly reduced the odds of unsuc-
cessful outcomes, emphasising the importance of uti-
lising drugs with proven susceptibility and ensuring
their availability in all settings. Furthermore, we
observed a significant disparity between UMICs and
HICs in terms of access to drugs and DST, which may
explain the finding of a higher likelihood of unfav-
ourable outcome for patients treated in UMICs. This
disparity highlights the urgent need for equitable access
to tuberculosis treatments and advanced diagnostic
tools across the WHO European Region. In addition,
new compounds undergoing advanced stages of clinical
development should be made available for the treat-
ment of extensively drug-resistant tuberculosis patients
with limited treatment alternatives. This could be done
as part of compassionate use programs, building on
experience from the early introduction of bedaquiline
and delamanid.””*** Comprehensive, global surveil-
lance data on extensively drug-resistant tuberculosis
outcomes are also necessary to monitor treatment
progress and identify obstacles. The lack of specific
guidelines and the complexity of interpreting pheno-
typic and genotypic DST results underscore the critical
need to harmonise treatment approaches for extensively
drug-resistant tuberculosis.

One of the major strengths of our study is the
comprehensive assessment of the outcomes of exten-
sively drug-resistant tuberculosis using the new defi-
nition across many countries of the WHO European
region. This provides valuable insights into the effec-
tiveness of current treatment regimens and highlights
areas needing improvement. Our study demonstrates
the importance of collaborative research through
established clinical research networks, including
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countries and regions which are suffering from a long-
term armed conflict.

Our study also has several limitations inherent to its
retrospective design. Although many countries were
included, coverage of the WHO European region was
incomplete. Most participating centres were specialist
or referral centres, which introduces a risk of selection
bias and requires caution when generalising our re-
sults. However, given the complexity of extensively
drug-resistant tuberculosis treatment, extensively drug-
resistant tuberculosis patients are often managed in
these settings, supporting the external validity of our
findings within the European context. Although most
variables were reported for all patients, missing values
were common. Notably, 17% of extensively drug-
resistant tuberculosis patients were not evaluated and
were therefore excluded from the analyses. While this
may also have introduced selection bias, the character-
istics of the excluded patients were similar to those of
the analysed population, suggesting that the risk was
low.

The use of WHO-defined outcomes reduced the ef-
forts required by clinicians to fill out the eCRF but also
reduced the granularity of information, especially
regarding treatment failure. This limited our ability to
differentiate between microbiological failure, treatment
modification due to adverse events, and regimen
changes driven by drug resistance or unavailability.
Furthermore, post-treatment follow-up other than
treatment outcomes was not available in our study.

Additionally, while we compared treatment out-
comes across multidrug-resistant/rifampicin-resistant,
pre-extensively drug-resistant and extensively drug-
resistant tuberculosis, individual-level data were only
available for extensively drug-resistant tuberculosis pa-
tients. Therefore, the observed differences should be
interpreted cautiously due to possible confounding by
unmeasured patient-level factors. This is important
considering that substantial heterogeneity was observed
in the pooled proportions of successful outcomes for
multidrug-resistant/rifampicin-resistant ~and  pre-
extensively drug-resistant tuberculosis. A notable pro-
portion of patients had only genotypic DST results
available, which may have led to misclassification of
resistance status.

Finally, the low number of patients in the study only
allowed including a limited number of covariates in the
multivariable regression analyses. As a result, we were
unable to adjust for some important potential con-
founders such as HIV status or undernutrition.
Consequently, the observed associations between ana-
lysed covariates and outcomes may be influenced by
unmeasured confounding.

Conclusion
In conclusion, our findings reveal that treatment suc-
cess rates for extensively drug-resistant tuberculosis in

11
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Europe remain discouragingly low, with a prognosis
similar to tuberculosis in the pre-antibiotic era. These
findings underscore the need for improved, rapid DST
tools and effective, shorter treatment regimens for
extensively drug-resistant tuberculosis. Meanwhile,
widespread and parallel access to optimal DST and
newer drugs is warranted globally. New anti-
tuberculosis compounds should be made available
through compassionate use and expanded access pro-
grams.”** Additionally, there is a pressing need to
develop a framework for antibiotic stewardship in the
context of drug-resistant tuberculosis to prevent the
emergence and selection of further drug resistance, by
ensuring for instance the parallel roll-out of DST ca-
pacities with marketing of novel medicines. In the long
run, global collaboration and equitable resource distri-
bution are critical to advancing the fight against drug-
resistant tuberculosis and achieving the goals of the
WHO End TB strategy.”!
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