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Purpose: To assess the efficacy and safety of delamani (DIm), bedaquiline (Bdq) and linezolid (Lzd) in multidrug-resistant tuberculosis
(MDR-TB) and rifampicin-resistant tuberculosis (RR-TB).

Patients and Methods: We retrospectively analyzed the clinical data of 71 patients with MDR/RR-TB. All patients were given a 6—9
month short-course treatment based on DIm, Bdq and Lzd. Outcomes included treatment success, sputum culture conversion rate and
time, clinical and imaging improvement, adverse events (AEs), serious adverse events (SAEs), and QTcF prolongation were recorded.
Logistic regression and Cox proportional hazards models were used to identify factors associated with treatment success and time to
sputum culture conversion, respectively.

Results: 57.75% of patients were male, and the median (IQR) age of all patients was 42.00 (30.50, 54.00) years. At the end of the
treatment, 73.24% of patients achieved a good therapeutic outcome, 85.19% of patients achieved negative sputum culture, and the
median (IQR) time for sputum culture to turn negative was 62.50 (28.00, 126.00) days. The clinical symptoms of the patients were all
significantly improved (P < 0.001). 94.37% of patients showed lesion absorption, and the proportion of lesion area/volume to the
whole lung was significantly reduced (P < 0.001). 36.62% of patients developed any grade AEs, the incidence of grade >3 AEs was
8.45%, and one patient (1.41%) developed SAEs, which was grade 4 anemia caused by Lzd. 12.68% of patients experienced prolonged
QTcF. Previous history of tuberculosis (OR = 0.188, P = 0.015) and hepatitis B (OR = 0.150, P = 0.038) was associated with non-
favorable outcomes. No baseline characteristics were associated with time to sputum culture conversion (P > 0.05).

Conclusion: The DIm-Bdg-Lzd regimen demonstrated favorable efficacy and safety in patients with MDR/RR-TB, and may
represent a mechanistically distinct, shorter-course alternative to conventional regimens, while potential risks such as prolonged
QTCcF need to be noted.
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Introduction

Tuberculosis (TB), a disease caused by Mycobacterium TB infection, is a serious global public health problem,’ resulting in
the deaths of more than one million people per year.” In addition to its widespread prevalence, the drug resistance of
Mycobacterium TB stands as another factor contributing to the significant challenges in global TB control. Drug-resistant TB
can be further classified into rifampicin-resistant TB (RR-TB) and multidrug-resistant TB (MDR-TB) that is resistant to both
rifampicin and isoniazid.’ The latest research indicates that there have been 465,000 new cases of MDR/RR-TB patients
worldwide. Among these patients, only 37.1% have been diagnosed and referred for treatment.* A previous study reported that
the mortality rate of patients with MDR/RR-TB reached 14.68%.” China is one of the countries with the heaviest TB burden,
and its MDR/RR-TB patients account for 13% of the total global count.® Therefore, reducing the incidence rate and the
mortality rate of MDR/RR-TB patients has gradually become the keys to the treatment of TB both in China and worldwide.
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Clinical studies have shown that the treatment of TB must involve the administration of multiple drugs for several
months in order to achieve effective and long-lasting therapeutic effects. However, due to the development of resistance
to standard treatment drugs, the treatment of drug-resistant TB requires the administration of more than four drugs for up
to 24 months, and the treatment is not standardized, which increases the burden on patients. In addition, drugs targeting
drug-resistant TB may easily cause adverse reactions such as hepatotoxicity, bone marrow suppression, and peripheral
neuropathy. Approximately 10% to 15% of patients discontinue treatment due to their inability to tolerate adverse
reactions.”® These above-mentioned factors prevent drug-resistant TB patients from securing satisfactory treatment
effects (cure rate < 50%).” Hence, the development and clinical application of novel treatment are extremely crucial
for curing drug-resistant TB.

In recent years, short-course regimens centered on oral drugs such as delamanid (DIm), bedaquiline (Bdq), and linezolid
(Lzd) have gradually attracted attention. DIm belongs to the nitro-dihydroimidazolazole class of compounds.'® It is
a mycotic acid biosynthesis inhibitor, which can block the production of mycolic acid, a key component of the cell wall
of Mycobacterium TB.'! Dlm is active against both replicating and dormant bacilli as well as extracellular and intracellular
bacilli.'* Previous studies have shown that in adult patients with MDR-TB, after two months of treatment, the sputum
culture conversion rate of patients treated with DIm combined with the optimized background protocol (OBR) was
significantly higher than that of patients with placebo combined with OBR.'> DIm has also been found to have
a relatively high therapeutic effect in children with MDR-TB.'* Bdq belongs to the diarylquinoline class of compounds
and is an inhibitor of mycobacterial ATP synthase. By specifically binding to the c¢ subunit of the FO domain of
Mycobacterium TB, Bdq blocks ATP synthesis, thereby preventing the ATP energy supply of mycobacteria and exerting
antibacterial effects.'” Studies have shown that adding Bdq and clofazimine to the treatment can effectively improve the
prognosis of patients with MDR-TB.'® Lzd is an oxazolidinone originally approved for the treatment of gram-positive
bacterial infections. Lzd binds to the peptidyl transferase center (PTC), a critical region within the 50S subunit, and interfere
with tRNA binding and TB protein synthesis.'” An observational study showed that Lzd combined with the background
regimen for the treatment of MDR-TB had a treatment success rate of 77.36% and a sputum culture negative conversion rate
of 88.45%.'°

DIm, Bdq, and Lzd are all clinically available agents for the treatment of tuberculosis and have been incorporated into
current MDR/RR-TB regimens. In 2014, the WHO issued guidelines for the use of DIm in adults under limited conditions.
Later, in the treatment guidelines for RR-TB, DIm was classified as a Group C drug.'® From 2019 to 2022, the WHO
recommended two of the most effective Group A drugs, Bdq and Lzd, for the treatment of MDR-TB.? However, despite their
inclusion in WHO-recommended regimens, real-world evidence regarding the combined use of DIm, Bdq, and Lzd—
particularly in the Chinese MDR/RR-TB population—remains limited. In addition, the clinical applicability, efficacy, and
safety profile of this three-drug combination as a structured short-course regimen have not been well characterized. Therefore,
this study aims to retrospectively evaluate the efficacy and safety of a DIm-Bdq—Lzd-based regimen, and to further explore its
potential clinical value as a mechanistically complementary treatment strategy.

Materials and Methods

Study Design

This study was a retrospective, single-center, cohort study. The aim was to evaluate the efficacy and safety of 6-9 month short-
course treatment regimens based on DIm, Bdq, and Lzd in the clinical treatment of patients with MDR-TB and RR-TB.

Participants
71 patients with MDR-TB and RR-TB who received DIm, Bdq, and Lzd as the basis treatment at the Infectious Disease
Hospital of Heilongjiang Province from March 12, 2023 to August 6, 2024 were selected. All patients were informed and
signed the informed consent form. This study was approved by the Ethics Committee of the Infectious Disease Hospital
of Heilongjiang Province (Approval No. 2025019).

Inclusion criteria: 1) Patients diagnosed with MDR/RR-TB; 2) Age of patients > 18 years; 3) Patients who have
received treatment with Bdq, DIm, and Lzd-based regimens for at least one week.
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Exclusion criteria: 1) Patients who have received DIm, Bdq, or Lzd regimens for more than one month in the past or
are known to be resistant to any of these drugs; 2) Patients who have participated in any other clinical trials of drugs or
medical devices within two months prior to the screening; 3) Patients who are deemed unsuitable to participate in the trial
by the researchers.

Treatment Regimens
All the enrolled patients received treatment regimens based on DIm, Bdq and Lzd for 6 to 9 months. Among them:

DIlm: 100 mg each time, orally, twice a day;

Bdq: 400 mg each time, orally, once a day for 2 weeks, then 200 mg, three times a week. There should be at least
a 48-hour interval between the two administrations;

Lzd: 600 mg each time, orally, once a day. When intolerance occurs, the dosage will be reduced to 300 mg once a day
or discontinued.

The treatment lasts for 6 months. If the bacteriological tests remain positive after 4 months of treatment and the
clinical response improves, the course can be extended to 9 months. If the clinical response is unsatisfactory after 6
months and the bacteriology remain positive, the possibility of treatment failure should be considered. If treatment failure
is determined, sputum culture and drug sensitivity test (DST) are required, and an individualized remedial treatment plan
should be formulated based on the DST results.

Clinicians decide whether to incorporate additional drugs other than Dlm, Bdq, and Lzd, and formulate a treatment
plan based on the actual diagnosis and treatment outcomes.

Patient Monitoring

During the treatment period, the patient should undergo at least one systematic laboratory test every month, including
routine blood test, blood biochemistry tests (liver and kidney function), electrolyte panel test, and thyroid function test.
Chest imaging examinations and other examinations required according to actual clinical conditions are conducted.
Baseline electrocardiogram tests should be conducted at the beginning of the treatment, every two weeks during the first
three months of treatment, and once a month thereafter. The QTc interval (corrected using the Fridericia formula (QTcF))
is calculated by the attending clinician.’ Repeat the electrocardiogram examination only when QTcF is abnormal.
Bacteriological tests, including sputum smears and sputum cultures (on solid or liquid media), are conducted once
a month until the end of the course of treatment, and additional DST is applied to first-line and second-line drugs when
positive culture results are obtained.

Study Outcomes
Primary Endpoints
Effectiveness: 1) Percentage of patients achieving treatment success (cured+treatment completed) at the end of treatment
(Patient outcomes are defined by WHO criteria, including cured, treatment completed, treatment failure, lost to follow-
up, and death).** 2) The negative conversion rate of sputum culture in patients. 3) The median time for sputum culture to
turn negative.

Safety: Percentage of serious adverse events (SAEs) at the end of treatment.

Secondary Endpoints
Effectiveness: 1) The percentage of improvement in patients’ symptoms (cough, expectoration, hemoptysis, chest pain,
dyspnea, fatigue, weight loss, fever) at the completion of treatment. 2) The improvement of the patient’s imaging
(lesions, cavities) at the completion of treatment.

Safety: 1) Percentage of adverse events (AEs) at the end of treatment. 2) The percentage of QTcF extension during
treatment (QTcF interval > 500 ms or any QTcF interval extended by more than 60 ms from baseline).
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Statistical Analysis
Categorical variables were described by frequencies and percentages n (%), while continuous variables were described
by mean and standard deviations (SD) (for normally distributed variables) or median and interquartile range (IQR) (for
non-normally distributed variables). Intra-group comparisons before and after treatment were conducted using
McNemar’s test (for categorical variables) or Wilcoxon signed-rank test (for non-normally distributed continuous
variables). The median time and 95% confidence interval (CI) of the time for sputum culture to turn negative were
calculated using the Kaplan-Meier method. Univariate and multivariate analyses were performed using logistic regres-
sion (for treatment success) and Cox proportional-hazards model (for time to sputum culture conversion).

Analyses were conducted using R software (version 4.4.1; R Core Team, Vienna, Austria). Two-sided P values of <
0.05 were considered to be statistically significant.

Results

Baseline Characteristics of the Participants

A total of 71 patients with MDR/RR-TB were included in this study, among whom 57.75% (41/71) were male patients.
The median age of the patients was 42.00 years. The baseline Karnofsky performance score (KPS) of the patient was
90.00. The baseline QTcf of the patient was 403.74ms. In terms of medical history, 59.15% (42/71) of the patients had
a previous history of TB, and 18.31% (13/71) of the patients had a history of diabetes. At baseline, 97.18% (69/71) of the
patients presented with TB-related clinical symptoms, including cough (87.32%), expectoration (71.83%), fatigue
(47.89%), fever (33.80%), dyspnea (26.76%), weight loss (25.35%), chest pain (22.54%), and hemoptysis (11.27%).
The bacteriological results indicated that 76.06% (54/71) of the patients had positive sputum cultures at baseline, and
39.44% (28/71) of the patients had positive sputum smears. Imaging results indicated that 71.83% (51/71) of the patients
had pulmonary cavities at the baseline period. Among them, 53.52% (38/71) of the patients had no more than 2 cavities,
and 45.07% (32/71) of the patients had 3 to 6 cavities. 97.18% of the patients (69/71) had lesions involving both lungs,
and the median lesion area/volume accounted for 20.00% of the whole lung area.

The treatment regimens for the patients were as follows: Dlm, Bdq, and Lzd were used in all patients (during the
treatment process, contezolid was used instead of Lzd in two patients). The number of anti-TB drugs in the protocol was
4.52 (1.53). Concomitant drugs included moxifloxacin (32.39%), amikacin (29.58%), cycloserine (21.13%), clofazimine
(15.49%), pyrazinamide (15.49%), para-aminosalicylic acid (9.86%), ethambutol (8.45%), protionamide (7.04%), levo-
floxacin (5.63%), rifampicin (1.41%), and isoniazid (1.41%). 40.85%, 4.23% and 1.41% of the patients had one, two and
three types of QT interval prolonging drugs (moxifloxacin, levofloxacin and clofazimine) added to their treatment
regimens, respectively. The specific baseline characteristics of the patients are shown in Table 1.

Table | Baseline Characteristics of Participants

Variables Total (n=71)
Male, n (%) 41 (57.75)
Age (yr), median (IQR) 42.00 (30.50, 54.00)
KPS, median (IQR) 90.00 (80.00, 90.00)
Baseline QTcf (ms), median (IQR)? 403.74 (387.04, 421.81)
Disease history, n (%)

Previous TB 42 (59.15)

Diabetes 13 (18.31)

Hepatitis B 6 (8.45)

Hypertension 4 (5.63)

(Continued)
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Table | (Continued).

Variables Total (n=71)
Clinical symptoms at baseline, n (%) 69 (97.18)
Cough 62 (87.32)
Expectoration 51 (71.83)
Hemoptysis 8 (11.27)
Chest pain 16 (22.54)
Dyspnea 19 (26.76)
Fatigue 34 (47.89)
Weight loss 18 (25.35)
Fever 24 (33.80)
Sputum culture status at baseline, n (%)
Positive 54 (76.06)
Negative 17 (23.94)
Sputum smear status at baseline, n (%)
Negative 42 (59.15)
+1 12 (16.90)
+2 10 (14.08)
+3 5 (7.04)
+4 I (1.41)
Missing I (1.41)
Radiological findings, n (%)
Presence of cavity 51 (71.83)
Number of cavities
<2 38 (53.52)
3-6 32 (45.07)
Bilateral involvement 69 (97.18)

Lesion area (%)°, median (IQR)
Site of TB, n (%)

20.00 (15.00, 32.00)

Pulmonary 71 (100.00)
Extrapulmonary 0 (0.00)
Number of drugs in background regimen, mean (SD) | 4.51 (1.53)

Accompanying drugs in the regimen, n (%)
Moxifoxacin 23 (32.39)
Amikacin 21 (29.58)
Clofazimine 11 (15.49)
Pyrazinamide Il (15.49)
Protionamide 5 (7.04)
Para-aminosalicylic acid 7 (9.86)
Cycloserine 15 (21.13)
Rifampicin I (1.41)
Ethambutol 6 (8.45)
Isoniazide I (1.41)
Levofloxacin 4 (5.63)

Other QT-prolonging drugs in the regimen
Plus one QT-prolonging drug 29 (40.85)
Plus two QT-prolonging drugs 3 (4.23)
Plus three QT-prolonging drugs I (1.41)

Notes: *Baseline QTcf were missing for 15 patients. ®The cumulative proportion of pulmonary
lesions in the whole lung (%). “Other QT-prolonging drugs were moxifoxacin, levofloxacin, and
clofazimine.

Abbreviations: KPS, Karnofsky performance score; QTcf, Corrected QT interval using
Fridericia’s formula; IQR, Interquartile range; TB, Tuberculosis; RR, Rifampicin-resistant; MDR,
Multidrug-resistant.
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Efficacy

The Treatment Outcomes and the Results of Sputum Culture Conversion

Table 2 The Treatment Outcomes and the Results of Sputum

Culture Conversion

Time to SCC (days), median (IQR)

Variables Value
TB treatment outcomes, n (%)*
Cured 51 (71.83)
Treatment completed 1 (1.41)
Treatment success 52 (73.24)
Patients achieving SCC after treatment, n (%)° | 46 (85.19)

62.50 (28.00, 126.00)

Notes: >N was the total number of patients (n=71). ®N was the number of patients
with positive in sputum culture at the baseline (n=54). The time for sputum culture to
turn negative is defined as the interval from the initiation of treatment to the first
occurrence of negativity. For patients who do not achieve SCC negativity, this interval
is calculated from the start to the conclusion of treatment.
Abbreviations: TB, Tuberculosis; SCC, Sputum culture conversion; IQR, Interquartile

range.

73.24% (52/71) of the patients achieved the good outcome as defined by the WHO at the end of the treatment, among
which 71.83% (51/71) were cured and 1.41% (1/71) completed the treatment. 85.19% (46/54) of the patients achieved
negative sputum culture conversion (SCC) at the end of the treatment. The median time for sputum culture to turn

negative was 62.50 days. As shown in Table 2 and Figure 1.

Proportion of patients with sputum culture conversion
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Figure | The time for sputum culture to turn negative.
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Table 3 The Improvements in Clinical Symptoms

Variables Baseline (n=71) After Treatment (n=70) P value Patients with Improvements
After Treatment, n (%)

Patients with symptoms, n (%)

Cough 62 (87.32) 4 (5.71) <0.001 57 (81.43)
Expectoration 51 (71.83) 2 (2.86) <0.001 48 (68.57)
Hemoptysis 8 (11.27) 0 (0.00) <0.001 8 (11.43)

Chest pain 16 (22.54) 2 (2.86) <0.001 14 (20.00)
Dyspnea 19 (26.76) 0 (0.00) <0.001 19 (27.14)
Fatigue 34 (47.89) 5(7.14) <0.001 29 (41.43)
Weight loss 18 (25.35) 0 (0.00) <0.001 17 (24.29)

Fever 24 (33.80) 0 (0.00) <0.001 23 (32.86)

KPS, median (IQR) | 90.00 (80.00, 90.00) 100.00 (90.00, 100.00) <0.001 69 (98.57)

Notes: *Patients achieving clinical symptom relief or a 210-point increase in KPS after treatment. There was one missing case after the treatment was
completed, and this case was not included in the comparison and conversion rate calculation.
Abbreviations: KPS, Karnofsky performance score; IQR, interquartile range.

The Improvement in Clinical Symptoms

At the end of the treatment, the clinical symptoms related to TB improved significantly (Cough: 87.32% vs. 5.71%, P <
0.001; Expectoration: 71.83% vs. 2.86%, P < 0.001; Hemoptysis: 11.27% vs. 0.00%, P < 0.001; Chest pain: 22.54% vs.
2.86%, P < 0.001; Dyspnea: 26.76% vs. 0.00%, P < 0.001; Fatigue: 47.89% vs. 7.14%, P < 0.001; Weight loss: 25.35%
vs. 0.00%, P < 0.001; Fever: 33.80% vs. 0.00%, P < 0.001). As shown in Table 3 and Figure 2.

The Improvements in Radiological Results

After the treatment, 94.37% (67/71) of the patients showed TB lesion absorption. 5.63% (4/71) of the patients showed
slight TB lesion absorption. 39.44% (28/71) of the patients showed shrinkage of TB cavity. 54.93% (39/71) of the
patients showed shrinkage and calcification of TB cavity. 4.23% (3/71) of the patients showed slight shrinkage of TB
cavity (Table 4). After treatment, the proportion of lesion area/volume in the entire lung of the patients decreased
significantly (P < 0.001) (Figure 3).

Safety

36.62% (26/71) of the patients experienced AEs. The incidence of grade >3 AEs was 8.45% (6/71), and one patient (1.41%)
experienced SAE, which was grade 4 anemia caused by Lzd. Prolonged QTcF occurred in 12.68% (9/71) of the patients
(Table 5). After the treatment, the patients” QTcFs were significantly longer than the baseline (P < 0.001) (Figure 4).

(A) (B)
Cough [ 87.82% (62/71) | | 5.71% (4/70) P<0.001 Cough [B143% (B7I70) |
Expectoration [ 71.83% (51/71) || 2.86% (2/70) P<0.001 Expectoration | 68.57% (48/70) |
€ Haemoptysis 11.27% (8/71) E 0.00% (0/70) P<0.001 . Haemoptysis [:l 11.43% (8/70)
'é Chest pain 22.54% (16/71) [ 2.86% (2/70) P<0.001 s Chest pain [0 20.00% (14/70)
& Dyspnea 26.76% (19/71) [ 0.00% (0/70) P<0.001 & Dyspnea [T 27.14% (19/70)
Fatigue [A7B9% Gam | 7.14% (5/70) P<0.001 Fatue NIRRT
Body weight loss 25.35% (18/71) [ 0.00% (0/70) P<0.001 e welgh;:: %-2:;:;:/7/2,70)
Fever 33.80% (24/71) [ 0.00% (0/70) P<0.001 e (69/70)' ’ |
10 08 06 04 02 0 02 04 06 08 10

0 0.2 0.4 0.6 0.8 1.0
[ At baseline Proportion of patients with symptoms 3 After treatment Proportion of patients with symptoms relief after treatment

Figure 2 The improvement of clinical symptoms. (A) The propotion of patients with symptoms at baseline and after treatment. (B) The proportion of patients whose
symptoms improved after treatment.
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Table 4 The Improvements in Radiological Results

Variables Value, n (%)
Patients with absorption of TB lesion after treatment 67 (94.37)
Patients with slight absorption of TB lesion after treatment 4 (5.63)
Patients with shrinkage of TB cavity after treatment 28 (39.44)
Patients with shrinkage and calcification of TB cavity after treatment 39 (54.93)
Patients with slight shrinkage of TB cavity after treatment 3 (423)

Notes: One patient was missing in the assessment of cavity.
Abbreviation: TB, Tuberculosis.

Factors Associated with Treatment Success and Time to Sputum Culture Conversion
Univariate analysis showed that a previous history of TB (OR = 0.188, 95% CI = 0.040-0.646, P = 0.015) and a previous
history of hepatitis B (OR = 0.150, 95% CI = 0.019-0.845, P = 0.038) were associated with a lower likelihood of
achieving treatment success. However, in the multivariate analysis, only a previous history of TB remained indepen-
dently associated with treatment success (OR = 0.204, 95% CI: 0.036-0.831, P = 0.040), while hepatitis B showed a non-
significant trend (P = 0.085). Other baseline characteristics, including gender, age, KPS score, history of diabetes, history
of hypertension, sputum smear results, presence of cavities, and the number of cavities, were not significantly associated
with treatment success (P > 0.05) (Table 6).

The factors, including gender, age, KPS score, history of TB, history of diabetes, history of hypertension, sputum
smear results, presence or absence of cavities, and the number of cavities, were not significant associated with time to

sputum culture conversion in either univariate or multivariate Cox regression analyses (P > 0.05) (Table 7).
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Figure 3 The improvements in pulmonary lesion. ***P<0.001.
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Table 5 Overall Safety During Treatment Period

Variables Value, n (%)
Patients with any grade of AEs 26 (36.62)
Hematological
Decreased Hb 13 (18.31)
Decreased PLT 1 (1.41)
Decreased WBC 3 (423)
Liver function
Increased TBiL 8 (11.27)
Increased DBiL 1 (1.41)
Increased ALT 2 (2.82)
Increased AST 3 (4.23)
Renal function
Increased UA 1 (1.41)
Increased PRO 1 (1.41)
Increased serum Cr 3 (4.23)
Patients with grade23 AEs 6 (8.45)
Patients with AEs related to study drugs | | (1.41)
Patients with SAEs 1 (1.41)
Patients with QTcF prolongation 9 (12.68)

Notes: |5 patients were missing in the assessment of QTcF prolongation.
Abbreviations: Hb, Hemoglobin; PLT, Platelet; WBC, White blood
cell; TBiL, Total bilirubin; DBIL, Direct bilirubin; ALT, Alanine amino-
transferase; AST, Aspartate aminotransferase; UA, Uric acid; PRO,
Protein in urine; Cr, Creatinine; AEs, Adverse events; SAEs, Serious
adverse events; QTcf, Corrected QT interval using Fridericia’s
formula.

Discussion

This study systematically evaluated the therapeutic efficacy and safety of treatment regimens based on DIm, Bdq, and
Lzd in patients with MDR/RR-TB. The results showed that after treatment with Dlm, Bdq and Lzd, 73.24% of the
patients achieved the good outcome defined by WHO, and 85.19% of the patients achieved negative sputum culture at the
end of the treatment. What’s more, the patient’s TB-related clinical symptoms, including cough, expectoration, hemop-
tysis, chest pain, dyspnea, fatigue, weight loss and fever all improved significantly. Imaging results indicated that after
the treatment, both the absorption and cavity of the TB lesion improved, and the proportion of the lesion area/volume to
the whole lung area of the patient was significantly reduced. In terms of safety, 36.62% of patients experienced AEs, the
incidence of grade >3 AEs was 8.45%, and one patient developed SAE, which was grade 4 anemia caused by Lzd.
12.68% of the patients showed prolonged QTcF, and the QTcF of the patients after treatment was significantly longer
than the baseline. Based on the above results, the regimens based on Dlm, Bdq and Lzd have shown good efficacy and
high safety in patients with MDR/RR-TB.

These favorable clinical outcomes may be attributed to the complementary and multi-target mechanisms of the three
core drugs. Bdq targets ATP synthase and disrupts energy metabolism, particularly in dormant bacilli, while Dlm inhibits
mycolic acid synthesis and compromises cell wall integrity.*>** Lzd, by interfering with protein synthesis, further
enhances antibacterial activity.>> Together, these agents exert activity against Mycobacterium tuberculosis across
different metabolic states, potentially enhancing bactericidal activity and contributing to the observed clinical improve-
ments, including symptom relief and radiographic lesion absorption. Taken together, these findings highlight the Dlm-
Bdqg-Lzd regimen as a mechanistically complementary, multi-target strategy that is distinct from existing regimens.

According to the latest WHO report, the global treatment success rate for MDR/RR-TB is approximately 68%." In our
study, 73.24% of the patients achieved the favorable outcomes defined by the WHO at the end of the treatment after
receiving the DIm-Bdq-Lzd-based regimen, suggesting a relatively high treatment success rate compared with previously
reported data. Both the clinical symptoms and imaging results demonstrated good therapeutic effects.
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Figure 4 Changes in QTcF of patients at baseline and after treatment. ***P<0.001.

Compared with conventional long-course MDR/RR-TB regimens requiring 18-24 months of treatment and associated
with substantial toxicity, the regimen used in this study appears to offers the potential advantages of a shorter duration
and improved tolerability. In addition, Previous studies have demonstrated that regimens containing Bdq or Lzd are
associated with improved treatment outcomes in patients with MDR/RR-TB, and their combined use has shown

Table 6 Factors Associated with Treatment Success

Factors Treatment Success, n/N (%) Univariate Analysis Multivariate Analysis
OR (95% CI) P value OR (95% CI) P value
Gender
Male 27/41 (65.85) 0.386 (0.111-1.170) 0.107 0.526 (0.112-2.190) 0.388
Female 25/30 (83.33) Ref - Ref -
Age (yr)
18-24 6/7 (85.71) Ref - Ref -
25-44 24/31 (77.42) 0.571 (0.028-4.201) 0.630 1.289 (0.053-14.237) 0.847
45-64 19/29 (65.52) 0.317 (0.016-2.227) 0317 0.986 (0.039-11.704) 0.992
265 3/4 (75.00) 0.500 (0.016-15.744) 0.661 0.695 (0.010—40.348) 0.856
KPS
100-80 43/60 (71.67) 0.562 (0.080-2.471) 0.489 0.225 (0.016-1.711) 0.198
70-50 9/11 (81.82) Ref - Ref -
Previous TB
No 26/29 (89.66) Ref - Ref -
Yes 26/42 (61.90) 0.188 (0.040-0.646) 0.015 0.204 (0.036-0.831) 0.040
(Continued)
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Table 6 (Continued).

Factors Treatment Success, n/N (%) Univariate Analysis Multivariate Analysis
OR (95% CI) P value OR (95% CI) P value

Diabetes

No 44/58 (75.86) Ref Ref -

Yes 8/13 (61.54) 0.509 (0.145-1.914) 0.297 0.999 (0.210-5.144) 0.999
Hypertension

No 50/67 (74.63) Ref Ref -

Yes 2/4 (50.00) 0.340 (0.038-3.010) 0.299 0.417 (0.019-12.550) 0.561
Hepatitis B

No 50/65 (76.92) Ref Ref -

Yes 2/6 (33.33) 0.150 (0.019-0.845) 0.038 0.124 (0.008-1.189) 0.085
Sputum smear*

Negative 34/42 (80.95) Ref Ref -

Positive 18/28 (64.29) 0.424 (0.138-1.255) 0.123 0.636 (0.157-2.555) 0.519
Presence of cavity*

No 16/19 (84.21) Ref Ref -

Yes 35/51 (68.63) 0.410 (0.087—-1.454) 0.202 0.688 (0.101—4.329) 0.688
Number of cavities*

<2 29/38 (76.32) Ref Ref -

3-6 22/32 (68.75) 0.683 (0.233-1.971) 0.479 1.461 (0.292-7.153) 0.636

Notes: *One patient was missing. Univariate and multivariate analyses were performed using logistic regression.
Abbreviations: KPS, Karnofsky performance score; TB, Tuberculosis; Cl, Confidence interval; OR, Odds ratio.

Table 7 Factors Associated with Time to Sputum Culture Conversion

Factors Converted, n/N (%) Time to SCC (Days), Univariate Analysis Multivariate Analysis
Median (IQR)
HR (95% CI) P value HR (95% CI) P value

Gender

Male 30/41 (73.17) 93.00 (48.00, 182.00) 1.404 (0.764-2.579) 0.274 0.972 (0.446-2.120) 0.944

Female 16/30 (43.33) 89.00 (41.25, 182.75) Ref - Ref -
Age (yr)

18-24 3/7 (42.86) 167.00 (54.50, 229.00) Ref - Ref -

25-44 23/31 (74.19) 67.00 (41.50, 146.00) 2.439 (0.719-8.272) 0.152 1.425 (0.404-5.028) 0.582

45-64 16/29 (55.17) 149.00 (62.00, 183.00) 1.372 (0.393-4.787) 0.620 0.714 (0.187-2.720) 0.622

265 4/4 (100.00) 63.5 (41.00, 87.00) 4.159 (0.903-19.169) 0.068 2.004 (0.351-11.449) 0.435
KPS

100-80 38/60 (63.33) 92.00 (41.75, 183.00) 0.845 (0.393-1.816) 0.666 1.019 (0.403-2.575) 0.969

70-50 8/11 (72.73) 87.00 (54.00, 154.00) Ref - Ref -
Previous TB

No 18/29 (62.07) 139.00 (41.00, 183.00) Ref - Ref -

Yes 28/42 (66.67) 83.50 (48.00, 181.75) 1.198 (0.659-2.177) 0.554 1.081 (0.563-2.078) 0.815
Diabetes

No 35/58 (60.34) 95.50 (43.00, 182.75) Ref - Ref -

Yes 11713 (84.62) 73.00 (51.00, 123.00) 1.646 (0.831-3.258) 0.153 1.727 (0.786-3.792) 0.173
Hypertension

No 44/67 (65.67) 91.00 (41.50, 182.00) Ref - Ref -

Yes 2/4 (50.00) 126.50 (64.75, 182.25) 0.685 (0.166-2.830) 0.602 0.766 (0.170-3.450) 0.728
Hepatitis B

No 43/65 (66.15) 87.00 (46.00, 182.00) Ref - Ref -

Yes 3/6 (50.00) 155.00 (46.00, 183.00) 0.735 (0.227-2.376) 0.607 1.875 (0.460-7.646) 0.381

(Continued)
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Table 7 (Continued).

Factors Converted, n/N (%) Time to SCC (Days), Univariate Analysis Multivariate Analysis
Median (IQR)
HR (95% CI) P value HR (95% CI) P value

Sputum smear*

Negative 23/42 (54.76) 127.50 (27.25, 183.00) Ref - Ref -

Positive 23/28 (82.14) 77.00 (50.25, 130.00) 1.679 (0.930-3.032) 0.086 1.184 (0.561-2.500) 0.657
Presence of cavity*

No 9/19 (47.37) 167.00 (29.50, 183.00) Ref - Ref -

Yes 37/51 (72.55) 87.00 (47.00, 181.50) 1.527 (0.735-3.174) 0.256 1.046 (0.386—2.830) 0.930
Number of cavities*

<2 21/38 (55.26) 120.00 (43.50, 182.75) Ref - Ref

3-6 25/32 (78.12) 81.50 (41.50, 150.00) 1.536 (0.848-2.753) 0.149 1.500 (0.689-3.267) 0.308

Notes: #*One patient was missing. Univariate and multivariate analyses were performed using Cox proportional-hazards model.
Abbreviations: KPS, Karnofsky performance score; TB, Tuberculosis; Cl, Confidence interval; HR, Hazard ratio.

synergistic effects in enhancing therapeutic success.”?” The inclusion of DIm in the present regimen may provide
additional benefits through complementary mechanisms. However, cross-study comparisons should be interpreted with
caution due to differences in study design and patient characteristics.

When compared to the current WHO-recommended 6-month BPaLM (Bdq, pretomanid, Lzd, moxifloxacin) regimen,
this DIm-based combination provides a critical alternative for patients who may not tolerate or have access to pretomanid
in real-world clinical settings.”® Moreover, in the past, patients with MDR/RR-TB received the 18—24-month regimen
based on anti-TB drugs were prone to adverse reactions such as hepatotoxicity and neuritis. Patients endured the pain of
long-term medication and a high economic burden, which also greatly tested their compliance and affected the
therapeutic effect. The treatment duration of this study is relatively short, and good therapeutic effects can be achieved
within 6 to 9 months.

The study showed that half of the patients experienced adverse reactions such as decreased hemoglobin levels, and
one patient developed grade 4 anemia related to Lzd. This result is consistent with previous studies.?’ Hematotoxicity is
one of the common adverse reactions of Lzd. Lzd inhibits TB by binding to mitochondrial ribosomes, disrupting the
expression and biosynthesis of mitochondrial proteins encoded by the mitochondrial genome, and blocking the action of
cytochrome C-oxidase and mitochondrial oxidative activity. Similarly, mitochondrial dysfunction can lead to bone
marrow suppression, resulting in anemia, leukopenia and thrombocytopenia.®® In addition to blood toxicity, this study
also found that nine patients experienced prolonged QTcF, but no serious adverse cardiovascular reactions caused by
prolonged QTcF occurred. A previous retrospective clinical study demonstrated that during the treatment of MDR/RR-
TB, when DIm was combined with Bdq, QTcF prolongation also occurred, but it was only cumulative and did not cause
grade 3 or 4 QT interval prolongation.®’ In addition, some patients in this study received combined treatment with
moxifloxacin, levofloxacin, and clofazimine, which might have led to QTcF prolongation.

A previous history of TB and hepatitis B was associated with a lower likelihood of achieving treatment success. Some
studies have shown that some MDR-TB patients have a history of TB,**** and those with a history of TB have an
increased risk of developing MDR-TB.>* Another study illustrated that previously treated TB patients were 8.1 times
more likely to develop MDR-TB infection compared to newly diagnosed TB patients.?” The cause of this phenomenon is
that previously treated TB patients are usually exposed to a drug that inhibits the growth of drug-sensitive bacilli but
promotes the proliferation of other drug-resistant mutant TB bacilli.>® Although the correlation between HBV history and
drug-resistant TB is still unknown at present, existing studies have shown that drug-induced liver injury (DILI) is an
adverse outcome of the current TB treatment regimens, leading to non-compliance, poor treatment effects, and the
emergence of drug-resistant TB.*>” Therefore, liver injury caused by HBV may lead to poor treatment and adverse
outcomes, Hence, the treatment outcomes of DIm, Bdq and Lzd for MDR/RR-TB patients can be affected by the history
of TB and hepatitis B. Caution is required when formulating treatment plans for such patients.
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This study evaluated the efficacy and high safety of treatment regimens based on Dlm, Bdq and Lzd in patients with
MDR/RR-TB in China for the first time. This study provides a novel therapeutic idea for the clinical treatment of MDR/
RR-TB and lays the foundation for the clinical promotion and application of Dlm, Bdq and Lzd. However, limitations
still exist. First, the relatively small sample size and single-center design may introduce potential bias and thereby limit
the generalizability of the findings. Second, this study adopts retrospective design, so there may be bias. Moreover, both
the analysis of factors associated with outcomes and the evaluation of adverse events were limited by the relatively small
sample size. In addition, the follow-up duration was insufficient for long-term assessment of patient outcomes. Therefore,
the results of this study should be validated in large-scale prospective multicenter studies, extended follow-up is required
to evaluate long-term treatment efficacy and safety.

Conclusions

This study suggests that the regimens based on DIm, Bdq and Lzd demonstrate promising efficacy and an acceptable
safety profile in patients with MDR/RR-TB. This treatment regimen has high clinical value and provides a new option for
the clinical treatment of TB. However, given the retrospective design and limited sample size, these findings should be
interpreted with caution. Further studies are warranted to identify the subpopulation of patients with TB who may benefit
most from this regimen, in order to optimize treatment efficacy while minimizing potential risks.

Abbreviations

TB, Tuberculosis; MDR-TB, Multidrug-resistant tuberculosis; RR-TB, Rifampicin-resistant tuberculosis; DIlm,
Delamani; Bdq, Bedaquiline; Lzd, Linezolid; AE, Adverse event; SAE, Serious adverse event; QTcF, Corrected QT
Interval using Fridericia’s formula.
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