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Abstract 
Objecti v es: To investigate the risk factors in patients with drug-resistant tuberculosis (DR-TB) and clinical characteristics related to 
unfav ora b le anti-TB treatment outcomes. 

Methods: A total of 961 pulmonary tuberculosis (TB) patients were included at West China Hospital of Sichuan Uni v ersity fr om J an uar y 
2008 to November 2023. We analyzed the differences of clinical c har acteristics betw een DR-TB and drug-sensiti v e tuberculosis (DS-TB), 
and then compared these features in DR-TB patients with differ ent outcomes. Multi v aria b le logistic r egr ession models wer e employed 

to quantify risk factors associated with DR-TB and adverse treatment outcomes. 

Results: Among 961 pulmonary TB patients, a history of anti-TB treatment [odds ratio (OR), 3.289; 95% confidence interval (CI), 2.359–
4.604] and CT-scan cavities (OR, 1.512; 95% CI, 1.052–2.168) increased DR-TB risk. A total of 214 DR-TB patients were followed for a 
median of 24.5 months. Among them, 116/214 (54.2%) patients achieved fav ora b le outcomes. Prior anti-TB treatment (OR, 1.927; 95% 

CI, 1.033–3.640), m ultidrug-r esistant tuberculosis (MDR-TB) (OR, 2.558; 95% CI, 1.272–5.252), positi v e sputum bacteriology (OR, 2.116; 
95% CI, 1.100–4.134), and pleural effusion (OR, 2.097; 95% CI, 1.093–4.082) were associated with unfavorable outcomes, while isoniazid- 
resistant TB patients showed better outcomes (OR, 0.401; 95% CI, 0.181–0.853). The clinical model for unfav ora b le outcome pr ediction 

of DR-TB achieved an area under the curve (AUC) of 0.754 (95% CI, 0.690–0.818). 

Conclusions: Tr eatment histor y of anti-TB not onl y incr eases the risk of the emer gence of DR-TB , but also potentiall y leads to tr eat- 
ment failure during re-treatment in DR-TB patients. Drug resistance subtypes, radiological characteristics, and the results of sputum 

smear or culture may affect the treatment outcome of DR-TB. 

Ke ywords: drug-resistant tuber culosis; multidrug-resistant tuber culosis; anti-TB treatment; clinical c har acteristics; risk factors; treat- 
ment outcome 

I
T  

w  

c  

c  

a  

T  

t  

c  

r  

d  

d  

t  

o  

i  

c  

(  

c  

s  

t  

c  

I  

o  

q  

t  

t  

w  

o  

t
 

o  

p  

fi  

e  

R
©
i
(
w

ntroduction 

uberculosis (TB), caused by Mycobacterium tuberculosis infection
ith predominant pulmonary involvement remains the leading

ause of infection-related mortality, resulting in 10.8 million new
ases and 1.25 million deaths world wide ann ually [ 1–4 ]. Ad dition-
lly, it has been reported that the lengthy treatment courses for
B may induce c hr onic inflammation and impaired lung func-

ion, ultimatel y significantl y incr easing the risk of de v eloping
 hr onic lung diseases [ 5–7 ]. Drug-resistant tuberculosis (DR-TB)
 efers to r esistance to at least one anti-TB drug confirmed by
rug susceptibility testing (DST), serving as the major reason for
eath due to antimicrobial resistance [ 8–11 ]. It is estimated by
he World Health Organization (WHO) that 400 000 patients de v el-
ped m ultidrug-r esistant or rifampicin-r esistant TB (MDR/RR-TB)
n 2023 and 56% were untreated. Worse yet, the treatment suc-
ess rate of MDR/RR-TB is lo w er than that of susceptible patients
68% vs. 88%) [ 1 ]. The diagnostic challenges inherent in TB also
ecei v ed 20 February 2025; revised 23 Mar c h 2025; accepted 13 April 2025. publishe
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ontribute, to a significant extent, to the r elativ el y low tr eatment
uccess r ates observ ed in clinical pr actice [ 12 ]. China r anks the
hird among the high-TB burden countries and the number of TB
ases in China accounted for 6.8% of the world total [ 1 , 13–15 ].
n addition, with a serious DR-TB epidemic, the global proportion
f MDR/RR-TB in China also r eac hed > 7.3%, leaving an inade-
uatel y addr essed concern for public hygiene [ 1 ]. Besides, despite
he emergence of novel antimicrobial peptides and r ene wed in-
er est in de v eloping TB tr eatment r egimens ov er the past years,
hic h hav e yielded impr essiv e ac hie v ements and sav ed millions
f liv es [ 16–21 ], TB r emains the primary killer among single infec-
ious pathogens. 

DR-TB persists as a se v er e public health crisis and continu-
us surveillance of its burden is crucial for formulating and im-
lementing an effective intervention strategy [ 22 ]. Early identi-
cation of patients at high risk of DR-TB, enhanced treatment
nrollment, and optimal treatment regimens are essential for
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effectiv el y contr olling DR-TB. This not onl y helps in r educing 
the spread of DR strains but also improves the prognosis for 
affected individuals, ultimately contributing to the ov er all goal 
of curbing the global TB epidemic. Pr e vious studies hav e ex- 
plored hazardous factors of DR-TB, such as demographics, bac- 
terial load, and r adiological c har acteristics [ 23–25 ]. Ho w e v er, suc h 

studies mostly focused on certain subtypes, especially for MDR- 
TB and extensiv el y drug-r esistant tuberculosis (XDR-TB) [ 26–
29 ]; mor eov er, limited r esearc h on pr edicting unfavor able out- 
comes in DR-TB restricts the compr ehensiv eness of the studies.
Ther efor e, in this stud y, we comprehensi vely compared de- 
mogr a phics, anti-TB tr eatment history, comorbidities, clinical 
symptoms, and radiological manifestations between DR-TB and 

drug-sensitive tuberculosis (DS-TB) to identify the risk factors 
of DR-TB. Furthermore, additional information, including drug 
r esistance pr ofiles , subtypes , and ther a peutic sc hemes, was in- 
cluded to analyze the clinical discrepancies of different treat- 
ment outcomes in patients with DR-TB, along with the construc- 
tion of m ultiv ariable logistic r egr ession models for DR-TB and 

unfavor able tr eatment outcome pr ediction in a manner sim- 
ulating clinical decision-making process, with the aim of im- 
proving vigilance in clinic settings and optimizing management 
planning. 

Materials and methods 

Study participants 

Patients with pulmonary TB who visited West China Hospital of 
Sic huan Univ ersity betw een J anuary 2008 and November 2023 
wer e r andoml y enr olled in the r etr ospectiv e r esearc h. Based on 

the inclusion and exclusion criteria in our pr e viousl y published 

w ork [ 30 ], w e selected participants with completed information.
The inclusion criteria were as follows: (i) patients diagnosed with 

TB through pathogenic detection (microscopy or culture of M. tu- 
berculosis ) or clinical confirmation via a compr ehensiv e anal ysis of 
r adiology, symptoms, and labor atory tests; (ii) availability of DST,
GeneXpert MTB/RIF results, or gene testing for drug resistance de- 
tection for DR-TB, and the results or follow-up information for 
DS-TB; and (iii) patients aged between 18 and 90 years . T he exclu- 
sion criteria were: (i) unavailability of CT images obtained within 

3 months of diagnosis; (ii) incomplete CT images; and (iii) pres- 
ence of other se v er e lung diseases that can cause confusion on 

CT volumes, suc h as se v er e pneumonia, pulmonary abscess, lung 
cancer, pulmonary fibrosis, sarcoidosis, etc. Finally, 961 patients 
w ere inv olved, comprising 214 and 747 patients with DR-TB and 

DS-TB, r espectiv el y. The study was a ppr ov ed by the Institutional 
Re vie w Board (IRB)/Ethics Committee of West China Hospital of 
Sic huan Univ ersity (No. 2023.2286). 

Definitions of drug resistance and outcomes 

Patients with isoniazid-resistant tuberculosis (HR-TB) and RR-TB 

were defined as resistant to isoniazid (INH) or rifampin (RIF) con- 
firmed by phenotypic or genotypic DST. Cases exhibiting con- 
curr ent r esistance to both INH and RIF were classified as MDR- 
TB. If resistance to any fluoroquinolones (FQs) and at least one 
of the second-line injectable drugs (amikacin, ca pr eomycin, or 
kanamycin), plus MDR-TB were confirmed, the patients would be 
grouped into XDR-TB . W e investigated the outcomes of patients 
with DR-TB through medical records or telephone follow-ups from 

10 April 2024 to 19 July 2024. According to the WHO treatment out- 
come definitions updated in 2021, the favorable outcome group 
as described as cured or treatment completed, while patients 
ho wer e tr eatment failed, died, lost to follow-up, and une v alu-
ted were in the unfavorable group [ 31 ]. 

ata collection 

ener al c har acteristics including demogr a phics, smoking, and al-
ohol use were included. We analyzed anti-TB treatment history,
omorbidities including diabetes, hepatitis B, human immunod- 
ficiency virus (HIV) infection, and syphilis, as well as clinical
ymptoms consisting of cough, expectoration, hemoptysis, fever,
hest pain, dyspnea, short breath, night sweating, c hest distr ess,
nd fatigue . Next, radiological manifestations , including lobar in-
olvement numbers, lesion location, nodule, patchy shadow, cav- 
ty, consolidation, br onc hiectasis, pleur al effusion, miliary nodule,
round-glass opacity (GGO), and mass, w ere recor ded. For patients
ith DR-TB, we recorded drug resistance profiles and treatment- 
ssociated information consisting of the numbers and specific 
ypes of anti-TB drugs. 

ta tistical anal ysis 

r a phP ad Prism version 9.5.0 was utilized for data analysis. We
sed median (interquartile range, IQR) and numbers (%) to ex- 
ress continuous and categorical variables, respectively. Data 
omparison was calculated by c hi-squar e test or Fisher exact test,
nd P < 0.05 was considered statistically significant. Then, we se-
ected the variables with significant differences to construct two 
linical models r espectiv el y for dia gnosis of DR-TB and pr edic-
ion of unfa vorable outcomes . Odds ratio (OR) was calculated by
 ultiv ariable logistic r egr ession to inter pr et the pr ediction im-

lication of the clinical par ameters. Receiv er oper ating c har ac-
eristic curv es (ROCs), ar ea under the curv e (AUC), and Hosmer–
emeshow goodness-of-fit test were utilized to assess the model 
erformance. 

esults 

linical characteristics of the included patients 

n this study, we analyzed the clinical and radiological char-
cteristics of 961 pulmonary TB patients, comprising 214 with 

R-TB and 747 with DS-TB. The ov er all w orkflo w of this study
s depicted in Fig. S1 (see online supplementary material ). Key
ndings r e v ealed that DR-TB patients wer e significantl y mor e

ikely to have a history of prior anti-TB treatment (58.4% vs.
8.1%, P < 0.0001), cigarette smoking history (42.1% vs. 32.8%,
 = 0.0122), and clinical symptoms such as cough (79.4% vs. 65.9%,
 = 0.0002), expectoration (65.9% vs. 51.7%, P = 0.0002), hemop-
ysis (22.9% vs. 14.2%, P = 0.0023), and night sweats (23.8% vs.
7.3%, P = 0.03). Radiologically, DR-TB was associated with whole-
ung involvement (72.0% vs. 60.6%, P = 0.0025), cavity formation
48.6% vs. 27.0%, P < 0.0001), and higher pr e v alence of br onc hiec-
asis (32.7% vs. 19.7%, P < 0.0001) and GGO (8.4% vs. 4.8%,
 = 0.0443). Conv ersel y, pleur al effusion was mor e common in DS-
B (41.0% vs. 32.2%, P = 0.0211). These findings highlight the dis-

inct clinical and radiological profiles between DR-TB and DS-TB 

Table 1 ). 

isk factors and clinical prediction model of 
R-TB 

n the m ultiv ariable anal ysis, significantl y incr eased risk of DR-
B was observed in patients with prior anti-TB treatment [OR,
.289; 95% confidence interval (CI), 2.359–4.604]. Additionally,

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf008#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf008#supplementary-data
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Table 1. Clinical c har acteristics of the included patients. 

Characteristics DS-TB ( n = 747) DR-TB ( n = 214) P value Adjusted OR (95% CI) 

Age (years) — no. (%) 
18–44 370 (49.5) 117 (54.7) 0 .1847 - 
45–90 377 (50.5) 97 (45.3) 

Gender-male — no. (%) 427 (57.2) 134 (62.6) 0 .1535 - 
Smoking — no. (%) 245 (32.8) 90 (42.1) 0 .0122 1.226 (0.868–1.726) 
Alcohol use — no. (%) 208 (27.8) 70 (32.7) 0 .1664 - 
History of anti-TB treatment — no. (%) 210 (28.1) 125 (58.4) < 0 .0001 3.289 (2.359–4.604) 
Extra-pulmonary tuberculosis — no. (%) 125 (16.7) 38 (17.8) 0 .7251 - 
Diabetes — no. (%) 84 (11.2) 31 (14.5) 0 .1978 - 
Hepatitis B — no. (%) 48 (6.4) 11 (5.1) 0 .5083 - 
HIV positi v e — no. (%) 5 (0.7) 2 (0.9) 0 .9572 - 
Syphilis — no. (%) 9 (1.2) 4 (1.9) 0 .6846 - 
Symptom — no. (%) 

Cough 492 (65.9) 170 (79.4) 0 .0002 1.606 (0.926–2.775) 
Expectoration 386 (51.7) 141 (65.9) 0 .0002 1.113 (0.695–1.813) 
Hemoptysis 106 (14.2) 49 (22.9) 0 .0023 1.003 (0.647–1.536) 
Fe v er 296 (39.6) 85 (39.7) 0 .9801 - 
Chest pain 157 (21.0) 37 (17.3) 0 .2310 - 
Dyspnea 49 (6.6) 10 (4.7) 0 .3107 - 
Short breath 211 (28.2) 65 (30.4) 0 .5442 - 
Night sweating 129 (17.3) 51 (23.8) 0 .0300 1.282 (0.858–1.897) 
Chest distress 83 (11.1) 17 (7.9) 0 .1810 - 
Fatigue 124 (16.6) 30 (14.0) 0 .3642 - 

W hole-lung in volvement — no. (%) 453 (60.6) 154 (72.0) 0 .0025 1.322 (0.790–2.289) 
Lesion location — no. (%) 

LUL 622 (83.3) 187 (87.4) 0 .1456 - 
LLL 597 (79.9) 181 (84.6) 0 .1259 - 
RUL 625 (83.7) 187 (87.4) 0 .1856 - 
RML 561 (75.1) 176 (82.2) 0 .0293 1.027 (0.550–1.883) 
RLL 615 (82.3) 183 (85.5) 0 .2738 - 

Pulmonary abnormality — no. (%) 
Nodule 612 (81.9) 187 (87.4) 0 .0602 - 
P atc hy shadow 525 (70.3) 168 (78.5) 0 .0180 1.217 (0.824–1.820) 
Cavity 202 (27.0) 104 (48.6) < 0 .0001 1.512 (1.052–2.168) 
Consolidation 267 (35.7) 96 (44.9) 0 .0153 1.292 (0.911–1.830) 
Br onc hiectasis 147 (19.7) 70 (32.7) < 0 .0001 1.253 (0.857–1.819) 
Calcification 188 (25.2) 51 (23.8) 0 .6903 - 
Pleural effusion 306 (41.0) 69 (32.2) 0 .0211 0.596 (0.410–0.860) 
Miliary nodule 81 (10.8) 24 (11.2) 0 .8779 - 
GGO 36 (4.8) 18 (8.4) 0 .0443 1.745 (0.905–3.273) 
Mass 54 (7.2) 9 (4.2) 0 .1152 - 

Data are no. (%). CI, confidence interval; DR-TB, drug-resistant tuberculosis; DS-TB, drug-sensitive tuberculosis; HIV, human immunodeficiencpy virus; GGO, ground- 
glass opacity; LLL, left lo w er lobe; LUL, left upper lobe; RLL, right lo w er lobe; RML, right middle lobe; RUL, right upper lobe. 
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hose with radiological abnormality of cavity on the CT volumes
lso had an increased risk (OR, 1.512; 95% CI, 1.052–2.168) (Fig. 1 A,
able 1 ), while pleural effusion served as a protective factor (OR,
.596; 95% CI, 0.410–0.860). Subsequently, we constructed a clin-
cal model to predict the likelihood of DR-TB, showing an AUC
f 0.73 (95% CI, 0.692–0.768) (Fig. 1 B). The predicted probabil-
ty of DR-TB was ob viousl y higher than DS-TB, indicating the
otential of the model to discriminate across the two cohorts

Fig. 1 C). 

rug resistance profiles and treatment regimens 

f DR-TB 

egarding the drug resistance detection approaches, 49 (22.9%)
atients and 165 (77.1%) patients were confirmed by pheno-
ypic and genotypic DST, r espectiv el y. Additionall y, 58 (27.1%),
0 (28.1%), 66 (30.8%), 7 (3.3%), and 23 (10.7%) patients were di-
gnosed as HR-TB , RR-TB , MDR-TB , XDR-TB , and others (refer-
ing to drug resistance other than the previous four subtypes).
IF and INH held the highest r esistance r ates, whic h r espec-
iv el y implicated 133 (62.1%) and 131 (61.2%) patients, while re-
istance to stre ptom ycin (SM) and ethambutol (EMB) was also
ommonly detected, follo w ed b y ca pr eomycin (CM) and fluo-
oquinolones (FQs). Resistance against para-aminosalicylic acid
PAS), amikacin (AM), clofazimine (CFZ), and pyrazinamide (PZA)
as less observed (Fig. 2 A, Table 2 ). In terms of treatment,

he six most fr equentl y used agents were FQs (79.9%), EMB
53.3%), PZA (43%), prothionamide (PTO) (39.3%), INH (38.3%),
nd AM (36.4%) (Fig. 2 B, Table S1 , see online supplementary
aterial ). 

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf008#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbaf008#supplementary-data
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Figure 1. Multiv ariable anal ysis of drug-r esistant tuberculosis (DR-TB) and the pr ediction performance of the clinical model. ( A ) For est plot 
demonstrating the odds ratio (OR) of significant parameters in univariable analysis between DS-TB and DR-TB. ( B ) Receiver operating characteristic 
(ROC) curve of the clinical model in DR-TB prediction. ( C ) Comparison between the predicted probability of DS-TB and DR-TB, respectively. ATT, 
anti-TB treatment; DR-TB, drug-resistant tuberculosis; DS-TB, drug-sensitive tuberculosis; GGO, ground-glass opacity; RML, right middle lobe; ROC, 
r eceiv er oper ating c har acteristic curv e; WLI, whole-lung involv ement. 

Figure 2. Analysis of drug resistance profiles and treatment regimens of drug-resistant tuberculosis (DR-TB). ( A ) Resistance to different drugs in the 
included patients with DR-TB. ( B ) Utilization frequency of different anti-TB drugs . T he orange column represents the favorable outcome group, while 
the blue r epr esents the unfavorable outcome group. AM, amikacin; AMX/C, amoxicillin/clavulanate; BDQ, bedaquiline; CFZ, clofazimine; CLR, 
clarithr omycin; CM, ca pr eomycin; CS, cycloserine; EMB, ethambutol; FQs, fluoroquinolones; INH, isoniazid; LZD, linezolid; PAS, para-aminosalicylic 
acid; PTO, prothionamide; PZA, pyrazinamide; RIF, rifampin; SM, stre ptom ycin. 
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Table 2. Drug resistance profiles of patients with DR-TB. 

Drug Total ( n = 214) Favorable outcome ( n = 116) Unfavorable outcome ( n = 98) 

RIF — no. (%) 133 (62.1) 60 (51.7) 73 (74.5) 
INH — no. (%) 131 (61.2) 68 (58.6) 63 (64.3) 
SM — no. (%) 67 (31.3) 32 (27.6) 35 (35.7) 
EMB — no. (%) 55 (25.7) 24 (20.7) 31 (31.6) 
CM — no. (%) 21 (9.8) 11 (9.5) 10 (10.2) 
FQs — no. (%) 17 (7.9) 10 (8.6) 7 (7.1) 
PAS — no. (%) 8 (3.7) 4 (3.4) 4 (4.1) 
AM — no. (%) 7 (3.3) 1 (0.9) 6 (6.1) 
CFZ — no. (%) 5 (2.3) 2 (1.7) 3 (3.1) 
PZA — no. (%) 1 (0.5) 0 (0.0) 1 (1.0) 

Data are no. (%). AM, amikacin; CFZ, clofazimine; CM, ca pr eomycin; EMB, ethambutol; FQs, fluor oquinolones; INH, isoniazid; PAS, para-aminosalicylic acid; PZA, 
pyrazinamide; RIF, rifampin; SM, stre ptom ycin. 
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linical characteristics of DR-TB with different 
utcomes 

he median follow-up duration for the DR-TB cohort was 24.5
onths (IQR, 16.5–55.5 months), with the longest duration of
 13 years. A total of 116 (54.2%) patients were observed to have

a vorable outcomes . Patients with unfa vorable outcomes had a
igher proportion of smoking history (51% vs. 34.5%, P = 0.0146),
lcohol consumption (39.8% vs. 26.7%, P = 0.0423), and a his-
ory of pr e vious anti-TB tr eatment (68.4% vs. 50.0%, P = 0.0066).
he subtype of HR-TB (15.3% vs. 37.1%, P = 0.0004) was more ob-
erved in patients with favorable outcomes while MDR-TB (18.1%
s. 45.9%, P < 0.0001) a ppear ed mor e often in the unfavor able out-
ome gr oup. Mor eov er, patients with positiv e sputum smear or
ultur e r esults tend to experience unfavorable outcomes (64.3%
s. 44.0%, P = 0.003). No significance was observed in other drug
 esistance types, extr a-pulmonary TB, comorbidities, and clinical
ymptoms. Regarding radiological characteristics, patients with
nfav orable outcomes w ere more likely to have the manifesta-
ions of cavity (57.1% vs. 41.4%, P = 0.0215) and pleural effusion
40.8% vs. 25.0%, P = 0.0137) (Table 3 ). 

isk factors associated with unfavorable 

utcome of DR-TB and clinical prediction model 
n the m ultiv ariable logistic anal ysis, we identified four indepen-
ent predictors of unfavorable outcomes: previous anti-TB treat-
ent (OR, 1.927; 95% CI, 1.033–3.64), MDR-TB (OR, 2.558; 95% CI,

.272–5.252), positive bacteriology (OR, 2.116; 95% CI, 1.1–4.134),
nd pleural effusion (OR, 2.097; 95% CI, 1.093–4.082). Conv ersel y,
R-TB suffering pr obabl y serv ed as the pr otectiv e factor of tr eat-
ent outcome in DR-TB (OR, 0.401; 95% CI, 0.181–0.853) (Fig. 3 A,

able 3 ). The clinical model demonstrated an AUC of 0.754 (95%
I, 0.69–0.818), along with a higher pr edicted pr obability in the
nfavorable outcome group (Fig. 3 B and C). 

iscussion 

his study aimed to provide scientific evidence for the clinical
anagement of DR-TB by comprehensively analyzing the clini-

al c har acteristics and risk factors associated with tr eatment out-
omes in DR-TB patients, and constructing prediction models.
he identification of prior anti-TB treatment as a dual-risk fac-
or (OR = 3.289 for DR-TB incidence; OR = 1.927 for unfavorable
utcome) underscores the imperative for optimized initial treat-
ent protocal and enhanced antimicrobial stew ar dship. Notably,

he distinct prognostic divergence between HR-TB (OR = 0.401)
nd MDR-TB (OR = 2.558) subgr oups r e v eals subtype-specific
athophysiological trajectories, suggesting tailored management
tr ategies could impr ov e ther a peutic efficacy. Our findings re-
ealed that DR-TB patients exhibited higher rates of smoking,
rior anti-TB treatment, and clinical symptoms such as cough,
xpectoration, hemoptysis, and night sweats compared to DS-
B patients. Although pr e vious studies hav e explor ed differ ences
etween DS-TB and DR-TB, this study systematically analyzed
ymptomatological features for the first time, suggesting that
linicians should pr omptl y perform DST for patients presenting
ith these symptoms [ 32 , 33 ]. 
In the DR-TB cohort, RIF and INH emerged as the top two

ost fr equentl y observ ed r esistant drugs, and FQs were the most
r equentl y used a gent. As the all-or al shorter r egimens includ-
ng bedaquiline and linezolid have been proposed in recent years
 34 ], r esearc h in a fresher cohort to k ee p up with this trend is
eeded. For outcome analysis, 116/214 (54.2%) patients achieved
reatment success, align with previous resear ch [ 17 , 35 ]. Ho w ever,

ost of those studies focused on a particular drug resistance sub-
ype [ 36–38 ]. We conducted a more comprehensive analysis in-
luding four subtypes, along with de v eloping a clinical prediction
odel for treatment outcome prediction of DR-TB. As a result,

he v arying tr eatment outcomes among subtypes pr ovided some
vidence that patients with HR-TB were apt to develop a better
rognosis, while MDR-TB patients may undergo disease progres-
ion. The superior prognosis of HR-TB arises from its narrow resis-
ance spectrum, maintaining sensitivity to first-line RIF and EMB,
ith WHO-recommended 9-month regimens yielding favorable
utcomes [ 39 ]. In contrast, MDR-TB exhibits worse prognosis due
o br oader r esistance and complex ther a pies. Mec hanisticall y, INH
nhibits mycobacterial cell wall synthesis without impairing repli-
ation, allowing post-resistance control by other drugs like RIF [ 40 ,
1 ]. Ho w e v er, untr eated HR-TB may pr ogr ess to MDR-TB, under-
coring the need for earl y dia gnosis and tailored treatment. Previ-
us r esearc h has found that the treatment success rate of XDR-TB
s lo w er [ 37 , 42–44 ]. Ne v ertheless, due to the small amount of XDR-
B in this study, we did not find an association between outcome
nd XDR-TB, and the data needs to be expanded in the future to
ptimize our r esearc h. 

According to the latest data released by the WHO, the propor-
ion of MDR/RR-TB in new TB cases is 3.2%, while the ratio in pre-
iousl y tr eated patients is 16% [ 1 ], and the proportion in our study
ay between these v alues. Re-tr eatment of TB has been identified
s a strong risk factor for DR-TB and worse outcomes [ 32 , 35 ]. Our
 esults also illustr ate this point. Mycobacterium tuberculosis r esis-
ance to anti-TB drugs arises thr ough m ultiple mec hanisms, in-
luding target gene mutations, drug efflux pumps, and epigenetic
 emodeling [ 45 ]. Tar get m utations, suc h as those in katG [ 46 ] (INH
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Table 3. Clinical c har acteristics of the DR-TB patients with differ ent outcomes. 

Characteristics Favorable outcome ( n = 116) Unfavorable outcome ( n = 98) P value Adjusted OR (95% CI) 

Age (years) — no. (%) a 

18–42 58 (50.0) 48 (49.0) 0 .8818 - 
43–90 58 (50.0) 50 (51.0) 

Gender-male — no. (%) 67 (57.8) 67 (68.4) 0 .1100 - 
Smoking — no. (%) 40 (34.5) 50 (51.0) 0 .0146 1.268 (0.569–2.832) 
Alcohol use — no. (%) 31 (26.7) 39 (39.8) 0 .0423 1.316 (0.568–3.024) 
History of anti-TB treatment — no. (%) 58 (50.0) 67 (68.4) 0 .0066 1.927 (1.033–3.640) 
Drug-resistance types — no. (%) 

HR-TB 43 (37.1) 15 (15.3) 0 .0004 0.401 (0.181–0.853) 
RR-TB 35 (30.2) 25 (25.5) 0 .4494 - 
MDR-TB 21 (18.1) 45 (45.9) < 0 .0001 2.558 (1.272–5.252) 
XDR-TB 4 (3.4) 3 (3.1) 0 .8204 - 
Others 13 (11.2) 10 (10.2) 0 .8134 - 

Bacteriologically positi v e — no. (%) b 51 (44.0) 63 (64.3) 0 .0030 2.116 (1.100–4.134) 
Extra-pulmonary TB — no. (%) 20 (17.2) 18 (18.4) 0 .8300 - 
Diabetes — no. (%) 16 (13.8) 15 (15.3) 0 .754 - 
Hepatitis B — no. (%) 7 (6.0) 6 (6.1) 0 .9786 - 
HIV positi v e — no. (%) 0 (0.0) 2 (2.0) 0 .2085 - 
Syphilis — no. (%) 2 (1.7) 2 (2.0) 0 .7368 - 
Symptom — no. (%) 

Cough 91 (78.4) 79 (80.6) 0 .6963 - 
Expectoration 75 (64.7) 66 (67.3) 0 .6790 - 
Hemoptysis 27 (23.3) 22 (22.4) 0 .8859 - 
Fe v er 47 (40.5) 38 (38.8) 0 .7953 - 
Chest pain 15 (12.9) 22 (22.4) 0 .0666 - 
Dyspnea 2 (1.7) 8 (8.2) 0 .0576 - 
Short breath 30 (25.9) 35 (35.7) 0 .1184 - 
Night sweating 31 (26.7) 20 (20.4) 0 .2799 - 
Chest distress 7 (6.0) 10 (10.2) 0 .2611 - 
Fatigue 14 (12.1) 16 (16.3) 0 .3714 - 

W hole-lung in volvement — no. (%) 79 (68.1) 75 (76.5) 0 .1715 - 
Lesion location — no. (%) 

LUL 100 (86.2) 87 (88.8) 0 .5729 - 
LLL 95 (81.9) 86 (87.8) 0 .2371 - 
RUL 101 (87.1) 86 (87.8) 0 .8803 - 
RML 92 (79.3) 84 (85.7) 0 .2219 - 
RLL 97 (83.6) 86 (87.8) 0 .3919 - 

Pulmonary abnormality — no. (%) 
Nodule 102 (87.9) 85 (86.7) 0 .7929 - 
P atc hy shadow 88 (75.9) 80 (81.6) 0 .3059 - 
Cavity 48 (41.4) 56 (57.1) 0 .0215 1.163 (0.594–2.256) 
Consolidation 53 (45.7) 43 (43.9) 0 .7906 - 
Br onc hiectasis 38 (32.8) 32 (32.7) 0 .9869 - 
Calcification 29 (25.0) 22 (22.4) 0 .6625 - 
Pleural effusion 29 (25.0) 40 (40.8) 0 .0137 2.097 (1.093–4.082) 
Miliary nodule 13 (11.2) 11 (11.2) 0 .9968 - 
GGO 7 (6.0) 11 (11.2) 0 .1729 - 
Mass 6 (5.2) 3 (3.1) 0 .6710 - 

Data are no. (%). HIV, human immunodeficiencpy virus; GGO, ground-glass opacity; LLL, Left lo w er lobe; LUL, left upper lobe; RLL, right lo w er lobe; RML, right middle 
lobe; RUL, right upper lobe. 
a P atients wer e gr ouped by the median a ge of 42 (IQR, 27.5–51) years in the DR-TB cohort. 
b Sputum smear or culture. 
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resistance) or rpoB [ 47 ] (RIF resistance), alter drug binding sites or 
enzymatic activity. Drug efflux pumps, like MmpL5, EfpA, or AcrB,
r educe intr acellular drug accum ulation by expelling compounds 
[ 48–51 ]. Epigenetic modifications, including histone acetylation 

or DNA methylation, regulate gene expression to adapt to drug 
pr essur e [ 52 ]. In addition, ubiquitin enzyme-induced autophagy 
is also a source of drug resistance [ 53 ]. Understanding these path- 
ways is critical for de v eloping nov el dia gnostics and ther a pies to 
combat DR-TB. As for clinical mana gement, str engthened combi- 
nation ther a p y decision-making b y physicians in the initial regi- 
ens, close monitoring of dynamic condition changes, and good 

ompliance of patients during treatment are stressed in concerted 

fforts to lessen the burden of drug resistance. 
The bacteriological response is a crucial indicator for treatment 

utcome e v aluation in TB, and the standard, especiall y “cur ed”, for
R-TB is more stringent than for DS-TB, whic h usuall y r equir es
onsecuti ve negati ve results in cultures at least 7 days apart
 31 ]. Ho w e v er, it may be quite difficult to request each patient to
ttend a subsequent visit after one bacteriological conversion in 

ime, and our “favorable group” mostly contained patients with 
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Figure 3. Multiv ariable anal ysis of tr eatment outcome in DR-TB patients and the pr ediction performance of the clinical model. ( A ) For est plot 
demonstrating the ORs of significant parameters in univariable analysis. ( B ) ROC curve of the clinical model in prediction of unfavorable treatment 
outcome in DR-TB. ( C ) Comparison of the predicted probability generated by the model between favorable and unfavorable outcomes. ATT, Anti-TB 
tr eatment; HR-TB, isoniazid-r esistant tuberculosis; MDR-TB, m ultidrug-r esistant tuber culosis, R OC, Receiv er oper ating c har acteristic curv e. 
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treatment completed”. For bacteriology comparison, the unfavor-
ble group had a significantly higher incidence of positive spu-
um smear or cultur e, impl ying the warning role of bacteriolog-
call y positiv e r esults for adv erse outcome pr ediction, with ex-
anded infectiousness observed among the patients with poor
utcomes. 

In r adiology, emer ging studies hav e explor ed the utility of c hest
T for differentiating DR-TB from DS-TB, revealing that DR-TB pa-

ients more frequently exhibited thoracic abnormalities such as
an-pulmonary involv ement, br onc hiectasis, and cavitary lesions
 54 , 55 ], which align closely with our observations. Notably, we
dentified a higher pr e v alence of right middle lobe (RML) lesions,
atc hy infiltr ates , and GGOs in DR-TB cohorts . Whereas classic
B lesions typically localize to the upper and lo w er lobes [ 56 ], the

ncr eased involv ement of the RML in DR-TB suggested a mor e a g-
r essiv e disease phenotype, corr obor ating the notion of extensiv e
ulmonary par enc hymal dama ge in drug-r esistant cases . Ca vity
ormation emerged as a shared risk factor for both DR-TB de v elop-

ent and unfavorable treatment outcomes in our analysis, con-
istent with pr e vious r eports [ 32 , 57 ]. Pleur al effusion exhibited di-
 er gent effects on the two clinical contexts. Specifically, this radio-
r a phic finding demonstrated a protective association against DR-
B de v elopment while emer ging as a risk factor for unfavorable

r eatment outcomes, e videnced by its significantl y lo w er pr e v a-
ence in DR-TB patients versus DS-TB, and higher frequency in
he unfavorable outcome cohort compared to successfully treated
R-TB patients. We speculated that the rationale behind this find-

ng was pr obabl y due to that TB patients with pleural effusion
ight r eceiv e mor e intense compr ehensiv e tr eatment and subse-
uentl y follow r egular tr eatment, wher eas when DR-TB patients
e v elop pleur al effusion the body condition may be too serious to
 eac h complete healing. 

This study has se v er al limitations. First, the patients were ret-
 ospectiv el y involv ed and fr om a single hospital, whic h may lead
o potential biases and insufficient explanations for the general
opulation. Involving more institutions and prospective valida-
ion of the results is warranted in the future. Second, since the
sage of second-line injectables demonstrates a decreasing trend
ompared to bedaquiline and linezolid, to better assist thera-
eutic r egimen de v elopment, the WHO has implemented a ne w
efinition of XDR-TB as resistance to RIF, bedaquiline or linezolid,
nd any kind of FQ from 2021 [ 58 ]. Ne v ertheless, we still em-
lo y ed the pr e vious definitions due to the r etr ospectiv e natur e
f the study and the limited availability of phenotypic or geno-
ypic testing for bedaquiline/linezolid resistance at the time of
ata collection. T hus , in order to closely k ee p up with the up-
ated status of DR-TB supervision, ov er all coordination of labo-
atory systems and the clinic is urgently needed. T hus , the pre-
iction models may only serve as reference tools for diagnosis
nd risk assessment, while accur ate e v aluation still r equir es com-
r ehensiv e consider ation of molecular tests and real body condi-
ions. In addition, scanning for r esistance-r elated m utations and
 volutionary anal ysis based on genomic sequences have also en-
anced our understanding of DR-TB [ 59–62 ]. Subsequently, bio-

ogical anal yses integr ating genomics and tr anscriptomics ar e to
e consider ed. Onl y then would it be possible to fully discuss the
isk factors of DR pulmonary TB at the molecular and clinical
e v els. 
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In clinical practice, the differential diagnosis between primary 
pulmonary TB and extr a pulmonary TB suc h as abdominal TB has 
always been a challenging problem. Recently, researchers have in- 
tegr ated CT ima ges and clinical data to construct a highly accu- 
r ate differ ential dia gnosis model, whic h successfull y enables the 
accur ate differ entiation between extr a pulmonary manifestations 
of pulmonary TB and lesions of abdominal lymph nodes [ 63 ]. This 
r esearc h ac hie v ement has pointed out the dir ection for subse- 
quent studies: we can further explore a multimodal deep learning 
model based on radiomics and clinical data to accur atel y identify 
differ ent drug-r esistant types of pulmonary TB, thus providing a 
mor e tar geted decision-making basis for the diagnosis and treat- 
ment of TB. 

In line with pr e vious r esearc h on the pr ecise identification and 

prediction of pulmonary infections [ 64 , 65 ], we aim to include 
more DR-TB cases from diverse regions , cohorts , and types , sys- 
tematically summarize their clinical indicators and molecular 
c hanges, and ultimatel y de v elop an integr ated model for dia gno- 
sis, treatment, and prognosis . T his model would enable accurate 
identification of DR-TB and its subtypes while providing valuable 
r efer ences for subsequent treatment decisions. 

Conclusion 

We discussed the risk factors that contribute to DR-TB and un- 
favor able tr eatment outcomes, and pr ovide a potential clini- 
cal strategy for patient recognition, which could be useful for 
physicians before DST results are available and provide sup- 
port for intervention planning. Our findings suggest that giv- 
ing consideration to anti-TB history, radiological manifestations, 
and drug resistance subtypes of patients with DR-TB may play 
a part in their ov er all mana gement. Mor eov er, how to bridge 
the gap between DR-TB diagnosis and treatment deserves deep 

reflection. 
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