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Background

Acquired Immune Deficiency Syndrome (AIDS) combined with tuberculosis (TB) is one of the key factors affecting global TB control, and timely and effective treatment is essential to improve the prognosis in this population. However, data from the WHO have shown that patients with AIDS combined with TB have a lower anti-TB treatment success rate than HIV-negative individuals do, which may lead to an increased incidence of treatment relapse and drug resistance. Therefore, exploring the risk factors affecting the outcome of anti-TB treatment in patients with AIDS combined with TB and developing relevant predictive models will help clinicians rapidly identify patients at greater risk of treatment failure, which is highly valuable for clinical management.





Methods

We conducted a retrospective cohort study including inpatients with AIDS combined with pulmonary tuberculosis (PTB) who were treated at Beijing Youan Hospital between January 2020 and January 2024. The baseline data and laboratory test data of all enrolled patients were collected from the electronic medical records system. We randomly divided the participants into a training set and a validation set at a ratio of 2:1 and established a LASSO Cox model on the basis of the training set to identify risk factors affecting the outcome of anti-TB treatment. The selected prognostic factors were then used to construct the final Cox model, which was visualized using a nomogram. The receiver operating characteristic (ROC) curves, concordance index (C-index), and calibration curves of the training set and validation set were used to evaluate the discrimination ability and consistency of the model, respectively. Decision curve analysis (DCA) was used to assess the clinical applicability of the prognostic models. Patients were subsequently risk stratified according to the optimal cutoff value selected by X-tile software for better clinical decision-making by clinicians.





Results

A total of 203 inpatients with AIDS combined with PTB were enrolled in this study, including 141 (69.5%) with treatment success and 62 (30.5%) with unfavorable outcome. The results of the LASSO Cox regression model revealed that the CRP/albumin ratio (CAR), extrapulmonary disseminated tuberculosis, other pulmonary infectious diseases, and pulmonary cavitation were independent risk factors for unfavorable outcomes in patients with AIDS combined with PTB, whereas the CD4+ T-cell counts was a protective factor affecting patient outcomes. The five variables in the final Cox regression model were further used to establish a predictive nomogram. The AUC (0.760 for the training set and 0.811 for the validation set) and C-index (0.765 for the training set and 0.768 for the validation set) showed that the model we constructed had good discrimination ability. The calibration curves indicated high consistency between the predictions and the actual observations in both the training set and the validation set. DCA for the training set and validation set revealed that the nomogram had clinical applicability. Patients were risk-stratified according to the total nomogram score, and the patients were divided into three groups: low risk (total points <358), medium risk (358 ≤ total points <373), and high risk (total points ≥373). Clinicians should focus on patients whose total score is more than 358 points.





Conclusion

We identified prognostic factors for unfavorable anti-TB treatment outcomes and constructed a predictive nomogram to assess the risk of treatment failure in patients with AIDS combined with PTB. Our model performed satisfactorily and can be used for the clinical screening and management of high-risk patients.
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Introduction

Tuberculosis (TB) is the leading cause of death from a single infectious agent, which places a heavy burden on health care systems worldwide. The combination of Acquired Immune Deficiency Syndrome (AIDS) and TB is a priority for TB outbreak prevention and control. Compared with people who are not infected with human immunodeficiency virus (HIV), people who are infected with HIV are approximately 14 times more likely to develop TB (1). Mycobacterium tuberculosis (Mtb) infection can accelerate the progression of AIDS by facilitating HIV replication and cell-to-cell transmission of the virus. Moreover, HIV infection can increase the likelihood of endogenous relapse and exogenous reinfection with Mtb (2). These two pathogens mutually promote disease progression, rapidly leading to death (3). According to the Global Tuberculosis Report 2024 (4), there were 10.8 million new cases of TB worldwide in 2023, with 662,000 TB patients coinfected with HIV. TB resulted in the death of 1.25 million people, including 161,000 HIV-infected individuals, accounting for 12.9% of all TB-related deaths. Therefore, timely and effective anti-TB treatment is crucial.

Owing to their compromised immune status and the additive side effects of concomitant medications, HIV-infected individuals are more likely to experience anti-TB treatment failure (5). A history of anti-TB treatment significantly increases the risk of developing drug-resistant tuberculosis (DR-TB), ultimately leading to increased mortality rates (6). In 2023, the global treatment success rate for HIV/Mtb-coinfected patients was 79%, which was lower than the 88% success rate for patients without HIV infection (4). Studies indicate that the mortality rate of patients with AIDS combined with TB during treatment is twice as high as that of people without HIV infection (1). Even more alarmingly, the mortality risk among AIDS patients with DR-TB is four times greater than that among those without HIV infection (7). Therefore, identifying the key factors contributing to treatment failure is essential for increasing the success rate of tuberculosis treatment and advancing the goals of the WHO-End TB Strategy (8).

The least absolute shrinkage and selection operator (LASSO) Cox model performs both feature selection and survival prediction, identifying key factors that influence patient survival. Compared to other models such as the Random Forest model and the Neural Network model, the LASSO Cox model can be directly transformed into a nomogram for visualizing individualized risk scores, which is more convenient for clinical application (9). The nomogram is a graphical prediction tool that integrates multiple parameters to estimate patient survival outcomes and is widely used in medical prognostic research. Previous study showed that nomogram models are widely used to establish clinical prognostic models for TB and multidrug-resistant tuberculosis (MDR-TB) (10–14). Risk factors associated with unfavorable anti-TB treatment outcomes include age, sex, smoking status, alcohol abuse status, diabetes status, undernutrition status, and treatment history (15–19). However, most previous studies have focused on TB patients, and the risk factors associated with anti-TB treatment failure in patients with AIDS combined with pulmonary tuberculosis (PTB) remain unclear. Therefore, we collected comprehensive data on individuals with AIDS combined with PTB, including laboratory indicators and clinical visit records. Our goal was to identify risk factors contributing to unfavorable outcomes using the LASSO Cox model and construct a predictive nomogram that will help clinicians quickly identify patients at greater risk of treatment failure.





Methods




Subjects

We conducted a retrospective study in an observational cohort. We enrolled inpatients who were diagnosed with AIDS combined with PTB and who received treatment in the Clinical and Research Center for Infectious Diseases at Beijing Youan Hospital from January 2020 to January 2024. All enrolled participants received a rifampicin/rifabutin-based standard anti-TB regimen (combination of isoniazid, rifampicin/rifabutin, ethambutol, and pyrazinamide for 2 months intensive treatment, followed by a continuation phase with isoniazid plus rifampicin/rifabutin for 4 months). The duration of treatment may be extended to 9–12 months for patients combined with central nervous system tuberculosis and 6–9 months for patients with bone or joint tuberculosis. The course of anti-TB treatment for patients with other extrapulmonary tuberculosis was usually 6 months. At the beginning of treatment, all patients were hospitalized to receive anti-TB treatment. At the time of discharge, patients were educated on dosage and frequency of medication, medication adherence, and possible drug side effects and management methods. Patients are given instructions to follow up regularly to monitor the development of drug resistance and adverse effects. Our study focused on this population because standard anti-TB treatment regimens are able to respond to the most common TB management conditions in China. The specific inclusion criteria were as follows: (1) the diagnosis and management of HIV/AIDS were in line with the Chinese guidelines for the diagnosis and treatment of human immunodeficiency virus infection/acquired immunodeficiency syndrome (2024 edition) (20); (2) the diagnosis of PTB was confirmed by etiological testing, molecular testing or next-generation sequencing (NGS) testing; and (3) no prior anti-TB treatment or treatment for less than 1 month. The exclusion criteria were as follows: (1) were younger than 18 years old, (2) had rifampicin and/or isoniazid-resistant TB, (3) died before the start of anti-TB treatment, (4) were coinfected with nontuberculous mycobacteria infection, (5) had malignant tumors, and (6) had incomplete medical history information. Figure 1 showed a flowchart of the criteria for inclusion and exclusion of participants.




Figure 1 | Flowchart of the inclusion and exclusion criteria for the study participants.







Ethics statement

This study was approved by the Beijing Youan Hospital Research Ethics Committee (No. 2018-025, 2021-275, 2023-020, 2024-097). This study was in accordance with the Declaration of Helsinki. Because of the retrospective nature of the study, the Research Ethics Committee waived the requirement for informed consent. The methods in the study conformed to approved guidelines and regulations.





Data collection

We collected the baseline data of all individuals from an electronic medical record system, including basic demographic information (such as sex and age), the status of extrapulmonary disseminated infections (including tuberculous pleurisy, central nervous system tuberculosis, bone and joint tuberculosis, and other systems), and complications (hepatitis, syphilis, chronic obstructive pulmonary disease, diabetes, cardiovascular disease, and other pulmonary infectious diseases such as Pneumocystis carinii pneumonia (PCP) and Klebsiella pneumonia). We also recorded each patient’s chest imaging findings. The laboratory data included blood tests (such as tests to determine the hemoglobin (HGB) level, red blood cell (RBC) count, white blood cell (WBC) count, and neutrophil count), liver function tests (alanine aminotransferase (ALT), aspartate transaminase (AST), etc.), inflammatory markers (including the C-reactive protein (CRP) level, erythrocyte sedimentation rate (ESR) and procalcitonin level), and immunological examination results (the CD4+ T-cell counts and CD8+ T-cell counts). In addition, we recorded a number of combined inflammatory marker indicators, including the neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and CRP/albumin ratio (CAR).





Definitions

According to the Technical Guidelines for Tuberculosis Control in China (21) and an updated version of TB treatment outcome determination guidelines published by the WHO (1), the outcomes of anti-TB treatment were categorized as follows: cure, completion of treatment, treatment failure, death during treatment, and loss to follow-up. A cure and treatment completion were considered successful treatment outcomes. A cure was defined as a positive pathogenicity test result in a patient who completed the prescribed course of treatment with bacteriological evidence of sputum bacterial conversion. Treatment completion consisted of two scenarios: (1) a negative pathogenicity test result in a patient who completed the prescribed course of treatment and had negative sputum smears or cultures at the end of the course or had no smear tests; and (2) a positive pathogenicity test result in a patient who completed the prescribed course of treatment and had no tests at the end of the course of treatment but had negative results on the most recent sputum smears or cultures. Treatment failure, death during treatment, and loss to follow-up were considered unfavorable outcomes. Treatment failure meant that patients needed to discontinue treatment or permanently change to a new treatment regimen owing to the lack of a clinical or pathogenetic response, adverse drug reactions, or the acquisition of evidence of drug resistance. Death was defined as death for any reason during anti-TB treatment. Loss to follow-up consisted of the abandonment of treatment, the interruption of treatment for more than 2 months because of patient self-discontinuation or other reasons, or the transfer of a patient to another hospital where their outcome could not be tracked. The outcome event of Cox proportional hazard analysis was defined as unfavorable outcomes occurring within 12 months of anti-TB treatment initiation.





Statistical analysis

We used Jamovi software (version 2.6.17) for data analysis. Comparisons of baseline characteristics, comorbidities, and laboratory test data were performed between two groups of participants with different outcomes: patients with AIDS combined with PTB who had successful treatment outcomes and patients who had unfavorable outcomes. For continuous variables, normally distributed data are presented as the means ± standard errors, and t-tests were used for comparisons between groups. Non-normally distributed data are expressed as median (interquartile range (IQR)), and group comparisons were performed by the Mann-Whitney U test. In addition, categorical variables are presented as frequencies and percentages, and comparisons between groups were performed using the X2 test.

R version 4.3.3 was used to construct and validate the nomograms for predicting unfavorable outcomes. First, we constructed a LASSO regression model to determine potential risk factors associated with the occurrence of unfavorable outcomes. The 10-fold cross-validation method was used to choose the optimal parameter λ. Subsequently, nonzero coefficients screened by LASSO regression were incorporated into the Cox model to identify independent predictive factors of unfavorable outcomes. The selected prognostic factors were used to model the final Cox model and visualize the model using a nomogram. Internal validation of the model was performed by repeated sampling 1000 times using the bootstrap repeated sampling method. Receiver operating characteristic (ROC) curves, concordance index (C-index), and calibration curves were used to assess the discrimination ability and consistency of the model, respectively. Decision curve analysis (DCA) was used to evaluate whether our prognostic model could help us make better clinical decisions by quantifying the net benefit within a reasonable risk threshold (22). X-tile software was used to select the optimal cutoff value for the total score of the nomogram (23). A Kaplan–Meier (K–M) curve was used to assess the difference in the probability of unsuccessful treatment outcomes for patients in different risk groups. All the statistical tests were two-sided, and p < 0.05 was considered statistically significant.






Results




Baseline characteristics of patients with AIDS combined with PTB who had unfavorable treatment outcomes

A total of 203 inpatients with AIDS combined with PTB were included in our retrospective cohort, of whom 195 (96.06%) were males and 8 (3.94%) were females, and the median age of these patients was 38 years (IQR 30–49 years). Among the 203 enrolled participants, 141 (69.5%) had successful treatment outcomes, including 42 (20.7%) who were cured and 99 (48.8%) who completed treatment, whereas 62 (30.5%) patients experienced unfavorable outcomes, including 33 (16.3%) with treatment failure, 24 (11.8%) who died and 5 (2.4%) who were lost to follow-up.

The individuals were divided into two groups on the basis of treatment outcomes, and Table 1 shows the differences in baseline characteristics between the two groups. The median age of patients with successful treatment outcomes was 38 years (IQR 31–48 years), and 135 (95.7%) patients were males. Among the 141 patients with successful treatment outcomes, 52 (36.9%) had coinfection with extrapulmonary disseminated tuberculosis, 57 (40.4%) had other pulmonary infectious diseases, and 14 (9.9%) had cardiovascular disease. Sixty-two patients met the criteria for unfavorable treatment outcomes, including 60 (96.8%) males, and the median age of these patients was 38 years (IQR 30–51 years). Patients in the unfavorable outcome group had a higher prevalence of extrapulmonary disseminated tuberculosis (64.5%), other pulmonary infections (71.0%), and cardiovascular disease (21.0%) compared to the treatment success group, with p values of <0.001, <0.001 and 0.033, respectively. There was no significant difference in the incidence of hepatitis, syphilis, chronic obstructive pulmonary disease, or diabetes. A comparison of the chest imaging features between the two groups of patients revealed that the incidence of miliary nodules and pulmonary cavitation was significantly greater in the treatment failure group than in the treatment success group (p=0.042 and p=0.036, respectively). Compared with patients with successful treatment outcomes, patients with unfavorable outcomes had lower HGB levels, RBC counts, and albumin levels (p values of 0.028, 0.007, and 0.001, respectively), whereas CRP and procalcitonin levels were significantly greater (p<0.001 and p=0.008, respectively). The NLR, LMR, and CAR are important markers reflecting the inflammatory state of the host and play key roles in the therapeutic assessment and prognosis of important diseases, such as COVID-19, pneumonia, and tumors (24–27). Assessment of the differences in the NLR and CAR between the two groups revealed that patients in the treatment failure group had considerably greater NLR and CAR than did those in the treatment success group (p=0.002 and p<0.001, respectively). Additionally, patients with unfavorable outcomes had significantly lower CD4+ T-cell counts and CD8+ T-cell counts than did those with treatment success (p<0.001 and p<0.001, respectively).


Table 1 | Baseline characteristics of patients with unfavorable outcomes.







Construction of a predictive model for treatment failure in patients with AIDS combined with TB via the LASSO Cox model

We randomly divided all enrolled participants into a training set and a validation set at a ratio of 2:1. The training set was used to construct the LASSO Cox model, and the validation set was used to test the accuracy and discrimination of the constructed model. Baseline variables with differences were included in LASSO regression analysis to identify potential prognostic factors affecting treatment outcomes in patients with AIDS combined with PTB. Figure 2A shows the variation characteristics of the regression coefficients of the variables included in the LASSO analysis. As the parameter λ increased, the regression coefficients were significantly compressed in the model, and the number of independent variables with zero coefficients gradually increased. The 10-fold cross-validation method was used to determine the optimal value of λ, and the results are shown in Figure 2B. In our study, the optimal model was chosen at λ= 0.038 (log λ= -3.27), and the variables screened by LASSO regression were subsequently included in the multivariate Cox analysis to establish the final model. Table 2 shows the results of the multivariate Cox regression analysis. Our study revealed that CAR (hazard ratio (HR) 1.191, 95% CI 1.035–1.371, p=0.015), extrapulmonary disseminated tuberculosis (HR 2.008, 95% CI 1.044–3.866, p=0.037), other pulmonary infectious diseases (HR 2.447, 95% CI 1.235–4.850, p=0.010) and pulmonary cavitation (HR 2.760, 95% CI 1.147–6.643, p=0.024) were risk factors for the development of unfavorable outcomes in patients with AIDS combined with PTB. For every 1 increase in the CAR value in patients with AIDS combined with PTB, there was a 1.191-fold increase in the risk of treatment failure. Extrapulmonary disseminated tuberculosis increased the risk of treatment failure by 2.008 times. Patients with other pulmonary infectious diseases were 2.447 times more likely to have unfavorable outcomes. In addition, patients with pulmonary cavitation on chest imaging had a 2.76-fold increase in poor outcomes compared with patients without pulmonary cavitation. In contrast, CD4+ T-cell counts were a protective factor against the development of unsuccessful outcomes. Each 1 cell/µL increased in CD4+ T-cell counts was associated with a 0.4% reduction in the hazard of treatment failure (HR=0.996). The C-index was used to evaluate the predictive accuracy of the Cox model, and the results revealed that the C-index was 0.765 for the training set and 0.768 for the validation set.




Figure 2 | Variable selection via the LASSO Cox regression model. (A) Association between the log (λ) and regression coefficients of variables included in the LASSO analysis. (B) Process of screening the optimal λ value in the LASSO regression model by the 10-fold cross-validation method. LASSO, least absolute shrinkage and selection operator.




Table 2 | Multivariate Cox analysis of unfavorable outcomes in patients with AIDS combined with PTB.







Construction and validation of the nomogram

On the basis of the results of multivariate Cox regression analysis, we incorporated 5 variables, including the CAR, extrapulmonary disseminated tuberculosis, other pulmonary infectious diseases, pulmonary cavitation, and CD4+ T-cell counts, to establish a nomogram for predicting the risk of treatment failure in patients with AIDS combined with PTB (Figure 3). According to the magnitude of the regression coefficients of each indicator in the Cox model, a point was assigned to each indicator, and the points of each indicator were subsequently summed to obtain the total points. Considering the relationship between the total points and the probability of treatment failure, we could calculate the probability of treatment failure in patients with AIDS combined with PTB. In this study, the total risk score of the patients ranged from 240–480 points, and the probability of treatment failure within 12 months ranged from 0.01-0.996.




Figure 3 | Nomogram for predicting unfavorable treatment outcomes in patients with AIDS combined with PTB. The predictive nomogram included the CAR, extrapulmonary disseminated tuberculosis, other lung infectious diseases, cavities in the lung and CD4+ T-cell counts. On the basis of a patient’s clinical characteristics and CAR and CD4+ T-cell counts values, we can calculate the total points and assess the patient’s risk of treatment failure by the probability of treatment failure corresponding to the total points. CAR, CRP/albumin ratio. The symbols * and ** represent variables that have a significant impact on unfavorable treatment outcomes, and the number of * reflects the contribution of the variables to the outcomes.



The performance of the nomogram was evaluated by the area under the curve (AUC), C-index, and calibration curve. As shown in Figure 4A, the AUC for predicting unfavorable outcomes in our study was 0.760. The discrimination ability of the model was assessed using the validation set, and the results revealed that the AUC was 0.811 in the validation set (Figure 4B). In addition, the C-index of the model was 0.765 for the training set and 0.768 for the validation set, which further confirmed the high discrimination ability of the nomogram. The calibration curves for the model for predicting the probability of treatment failure indicated high consistency between the predictions and the actual observations in both the training set and the validation set (Figures 4C, D). DCA was used to assess the clinical applicability of the nomogram. The DCA for the training set revealed that the net benefit of the model was high within a threshold probability range of 0.20 to 0.75 (Figure 5A). Similarly, the DCA for the validation set revealed that patients could benefit from the model when the threshold probability was in the range of 0.2 to 0.75 (Figure 5B).




Figure 4 | Validation of the nomogram. (A) ROC curve and AUC of the nomogram in the training set. (B) ROC curve and AUC of the nomogram in the validation set. (C) Calibration plot of the ability of the nomogram to predict unfavorable outcomes in patients with AIDS combined with PTB in the training set. (D) Calibration plot of the ability of the nomogram to predict unfavorable outcomes in patients with AIDS combined with PTB in the validation set. ROC, receiver operating characteristic curve; AUC, area under curve.






Figure 5 | DCA plot of the nomogram. (A) DCA of the nomogram to predict unfavorable outcomes in patients with AIDS combined with PTB in the training set. (B) DCA of the nomogram to predict unfavorable outcomes in patients with AIDS combined with PTB in the validation set. DCA, decision curve analysis.







Risk stratification based on the nomogram

To help clinicians better identify patients at high risk of treatment failure, we risk-stratified patients on the basis of the overall score of the nomogram according to the optimal cutoff value selected by X-tile software after completing the construction and validation of the nomogram. X-tile is a bio-informatics tool that can be used for biomarker evaluation and outcome-based cut-off value optimization. The software performs statistical tests using different values of the total score of the nomogram as cut-off values, and the result with the smallest p value is used as the optimal critical value (23). The results of risk stratification revealed that patients could be divided into three groups: the low-risk (total points <358), medium-risk (358 ≤ total points <373), and high-risk (total points ≥373) groups. K–M curves revealed large differences among the three groups of patients (Figure 6).




Figure 6 | Kaplan-Meier curve of patients with different risk stratification.








Discussion

In this retrospective study, we developed a LASSO Cox regression model to identify several clinical predictors related to unfavorable treatment outcomes in patients with AIDS combined with PTB. Consequently, the CAR, extrapulmonary disseminated tuberculosis, other pulmonary infectious diseases, pulmonary cavitation, and CD4+ T-cell counts were identified and used to establish a prognostic nomogram. A validation study of this prognostic nomogram using the C-index, AUC and calibration curves demonstrated that it had good discrimination and calibration abilities. Additionally, we risk-stratified the patients according to the total points of the nomogram score, and subsequently, the patients were categorized into three groups: the low-risk, medium-risk, and high-risk groups. K–M curves revealed significant differences among the three groups of patients. This nomogram can help clinicians identify patients with AIDS combined with PTB who are at risk of treatment failure at an early stage, and individualized management and regular drug resistance testing of patients at medium or high risk play important roles in reducing the incidence of relapse and drug-resistant TB.

AIDS combined with TB places a heavy burden on global health care systems, and timely diagnosis and effective treatment are key to achieving global tuberculosis epidemic control. However, the management of patients with AIDS combined with TB is extremely complex due to several factors, including delayed diagnosis and treatment, interactions between ART drugs and anti-TB drugs, drug resistance, and concerns about adherence to treatment (28, 29). Data from the Global Tuberculosis Report 2024 showed that globally, the treatment success rate for TB patients treated with first-line anti-TB drugs is 88%, but that for HIV-infected patients is only 79% (4). In this study, the treatment success rate of anti-TB therapy in patients with AIDS combined with PTB was 69.5%, which was lower than that reported by the WHO. This may be because the individuals included in this study were all inpatients and had relatively low CD4+ T-cell counts and a high incidence of extrapulmonary tuberculosis and opportunistic infections such as PCP. In addition, the anti-TB treatment success rate reported in this study was similar to that reported in Ethiopia (69.9%) (30) and higher than that reported in Malaysia (53.4%) (31) and Cameroon (60.8%) (32). This discrepancy may be due to differences in socioeconomic status, the quality of health services, and the prevalence of health education across countries. In summary, HIV coinfection has a significant effect on TB treatment outcomes; therefore, countries should pay more attention to AIDS combined with TB to achieve the WHO goal of ending the TB epidemic by 2030.

LASSO is a special penalized least squares method. This method introduces a tuning parameter λ to compress the regression coefficients of certain variables to zero for the purpose of variable selection and model adjustment. LASSO has good performance in dealing with multicollinearity data and in improving model prediction accuracy (33). Suresh S et al. showed that LASSO had higher predictive accuracy in improving the predictive performance of different training fractions using the high-dimensional breast cancer datasets containing survival endpoints compared to other regularized regression methods, such as ridge regression or elastic net (34). The Cox proportional hazard regression model is a classic approach to survival analysis and has several advantages over other models. First of all, the HR and coefficients of the Cox model output variables can directly quantify the effects of covariates on outcomes, thus facilitating clinical decision making. Second, Cox model can be directly transformed into a nomogram for visualizing individualized risk scores, which is more convenient for clinical application. However, “black box models” such as the Random Forest model and the Neural Network model are not the best choices in visualizing the contribution of variables (9). A Previous study showed that the prediction accuracy of the LASSO Cox model was higher than that of the LASSO Support Vector Machine model and the LASSO Random Forest model, confirming the higher application value of the LASSO Cox model in clinical outcome prediction (34). Therefore, we developed a LASSO Cox model to identify prognostic factors for unfavorable anti-TB treatment outcomes and constructed a predictive nomogram to assess the risk of unfavorable outcomes in patients with AIDS combined with PTB.

Our study revealed that extrapulmonary tuberculosis is an independent risk factor for treatment failure in patients with AIDS combined with TB. Similarly, a study from the Netherlands reported that combined extrapulmonary tuberculosis was a significant predictor of unsuccessful treatment outcomes in TB patients (35). This could be partly explained by the increased risk of death in patients with extrapulmonary tuberculosis. Studies have shown that combined extrapulmonary tuberculosis is an independent risk factor for mortality in HIV/Mtb co-infected individuals (36, 37). As a result of immunosuppression, patients with AIDS combined with PTB often have extrapulmonary tuberculosis, including central nervous system tuberculosis and lymphatic system tuberculosis, which further exacerbates damage to the immune system of patients with AIDS and leads to disease progression and related deaths. In addition, a longer course of anti-TB treatment in patients with combined extrapulmonary tuberculosis may lead to an increased incidence of adverse effects and drug resistance, with a corresponding increased risk of treatment failure. Our study revealed that comorbidity with other pulmonary infectious diseases is a risk factor for treatment failure in patients with AIDS combined with PTB. When a patient is immunocompromised, Klebsiella pneumoniae, Staphylococcus aureus, and opportunistic infectious agents such as Pneumocystis carinii invade the respiratory system and interact with Mtb, further exacerbating lung inflammation and even leading to respiratory failure and death. In addition, invasion of the respiratory system by Klebsiella pneumoniae and Staphylococcus aureus destroys the structure of the lung tissue, leading to insufficient local concentrations of anti-TB drugs, which in turn affects the efficacy of anti-TB treatment. Therefore, when initiating anti-TB treatment, clinicians should assess patients for comorbid extrapulmonary tuberculosis and other pulmonary infectious diseases to reduce the risk of treatment failure.

Pulmonary cavitation in patients with TB is caused by necrosis and expansion of tuberculous granulation or diseased tissue, which are closely associated with transmission and poor treatment outcomes (38). Studies have shown that the risk of treatment failure and relapse is significantly increased if cavities are observed radiographically during the first two months of treatment (39). This may be explained by insufficient local concentrations of anti-TB drugs due to the poor penetration of anti-TB drugs into avascular cavities (40). Pulmonary cavitation can also lead to the development of drug resistance, thus affecting the effectiveness of anti-TB treatment. Owing to the high levels of oxygen in the cavity, Mtb proliferates rapidly, which increases the frequency of replication-induced mutations and the development of drug resistance (41–43). Additionally, cavities can lead to permanent destruction of lung tissue and may become a habitat for other pathogens, which may worsen patient conditions. Consistently, we found that pulmonary cavitation is an independent risk factor for treatment failure in patients with AIDS combined with TB, which may further strengthen previous conclusions.

The CAR is a biomarker reflecting the inflammatory status of an organism and has the clinical advantage of being easily accessible, as CRP and albumin levels are widely used in medical health care centers. Previous studies have confirmed that the CAR can be used as a predictive marker for cardiovascular disease, sepsis, and COVID-19 (44–47). Similarly, our study revealed that higher CAR may be associated with the risk of treatment failure in patients with AIDS combined with TB, which can be partly explained by the abnormal inflammatory status of these patients. Previous studies have shown that a decrease in CRP levels is positively correlated with the degree of lung involvement and sputum culture conversion rates; thus, CRP levels may be a potential marker for predicting the outcome of anti-TB treatment (48). Albumin, one of the two main components of serum proteins, is an important marker associated with inflammation and infection. Various studies have shown that the serum albumin concentration is closely related to the prognosis of patients with tumors and chronic infectious TB (49, 50). Simona Stefanescu et al. reported that the CAR was significantly lower in patients whose sputum culture results were negative after 2 months of anti-TB treatment and that the CAR may be a better predictor than the CRP or albumin level alone (51).

Our study revealed that CD4+ T-cell counts were an independent protective factor against unsuccessful treatment outcomes in patients with AIDS combined with PTB. Higher CD4+ T-cell counts are associated with a lower risk of anti-TB treatment failure in patients with AIDS combined with PTB. Consistent with the present results, a study from India revealed that patients with CD4+ T-cell counts less than 50 cells per cumm had a 3–4-fold increased risk of poor prognosis and that CD4+ T-cell counts were strongly associated with all-cause mortality in HIV/Mtb co-infected individuals (52). CD4+ T-cell counts play an important role in the anti-TB immune response of the host by secreting IFN-γ, which promotes macrophage activation and generates an inflammatory response, thereby enhancing macrophage clearance of Mtb (2). When CD4+ T-cell counts decrease, the host anti-Mtb immune response decreases, which increases the multiplication of Mtb and prevents granulomas from limiting Mtb. Consequently, the progression and dissemination of Mtb ultimately increase the risk of drug resistance and death.

The nomogram constructed in this study can help clinicians quickly identify patients with AIDS combined with PTB who are at risk of treatment failure, which plays an important role in assisting in clinical decision-making and achieving precision treatment. When a patient with AIDS combined with PTB presents to the clinician, the clinician should evaluate the patient for the presence of extrapulmonary tuberculosis, pulmonary cavitation, and other pulmonary infectious diseases, as well as having a test for the patient’s CD4+ T-cell counts and CAR. Once the relevant assessments have been completed, the patient’s risk points can be obtained by bringing the relevant data into our model. Patients with a total point of more than 358 are considered to be at risk for unfavorable treatment outcomes, and should be provided with more comprehensive education on medication adherence and the importance of anti-TB treatment. Clinicians should also intensify clinical follow-up to assess drug resistance and efficacy of treatment and to reduce the risk of anti-TB treatment. Our model has several advantages. First, the five indicators used in this model are easily accessible in the clinic. Second, our model showed good discrimination ability and consistency on the basis of the AUC, C-index, and calibration curves.

This study also has several limitations. First, the sample size of our study was relatively small and focused on a single medical organization; thus, the generalizability of this model to other health care institutions and other regions may weak. Therefore, future validation in a large multicenter cohort is needed. Second, as the individuals enrolled in this study were all inpatients, the included patients had a relatively severe disease state, which may have led to an overestimation of the incidence of unfavorable treatment outcomes. In addition, an overrepresentation of hospitalized patients may introduce selection bias. We will include more outpatients to verify the accuracy and validity of the model constructed in this study in the future. Third, we did not evaluate socioeconomic factors or other factors that may result in loss in follow-up, which are critical for the assessment of treatment outcomes and the design of effective intervention strategies. Finally, this study was retrospective and cannot be used to prove causality. In addition, retrospective studies may have some inherent bias, including the effects of partially unnoticed, unmeasured bias and confounding factors (53). Despite these limitations, we explored the risk factors affecting treatment outcomes in patients with AIDS combined with TB and constructed a predictive model with a good discrimination ability and consistency. We hope that this model will help clinicians rapidly identify patients at risk of treatment failure, thereby effectively reducing the incidence of relapse and drug-resistant TB.





Conclusion

In conclusion, our study identified five variables related to unfavorable anti-TB treatment outcomes through the LASSO Cox model. The CAR, extrapulmonary disseminated tuberculosis, other pulmonary infectious diseases, and pulmonary cavitation resulted in an increased risk of treatment failure in patients with AIDS combined with PTB, whereas an increase in the CD4+ T-cell counts reduced the risk of treatment failure. Notably, we constructed a nomogram to assess the risk of unsuccessful treatment outcomes in patients with AIDS combined with PTB and categorized patients into high-risk, medium-risk, and low-risk groups on the basis of the nomogram. This can help clinicians quickly identify patients at greater risk of treatment failure, thereby assisting in clinical decision-making.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by the Beijing Youan Hospital Research Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because of the retrospective nature of the study.





Author contributions

XXH: Methodology, Data curation, Investigation, Software, Writing – review & editing, Resources, Writing – original draft, Formal analysis, Visualization, Validation. JS: Formal analysis, Writing – original draft, Data curation, Methodology, Visualization, Resources, Investigation, Validation, Writing – review & editing, Software. YG: Investigation, Formal analysis, Data curation, Validation, Writing – original draft. HY: Writing – review & editing, Software, Investigation, Funding acquisition, Validation, Methodology, Formal analysis, Resources, Data curation, Writing – original draft, Visualization. XCH: Writing – review & editing, Methodology, Visualization, Formal analysis, Validation, Data curation. YM: Methodology, Writing – review & editing, Data curation, Visualization, Resources, Validation. PX: Validation, Data curation, Writing – review & editing, Visualization, Resources. ND: Methodology, Writing – review & editing, Formal analysis, Visualization, Resources. XZ: Validation, Writing – review & editing, Methodology, Resources, Formal analysis, Visualization. MR: Validation, Writing – review & editing, Formal analysis, Methodology, Visualization, Resources. TJ: Visualization, Resources, Formal analysis, Validation, Methodology, Writing – review & editing. TZ: Validation, Funding acquisition, Conceptualization, Writing – review & editing, Supervision, Investigation. BS: Visualization, Project administration, Writing – original draft, Formal analysis, Validation, Resources, Data curation, Methodology, Supervision, Investigation, Conceptualization, Writing – review & editing, Funding acquisition.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Key R&D Program of China (2023YFC2308300, 2023YFC2308304, 2023YFE0116000), the Beijing Natural Science Foundation (Z220018), the National Natural Science Foundation of China (NSFC, 82302512, 82472266), the High-Level Public Health Specialized Talents Project of Beijing Municipal Health Commission (2022-2-018, 2022-1-007), and the Beijing Key Laboratory for HIV/AIDS Research (BZ0089). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. World Health Organization. Who Consolidated Guidance on Tuberculosis: Module 6: Tuberculosis and Comorbidities. Geneva: World Health Organization (2024).

2. Bell, LCK, and Noursadeghi, M. Pathogenesis of Hiv-1 and mycobacterium tuberculosis co-infection. Nat Rev Microbiol. (2018) 16:80–90. doi: 10.1038/nrmicro.2017.128

3. González Fernández, L, Casas, EC, Singh, S, Churchyard, GJ, Brigden, G, Gotuzzo, E, et al. New opportunities in tuberculosis prevention: implications for people living with Hiv. J Int AIDS Soc. (2020) 23:e25438. doi: 10.1002/jia2.25438

4. World Health Organization. Global Tuberculosis Report 2024. Geneva: World Health Organization (2024).

5. Scano, F, Vitoria, M, Burman, W, Harries, AD, Gilks, CF, and Havlir, D. Management of Hiv-infected patients with mdr- and xdr-tb in resource-limited settings. Int J Tuberc Lung Dis. (2008) 12:1370–5.

6. Le, X, Qian, X, Liu, L, Sun, J, Song, W, Qi, T, et al. Trends in and risk factors for drug resistance in mycobacterium tuberculosis in Hiv-infected patients. Viruses. (2024) 16(4):627. doi: 10.3390/v16040627

7. Salindri, AD, Kipiani, M, Lomtadze, N, Tukvadze, N, Avaliani, Z, Blumberg, HM, et al. Hiv co-infection increases the risk of post-tuberculosis mortality among persons who initiated treatment for drug-resistant tuberculosis. Sci Rep. (2024) 14:23834. doi: 10.1038/s41598-024-68605-2

8. World Health Organization. The End Tb Strategy (2025). Available online at: https://www.who.int/teams/global-tuberculosis-programme/the-end-tb-strategy (Accessed April 20, 2025).

9. Balachandran, VP, Gonen, M, Smith, JJ, and DeMatteo, RP. Nomograms in oncology: more than meets the eye. Lancet Oncol. (2015) 16:e173–80. doi: 10.1016/s1470-2045(14)71116-7

10. Ma, JB, Zeng, LC, Ren, F, Dang, LY, Luo, H, Wu, YQ, et al. Development and validation of a prediction model for unsuccessful treatment outcomes in patients with multi-drug resistance tuberculosis. BMC Infect Dis. (2023) 23:289. doi: 10.1186/s12879-023-08193-0

11. Ji, S, Lu, B, and Pan, X. A nomogram model to predict the risk of drug-induced liver injury in patients receiving anti-tuberculosis treatment. Front Pharmacol. (2023) 14:1153815. doi: 10.3389/fphar.2023.1153815

12. Cheng, Q, Zhao, G, Wang, X, Wang, L, Lu, M, Li, Q, et al. Nomogram for individualized prediction of incident multidrug-resistant tuberculosis after completing pulmonary tuberculosis treatment. Sci Rep. (2020) 10:13730. doi: 10.1038/s41598-020-70748-x

13. Krishnamoorthy, Y, Ezhumalai, K, Murali, S, Rajaa, S, Majella, MG, Sarkar, S, et al. Development of prognostic scoring system for predicting 1-year mortality among pulmonary tuberculosis patients in South India. J Public Health (Oxf). (2023) 45:e184–e95. doi: 10.1093/pubmed/fdac087

14. Wang, S, Gu, R, Ren, P, Chen, Y, Wu, D, and Li, L. Prediction of tuberculosis-specific mortality for older adult patients with pulmonary tuberculosis. Front Public Health. (2024) 12:1515867. doi: 10.3389/fpubh.2024.1515867

15. Hailu, T, Yitayal, M, and Yazachew, L. Health-related quality of life and associated factors among adult Hiv mono-infected and Tb/Hiv co-infected patients in public health facilities in Northeast Ethiopia: A comparative cross-sectional study. Patient Prefer Adhere. (2020) 14:1873–87. doi: 10.2147/ppa.S269577

16. Tok, PSK, Liew, SM, Wong, LP, Razali, A, Loganathan, T, Chinna, K, et al. Determinants of unsuccessful treatment outcomes and mortality among tuberculosis patients in Malaysia: A registry-based cohort study. PloS One. (2020) 15:e0231986. doi: 10.1371/journal.pone.0231986

17. Ryuk, DK, Pelissari, DM, Alves, K, Oliveira, PB, Castro, MC, Cohen, T, et al. Predictors of unsuccessful tuberculosis treatment outcomes in Brazil: an analysis of 259,484 patient records. BMC Infect Dis. (2024) 24:531. doi: 10.1186/s12879-024-09417-7

18. Wagnew, F, Alene, KA, Kelly, M, and Gray, D. Undernutrition increases the risk of unsuccessful treatment outcomes of patients with tuberculosis in Ethiopia: A multicenter retrospective cohort study. J Infect. (2024) 89:106175. doi: 10.1016/j.jinf.2024.106175

19. Prakash Babu, S, Ezhumalai, K, Raghupathy, K, Karoly, M, Chinnakali, P, Gupte, N, et al. Factors associated with unfavorable treatment outcomes among persons with pulmonary tuberculosis: A multicentric prospective cohort study from India. Clin Infect Dis. (2024) 79:1034–8. doi: 10.1093/cid/ciae367

20. Acquired Immunodeficiency Syndrome Professional Group, Society of Infectious Diseases, Chinese Medical Association; Chinese Center for Disease Control and Prevention. Chinese guidelines for the diagnosis and treatment of human immunodeficiency virus infection/acquired immunodeficiency syndrome (2024 edition). Chin Med J (Engl). (2024) 137:2654–80. doi: 10.1097/cm9.0000000000003383

21. China CDC. Technical Guidelines for Tuberculosis Control in China. (2021) The People's Health Press Co., Ltd.

22. Van Calster, B, Wynants, L, Verbeek, JFM, Verbakel, JY, Christodoulou, E, Vickers, AJ, et al. Reporting and interpreting decision curve analysis: A guide for investigators. Eur Urol. (2018) 74:796–804. doi: 10.1016/j.eururo.2018.08.038

23. Camp, RL, Dolled-Filhart, M, and Rimm, DL. X-tile: A new bio-informatics tool for biomarker assessment and outcome-based cut-point optimization. Clin Cancer Res. (2004) 10:7252–9. doi: 10.1158/1078-0432.Ccr-04-0713

24. Bao, Y, Yang, J, Duan, Y, Chen, Y, Chen, W, and Sun, D. The C-reactive protein to albumin ratio is an excellent prognostic predictor for gallbladder cancer. Biosci Trends. (2021) 14:428–35. doi: 10.5582/bst.2020.03326

25. Chen, Y, Ye, LJ, Wu, Y, Shen, BZ, Zhang, F, Qu, Q, et al. Neutrophil-lymphocyte ratio in predicting infective endocarditis: A case-control retrospective study. Mediators Inflammation. (2020) 2020:8586418. doi: 10.1155/2020/8586418

26. Liu, Y, Du, X, Chen, J, Jin, Y, Peng, L, Wang, HHX, et al. Neutrophil-to-lymphocyte ratio as an independent risk factor for mortality in hospitalized patients with covid-19. J Infect. (2020) 81:e6–e12. doi: 10.1016/j.jinf.2020.04.002

27. Wu, H, Pan, L, Meng, Z, Liu, H, Yang, X, and Cao, Y. C-reactive protein (Crp)/albumin-to-globulin ratio (Agr) is a valuable test for diagnosing periprosthetic joint infection: A single-center retrospective study. J Orthop Traumatol. (2022) 23:36. doi: 10.1186/s10195-022-00657-4

28. Havlir, DV, Kendall, MA, Ive, P, Kumwenda, J, Swindells, S, Qasba, SS, et al. Timing of antiretroviral therapy for Hiv-1 infection and tuberculosis. N Engl J Med. (2011) 365:1482–91. doi: 10.1056/NEJMoa1013607

29. Sester, M, Giehl, C, McNerney, R, Kampmann, B, Walzl, G, Cuchí, P, et al. Challenges and perspectives for improved management of Hiv/mycobacterium tuberculosis co-infection. Eur Respir J. (2010) 36:1242–7. doi: 10.1183/09031936.00040910

30. Mekonen, H, Negesse, A, Dessie, G, Desta, M, Mihiret, GT, Tarik, YD, et al. Impact of Hiv coinfection on tuberculosis treatment outcomes in Ethiopia: A systematic review and meta-analysis. BMJ Open. (2024) 14:e087218. doi: 10.1136/bmjopen-2024-087218

31. Ismail, I, and Bulgiba, A. Determinants of unsuccessful tuberculosis treatment outcomes in Malaysian Hiv-infected patients. Prev Med. (2013) 57 Suppl:S27–30. doi: 10.1016/j.ypmed.2012.12.023

32. Agbor, AA, Bigna, JJ, Billong, SC, Tejiokem, MC, Ekali, GL, Plottel, CS, et al. Factors associated with death during tuberculosis treatment of patients co-infected with Hiv at the Yaoundé Central hospital, Cameroon: an 8-year hospital-based retrospective cohort study (2006-2013). PloS One. (2014) 9:e115211. doi: 10.1371/journal.pone.0115211

33. Bunea, F, She, Y, Ombao, H, Gongvatana, A, Devlin, K, and Cohen, R. Penalized least squares regression methods and applications to neuroimaging. Neuroimage. (2011) 55:1519–27. doi: 10.1016/j.neuroimage.2010.12.028

34. S Suresh, P Divya, and M Ramadurai eds. A Comparison of Cox Model and Machine Learning Techniques in the High-Dimensional Survival Data. Cham: Springer Nature Switzerland (2024).

35. Pradipta, IS, Van’t Boveneind-Vrubleuskaya, N, Akkerman, OW, Alffenaar, JWC, and Hak, E. Predictors for treatment outcomes among patients with drug-susceptible tuberculosis in the Netherlands: A retrospective cohort study. Clin Microbiol Infect. (2019) 25:761.e1–.e7. doi: 10.1016/j.cmi.2018.10.009

36. Barr, DA, Lewis, JM, Feasey, N, Schutz, C, Kerkhoff, AD, Jacob, ST, et al. Mycobacterium tuberculosis bloodstream infection prevalence, diagnosis, and mortality risk in seriously ill adults with Hiv: A systematic review and meta-analysis of individual patient data. Lancet Infect Dis. (2020) 20:742–52. doi: 10.1016/s1473-3099(19)30695-4

37. Yang, N, He, J, Li, J, Zhong, Y, Song, Y, and Chen, C. Predictors of death among Tb/Hiv co-infected patients on tuberculosis treatment in Sichuan, China: A retrospective cohort study. Med (Baltimore). (2023) 102:e32811. doi: 10.1097/md.0000000000032811

38. Urbanowski, ME, Ordonez, AA, Ruiz-Bedoya, CA, Jain, SK, and Bishai, WR. Cavitary tuberculosis: the gateway of disease transmission. Lancet Infect Dis. (2020) 20:e117–e28. doi: 10.1016/s1473-3099(20)30148-1

39. Benator, D, Bhattacharya, M, Bozeman, L, Burman, W, Cantazaro, A, Chaisson, R, et al. Rifapentine and isoniazid once a week versus rifampicin and isoniazid twice a week for treatment of drug-susceptible pulmonary tuberculosis in Hiv-negative patients: A randomised clinical trial. Lancet. (2002) 360:528–34. doi: 10.1016/s0140-6736(02)09742-8

40. Prideaux, B, Via, LE, Zimmerman, MD, Eum, S, Sarathy, J, O’Brien, P, et al. The association between sterilizing activity and drug distribution into tuberculosis lesions. Nat Med. (2015) 21:1223–7. doi: 10.1038/nm.3937

41. Kaplan, G, Post, FA, Moreira, AL, Wainwright, H, Kreiswirth, BN, Tanverdi, M, et al. Mycobacterium tuberculosis growth at the cavity surface: A microenvironment with failed immunity. Infect Immun. (2003) 71:7099–108. doi: 10.1128/iai.71.12.7099-7108.2003

42. Moreno-Gamez, S, Hill, AL, Rosenbloom, DI, Petrov, DA, Nowak, MA, and Pennings, PS. Imperfect drug penetration leads to spatial monotherapy and rapid evolution of multidrug resistance. Proc Natl Acad Sci U S A. (2015) 112:E2874–83. doi: 10.1073/pnas.1424184112

43. Zhang, L, Pang, Y, Yu, X, Wang, Y, Lu, J, Gao, M, et al. Risk factors for pulmonary cavitation in tuberculosis patients from China. Emerg Microb Infect. (2016) 5:e110. doi: 10.1038/emi.2016.111

44. Kunutsor, SK, Kurl, S, Voutilainen, A, and Laukkanen, JA. Serum C-reactive protein-to-albumin ratio may be a potential risk indicator for venous thromboembolism: findings from a prospective cohort study. Nutr Metab Cardiovasc Dis. (2023) 33:864–7. doi: 10.1016/j.numecd.2023.01.016

45. Rathore, SS, Oberoi, S, Iqbal, K, Bhattar, K, Benítez-López, GA, Nieto-Salazar, MA, et al. Prognostic value of novel serum biomarkers, including C-reactive protein to albumin ratio and fibrinogen to albumin ratio, in Covid-19 disease: A meta-analysis. Rev Med Virol. (2022) 32:e2390. doi: 10.1002/rmv.2390

46. Wu, Z, Cao, Y, Liu, Z, Geng, N, Pan, W, Zhu, Y, et al. Study on the predictive value of laboratory inflammatory markers and blood count-derived inflammatory markers for disease severity and prognosis in covid-19 patients: A study conducted at a university-affiliated infectious disease hospital. Ann Med. (2024) 56:2415401. doi: 10.1080/07853890.2024.2415401

47. Zhang, R, Wang, Y, Liao, L, Liao, Y, Fang, Y, and Shen, Y. The relationship between C-reactive protein/albumin ratio and mortality in hypertensive patients: A national cohort study. Nutr Metab Cardiovasc Dis. (2024) 34:1601–9. doi: 10.1016/j.numecd.2024.02.011

48. Ferrian, S, Manca, C, Lubbe, S, Conradie, F, Ismail, N, Kaplan, G, et al. A combination of baseline plasma immune markers can predict therapeutic response in multidrug resistant tuberculosis. PloS One. (2017) 12:e0176660. doi: 10.1371/journal.pone.0176660

49. Guthrie, GJ, Roxburgh, CS, Farhan-Alanie, OM, Horgan, PG, and McMillan, DC. Comparison of the prognostic value of longitudinal measurements of systemic inflammation in patients undergoing curative resection of colorectal cancer. Br J Cancer. (2013) 109:24–8. doi: 10.1038/bjc.2013.330

50. Shingdang, J, Bot, Y, Ojo, OE, Edeh, ON, Essien, CA, Bwende, E, et al. Serum albumin/globulin ratio in tuberculosis and Hiv patients any relationship? Mycobacterial Dis. (2016) 6:1–6. doi: 10.4172/2161-1068.1000199

51. Stefanescu, S, Cocoş, R, Turcu-Stiolica, A, Shelby, ES, Matei, M, Subtirelu, MS, et al. Prediction of treatment outcome with inflammatory biomarkers after 2 months of therapy in pulmonary tuberculosis patients: preliminary results. Pathogens. (2021) 10(7): 789. doi: 10.3390/pathogens10070789

52. Shastri, S, Nagaraja, SB, Tripathy, JP, Satyanarayana, S, and Rewari, BB. Predictors and Timing of Att Initiation among Hiv-Tb Patients at Art Centers of Karnataka, India: Two Year Follow-Up. PloS One. (2015) 10:e0138603. doi: 10.1371/journal.pone.0138603

53. Gardner, AL, and Charlesworth, M. How to write a retrospective observational study. Anaesthesia. (2023) 78:521–5. doi: 10.1111/anae.15831




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Han, Sun, Gao, Yan, He, Ma, Xu, Ding, Zhang, Ren, Jiang, Zhang and Su. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1594107-g005.jpg
Net Benefit

0.3-

0.24

0.1-

0.0

— All

— None

— pr_failure

0%

25% 50% 75%

Threshold Probability

100%

Net Benefit

0.31

0.2

0.1+

0.0

0%

25% 50% 75%

Threshold Probability

— Al
— None

— pr_failure

100%





OEBPS/Images/fimmu-16-1594107-g003.jpg
Nomogram

Points , . . . : . . | : . .
0 10 20 30 40 50 60 70 80 90 100
NO
. -]

Pulmonary cavitation B YES
NO

Other pulmonary infectious disease** |:| B

YES

NO

Extrapulmonary disseminated tuberculosis* D B

CD4+ T-cell counts

(cells/uL) 1000 800 600 400 200 0
CAR *x T T T T T T T T 1
0 1 2 345 67 8 9
Totalpoints 549 260 280 300 320 340 360 380 400 420 460 480

FroTuniavorable ouleomes 554 o5 .04 0.1 0.2 04 06 08 096 099%





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A nomogram for predicting unfavorable outcomes of antituberculosis treatment among individuals with AIDS combined with pulmonary tuberculosis in China

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Subjects

          



          		

            Ethics statement

          



          		

            Data collection

          



          		

            Definitions

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics of patients with AIDS combined with PTB who had unfavorable treatment outcomes

          



          		

            Construction of a predictive model for treatment failure in patients with AIDS combined with TB via the LASSO Cox model

          



          		

            Construction and validation of the nomogram

          



          		

            Risk stratification based on the nomogram

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2025.1594107_cover.jpg
& frontiers | Frontiers in Immunology

A nomogram for predicting unfavorable
outcomes of antituberculosis treatment
among individuals with AIDS combined with
pulmonary tuberculosis in China





OEBPS/Images/fimmu-16-1594107-g002.jpg
12 9 8 4 4

20 20 19 19 17 16 16 13 11

21 21

0oL 66 06 68 08 6. 0!/
9oUBIASQ POOYIBYIT [ENEd

L 0L G660 00 G0- 0O1L-
SjueIIYeo)

Sl-

Log(A)

Log(A)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1594107-g006.jpg
Treatment failure probability

1.00

0.75

=
a
o

O
N
&)

0.00

Kaplan—Meier Curve for treatment failure

p < 0.0001

Months

12

Risk

== low-risk
== Medium-risk
== high-risk





OEBPS/Images/table2.jpg
Multivariate

Variables TR

HR 95%Cl
CAR ‘ 1.191 (1.035-1.371) | 0.015*
Extrapulmonary disseminated tuberculosis
Yes 2.008 (1.044-3.866) | 0.037*
No | 1.000 |
Other pulmonary infectious disease
Yes 2.447 (1.235-4.850) | 0.010*
No 1.000
Pulmonary cavitation
Yes 2.760 (1.147-6.643) | 0.024*
No 1.000
CD4" T-cell counts(cells/uL) 0.996 (0.993-0.999) 0.031*

The bold values and symbol* mean p value <0.05.






OEBPS/Images/fimmu-16-1594107-g004.jpg
True positive rate

(9]

Actual probability of unfavorable within 12 months

02 04 06 08 1.0

0.0

Training Set

1.00
0.75
0.50
0.25
0.001, AUC: 0.760|
0.00 0.25 0.50 0.75 1.00
False positive rate
Training Set
y
A7 '
.‘/) /

0.0 0.2 0.4 0.6 0.8 1.0

Nomogram-Predicted Probability of unfavorable outcomes

True positive rate

)

Actual probability of unfavorable within 12 months

Validation Set

1.00 >

0.75

0.05

0.25

0.001

v AUC: 0.811
0.00

1.00

0.25 0.50 0.75

False positive rate

Validation Set

T T T

_‘ll)’l LELE.

1.0

0.2

—1'1 T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

0.0

Nomogram-Predicted Probability of unfavorable outcomes





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-16-1594107-g001.jpg
Diagnosed with AIDS combined with PTB and received treatment at
Beijing Youan Hospital from January 2020 to January 2024 (N=645)

Exclusions (N=442)
95 Drug-resistant cases
179 cases lacking complete medical history
information or laboratory test results
28 cases younger than 18 years old
50 cases had malignant tumors

34 cases died before the start of anti-TB
treatment

56 cases were retreatment patients

203 cases were included in analysis

Unfavorable treatment outcomes (n=62)
Treatment failure (n=33)
Loss to follow-up (n=95)
Death (n=24)

Successful treatment outcomes (n=141)

Completed treatment (n=99)
Cured (n=42)






OEBPS/Images/table1.jpg
Patients with successful Patients with unfavorable

treatment outcomes (n=141)  treatment outcomes (n=62)  >2istc

Characteristics

Gender, n (%)

Male 135 (95.7) 60 (96.8)

0.121 0.728
Female 6 (4.3) 2(32)
Age (years) 38 (31, 48) 38 (30, 51) 0.036 0.971
sl Sl 52 (36.9) 40 (64.5) 13273 <0.001*
Complications, n (%)
Hepatitis 9 (6.4) 5(8.1) 0.190 0.663
Syphilis 29 (20.7) 16 (25.8) 0.644 0.422
Other pulmonary infectious disease 57 (40.4) 44 (71.0) 16.069 <0.001*
Chronic obstructive pulmonary disease 7 (5.0) 4(65) 0.186 0.666
Diabetes 6 (43) 5(8.1) 1.219 0.270
Cardiovascular disease 14 (9.9) 13 (21) 4.551 0.033*
Chest imaging abnormal, n (%)
Miliary nodules 18 (12.8) 15 (24.2) 4.131 0.042%
Pulmonary cavitation 11 (7.8) 11 (17.7) 4.404 0.036*
Initiate ART, n (%) 73 (51.8) 35 (56.5) 0.379 0.538
ART regimens, n (%)
2NRTIs+NNRTIs 47 (64.4) 21 (60.0)
Elvitegravir 9 (12.3) 5 (14.3)
2NRTIs+INSTIs 5(6.8) 3(86) 0.519 0.972
2NRTIs+PIs 4(55) 2(57)
Others 8 (11.0) 4 (11.4)
Blood biochemical tests
RBC (1012/L) counts, n (%)
<40 92 (65.2) 50 (80.6)

4.857 0.028*
240 49 (34.8) 12 (19.4)
HGB (g/L)
<110 76 (53.9) 46 (74.2)

7.395 0.007*
2110 65 (46.1) 16 (25.8)
WBC counts (109/L) 5.55 (3.58, 6.75) 4.93 (3.30, 7.72) -0.136 0.892
Neutrophils (109/L) 3.64 (2.24, 5.07) 3.84 (2.33, 5.84) 1.026 0.305
Lymphocyte (109/L) 0.83 (0.50, 1.24) 0.28 (0.14, 0.62) -2.889 0.004*
Monocyte (109/L) 0.37 (0.28, 0.51) 0.31 (0.21, 0.46) -1.860 0.063
Platelet (109/L) 232.00 (181.00, 279.50) 22634 + 1537 -0.824 0.410
K" concentration 4.00 (3.64, 4.31) 4.00 (3.60, 4.35) -0.057 0.954
Na* concentration 137.90 (133.50, 141.50) 136.40 (133.08, 138.88) -2.189 0.029*
CL" concentration 101.60 (99.20, 103.90) 100.50 (97.63, 103.80) 1393 0.164
Liver function tests
ALT (U/L) 21.00 (14.00, 33.50) 23.00 (15.00, 32.50) 0.594 0.552
AST (U/L) 28.00 (20.00, 40.00) 30.50 (19.75, 51.25) 1.339 0.181
Albumin (g/L) 35.70 (31.15, 39.4) 31.99 + 0.80 3380 0.001%
Globulin (g/L) 34.80 (27.35, 41.35) 38.25 + 3.05 -1218 0.223
A/G 1.03 (0.82, 1.32) 0.99 + 0.04 -1202 0.229
Inflammatory markers
CRP (mg/L) 26.26 (7.17, 64.94) 75.32 (41.59, 101.73) 5.123 <0.001*
ESR (mm/h) 58.00 (34.00, 90.00) 64.19 £ 4.84 0451 0.652
Procalcitonin (ng/mL) 0.080 (0.025, 0.425) 0.185 (0.068, 0.785) 2.632 0.008*
Combined inflammatory markers
Neutrophil-to-Lymphocyte Ratio 4.03 (2.33,7.28) 6.14 (3.30, 14.60) 3.040 0.002*
Lymphocyte-to-monocyte ratio 2.21 (145, 3.31) 1.80 (1.15, 3.04) -1.497 0.134
CRP/Albumin 0.74 (0.21, 2.06) 2.34 (1.03, 3.56) 5.200 <0.001*
Immunological detection
CD4" T-cell counts (cells/uL) 109 (46, 211) 37 (11, 104) -4.496 <0.001*
CD8" T-cell counts (cells/uL) 596 (295, 794) 258 (108, 548) -4.746 <0.001*

‘The bold values and symbol* mean p value <0.05.





