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Introduction:  
In clinical tuberculosis (TB) drug development, phase 2a trials assess early bactericidal activity (EBA) 
over two weeks using the time-to-positivity (TTP) biomarker time [1]. A standardized methodology 
has been developed for model-based EBA analysis of Phase 2a trials in TB [2]. The Phase 2a trial is 
followed by a Phase 2b study which is 8 weeks of treatment with the endpoint culture conversion. In 
this work, we investigated the informativeness of phase 2a TTP biomarker efficacy for predicting 
phase 2b TTE of culture conversion in TB using machine learning (ML). Additionally, the 
informativeness of different Phase 2a study lengths for the prediction of culture conversion was 
explored. 
 
Methods:  
Time-to-event culture conversion data from the phase 3 trial (REMoxTB, NCT00864383) was utilized 

[3]. The EBA analysis was applied using nonlinear mixed effects modeling in NONMEM (version 7.5.1, 

ICON Development Solutions, Hanover, MD, USA) and PsN (version 5.3.1, Department of Pharmacy, 

Uppsala University) to describe the decline in TTP over time. The model building was following 

Mockeliunas‘s process [2]. The predicted baseline TTP, predicted difference in TTP from 0 to 14 days 

(TTP0-14 days) and 0 to 28 days (TTP0-28 days) using the final EBA model were used as predictors of TTE 

of culture conversion in the ML analysis.  

In the ML analysis, the TTE culture conversion data was divided into training and testing datasets for 

different scenarios. Extreme gradient boosting (Xgboost), Random forest (RF), K-nearest-neighbors 

algorithm (KNN) and C-support vector classification (SVC) were applied using Python (version 3.9.1) 

to predict the TTE of culture conversion at 2 months. Bayesian optimization and five-fold cross-

validation were applied to the model-building process. Different ML models were evaluated using 

ROC-AUC, C-index metrics and VPC of Kaplan-Meier (KM) plots to guide the model selection.  

Results: 

In the EBA analysis, the median predicted baseline TTP, predicted TTP0-14 and predicted TTP0-28 were 

126.8, 182, and 240.3 hours, respectively, with no significant differences among the three treatments 

in TTP. The ML analysis used various training/testing splits across scenarios: Scenario A utilized an 

80%/20% split, achieving a ROC-AUC of 0.94 and C-index of 0.86 with Xgboost. Scenario B trained on 

data for 2 weeks and tested up to 2 months, selecting Xgboost as the best model (ROC-AUC 0.61, C-

index 0.56). Scenario C extended training to 4 weeks, finding SVC as the optimal model (ROC-AUC 

0.76, C-index 0.69). Scenario D, using data up to 2 weeks for a 4-week test, showed the best results 

with RF (ROC-AUC 0.73, C-index 0.64). All models demonstrated a good fit to the Kaplan-Meier plots, 

with model observations well within the 90% confidence interval. Notably, predictions in Scenario C 

were better than those in Scenario B from weeks 6 to 8. 

Conclusions:  

ML is a useful tool for the analysis of TTE data and can utilize pharmacometrics-based 

predicted biomarker information as part of the explanatory variables. Phase 2a TTP 



information predicted the Phase 2b outcome and was even better when an extended Phase 

2a trial of 4 weeks was used to predict the Phase 2b culture conversion. 
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