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Background: 

A total of 1.6 million people died from Tuberculosis (TB) in 2021. TB is the 13th leading cause of 

death and the second leading infectious killer worldwide after COVID-19. In 2021, an estimated 10.6 

million people fell ill with TB [1]. 

TB is caused by Mycobacterium tuberculosis that mainly affects the lungs. TB is spread from person 

to person through the air when affected people cough or sneeze. 

 

Despite the availability of several antibiotics active against Mycobacterium tuberculosis and 

favorable plasma pharmacokinetic profiles, the pharmacological treatment of drug-sensitive 

tuberculosis (DS-TB) requires the prolonged use of a combination of isoniazid, ethambutol, 

rifampicin, and pyrazinamide for a period of 6-9 months with variable outcomes that are influenced 

by a number of microbiological, pathological and clinical factors. The identification of new active 
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drugs and new drug combinations that could increase the efficacy and reduce the time of treatment, 

also increasing compliance and treatment success, is a significant goal for the whole scientific 

community. 

 

A core pharmacological principle is that in order to be effective the drug must reach its target site. 

In tuberculosis, often bacteria and its target sites are secluded from systemic circulation, and 

therefore, have reduced exposure to the drug compared to highly perfused areas. Studying 

concentration at the site of action in humans is not possible without highly invasive (e.g. lung 

resection or bronchoalveolar lavage) or prohibitively expensive (e.g. PET scan) methods. Therefore, 

animal models are an effective way to quantify drug distribution profile of these molecules in lung 

tissue and lung lesions where the pathogen resides.  

 

Animal models of rabbits infected with tuberculosis were used to explore the hypothesis that 

commonly used drugs have different capacities to penetrate lung tissue and lesions and that 

circulating drug levels do not always reflect the achievement of adequate drug amount in the site 

of infection, clarifying how this could represent the reason for therapeutic failure in some specific 

circumstances (severity of the infection and type of lesions). 

 

Pharmacokinetic data from animal models can be maximized with integration to clinical population 

PK models using pharmacometrics [2]. In the translational field, the development of a 

pharmacokinetic model based on preclinical data from representative animal models, can be 

leveraged to translate and predict the clinical pharmacology and thereby inform the appropriate 

dosing regimen in humans and discriminating the appropriate regimens for individual patients 

ensuring the safe and effective treatment of specific clinical conditions. 

 

Aim of the project: 

Fluoroquinolones can be useful for the treatment of DS-TB and for the success of the therapy. For 

this reason, the aim of this project was to evaluate the efficacy and safety of a new short-course 

regimen with the goal of identifying optimal treatment strategies for DS-TB by investigating the 

pharmacokinetic profile of the fluoroquinolone, gatifloxacin (GTX), and its ability to penetrate into 

both healthy lung tissue and different histopathologically defined types of TB lesions including 

cellular lesions and the substance within necrotic lesions known as caseum. 

 

Methods: 
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A nonlinear mixed-effects model analysis was performed on data obtained from two distinct animal 

models of healthy or infected rabbits (female New Zealand White (NZW) rabbits were used for 

aerosol infection by Mtb HN878 or M. bovis AF2122) [3]. 17 TB-infected and 11 uninfected rabbits 

were dosed orally with GTX in a dosage range of 30-100 mg/kg for up to 15 days. GTX was quantified 

in plasma, and in normal lung, cellular lesions, and caseum, respectively. A plasma-to-tissue 

population pharmacokinetic (popPK) model was developed in NONMEM (v7.5.1) [4]. Site-of-action 

exposure results were compared to outcome data from the Phase III OFLOTUB trial [5,6]. 

 

Results and conclusions: 

The PK was best described by a two-compartment model with non-linear (Michaelis-Menten) 

elimination (Fig. 1). TB-infected animals had significantly higher clearance than uninfected (25.1 and 

11.4 L/h respectively). 

Fig. 1: Visual Predictive Check (VPC) of the plasma PK model of GTX. Shaded area and solid lines represent 

the 90% prediction interval and the median of 1000 simulations, respectively. Points represent observed 

data. 

 

GTX penetrated well from plasma into the lesions with highest ratio in cellular lesion (RCL = 8.97) 

followed by lung (RL = 7.49) and caseum (RCA = 4.62). The lower site-of-action exposure in caseum 

compared to cellular lesions might reflect the finding that patients with cavities, showing a lower 

target site exposure and therefore less drug effect, were more likely to have an unfavorable 

outcome in the OFLOTUB trial [5,6]. 

 

This work quantified the GTX exposure at the target site for the first time in this preclinical animal 

model using non-linear mixed effects modelling, allowing the prediction of the penetration of GTX 
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in the different types of lesions. This approach also helps to understand, in a translational 

application, what could be the impact of GTX in the treatment of DS-TB in humans and in which 

specific cases (severity and lesions type) it may have a favorable impact. 
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