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Summary 
Lfx is a core drug in the treatment regimen of MDR-TB. However, its 
currently recommended dose (11–14 mg/kg/day) has been determined 
based on expert opinion and on observational data. In this thesis, we 
evaluated the performance of the currently prescribed Lfx dose in 
MDR-TB patients as part of a standardized regimen; taking into account 
pharmacokinetics, pharmacodynamics and treatment outcomes. The 
role of TDM in individualized dosing was found to be crucial, given 
the large inter-individual variabilities in the concentrations achieved. 
Furthermore, new methods, tools and strategies were evaluated to make 
TDM an attainable goal in TB endemic settings. 

In chapter 2, we reviewed available literature on pharmacokinetics 
and pharmacodynamics of Lfx in MDR-TB patients. The aims were 
to evaluate the role of pharmacokinetics/pharmacodynamics (PK/
PD) based Lfx dose optimization and explore the role of TDM to help 
attain the target exposure. The results from retrieved clinical studies 
showed that 80 % of the adult MDR-TB patients with a higher MIC 
(1 mg/L) did not meet the target concentration fAUC/MIC >100 at 
currently prescribed doses (750–1000 mg). Fortunately, the proportion 
of patients achieving target concentration ascended to 100 %, when the 
MIC of infecting Mtb strain was 0.5 mg/L. Similarly, pediatric patients 
receiving 15 mg/kg Lfx, failed consistently in achieving PK/PD target 
due to age-related differences in the clearance of Lfx. 

The results indicated that Lfx dosing based on current guidelines 
seems sub-optimal for both adult and pediatric MDR-TB patients. The 
role of TDM and individual MIC determination could be instrumental 
in identifying patients with lower serum/plasma exposures in relation 
to microbial susceptibilities (MIC), and these patients could benefit 
from individualized dosing. 

In chapter 3, we proposed tools and strategies for implementing TDM 
alongside the WHO list of essential in vitro diagnostics at different lev-
els of care. At local and district/provincial levels, the limited sampling 
strategies utilizing two to three time points for blood sample collec-
tion and alternative sampling strategies using dried-blood spots and 
saliva could be utilized. This would overcome the hurdles associated 
with conventional venous sampling for estimating drug exposure. The 
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national laboratories, at a central level, are usually adequately equipped 
with advanced chromatographic techniques such as HPLC-UV/FD or 
LC-MS/MS (chapter 5) to handle (DBS) samples collected from the 
lower three tiers for drug concentrations measurement by utilizing the 
existing framework for drug susceptibility testing and culture reports. 
With our proposed novel tools and procedures, TDM could actually 
be implemented in resource-limited settings as an integral component 
of national TB programmes. 

In chapter 4, medical charts of MDR-TB patients were retrospective-
ly reviewed to describe the clinical and demographic characteristics, 
and treatment outcomes on Lfx containing MDR-TB regimen in an 
out-patient setting. This was a single center study where we evaluated 
the influence of covariates on treatment outcomes of MDR-TB patients 
and explored the eligibility of patients with baseline resistance to more 
than one first line drug for the shorter 9-month regimen. Based on the 
results, there was a trend for improved weight gain among patients who 
were sputum culture converted within 100 days of treatment compared 
to those who were not converted. Similarly, age was lower in the culture 
conversion group. However, due to the small sample size, no significant 
difference in treatment outcomes between patients with and without 
pre-disposing risk-factors could be observed. Nevertheless, availability 
of complete treatment outcome data along with all clinical variables and 
drug susceptibility testing results (phenotypic and genotypic) makes 
the study relevant and provides a data-rich description of MDR-TB 
patients treated in an out-patient setting. Available data on Nepalese 
patients could be included in the meta-analysis of individual patient 
data, which will be helpful in policy making. 

In chapter 5a, we developed and validated a highly sensitive bioan-
alytical method to quantify concentrations of Lfx and its metabolite in 
human serum. The liquid chromatography- tandem mass spectrometry 
(LC-MS/MS) method is simple, fast, accurate and precise and was used 
to determine Lfx concentrations in MDR-TB patients. Our method had 
a run time of 2.5 min and retention times of 1.6 min for all analytes. 
Sample preparation was done using simple protein precipitation tech-
nique. The lower limit of quantification for both analytes was 0.10 mg/L. 
This method could be further applied in clinical laboratories for routine 
TDM procedure throughout the globe. 
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In chapter 5b, we cross validated the LC-MS/MS method initially 
developed for quantifying levofloxacin concentrations in serum to 
determine its concentration in saliva taking loss due to sorption to 
the cotton roll into account. Results in the cross-validation study were 
within the acceptance criteria for bias and precision. The cotton rolls 
used for saliva sample collection achieved a levofloxacin recovery of 
around 70 %. 

In chapter 6a, through a prospective clinical study, we evaluated the 
probability of target attainment (target for Mtb based on hollow fiber 
model) with currently used Lfx dosages and compared these results 
with the treatment outcomes in MDR-TB patients (n=23). The findings 
showed that only 70 % of the patients achieved optimal target exposure 
for efficacy. When patients were classified based on MIC, only 50 % of 
the patients with MIC of 1 mg/L, attained AUC0–24/MIC>146 Based 
on the findings, we suggest that patients should receive higher Lfx 
dosages (17–20 mg/kg corresponding to 1250 to 1500 mg/day based 
on weight band). 

In chapter 6b, we performed a prospective pharmacokinetic study, 
that enrolled 23 MDR-TB patients receiving Lfx (750–1000 mg once 
daily) as part of a standardized treatment regimen in Nepal. We eval-
uated the correlation between plasma and salivary Lfx concentrations 
in MDR-TB patients and further assessed the possibility of using saliva 
as an alternative sampling matrix for therapeutic drug monitoring 
of Lfx in TB endemic areas. Paired blood and saliva samples were 
collected at steady state at two different months of treatment. Lfx con-
centrations were quantified using the liquid chromatography- tandem 
mass spectrometry method developed in chapter 5. Pharmacokinetic 
parameters were calculated using non-compartmental kinetics. The 
median (IQR) area under the concentration-time curve (AUC0–24) was 
67.09 (53.93–98.37) mg*h/L in saliva and 99.91 (76.80–129.70) mg*h/L 
in plasma, and the saliva to plasma (S/P) ratio was 0.69 (0.53–0.99) 
during the first month of treatment. Similarly, during the second month, 
the median (IQR) AUC0–24 was 75.63 (61.45–125.5) mg*h/L in sa-
liva and 102.7 (84.46–131.9) mg*h/L in plasma with a S/P ratio of 
0.73 (0.66–1.18). Although Lfx penetrated well in saliva, the variability 
in individual saliva-to-plasma ratios might limit the use of saliva as a 
valid substitute for plasma. 
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Chapter 7 included general discussion and future perspectives. 
Through our findings, we have shown that currently used levofloxacin 
dose in MDR-TB patients is inadequate and how sub-optimal drug 
concentrations in combination with higher MICs were related to lower 
probability of target attainment. The evidences strongly root for the 
role of therapeutic drug monitoring in the management of MDR-TB 
patients, even with optimal doses due to large inter-individual variabil-
ity. Altogether, knowledge on individual pharmacokinetics and MICs 
along with patient’s clinical characteristics can help tailor individual 
doses. It’s about time to hit the precision treatment dart and get it right! 

In the near future, the results of dose-ranging randomized, phase II 
trial (Opti Q trial) which is being conducted in Peru and South Africa 
comparing Lfx doses of 11, 14, 17 and 20 mg/kg corresponding to 
actual doses of 750, 1000, 1250 and 1500 mg in MDR-TB patientswill 
provide solid scientific basis for recommendation of efficacious Lfx 
dosages in MDR-TB patients. 
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