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Introduction 

Levofloxacin is among the fluoroquinolones the one with the broadest spectrum of activity, 

encompassing both Gram-negative and Gram-positive organisms, atypical and anaerobic bacteria.
1
 

For this reason, it is used to treat a variety of infections, such as community-acquired pneumonia, 

urinary tract infections, acute exacerbation of chronic bronchitis and sinusitis.
2, 3

   

Both its pharmacokinetic and pharmacokinetic/pharmacodynamic (PK/PD) profiles have been well-

characterized in adults. Levofloxacin is mainly eliminated as unchanged form through the kidney 

and a positive correlation between creatinine clearance (CrCL) and total drug clearance (CL)  has 

been demonstrated.
4
  

From a PK/PD point of view, for fluoroquinolones the 24-hour area under the concentration-

time curve (AUC24h)/minimum inhibitory concentration (MIC) ratio has been related to positive 

clinical outcome. Different AUC24h/MIC targets have been suggested, such as an AUC24h/MIC > 

25-30 for infections sustained by Gram-positive pathogens 
5
 or > 100 in the case of infections 

caused by Gram-negative organisms.  
Elderly patients are known to be at increased risk of adverse drug reactions, mainly because 

of the physiological changes associated with ageing and polypharmacy.
6
 In fact, one of the most 

notable effect seen with increasing ageing is the reduction of renal function, that could lead to 

overexposure of renally-excreted drugs if dose adjustment is not promptly undertaken, with the 

consequent increased risk of dose-dependent toxic effects such as tendinopathies for 

fluoroquinolones.
7
 Furthermore, the presence of commonly prescribed drugs such as the 

corticosteroids, might highly increase the aforementioned risk, especially in the elderly population.8  

Despite almost twenty years of clinical use, little has been reported on levofloxacin regimen 

optimization in elderly patients. The aim of this study is to characterize the pharmacokinetic 

behavior of levofloxacin in a large population of hospitalized elderly patients and to identify the 

population-specific relationship between the AUC24h/MIC ratio and clinical outcome. Finally, the 

most appropriate levofloxacin regimens ensuring efficacy and avoiding overexposure at the same 

time in relation to increasing classes of renal function will be examined. 

 

Materials and Methods  

Study design 

This was a retrospective study conducted between May 2007 and December 2012 among all 

patients older than sixty-five years old, admitted at the ward of Internal Medicine I of the Azienda 

Ospedaliero-Universitaria of Udine and who underwent therapeutic drug monitoring (TDM) of 

levofloxacin plasma exposure at the Institute of Clinical Pharmacology of the same hospital. The 

study was approved by the Regional Ethics Committee and informed written consent was waived as 

only those patients who had already signed an informed consent for scientific use of clinical data at 

hospital admission were considered.    

Patients were prescribed levofloxacin both empirically or in the presence of an identified 

isolate. A second drug could be added based on patient’s severity and at physician’s discretion. 

Levofloxacin regimen was initially chosen by the attending physician based on patient’s renal 

function.  Levofloxacin doses were subsequently adjusted based on TDM results, and prescribing 

physicians were sent an electronic clinical pharmacological advice within the same day of the 

analysis. 

 

Population pharmacokinetic modelling 

One and two-compartment models were developed with the non-parametric adaptive grid 

(NPAG) approach included in the Pmetrics package for R (Los Angeles, CA, USA).  The base-

weighting scheme was developed by use of a polynomial function that relates drug concentration to 

the standard deviation (SD) of the observations, using the between-day assay variability data. 

Maximum a posteriori probability (MAP)-Bayesian parameter estimates were determined for each 

patient in the dataset, and were used for describing drug pharmacokinetics in the population. 



 

 
 Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

Firstly, a basic model without covariates and parameterized only for clearance and volume 

of distribution was developed using the building dataset. Then the following  covariates which were 

deemed relevant from a clinical point of view, were tested: age, gender, weight, height, serum 

creatinine and CrCLCKD-EPI. Only those covariates that led to a reduction of the objective function 

value (OFV) > 3.84 (associated with a p value < 0.05 at the χ2 distribution) were retained in the 

final model. 

 

Pharmacokinetic/pharmacodynamic (PK/PD) analysis 

MAP-Bayesian estimation allowed to determine levofloxacin AUC24h in each patient. Then, 

the pharmacodynamic index of AUC24h/MIC ratio was calculated for those subjects with an 

available isolate for which levofloxacin susceptibility was tested. As this pharmacodynamic 

parameter is determined using total levofloxacin concentrations and considering a levofloxacin 

protein binding in plasma of approximately 30%, all exposure targets have been corrected by 0.7 to 

obtain the free-drug exposure targets (fAUC24h/MIC) that were used in the PK/PD analysis. 

However, drug exposure has been reported using total drug concentration throughout this 

manuscript.    

The relationship between patients’ covariates and clinical outcome (positive outcome vs. 

treatment failure) was examined by use of logistic regression analysis. Since  the presence of a 

second drug could have been a confounding factor in the PK/PD analysis, a dichotomous variable 

for patients prescribed a second drug was created and tested as a categorical variable to establish its 

effect on the probability of positive clinical outcome. Covariates resulted significant at a p < 0.20 at 

the univariate analysis were included in the multivariate model based on a stepwise forward 

approach. 

In order to identify a breakpoint value for the AUC24h/MIC in relation to clinical outcome, 

classification and regression tree (CART) analysis was used. A receiver operating characteristic 

(ROC) curve was also constructed for the AUC24h/MIC ratio breakpoint. 

 

Preliminary results 

One-hundred and sixty height elderly hospitalized patients were included in this study. The 

population was composed by 61.3% (103/168) males and the mean (±SD) age was 81.2 ± 7.8 years. 

Community acquired pneumonia, urinary tract infections and chronic obstructive pulmonary 

diseases accounted for 70.2% (118/168) of all levofloxacin prescriptions. Patients with sepsis of any 

origin accounted for 27.9% (47/168) of the entire population. Levofloxacin was administered orally 

in 86.3% (145/168) of subjects and the median duration of therapy was 10 days. 

A positive clinical outcome was reported in 73.2% (123/168) of patients. Demographic and 

clinical data are reported in table 1.  

 

Population pharmacokinetic model  

A total of 569 plasma concentrations (330 trough and 239 peak concentrations) were used in 

the population analysis. Sampling occurred after 48 hours from starting therapy for all patients. 

Levofloxacin concentrations were best described by a two-compartment linear model, with first-

order input (for orally administered doses) and first-order output rate constants from the central 

compartment.  

The only covariate that improved the fit of the model was CrCLCKD-EPI. When the base 

model included the effect of CrCLCKD-EPI on CL, OFV decreased from 2125 to 2086 and the effect 

was statistically significant (p < 0.01). The final model was as follows:  Levofloxacin CL = 0.399 + 

0.051∙CrCLCKD-EPI, where  Levofloxacin CL is the value of levofloxacin clearance and CrCLCKD-EPI 

is the estimated creatinine clearance by means of the CKD-EPI formula.     

Figure 1 shows the observed versus predicted plot both of the population analysis (a) and 

after the MAP-Bayesian step (b). After the MAP-Bayesian estimation, the observed versus 

predicted plot  demonstrated the following relationship:  Observed = 0.146 + 0.973∙predicted (r
2
 = 

0.905; p < 0.01). 
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Measures of bias and precision were satisfactory: bias was 0.064 mg/L and precision was 1.64 

mg/L. The means (±SD) pharmacokinetic parameter estimates from the final covariate model are 

shown in Table 2. 
 

Pharmacokinetic/pharmacodynamic analysis  

Of the 49 patients for whom identified isolates were available, four subjects changed 

antibiotic for levofloxacin resistance, three patients dead for causes not related to the treated 

infection and one patient stopped levofloxacin for suspected toxicity issues. Therefore, 41 patients 

were included in the PK/PD evaluation. In 43.9% (18/41) of them a second antibiotic was used.  A 

positive clinical outcome was reported in 75.6% (31/41) of cases, while ten patients failed, half of 

whom dead for the infection.       

CART analysis was used in order to determine whether there was a breakpoint in the 

AUC24h/MIC ratio that could be predictive of a higher probability of positive clinical outcome. The 

analysis showed that a value of  AUC24h/MIC ratio ≥  95.7 well separated the proportion of patients 

with a positive  clinical outcome from those who failed.  

A logistic regression analysis was then performed, using clinical outcome as the dependent 

variable. At the univariate analysis, among the tested covariates (AUC24h/MIC ratio ≥  95.7, age, 

gender, weight, duration of levofloxacin therapy, CrCLCKD-EPI, route of levofloxacin administration, 

presence of a second drug), only the AUC24h/MIC ratio ≥ 95.7 and patient weight retained 

significance for inclusion in the multivariate analysis (p < 0.05 and 0.117, respectively). At the 

multivariate logistic regression analysis only AUC24h/MIC ratio ≥  95.7 had a significant effect on 

clinical outcome, with an OR of 20.85 (95% CI: 1.56 – 186.73). The  area under the ROC curve for 

the calculated breakpoint was 0.79. 

 

Future analysis 

Probability of target attainment (PTA) and toxicity issue 

Using the results of the population analysis, Monte Carlo simulations will be conducted for 

each levofloxacin dose from 125 mg 48-hourly to 500 mg 12-hourly, in each of the following 

CrCLCKD-EPI classes: 0-19, 20-39, 40-59, 60-79 and 80-99 mL/min/1.73 m
2
. 

In order to identify a range of safe levofloxacin exposure, a total plasma concentration 

expressed as an AUC24h < 160 mg∙h/L will be considered as the threshold not to exceed in any 

simulated patient. This breakpoint has been chosen by calculating two times the standard deviation 

(SD) on the mean levofloxacin AUC24h reported in healthy volunteers administered 1000 mg of 

drug daily, namely 118 ± 19 mg∙h/L.9  

Target attainment will be determined by dividing the simulated AUC24h to  MIC values 

ranging 0.125 – 16 mg/L. A probability of target attainment ≥ 90% will be considered satisfactory. 
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Table 1. Population characteristics  

Patients’ demographics  

 Age (years), mean ± SD 81.2±7.8 

 Gender (male/female) 103/65 

 Body weight (kg), median (IQR) 70 (65 - 80) 

 CrCLCKD-EPI (ml/min/1.73 m
2
)
a
, median (IQR) 30.2 (18.2 - 50.2) 

Indication for levofloxacin use, n (%)   

 Community acquired pneumonia  77 (45.8) 

  of which with sepsis  13 (16.9) 

 Urinary tract infections 22 (13.1) 

  of which with sepsis  14 (66.7) 

 Chronic obstructive pulmonary disease 19 (11.3) 

 Fever of unknown origin 12 (7.1) 

 Sepsis of unknown origin 13 (7.7) 

 Intra-abdominal infections 11 (6.6) 

  of which with sepsis  4 (36.4) 

 Skin and soft tissue infections 8 (4.8) 

  of which with sepsis  1 (14.3) 

 Bone and joint infections 6 (3.6) 

  of which with sepsis  2 (33.4) 

Patients with identified microbiological isolates, n (%) 49 (29.2) 

Levofloxacin treatment   

 Duration of therapy (days), median (IQR) 10 (7-14) 

 Route of levofloxacin administration (oral/i.v.), n 145/23 

Clinical outcome, n (%)  

 Cured 95 (56.5) 

 Improved 28 (16.7) 

 Failed 26 (15.5) 

 Dead/changed antibiotic for other reasons 19 (11.3) 
a
 at first TDM 

CrCLCKD-EPI, creatinine clearance estimated by means of the CKD-EPI formula; i.v., intravenous route of 

administration; oral, oral route of administration. 
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Table 2. Parameter estimates for final population pharmacokinetic model of levofloxacin in elderly patients 

Unit ka (h
-1

) kcp (h
-1

) kpc (h
-1

) CL (L/h) Vc (L) Fos (%) Tlag (h) 

Mean 16.15 0.63 1.77 2.53 52.95 0.83 1.47 

Standard deviation 13.47 0.85 0.52 1.46 21.57 0.21 0.65 

Coefficient of variation 83.41 133.52 29.47 57.84 40.73 24.83 43.95 

Median 9.91 0.04 2.00 2.20 61.25 0.98 1.87 

CL, total clearance of levofloxacin; ka, first-order transfer rate constant of absorption; kcp and kpc, first-order intercompartmental transfer arte 

constant connecting the central and peripheral compartments; Fos, oral bioavailability of levofloxacin; Tlag, time delay between drug 

administration and first observed concentration; Vc, volume of the central compartment. 
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Figure 1. (a) Diagnostic plot for the final covariate model. Observed versus population predicted concentrations (left panel) and individual predicted 

concentrations (right panel) in plasma. 
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