
• The model’s estimated inter-individual variability was 

80.2% and 158.1% in E0 and EAUC50, respectively.

• All parameters have shown RSEs of not more than 25% 

based on the SIR results.

• Based on the pcVPC, the 95% confidence interval of the 

median, 10th, and 90th percentiles of the simulated data 

have overlaid the median, 10th, and 90th percentile of the 

observed data (Figure 1).

Figure 1: pcVPC of the final model.7 Blue dots and the solid line are 

the observations and their median. Dashed lines are the10th and 90th

percentile of the observed data. Dark and lightly shaded areas are the 

95% confidence intervals of the median, 10th, and 90th percentiles from 

1000 simulated datasets.

• The final model was integrated into an online free tool to 

predict the potential outcome, available on the address:

(https://www.calconic.com/calculator-widgets/cyclosporine-

response-in-kidney-transplant-recipients-

copy/6001413546d9f50029e34391?layouts=true)

• The model discriminated biopsy-proven acute rejections 

from nephrotoxicity in 7/9 (77.8%) of the cases and overall 

proven and clinically suspected acute rejections from 

nephrotoxicity in 19/24 (79.2%) as seen in Figure 2.

Figure 2: Cyclosporine PKPD model.7 Colored dots are the 

population predicted graft function prior to and on the day of biopsy-

proven or clinically suspected acute rejection or nephrotoxicity events

Conclusions

A PKPD model was successfully developed and implemented 

in an online tool to predict renal graft response. This may help 

discriminate acute rejection from nephrotoxicity, especially for 

patients not keen for biopsy or those waiting for biopsy results.
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A Pharmacokinetic and Pharmacodynamic Model of 

Cyclosporine among Malaysian Renal Transplant Patients

Introduction

• Area under the concentration-time curve (AUC) is the gold 

standard to assess cyclosporine (CsA) exposure. However, 

AUC levels of 1130-8400 ng.h/mL was not associated with 

acute rejection in pediatric renal transplant patients.1

• Protection from graft versus host disease stage I and II was 

achieved with AUC levels more than 10000 ng.h/mL in 

allogeneic hematopoietic stem cell transplantation.2

Objectives

This study aims to develop a PKPD model of cyclosporine in 

Malaysian renal transplant patients.

Methods

Results

• 1256 eGFR and 2473 drug concentrations were obtained 

from 107 renal transplant patients on cyclosporine.

• Most patients were males, 60.7% with a median (range) of 

weight, 62 Kg (23-106) and age, 45 years (17-77).

• Emax drug effect with a linear drug toxicity model best 

described the data.

• E0 and Emax were estimated as 12.9 and 50.7 mL/min/1.73 

m2, respectively.

• AUC achieving 50% of the maximum effect (EAUC50) was 

1740 ng.h/mL and the nephrotoxicity slope was 0.00033.

• An elevation in hemoglobin of 1 g/dL over the median of 

12.5 g/dL reflected a 5.3% improvement in E0.
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Renal transplant 
patients

• Medical records were 
retrospectively analyzed in 
Penang General Hospital. 

PD

• Glomerular 
filtration rate was 
calculated using 
the four-variables 
modification of 
diet in renal 
disease formula.3

PK

• Individual observations were included the 
dataset.

• PK parameters were fixed to the published 
values in the same sample.4

• AUC was calculated using the total daily 
dose, bioavailability, and individualized 
clearance.

PKPD base model

• eGFR baseline (E0) improved during the 
drug effect phase and then declined during a 
drug-related nephrotoxicity phase. the 
model was developed using NONMEM.5

PKPD with 
covariate effects

Model validation

• Prediction corrected visual predictive check 
(pcVPC).

• Relative standard errors (RSEs) produced 
from the sampling-importance resampling 
(SIR).6

• Clinical response of acute 
rejection/nephrotoxicity.

Time after transplantation, weeks
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