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OBJECTIVE:OBJECTIVE: The purpose of the current analysis is to model the plasma and blood pharmacokinetics of plitidepsin in cancer 
subjects after intravenous administration, to quantify the between and within subject variability, to get estimates of basic 
pharmacokinetic parameters in patients with cancer and to evaluate the effects of subjects’ demographic characteristics and other 
covariates on pharmacokinetic parameters of plitidepsin obtained from Phase I and Phase II clinical studies

BACKGROUND:BACKGROUND:
Plitidepsin (AplidinTM) is a cyclic depsipetptide compound isolated originally in 1990 from a 
Mediterranean marine tunicate, Aplidium albicans, and is now produced synthetically.

Although the exact mechanism of action of plitidepsin has not been completely elucidated, plitidepsin 
exert its antitumor activity, at least in part, by combining the induction of apoptosis via activation of 
Jun N-terminal Kinase (JNK) activity and the antiangiogenic activity mediated by reducing the active 
secretion of the vascular endothelial growth factor (VEGF). Anti-tumor activity has been observed in 
subjects with renal, colorectal, head & neck carcinomas and non-small cell lung cancer, as well as in 
malignant melanoma, multiple myeloma, lymphoma, and low-grade neuroendocrine carcinomas.

The pharmacokinetic behavior of intravenous plitidepsin was evaluated in the present population 
pharmacokinetic analysis after pooling plasma and blood concentrations obtained from 4 Phase I and 
3 Phase II clinical studies.

METHODS:METHODS:
Patients: Data from four Phase I studies with extensive pharmacokinetic sampling and three 

Phase II studies with sparse pharmacokinetic sampling from patients with advanced cancer were 
pooled. Overall, the analysis dataset included 7 Phase I/II studies, and comprised of 283 subjects 
and 3902 plitidepsin concentration values, including 2143 blood and 1759 plasma concentrations.

Model Development: An open three compartment disposition model was used to described 
the time course of blood and plasma concentration following plitidepsin administration in Phase I 
studies. Given that previous studies suggested that blood cells were an important distribution 
compartment, a parameter describing the blood-plasma ratio was included in the model. This model 
was considered as the starting point for the current analysis and was used to fit the analysis dataset 
using FO method in NONMEM. Linear pharmacokinetics was demonstrated and no evidence of time-
dependent pharmacokinetics was observed after several cycles of administration.

The covariates included in the analysis were demographic factors (sex, age, weight, and body 
surface area), hepatic function biomarkers (AST, ALT, alkaline phosphatase, and total bilirubin), 
plasma albumin, total protein, renal function test (creatinine clearance, derived from serum 
creatinine), hemoglobin, absolute leukocytes, performance status, liver metastases and concomitant 
treatment with cytochrome P 450 (CYP) inducers or inhibitors. Categorical covariates were 
incorporated into the model as index variables, whereas continuous covariates were included using 
power equations after centering on the median. Stepwise approach and the likelihood ratio test was 
used for the covariate analysis.

The interindividual variability (IIV) was included for all the parameters. Both interindividual variability 
and residual variability in blood and plasma measurements were assumed to follow a lognormal 
distribution. Inter-occasion variability was also included in the model.

Validation: A non-parametric bootstrap analysis was performed from the dataset including 
Phase I and Phase II clinical studies. The final population pharmacokinetic model was re-fitted to 
each new dataset and this process will be repeated 1000 times with different random draws. If the 
parameter estimates fall into the 95% confidence interval obtained from the bootstrap analysis the 
model was considered unbiased.

A posterior predictive check was performed. The parameter estimates in the final model were used to 
simulate the population pharmacokinetic profile in blood and plasma after the intravenous 
administration of plitidepsin 5 mg/m2 as a 3-hour infusion every two weeks. A nonparametric 90% 
prediction interval around the median blood and plasma concentration was constructed to quantify 
the variability in the model predictions, and to visually compare with the observed dose-normalized 
plasma and blood concentrations. 

Software: Nonlinear mixed-effects modeling by extended least squares regression using the first 
order (FO) aproximation method was implemented with NONMEM V Level 1.1. The package Wings 
V4.04 for NONMEM  was used for the bootstrap analysis.

RESULTS:RESULTS:RESULTS:

29.21 – 37.5533.30 (6.26)33.17σ2 (plasma)

22.23 – 29.1325.30 (7.14)25.40σ1 (blood)

Residual variability (CV %)
0.02 – 0.600.23 (64.29)0.28ηVc, ηCL

Interindividual variability correlations (R2)
23.59 – 38.8931.40 (12.87)33.32πR

17.72 – 49.7432.96 (24.06)34.50πQ3

0.02 – 63.4025.29 (66.80)25.98πQ2

32.06 – 54.4344.03 (12.79)43.01πV2

45.17 – 75.5359.56 (13.72)57.88πCL

18.53 – 65.5744.65 (25.72)46.80πVc

Interoccasion variability (CV %)
51.31 – 71.9061.03 (8.46)61.98ηQ3

b

50.76 – 98.1675.56 (16.85)83.13ηV3

35.90 – 55.18 46.74 (10.50)47.66ηQ2
a

32.53 – 44.8738.93 (8.31)38.57ηV2
c

51.87 – 86.9068.40 (12.92)65.96ηCl
b

24.14 – 52.0639.55 (17.46)40.87ηVc
a,c

Interindividual variability (CV %)
0.22 – 0.280.25 (6.28)0.25Blood Plasma Ratio (RT)
4.79 – 6.535.64 (7.65)5.70Q3 (L/h)

525.33 – 1310.00941.36 (19.35)873.00V3 (L)
19.90 – 26.1222.88 (6.81)23.10Q2 (L/h)
89.18 – 109.0098.56 (5.19)101.00V2 (L)

2.74 – 4.583.50 (13.34)3.75CL (L/h)
25.10 – 33.1229.23 (7.12)28.40V1 (L)

95%Confidence IntervalMean (RSE%)EstimateModel Parameters

Non-Parametric Bootstrap 
(N = 992 Replicates)Original dataset

Table 1: Parameter estimates and bootstrap analysis of the Plitidepsin final population pharmacokinetic model. 
Correlation between IIV of V1-Q2, Cl-Q3 and V1-V2 was set to 1.
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Figure 2. Posterior predictive check performed on the plitidepsin 5 mg/m2 administered as a 3-hour 
intravenous infusion. Black lines represents the percentiles 5, 50 and 95th percentiles of the model-
based prediction.
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CONCLUSION:CONCLUSION:
A three-compartment disposition model with linear elimination is suitable to describe the plasma and 
blood pharmacokinetic profiles of plitidepsin after intravenous administrations. No evidence of 
nonlinear elimination or time-dependent kinetics was found in plasma or blood. The majority of subject 
related covariates had no discernable impact on the pharmacokinetic parameters of plitidepsin.
Bootstrap and posterior predictive check were used as complementary tools to evaluate the population 
pharmacokinetic model, which was deemed appropriate to describe the time course of plitidepsin 
blood and plasma concentrations in cancer patients

Figure 1. Diagnostic plots of the final model fit the plitidepsin blood (upper graphs) and plasma (lower 
graphs) concentrations
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