
Groups� Dose�level�
mg/kg�

ROA� Regimen� Main�Study� Recovery�Study� TK�Study

Vehicle� 0� IV� Daily� 12/sex� 6/sex� 3/sex�
Low�dose� 1� IV� Daily� 12/sex� 6/sex� 9/sex�
Mid�dose� 3� IV� Daily� 12/sex� 6/sex� 9/sex�
High�dose� 13� IV� Daily� 12/sex� 6/sex� 9/sex�
 

The primary objective of this study was to derive a quantitative method for 
determining the minimum number and timing of blood draws to assess 
exposure (Cmax and AUC) of ENB-0040 in juvenile rats in a toxicology 
study.

Overall the following three steps were followed:

1) Develop an appropriate TK model

2) Develop the optimal sampling strategy (OSS) appropriate for this model 
and study design

3) Confirm that the OSS is appropriate for the current study design by 
comparing the predicted AUC and Cmax to the true values. The true 
values were obtained from the PK model derived from rich sampling. 
“Degradation” of the PK parameters using the OSS was thus estimated.

The primary objective of this study was to derive a quantitative method for 
determining the minimum number and timing of blood draws to assess exposure (Cmax

and AUC) of ENB-0040 in juvenile rats in a toxicology study. Using knowledge of PK 
parameters derived from prior rat studies, a two-compartment population model with a 
maturation function as a covariate (to account for changes in body weight over time) 
was developed using NONMEM® v6.2. Following model development, an optimal 
sampling strategy (OSS) was derived that took into consideration: 1) the body weight of 
juvenile rats, 2) a maximum of one blood draw for PK assessment on Day 1 of the 
planned study, and 3) additional blood draws beginning at 4 weeks for the more mature 
rats. Using partial derivatives from PK model equations developed in WinNonlin® v5.2, 
the 0.08-, 0.5-, 1- and 5-h time points were identified as potential optimal sampling 
times. The predictive performance of the PK model was then validated by comparing 
the PK of ENB-0040 evaluated from a rich simulated dataset to a sparse simulated 
dataset for a number of candidate scenarios (e.g. 9 rats all sampled at the same time 
point (0.08, 0.5, 1, or 5 h post dose) or 3 rats sampled at 3 time points (0.5, 1 and 5 h 
post dose or 0.08, 0.5 and 1 h post dose) on Day 1). Precision and bias on Cmax, AUC and 
effective half-life (t1/2eff) were calculated to determine the robustness of the model 
according to the proposed OSS after single dose or multiple doses. The best overall 
precision and bias resulted from sampling at 0.5 h (n=9, %MPE and %RMSE for AUC was 
2% and 25%, respectively) and 0.08, 0.5 and 1 h post dose (n=3, %MPE and %RMSE for 
AUC was 4% and 26%, respectively). This study provides a quantitative approach for 
deriving optimal sampling strategies in technically challenging and sample-limited 
toxicology studies.
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INTRODUCTION

OBJECTIVES

Time point selection for the assessment of exposure and toxicokinetics (TK) 
of novel chemical entities during pivotal toxicology studies is often a 
qualitative, rather than a quantitative, process. Prior knowledge of the 
pharmacokinetic behavior of the drug candidate is rarely used in a 
quantitative sense to derive optimal study designs. 

Considering that 1) most pivotal toxicology studies contain a toxicokinetic 
component to assess internal dose, 2) technical and financial constraints 
limit the amount of available blood and 3) resources should not be wasted on 
"unquantifiable" samples that fall outside the range of the analytical assay, it 
follows that leveraging prior TK information to optimize when, and how 
many, samples are taken would be the simplest solution.

Enobia Pharma has designed a soluble form of tissue-nonspecific isoenzyme 
of alkaline phosphatase (TNSALP) namely ENB-0040. ENB-0040 targets the 
bone compartment and has high affinity for hydroxyapatite crystals in the 
treatment of hypophosphatasia. The preclinical development of ENB-0040 
called for a long term toxicology study in juvenile rats. This study highlighted 
the considerations above: a maximum of information on exposure was to be 
gathered from limited resources as the number of samples from the pups 
that could be collected on Day 1, as well as the amount of blood from these 
samples, was understandably limited.

Precision remains relatively similar across sampling scenarios. 

Sampling 9 animals @ 0.5 h post dose offers the lowest overall bias in terms of 
AUC.

Sampling 3 animals @ 5, 30 and 60 min offers low bias in all parameters, with 
slightly higher precision, when compared to the single point approach.

For multiple doses, although the single 0.5 h time point gives lower absolute 
numbers, both approaches have overall similar bias and precision.

The same sampling approach as selected in Day 1 can be used.

This strategy can be reevaluated as experimental data becomes available and 
actual values are compared to these simulations, the OSS can be readjusted as 
needed on a Bayesian basis. For example, the model was reevaluated once Day 1 
data were available. The following model parameters were obtained:

Since the parameter values of the updated model are similar to what was 
obtained before, no change to the OSS was recommended at the subsequent 
doses.

The main limiting factor in widespread application of this approach is the steep 
learning curve of the specialized software needed for assessing the population TK. 
Easier-to-use software would result in greater application of this approach by 
toxicologists and pharmacokinetic scientists.

METHODOLOGY
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37.91.29Additive 
(mg/L)

10.121.0Proportional 
(%)

4.211.39CL

9.151.41Q

7.391.03Vc

Allometric Exponent

4.981.47Vp

Residual Error

~012.80.127Vp (L)

55.36.80.03Vc (L)

68.811.60.0197Q (L/h)

21.34.230.0188CL (L/h)
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1-Use Prior PK Knowledge to Develop a Population PK Model 1

2a- Identification of Partial Derivatives by inputting mean population TK parameters into WinNonlin4
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2-OSS Determination 3
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2b- Selection of Optimal Time Points

WinNonlin Partial Derivatives
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3- Confirm OSS Strategy is Appropriate for Planned Study Design2
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3a- Simulate Exposure Using our Model and the Current Study Design to Determine 
“True” Parameters (i.e., if we had rich sampling…What would be the parameters?)  

0.083, 0.5, 1 and 5 h are Potential Optimal Times

ENB-0040 will be administered daily to juvenile rats. 
Samples will be collected on Day 1 (Single Dose), Weeks 4 & 
17 and Day 182.

Study Design TK Model Simulation

=

Using simulated rat BW over time
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3b- From the rich sampling scenario (“true” exposure), keep only various 
permutations of the OSS time points determined in 2b above. Reestimate 
parameters using only the sparse analysis from the OSS. Determine the
degradation from the “true” exposure. 
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