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Introduction

In drug development, a “no-observed-adverse-effect level” (NOAEL) is derived from toxicity studies in
animals and used to infer a maximal safe exposure for human in clinical studies, in particular first-in-human
(FiH) [1,2]. The NOAEL determined by current descriptive practice relies on specific experimental
conditions of the animal studies. We hypothesise that this practice may not represent the most efficient use
of data, and may carry a risk of misrepresenting the true NOAEL [3-6].

Objectives

* To apply a longitudinal probabilistic dose-response model to toxicity data
* To compare the model-based and the descriptive approaches for NOAEL determination

Methods

We first used simulations to explore the impact of experimental conditions on NOAEL. We then compared
the two approaches for NOAEL determination. All modelling and simulation was done in R, version 3.0.2.

Simulation Case
Data and models to generate model-based probabilities of toxicities

Table 1: Simulation settings

- 14 or 28 day study duration
- Control group and 3 doses (log-equal increment)
- 20 animals per dose group

logit = a +b*TIME*(1+c*DOSE)

* Typical study design supporting FiH
package [1,2]

logit = a+b*TIME

* Models

Linear logit model with background toxicity
incidence a, TIME effect b & joint effect of
TIME and DOSE effect ¢

Adverse Effect Probability

» Dose-time-toxicity relationships
- Treatment-related toxicity,
threshold type (left)
- No treatment-related toxicity,
flat type (right)

Process to compute predictive density of NOAEL values

Using each model and each design: 1) 1000 toxicology study datasets were simulated, 2) an NOAEL was
estimated from each dataset using the operational definition of NOAEL (cf. table 2), and 3) predictive density
of NOAEL was plotted.

Table 2: Operational definition of NOAEL

100 300 1000
NOAEL is
E (me/kg/day) | (mg/ke/day) | (mg/kg/day) -

Control group - dose =0

>0 meaning in this dose group the toxicity

frequency is higher than in the control <100

group -——— <100

<0 meaning in this dose group the toxicity <100
frequency is not higher than in the control -_—_ 1000

group 100
-——— 300

Real Case 100

Data and model
* Toxicity described by 4 histopathology categorical descriptors, measured once (terminal sampling)

* Binary data (presence / absence) collected per animal and descriptor from 7 toxicity studies in rats (6 - 26
weeks in duration). Figure 2 gives a flavour of the amount of data available.

* Logit model using glm function in R. Model selection based on AIC criteria. Model evaluation based on
simulation-based diagnostics using Poisson binomial distribution and accounting for sample size.
Model applications
» Compare a NOAEL value to its predictive density
- Derivation of predictive NOAEL density for a 26 week study (same process as for simulations)
- Graphical comparison with the NOAEL value derived from this observed toxicity study
* Link model-based approach with descriptive NOAEL approach
- For any NOAEL value, graphical link of the model-based probability and its uncertainty
- For any pre-defined threshold of probability, graphical link to the associated dose and its uncertainty [7]

Results

Simulation case
Figure 1: Impact of sample size and number of dose levels on predictive density of NOAEL

Example with a 14-day study duration

4 doses Continuous doses
0.8~ 0.15- - YN

06-

g=u

0.10-
0.

04- | |
02- 5]

a0l 1 . | L 000 ..|||||.|||I|II | II
0.8- 0.15-

1

*The operational
based NOAEL
values become

> lower when the
sample size or the
number of dose
levels increases [7]

06-
04-

[ ol |||| |”|”
00- 1 0.004 I||

0.8~ 0.15-

0.10-

0g=u

06-
04-
02-
00- i 0.00-

0.10-

og=u
g
—
—
-
.

0.8- 015~

=
i
[
i
N
(=]
=)
&
=
06 5
0.l 0.10 .'J.
02- I I 0.05- I I o
0.0- i ; 0.00- 11l . -
=)
Il
[
T
[N}
o

Threshold pattern

0/=u

<30 30 100 300 @0 % 100 250

NOAEL values NOAEL values

* High proportion of
cases where the
NOAEL is lower
than the lowest
dose

* Trend with sample
size and number of
dose levels is less
noticeable

02-

0.0- I
04-
0.2-
0.0-

04-

0.2-

Flat pattern

0.0-

o] ‘I
0.0- I.ll---- ............ - 1

04-

04-
? 03
0.2- é 027
01-
00- l I 0.0- III.I __________ - — __l /

<30 30 100 300 <0 W 100 250 300
NOAEL values

NOAEL values

Week8-15 ‘Week15-26
1.00- 00
0.75 .75
0.50 / 50 /
0.25- 025- !
000-° . !—/——q . ° 0001 o @ _C—0;
1.004 1.004 v
0.75- 0.75-
0.25- . N 0025 .
0.00- Zé o _—a % 0001 o——we M- s _®
1.00- e ey 1.00-
0.75 ‘B0.75+
|§ 0.50- @ E 050+ o o ©
000, Mn-/ 200,
9% : 020- & e
0.75- 0.75+
0.50- Y 0.50 / IS
0.25+ 0.25-
0.00- 0.00 T . T i T . T T T

Real case model
* Final model : logit (p) =x +y * DOSE + z * DOSE*TIME
Where: X, y and z depends on the pathology descriptor

« Satisfactory model based on simulation-based diagnostic plots (Fig. 2). High uncertainty due to low
sample size (1 animal per dose group) is captured by the model.

Figure 2. GOF plots representing toxicity frequency as a function of
dose (left) and study duration (right)
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Dots: observed frequency (size proportional to the number of rats with histopathology assessment).
Line and shaded area: 50t and 5" to 95t percentiles of binomial Poisson distribution of the model prediction for each observation.

Real case model applications
Predictive NOAEL density

* In Figure 3, the NOAEL value determined by the descriptive approach(in orange) is superposed to the
predicted NOAEL density.

* On the right plot, the descriptive NOAEL value corresponds to the most frequent value in the predicted
density but on the left panel it does not.

Figure 3: Predictive NOAEL density from the operational definition of 2 different studies of 26
weeks
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Figure 4: Utility of model-based approach to complement NOAEL determination

Example with a 26-week study and a NOAEL dose of 300 mg/kg

« Assessment of a given 1.00 -
NOAEL value (e.g 300 mg/kg)

using the overall dose-time-

toxicity curve (mean and

uncertainty), which integrates

all the doses and the studies. 0.75"

 Graphical determination of the
range of dose associated with a
predefined threshold of toxicity
(e.g, 0.2).

* The feasibility about the

threshold approach should be
further investigated with other 0.25
real case examples. ~0.21 |€
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Bold line: mean model-based probability;
Grey area: model uncertainty ~40 NOAEL = 300

Conclusion simulations revealed the impact of choices of doses and sample size on the NOAEL
that is descriptively estimated according to the current operational definition. The model-based approach
enables an efficient use of data. It allows the choice of a toxicity tolerance level which can be determined
according to benefit/risk ratio based on the indication and toxicity, an area for future work. The model can
quantify the uncertainty of the NOAEL. A NOAEL determined in such a way does not decrease with higher
sample size.

References

[1]. FDA. ICH. Rev 1. 2010

[2]. EMEA. 2007. Doc. Ref.EMEA/CHMP/SWP/28367/07
[3]. Milton MN et al. Toxicol. Pathol. 2009;37:63

[4]. Dorato MA, Engelhardt JA. Regul Toxicol Pharmacol.
2005;42:265-74

[5]. Slob W, Pieters MN. Risk Anal. 1998;18:787-98

[6]. Ritz C, Gerhard D, Hothorn LA. Statistics in Biopharmaceutical
Research. 2013;5:1,79-90

[7]. Filipsson AF et al. Crit Rev Toxicol. 2003;33(5):505-42

Digital Media Services
create | deliver | engage

Created by:



