orkshop on the update of the BMD guidance
ssels 15- 16 February 2023






THE ORIGIN OF THE USE OF THE BMD APPROACH IN EFSA

2005 « Up to 2005, risk assessment of substances that are both
genotoxic and carcinogenic followed the ALARA principle
— Risk management, no basis for setting priorities

e Non-thresholded MOA assumed

]

i.e. there is no dose without “appreciable” risk

— Conceptually, there is no NOAEL
— ADI approach not applicable

» Low-dose extrapolation? PR e T e e T

Dose (mokg b per day)

Math. modeling reveal outcomes differing in orders of magnitude !!!
— SC had serious reservations
3




THE ORIGIN OF THE USE OF THE BMD APPROACH IN EFSA

2005
The SC recommends using :

 the margin of exposure (MOE) approach

« the benchmark dose (BMD) approach to obtain the MOE
i.e. mathematical modelling within the observed range of

experimental animal data to obtain the BMDL,,
(estimate of the lowest dose which is 95% certain to cause no more that a 10% cancer

incidence)
MOE = BMDL10
human exposure dose

« ..for substances not deliberately added to foods
— in EFSA, the BMD approach initially mostly used for
unavoidable contaminants and for quantal data

4




THE FIRST APPLICATIONS

...The Scientific Committee is currently of the opinion that the use of the BMDL, calculated for a BMR
of 10% (BMDL,), is an appropriate reference point for substances that are both genotoxic and
carcinogenic. Such a value is the lowest statistically significant increased incidence that can be
measured in most studies, and would normally require little or no extrapolation outside the
observed experimental data.

« BMDL,, represents a small but measurable response

BMD software was available on the internet, developed by US
EPA in 2004 (BMDS)

..The whole BMD approach as such will be subject to further work by the EFSA Scientific Committee.

¥

The first EFSA guidance document 2009




THE FIRST EFSA BMD GUIDANCE DOCUMENT

2009 1. Assess the existing information on the utility of the benchmark dose
(BMD) approach, as an alternative to the traditionally used NOAEL
approach

— BMD approach is a scientifically more advanced method to the NOAEL
approach for deriving a Reference Point, since it makes extended use of
available dose-response data and it provides a quantification of the
uncertainties in the dose-response data

2. Provide recommendations on whether EFSA should use the BMD
approach and under which circumstances this use would be appropriate
— BMD approach is applicable to all chemicals in food, irrespective of
their category or origin, e.g. pesticides, additives or contaminants

3. Advise on whether the selection of appropriate uncertainty factors are
needed when using the BMD approach for deriving the Reference Point
— default values for uncertainty factors currently applied remain
appropriate and there is no need for any additional UF

4. Introduction to the BMD approach and provide guidance on how to use it

6




BMD APPROACH VS NOAEL APPROACH

» The NOAEL approach aims at finding the highest experimental dose for which no adverse
health effects can be (statistically) detected using the predefined (i.e. tested) doses
— The NOAEL is therefore not necessarily a ‘no adverse effect’ dose but a dose where
effects were not observable by statistical testing
— critically dependent on the choice of dose intervals made and the number of subjects
at the chosen doses

« The BMD approach uses the same experimental data but, instead of focussing on the
predefined doses, it aims at finding a dose corresponding to a predefined response, the
benchmark response (BMR)

— uses all the dose-response data

« The confidence interval for the BMD accounts for the statistical uncertainty in the
estimate of the BMD

e Limited number of doses is often examined.
—This implies model uncertainty. Different models compatible with the data may result in
different BMDLs



PROBLEMS WITH UNINFORMATIVE DATA

2. Not all doses are tested > model uncertainty

BMR —

0.0
|

dose d

[
Different models result in Different models result in
different BMD(L)s similar BMD(L)s

» the ranges of BMDL values obtained may be wide
> Criteria to judge the adequacy of the dose-response data on the basis of the
range of BMDL values obtained were not established 8




UNINFORMATIVE DATA

Two situations that indicate that the data are not informative enough to derive an RP:
« Ratios BMDU/BDML (or BMD/BMDL) for the individual models are very large
« BMDLs among models are very different (data with high model uncertainty)

As a general rule dose response data should not result in a range of
|:> BMDL values that substantially exceeds one order of magnitude or are
far below (or far above) the observed dose range

The BMD approach not only provides a RP, it also evaluates the quality of the
data and the uncertainty in the estimated RP

—Weaker methods cannot solve weaknesses in data !




BMD APPROACH VS NOAEL APPROACH

Histogram of 395 NOAEL/BMDL; ratios (log,,-scale)
for the same dose-response data in rat and mouse
NTP studies

« BMDL has, on average, the same level of protection as NOAEL
e The traditional uncertainty factors can therefore be applied

10



BUILDING EXPERTISE ON THE USE OF BMD MODELLING

2010
e EFSA workshop in December 2010 in Parma to train EFSA

Panel experts and EFSA staff

 Application of the BMD approach to
quantal and continuous data from animal studies

Introduction to two BMD software packages:
» BMDS - U.S. Environmental Protection Agency (U.S. EPA)
» PROAST - National Institute for Public Health and the Environment, Netherlands (RIVM).

consider all models that are compatible with the data, i.e. those with an acceptable fit
» not aiming at finding the single statistically best estimate of the BMD
> Use all plausible values that are compatible with the data

=) The lowest BMDL is often used as reference point
11



THE BMD APPROACH (SUMMARY)

 The BMD approach is applicable to all toxicological effects.

|t makes use of all of the dose-response data to estimate the shape of the overall dose-response
relationship for a particular endpoint.

 The BMD is a dose level, derived from the estimated dose-response curve, associated with a
specified change in response, the Benchmark Response (BMR).

e« The BMDL is the BMD’s lower confidence bound, and this value is normally used as the RP
e The BMD approach provides a formal quantitative evaluation of data quality

1. Specification of type of dose-response data (quantal or
continuous)

2. Specification of a (biologically relevant) BMR

3. Selection of candidate dose-response model(s)

4. ldentification of acceptable models

5. Estimating the BMD, and establishing the BMDL as the RP

12



DOSE-RESPONSE ASSESSMENT

1. For each potentially critical endpoint, apply the proposed set of models
. Determine the lowest BMDL for each endpoint from the range of acceptable models
3. Determine the lowest BMDL from all these endpoints, which will then be the overall BMDL

« Use of the lowest BMDL Response

— until more advanced methods, such as “model averaging” 4
have been fully developed and validated.

Model averaging accounts for model uncertainty

— preferable to the single model approach 1

» To avoid the models having undesirable properties, ,/I/ c
certain constraints are imposed on the model parameters
previously interpreted as: ) b

a: background I

. \ 4 >
b: potency 0 Log(Dose)

c¢: maximum response (Quantal models maximum response is considered to be 1)

d: steepness/shape 13



RESTRICTING PARAMETER D

* Model should not have infinite slope at dose 0

Response Response
A A

/ Biologically implausible

>
0 Dose 0 Dos>e

» Thus parameter d should be greater than 1
14



EXAMPLE: 3-MCPD MODELLING

 Diverging results especially when dealing with poor data

Table 1. Comparison of the results obtained from the BMD modelling of the incidence of renal tubular cell hyperplasia in rats
caused by 3-monochloropropane-1,2-diol by EFSA (EFSA CONTAM Panel, 2016) and JECFA (FAO/WHO, 2016).

EFSA JECFA JECFA EFSA
BMDL,,-BMD,, BMDL,,-BMD,, BMDL,,-BMD,, BMDL,,-BMD' ',
(mg/kg bw per day) (mg/kg bw per day)
(mg/kg bw per day) (mg/kg bw per day)
Cho et al 0.077-0.54 0.87-1.21 0.89-1.29 0.20-1.95 (no covariate - 2017)
(2008) 0.33-1.88 (sex covariate - 2020)
F 14-27 14.4-23.5 20.4-28.0 20-36 (no covariate - 2017)

13.5-56.2 (sex covariate - 2020)

»choice of the BMR
»Use of different models
»Constraining the steepness parameter “d”

% EFSA: selected the unconstrained model with the lowest BMDL 15
% JECFA selected the constrained log-logistic model. —unrealistically low BMDL,, for all unconstrained models



THE UPDATED EFSA BMD GUIDANCE DOCUMENT

2017 Takes account of the experience accumulated in BMD analysis
over the last 7 years

Most of the modifications made concern the section providing
guidance on how to apply the BMD approach in practice

» Selecting or rejecting models is considered as suboptimal.

—Model averaging is recommended as the preferred method for
calculating the BMD confidence interval, acknowledging that the
respective tools are still under development and may not be easily
accessible to all
— individual model results are combined using weights, with higher

weights for models that fit the data better

« The Akaike information criterion (AIC) has been introduced instead of

the likelihood ratio test to assess the goodness of fit of the models
(to compare the fit of different models, the AIC is a convenient criterion as it directly
integrates the log-likelihood and the number of model parameters in one single value)

» A flowchart has been inserted to guide the reader step-by-step
e Chapter on the distributional part of dose—response models16
« Template for reporting a BMD analysis




THE FLOW-CHART

17



SOME ‘PROBLEMS’ REMAINED

Choice of a BMR that is biologically relevant

Constraing model parameters?

» Reduces the number of curves that could be fitted to the data
» Might also discard curves that are compatible with the data

> In general results in narrower Cls

» Resulting in larger BMDL values

Different sets of models for quantal and continuous data?
> extension and unification of the suite of models for continuous and quantal endpoints

Use of the normal distribution, next to the Log-normal distribution default assumption?
Parameter interpretation might not be adequate (parameter d)

18



—APPROACHING INTERNATIONAL CONSENSUS ON BMD CONCEPTS

USEPA WHO IPCS EHC240, 2020 EFSA

M

“Align” North America-Europe
guidance for dose response
assessment / BMD analysis

...........

Harmonisation of the softwares used
by EFSA and US agencies for BMD
analysis 19




EFSA GUIDANCE DOCUMENTS

2022
Harmonise the statistical background and theoretical insights

between EFSA and other national and international organisations
such as WHO (EHC240 Chapter 5) and US EPA (BMDS)

e Change from the frequentist to the Bayesian paradigm.

» set of default models to be used for BMD analysis has been
amended so that there is now a single set of models for quantal

and continuous data l

Subject of the following presentations

20




Thank you for your attention!
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